- 1 LIQU D DI SCHARGE DEVI CE AND LI QUI D DI SCHARGE METHOD BACKGROUND COF THE
*| NVENTION 1. Field of the Invention The present invention relates to a
| i quid di scharge device and |iquid discharge nethod for discharging liquid.
«droplets, and nore particularly to a liquid discharge device and liquid
di scharge nethod for providing inproved i mage quality. 2. Description of
the Related Art In general, conventional ink jet printers, which are a
kind of liquid discharge device, include a head wherein ink discharge
portions, each having a nozzle, are_linearly disposed. Wth such ink jet
printers, mnute liquid droplets (ink droplets) are discharged onto a
recording nmediumsuch as a printing paper sheet or the |like, disposed so
as to face the nozzle face, from each ink dlscharg ortion of the head,
so as to for MBEABr AEPGERABERIDERABE dANR oL EQGHD t hE @%ﬁé#@hWEF%%%lun] such
that inmage pixels are forned of single or nultiple dots. Furthernore, the
i mge pixels are two-dinensionally arrayed, thereby form ng i mages or

char act e _ ot ith the ink jet printers, liquid droplets
are disghiﬁggﬁu%gtﬁg gﬁ@ ?ﬂ?@&ﬁ&@ ity due to the configuration thereof.
Wth regardgt 9,48 99h2ThaL T ok 2

The present invention relates to a liquid discharge
device and ligquid discharge method for discharging liguid
dreoplets, and more particularly to a liquid discharge device
and liguid discharge method for providing improved image
guality.

2. Description of the Related Art

In general, conventional ink jet printers, which are a
kind of liquid discharge device, include a head wherein ink
discharge portions, each having a nozzle, are linearly
disposed. With such ink jet printers, minute liguid
droplets {ink droplets} are discharged onto a recording
medium such as a printing paper sheet or the like, disposed
s0 as to face the nozzle face, from each ink discharge
portion of the head, so as to form generally-round-shaped
dots on the recording medium, such that image pixels are
formed of single or multiple dots. Furthermore, the image
pixels are itwo—-dimensicnally arrayed, thereby forming images
or characters.

On the other hand, with the ink jet printers, liquid
droplets are discharged with some irregularity due to the

configuration thereocf. With regard to the dot array on the



recordi ng nmedium fornmed of ink droplets discharged thereon, random
*irregularities are | ess conspicuous due to the irregularities being evened
out. However, directional irregularities due to positioning of the liquid
«i scharge portions (head) are markedly conspi cuous, even in the event the
amount of the irregularities is mnute. Fig. 21 is a diagramfor describing
irregularities in a dot array. In Fig. 21, the portions denoted by the
arrows indicate the printing results in cases of directi.onal
irregularities occurring in the rigbhtydirection in the draw ng, by 1/36,
1/12, and 1/4, of the dot pitch (the distance between the center positions
of adjacent dots), wth three dot sizes of "small", "nmediuni, and "l arge",
respectively. As can be understood fromFig, 21, in the event that a dot
array i SeFPLREEd Wicth vdir dermsAarti EpkgdraPLetesdss chargarRdt1BusoR he
irregularities can be visibly observed. In the event that a dot array is
printedrﬁpgﬁmtHérﬁppgéFFGﬁﬁﬁ AT er ¢§GPaFPEFBECHBP YA BBRAT20508r nore, the
irregularitiei an%. naékedgy cons icugus, and in ggneral, such
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irregularities
the amount of the irregularitles is minute.

Fig. 21 is a diagram for describing irregularities in a
dot array. In Fig. 21, the portions denoted by the arrows
indicate the printing results in cases of directional
irregularities occurring in the right direction in the
drawing, by 1/36, 1/12, and 1/4, of the dot pitch (the

" distance between the center positions of adjacent dots),
with three dot sizes of "small", "medium", and "large",
respectively.

As can be understood from Fig. 21, in the event that a
dot array is printed with directional irregularities of
around 10%, the irregularities can be visibly observed. In
the event that a dot arrav 1s printed with the directional
irregularities of around 20% or more, the irregularities are
markedly conspicuous, and in general, such irregularities
are recognized as being defective. Note that whether or not
the irregularities in dot pitch are conspicuous depends upon
the coleor of the ink, as well. For example, the
irregﬁlarities in dot pitch in yellow are relatively more

permissible than with other colors (i.e., the irregularities



in yellow are conspicuous | ess than with other colors).

Conventional ly,

‘two fret hods, which will be described bel ow, are known for solving the

above-descri bed probl em of

di scharge device enploying a serial nethod wherein the head is |
reciprocally noved in the horizontal direction as to the recording

and

medium as well as the recording nediumbeing transported in the direction

irregularities in dot pitch for a liquid

nearly

generally vertical to the aforenentioned reciprocal novenent. Note that,
with the serial nmethod, the directiof of the reciprocal novenent
head will be referred to as "main scanning direction”, and the di
generally vertical to the main direction (i.e., the direction for
transporting a recording nmedium wll be referred to as_"sub-scanning
directi R HELéart aFe FANSPREVPREsERAESshReRfYEERi RheA $9+2%Shethod is to

overlap the adjacent dots such that undesirable unprinted _or&%ons do not
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reciprocally moved in the horizontal direction as to the
recording medium, as well as the recording medium being
transported in the direction generally vertical to the
aforementioned reciprocal movement. Note that, with the
serial method, the direction of the reciprocal movement of
the head will be referred to as "main scanning direction",
and the direction generally vertical to the main direction

{1.e., the direction for transporting a recording medium)

will be referred to as "sub-scanning direction hereafter, in

the present specification.

A first method is to overlap the adjacent dots such
that undesirable unprinted porticns do not occur, even in
the event that printing is performed with some
irregqularities in dot pitch. That is to say, the size of
each dot (ithe diameter of the each dot) is increased
corresponding to the dot pitch. With an arrangement using
this method wherein the dot diameter is determined to be
equal to or greater than V2 times the dot pitch (i.e.,
equal to or greater than the distance between the center

positions of the diagonally-adjacent dots) under an



assunption that dots are fornmed in a round shape, the gap between the
» adj acent dots does not occur as long as normal printing is perfornmed, and
furthernore, even in the event that printing is performed with sone
dirregularities in dot pitch, the irregularities are | ess conspi cuous,

t hereby preventing undesirable white streaks on an inmage. Fig. 22 is a

di agram whi ch shows an exanple of the printing results in a case of the
same positional irregularities in a dot colum as in Fig. 21, with an
overal|l dot size a little greater than 4 2 times as great as the dot pitch
On the other hand, a second nethod is known as "double printing nethod".
Wth the double printing nmethod, |arge- sized dots used in the first nethod
are not enplo¥ed but printing is perforned tw ce. Specific description

wi || bedSsHdadR b@FoﬁhaEe@°B§ 35y fpEtedrimtd mePrwRd patFRt med i 9aP some
irregularities in a dot arr In this case, followng the first printing,
undesi r]aBF‘éeﬁﬂpF]Pﬁt%GJ fapRt %%E’F def s e heP ST AR Jrﬂiiqncﬁf RHd"%&lecond

rintin or ne t.he unprinted Fi 3
d agranSWEﬁnghbaspeﬁ??Wﬁg el Lttty %Whgltrﬁ %%Lﬁg‘feéﬁzfpr. nting
referred t t he second

di ffereﬁ{la!ﬁa}?ﬁwﬁbn%aﬁe?%lég‘alérﬂ%gewjdg?ss?r?)? ned 2t Jdtre%t”l Orﬁas of main
scanni ng it?ﬂ f]%QE&%%Q%QJCH%&S”&Q%‘é’és J&?spf'&%ﬂse, PR method is
ot only to prrnting tn 5

appl i ed™n
preventing undesirable white streaks on an image.

FPig. 22 is a diagram which shows an example of the
printing results in a case of the same positional
irregularities in a dot ceclumn as in Fig. 21, with an
overall dot size a little greater than V2 times as great as
the dot pitch.

On the other hand, a second method is known as "double
printing method". With the double printing method, large-
sized dots used in the first method are not employed, but
printing is performed twice. Specific description will be
made below. Let us say that printing is performed with some
irregularities in a dot array. In this case, following the
first printing, undesirable unprinted gaps occur. With the
second method, the second printing is performed so as to
fill the unprinted gaps. Fig. 23 is a diagram which shows
printing results obtained with the double printing method
which is referred to here as the second method. In Fig. 23,
different hatching patterns denote dots formed at different

times of main scanning, or formed with different heads. The

double printing method is applied not only to printing in



the main scanning direction, but also may be applied to printing in the
*sub-S8canning direction as well, thereby formng an inmage with small-sized
dots. On the other hand, a |line nethod is known as another printing nethod
ot her than the aforenentioned serial nethod, wherein a Iiquid discharging
apparatus includes a head with a length over the entire length of a
recordi ng medium (the entire range of a recording nediumin the main
scanning direction of the serial nethod). In general, the liquid

di schargi ng apparatus includes a statdanary head, and only the recording
mediumis transported. Note that with the |ine nethod, the transporting
direction for the recording mnediumw Il be referred to as "main scanning
direction" in the present specification. Wth the line nethod, it can be
easily Ghaemé%aoaC@ﬁa%ngt%br%%wm e 2EFRIIAORE ABRLIEH %% | ength of

the recording nedium integrall forned on a SI|IC n or s substrate,
exhi bi t BEE P89 et pFbpe? PP escaMe P As %?ﬁﬁ?ﬁ&ﬂiaiw qcﬁF%hq%ﬁray of the

l'i quid di schargi ng, portion and. _ the However, in actual practice, it
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yi el di ng peré% eat’ cos ) he I ingly, aline
head foﬁrﬁ?%?ﬁbnﬂegﬂoﬁngthg£ @han the aforementioned serial method,

wherein a liquid discharging apparatus includes a head with
a length over the entire length of a recording medium (the
entire range of a recording medium in the main scanning
direction of the serial method). In general, the liquid
discharging apparatus includes a statioﬂary head, and only
the recording medium is transported.

Note that with the line method, the transporting
direction for the recording medium will be referred to as
"main scanning direction" in the present specification.

With the line method, it can be easily understood that
the head with a length over the entire length of the
recording medium, integrally formed on a silicon or glass
substrate, exhibits improved properties such as improved
precision of array of the liquid discharging portions, and
the like. However, in actual practice, it is almost
impossible to manufacture a head having such a configuration
due to various kinds of problems, such as manufacturing
method, a small yielding percentage, overheat, costs, and
the like.

Accordingly, a line head for mounting an ink jet



printer is known, wherein nmultiple snmall-sized head chips are arrayed with
*the adj acent ends being into contact wwth each other, and each head chip
is driven according to predeterm ned signals so as to print on a recording
medium thereby performng printing over the entire length of the
recording nediumin the step of printing on the recording mnedium (see
Japanese Unexam ned Patent Application Publication No. 2002-36522, for
exanple). Note that manufacturing of the aforenentioned head chip al so has
various kinds of limtations, and theslength thereof in the direction of
the liquid discharge portion array is limted to 1 inch or shorter at the
nost, which is a practical |limt. However, the above-described
conventional nethods have problenms as follows. First, the first method for
t he serPERPHEEHSE FRRED.t BBRARP§DeMWRELRLA $HRlHotizrdensad fliRmsed) has an
advantage with regard to irreqularities _in dot positions, but |eads to a
probl enPdf esrsprEuyiEndbher 8lgRAtRE BREStBeiRG RET c2RREIFT tHe ot si ze.
Accordingly, with printin [ mages, requiri,ng i nternmedi ate tones, such as
ohot ogr PAE, OXPehr oBPENPBEBURE fnCERRL LFhe: CERRATFORE BF 9 nige T oughness
increases.anethen%thet Qagg, gﬁth %he secgndnnethoqugr th ﬁ&ﬁial met hod
(doubl ePpFERECAT) PePh&r 8 P4 nE°n8&d P oPEIBE oy T af G2 5T ¥4 W5 ™ unl i ke t he
aforeneg%ggggg LEE%BrH@%BOgrihthg over the entire length of the
recording medium in the step of printing on the recording
medium (see Japanese Unexamined Patent Applicaticn
Publication No. 2002-36522, for example). Note that
manufacturing of the aforementioned head chip also has
various kinds of limitations, and the length thereof in the
direction of the liquid discharge portion array is limited
to 1 inch or shorter at the most, which is a practical limit.
However, the above-described conventional methods have
problems as follows.
First, the first method for the serial method (the
technique wherein the dot size is increased) has an
advantage with regard to irregularities in dot positions,
but leads to a problem of conspicuous dot rcughness due to
an increase of the dot size. Accordingly, with printing
images reguiring intermediate tones, such as photographs, a
problem occurs in that the sensation of image roughness
increases.
On the other hand, with the second method for the

serial method (double printing), there is no need to employ

large—-sized dots, unlike the aforementioned first method,



and accordingly, the sensation of inmage roughness is reduced over the
‘entite imge, thereby inproving printing image quality, and the |iKke.
However, there is the need to forma great nunber of dots in both the main
.scanning direction and the sub-scanning direction, |eading to a problem of
| ow recording speed. In order to solve this problem a great nunber of
the liquid discharge portions nust be noved at a speed as high as
possi ble, often leading to a problemof reduction of reliability and a
probl em of high costs. On the other_hand, while an arrangenment enploying
the line nethod may enpl oy the above-described first nethod wherein
| ar ge-si zed dots are enployed so as to reduce influence of irregularities
in discharge fromthe liquid discharge portions, the same probl em occurs
as Wit h arte acafoocémenti.onbe sensaltippt REdimppangenehnesfpldyragu s fir st
met hod. Furthernore, with the line nmethod arrangement, nultiple head chips
are conmeEredhenentd randhee, SheERPYeaBPREVELBIaPTpPEPIEM BRI he margi n of

error in the array intervals. Furthernore, there iﬁ a grgb%e in that the
t hi cknesBadidy + Fad ithe tfikSe nHPFENEE h&RATENIBsthE REECa Rg§§rﬂn?forn1

The influence of such marging of err often reaches a_.level. several tines
as greatdngdt R Sénég%éflPrP@&bl%LFtpééniﬁcapﬁéngigéﬁSFglon aﬁ% of
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recording speed. 1In order to solve this problem, a great
number of the ligquid discharge portions must be moved at a
speed as high as possible, often leading to a problem of
reduction of reliability and a problem of high costs.
On the other hand, while an arrangement employing the
line method may employ the above-described first method
wherein large-sized dots are employed so as to reduce
influence of irregularities in discharge from the liquid
discharge portions, the same problem occurs as with the
aforementioned serial method arrangement employing the first
method.
Furthermore, with the line method arrangement, multipile
head chips are connected one to another, often leading to a
problem of the margin of error in the array intervals.
Furthermore, there is a problem in that the thickness and
the like these multiple head chips is not always uniform.
The influence of such margins of error often reaches a level
several times as great as the influence of irregularities in

the discharge angle of liguid droplets occurring in a single

head chip.



stationary head, and accordingly, double printing, wherein a second print
*is made over the region where first print has been made, cannot be
performed. That is to say, the line nmethod arrangenent cannot enploy the
second nethod, unlike the aforenentioned serial nethod arrangenent
enpl oying the second nethod. However, with a special nodification of the
paral l el nethod arrangenent, wherein a single recording nediumis fed in
-and out several times while noving the position of the head a little,
doubl e printing can be perfornmed undey the condition that a stiff
recording mediumis used, and the object of printing is a photograph (as
with a sublimation printer or the like). However, it is difficult to nove
the head only in the horizontal direction (the direction of the wdth of
t he recordi Moredimy the.lindanstihast dmmng@nandalinal@d@se @mi n scanni ng
direction of the Iine nmethod arrangenentg. Furt hernore, unlike the
subl i masitafiiprraveheads handnkReretdHre Y erdP @R rRELRIRE pettYF 9t @i ne for
drying the dots arrayed on the recording nediun1(%nk dots.w?ich have
| anded BRCPRE PE&BEJIAGTARE OHFT BRE BRI WYEYS thesT dpetst iti wherein
t he single recording mediumis fed ig an out i€ r epeat ed gﬁﬁﬁgal times
wi t hout PSRY PRrBEectPRBROBrPEr PEFECTRRY i nk st Hetdnihy sutficiently dry,
| eads to ri.sk _"of snearing._ Furthernor [ j the Amal |l abl e
. : HEtfod o
recordlﬁﬁ%hﬁgdﬁﬁﬁ?FgeW8§ ng?ﬁa t%m%i%%e |%IQ%%£%§|£e., a' genera
the aforementioned serial method arrangement employing the
second method.
However, with a special modification of the parallel
method arrangement, whekrein a single recording medium is fed
in and out several times while moving the position of the
head a little, double printing can be performed under the
condition that a stiff recording medium is used, and the
object of printing is a photograph (as with a sublimation
printer or the like). However, it is difficult to move the
head only in the horizontal difection {the direction of the
width of the recording medium, i.e., the direction vertical
to the main scanning direction of the line method
arrangement) . Furthermore, unlike the sublimation printer,
the ink jet printer reguires some period of time for drying
the dots arrayed on the recording medium (ink dots which
have landed on the recording medium), and accordingly, the
operation wherein the single recording medium is fed in and
out is repeated several times without any protection prior

to the ink dots becoming sufficiently dry, leads to a risk

of smearing.



recordi ng nmedi um such as a normal paper sheet, or the |like, cannot be used.
"Furthernore, a general |ine-nethod arrangenent has the advantage of

hi gh- speed recordi ng. However, in the event that the |ine-nethod
arrangenent enploys the aforenenti oned second net hod, the recording speed
is reduced, leading to reduction of the advantage of the |ine-nethod
arrangenment. Accordingly, in the event that the |ine-nethod arrangenent is
to enploy the double printing wthout such restrictions while maintaining
t he advantage of high-speed recordigg,. the double printing can be
performed only in the transporting direction for the recording nmedi um
i.e., the main scanning direction. In this case, while the |ine-nethod
arrangenment has the advantage of the inproved inage tone due to double
printing, thetdeutogepr it thdsoRpyei nthReakal h2REANRFAY U 2cti on has

only the advantage of the inproved i mage tone, but has no__advantage of

| evel i nepd¥um hes i 3R RTEH I % § QPﬁtlése i'n2dP§Bf&fge. As descri bed
above, the ink dots in a single line i t he na cannin dhrﬁctlon are
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However, in the event that the line-method arrangement
employs the aforementioned second method, the recording
speed is reduced, leading to reduction of the advantage of
the line-method arrangement. Accordingly, in the event that
the line-method arrangement is to employ the double printing
without such restrictions while maintaining the advantage of
high-speed recording, the double printing can be performed
only in the transporting direction for the recording medium,
i.e., the main scanning direction.

In this case, while the line-method arrangement has the
advantage of the improved image tone due to double printing,
the double printing only in the main scanning direction has
only the advantage of the improved image tone, but has no
advantage of leveling of the influence due to irregularities
in dischargé.

As described above, the ink dots in a single line in
the main scanning direction are formed by discharging from a
single liquid discharge portion, and accordingly, the
distance between the center positions of the adjacent ink

dots in the main scanning direction exhibits high precision.



di scharge portions, leading to great irregularities in the distance
' between the center positions of the adjacent ink dots in the sub-scanning
direction. Fromthe reasons descri bed above, the |ine-nethod arrangenent
Wi t hout sub-scanning often has a problemthat conspicuous streaks occur in
an image in the sub-scanning direction due to irregularities in the array
of the liquid discharge portions. Furthernore, the serial-nethod
arrangenent enploying the second nethod (double printing) has the
advantage of the fact that in the_eygnt that malfunctioning occurs in a
part of liquid discharge portions of the head, such as mal functioning
wherei n i nk cannot be discharged, or the like, the second nethod (double
printing) is perforned, whereby defects on the recording mediumdue to
nal f uncPhomhagotherdhanfar gachrof hehei idek h@ebirekl | BRY THHEUYE On the
other hand, the |ine-nmethod arrangenment cannot epploy the aforementioned
second ABERE81AE @E8cEPERAIaBBVEISCRREGIATnGTY™ SHEEIFPE nt t that

mal f uncti oni ng, such as non-discharge or the like, occurs in smal |
nunber B£SFPaEPE BPSERSPge pBREFBASTO cOFFPREL FHRERhoL 1S pet f@?emed f or
the defects occurring due to the malfunctioning,, . directly leading to
deterioﬁéFFBHCFanﬁﬁgganQFiF?ngﬁﬁ Pgségiinsn%?fﬁ%%t?g ??%%Eﬁl e head.

SU RngEsT?E %NgEglkggcanning direction.

From the reasons described above, the line-method
arrangement without sub-scanning often has a problem that
conspicuous streaks occur in an image in the sub-scanning
direction due to irregularities in the array of the liguid
discharge portions.

Furthermore, the serial-method arrangement employing
the second method (double printing) has the advantage of the
fact that in the event that malfunctioning occurs in a part
of liquid discharge portions of the head, such as
malfunctioning wherein ink cannot be discharged, or the like,
the second method (double printing) is performed, whereby
defects on the recording medium due to malfunctioning of
discharge or the like becomes less conspicuous.

On the other hand, the line-method arrangement cannot
employ the aforementioned second method as described above.
Accordingly, even in the event that malfunctioning, such as
non-discharge or the 1like, occurs in a small number of
ligquid discharge portions, correction cannot be performed
for the defects occurring due to the malfunctioning,

directly leading to deterioration in image guality due to



Accordingly, it is an object of the present invention to provide a liquid
*di scharge devi ce having the advantage of reduction of positional
irregularities in dot colums, and in particular, with the serial-nethod
arrangenent, to provide a liquid discharge device having the advantage of
preventing occurrence of streaks between dot colums due to irregularities
in an array of discharge portions, using the technique for performng
1iquid-dropl et discharge with deviation, which has been proposed by the
present inventors (e.g., Japanese U §xgnined Pat ent Application
Publ i cati on No. 2002-320861, JapaneSé Unexam ned Patent Application
Publ i cati on No. 2002-320862, and Japanese Unexam ned Patent Application
Publ i cati on No. 2003-37343, which are undi scl osed techni ques, have relation
to the pedsenttipniegtobnthandeade not conventional techniques), which will
be referred to as "first object"” hereafter. Furthernore, it is an object
thereof to provide a |I|iquid discharge device having the advantage of the
fact that even in the event that mal functioning such as non- discharge or
the |i kEUYMBBYSOFnTHEpANYEBFIPNe |iquid discharge portions, occurrence of
streaks or the like is prevented, as well ggu%he ositi,onal .i.rregularities
t

in - 12 | aniFRRr PHRILY onkt of S 13 RRY Sfitopt e K 188 $P % SRs pi cuous,
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reduction of positional irregularities in dot columns, and
in particular, with the serial-method arrangement, to
provide a liquid discharge device having the advantage of
preventing occurrence of streaks between dot columns due to
irregularities in an array of discharge portions, using the
technique for performing liquid-droplet discharge with
deviation, which has been proposed by the present inventors
(e.g., Japanese Unexamined Patent Application Publication No.
2002-320861, Japanese Unexamined Patent Application
Publication No. 2002-320862, and Japanese Unexamined Patent
Application Publication No. 2003—37343, which are
undisclosed techniques, have relation to the present
invention, and are not conventional techniques), which will
be referred to as "first object" hereafter.

Furthermore, it is an object thereof to provide a
liguid dischérge device having the advantage of the fact
that even in the event that malfunctioning such as non-
discharge or the like occurs in a part of the liquid
discharge portions, occurrence of streaks or the like is

prevented, as well as the positional irregularities in



Description will be nade below regarding a liquid discharge device for
*sol vi ng the above-descri bed problens. A liquid discharge device according
to the present invention for solving the aforenentioned first object
conprises a head wherein deviation of the discharge direction of a liquid
droplet, discharged froma liquid discharge portion having a nozzle, can
be controlled so as to be selected fromnultiple directions along a
predeterm ned direction, nmultiple liquid droplets are discharged so as to
| and on each pixel region for forningza; pi xel corresponding to the pixel
region, a target landing position of "a liquid droplet which is to be

di scharged on each pixel region is determned at random and the discharge
direction of the liquid droplet which is to be discharged fromthe liquid
di scharipngong iprsisicontedl| liahghchramsts heeoriiqe d egcopl et | ands at the
determ ned target landing position. Wth the above-described i nvention,
each |icepiebicieeharygel gortiloh ke neferad 19adsa "EEFONGULRDEST "Wherei n a
liquid droplet can be discharged in a direction selected frommultiple

di scharerer¥e@%i on candidates. Furthernmore, with each pixel region, an M
nunber of - 13 target |anding position candi dates of Ehgéid droplet are

det er mi ned ASHHF 1@ Prdd étidrinitre dodier &8 X eRBEE PHaf ;F ast a part of

the laqgigghéié%"égéqégﬂ§grrégﬂéghg the above-described problems.

A ligquid discharge device according to the present
invention for solving the aforementioned first object
comprises a head wherein deviation of the dischaxge
direction of a liquid droplet, discharged from a liguid
discharge portion having a nozzle, can be controlled so as
to be selected from multiple directions along a
predetermined direction, multiple liquid droplets are
discharged so as to land on each pixel region for forming a
pixel corresponding to the pixel region, a target landing
position of a liguid droplet which is to be discharged on
each pixel region is determined at random, and the discharge
direction of the liguid droplet which is to be discharged
from the liquid discharge portion is controlled such that
the liquid droplet lands at the determined target landing
position.

With the above-described invention, each liguid
discharge portion of the head has a configuration wherein a
liguid droplet can be discharged in a direction selected
from multiple discharge direction candidates.

Furthermore, with each pixel region, an M number of



corresponding to each | anding position candidate is included wthin the
*pixet region. At the tine of discharging a |iquid droplet onto the pixel
region, a target landing position is selected at random from Mtarget
liquid | anding position candidates, and the liquid droplet is discharged
so as to land at the determ ned target |anding position. Thus, the liquid
droplet lands at the pixel region such that at |least a part of the | anding
1iquid droplet region is included within the pixel region, with random
deviation as to the pixel region. Thi;s_reduces the maldistribution of the
| andi ng positions of liquid droplets 'due to irregularities in the
properties of the liquid discharge portions or the |ike, whereby overal
arrays thereof follow an uniformand isotropic_distribution. Aliquid

di schar gergevi dendaobudpagtaoneadniihdetigd ngt aultapi@ dreRt et B<%har ge
portions, each having a nozzle, arrayed_in a predeterm ned direction,

wher ei ndgteariimes 8£0Ng ENPHEASEEEMANBEsTEToetiffegef9Tei it Aropl ets are

di scharged so as to | and on_each pixel region gor formng a pixel
cor r espoRdisitg at ®atfeCpi ¥BF LBGRORY ALEBII AEPPLSTaht?he? aspect of the

resent invention conprises; discharge -.14 direction varyin s for
gontrolFPE69§W@58F§8H§Pg§aCBiE@B FBHQB?Sé%FPauFan %%%F%tl 1 n%%ﬁ%% from

57 L
t he nozau%h%; N %cgi&%qugggqgigharge portion such that des:Zfion of the

At the time of discharging a liquid droplet onto the
pixel region, a target landing position is selected at
random, from M target liquid landing position candidates,
and the liquid droplet is discharged so as to land at the
determined target landing position.

Thus, the liquid droplet lands at the pixel region such
that at least a part of the landing ligquid droplet region is
included within the pixel region, with random deviation as
to the pixel region. This reduces the maldistribution of
the landing positions of ligquid droplets due to
irregularities in the properties of the liquid discharge
portions or the like, whereby overall arrays thereof follow
an uniform and isotropic distribution.

2 liguid discharge device including a head including
multiple liquid discharge portions, each having a nozzle,
arrayved in a bredetermined direction, wherein a maximum of N
(N denotes a positive integer) liquid droplets are
discharged so as to land on each pixel region for forming a
pixel corresponding to the pixel region, according to

another aspect of the present invention comprises: discharge



| andi ng position occurs in the predeterm ned direction; first discharge
*control neans for perform ng discharge control using the discharge
direction varying nmeans such that ink liquid droplets are discharged from
at least the two different liquid discharge portions positioned close one
to another, in the discharge directions different one from another, so as
to land at the sane pixel colum or the sanme pixel region for formng a

pi xel columm or a pixel; and second discharge control nmeans for performng
di scharge control using the dischgr%g direction varying neans such that a
| andi ng position is selected for each |iquid-droplet discharge fromthe

| i quid di scharge portion, fromM (M denotes an integer of 2 or nore) of
different landing position candidates formng an array in the

pr edet ediraetiodi veryion, neener it neeowiied g He |ExiPa Fart of the

| anding |iquid droplet region corresponding to each | andin position
candi dadérecting| ofed Wiahid drerhekedlseRArIed dnPm £1§ RAE R oopﬁt et is
di scharged so as to land at the determ ned |an ing osition., Wth the
above- deaehi béeuiAdveaeFBATIAI PPERSP t SICD dF 43 erEmf ﬁ“?]q‘tﬁ a"%ir@%%ar ge

portions positioned close one t not her ,can di scharge liguid droplets
éﬁ&?ctfhn P

with di frefeRes Po3stigRyPEFPHRA g? the B SLRaT R ARG & For Torming a single
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control using the discharge direction varying means such
that ink liquid droplets are discharged from at least the
two different ligquid discharge portions positioned close one
to another, in the discharge directions different one from
another, so as to land at the same pixel column or the same
pixel region for forming a pixel column or a pixel; and
second discharge control means for performing discharge
control using the discharge directlon varying means such
that a landing position is selected for each ligquid-droplet
discharge from the liquid discharge portion, from M (M
denotes an integer of 2 or more) of different landing
position candidates forming an array in the predetermined
direction, determined such that at least a part of the
landing ligquid droplet region corresponding to each landing
position candidate is included within the pixel region, and
a liquid droplet is discharged so as to land at the
determined landing position.

With the above-described invention, at least two

different ligquid discharge portions positioned close one to

another can discharge liquid droplets with different



droplets so as to land at the sane pixel region or the sane pixel region
colum. Thus, a pixel or pixel colum can be forned using nultiple
different liquid discharge portions. Furthernore, a target |anding
position of a liquid droplet for each pixel region is selected from M
different 1anding position candidates along the predeterm ned direction..
Note that at least a part of the landing liquid droplet region
corresponding to each landing position candidate is included within the
pi xel region. At the tine of dischgrggng a liquid droplet onto the pixel
region, a target landing position is Selected fromM target liquid |anding
position candidates, and the liquid droplet is discharged so as to |and at
the determned target |anding position. Thus, the liquid droplet |ands at
the pi x@évieglion sficthe tdisdclrdeastgle pdar domtiad andilmgls @di&1dr opl et
region is included within the pixel region, with positional irregularities
within tokeuph xet a esfionle Tizek ed s adp@phfnladiistaautiiéitiét t he | andi ng
positions of liquid droplets due to irregularities in the properties of
the |i q@isichaise poyelpor tN oard ofN thel )l 988 ST &by S\Fe3q |1@1 ol ums -
16 follow an uniformand isotropic distribution. BRI EF D%%FRIPE&gN OF THE
DRAW NGSrFphetd $& 2 dieakariridt nd'$etdio RIXAd ViSEy Qhhicdh the s@
pixel region column.
Thus, a pixel or pixel column can be formed using
multiple different liquid discharge portions.
Furthermore, a target landing position of a liguid
droplet for each pixel region is selected from M different
landing position candidates along the predetermined
direction. Note that at least a part of the landing liguid
droplet region corresponding to each landing position
candidate is included within the pixel region.
At the time of discharging a liquid droplet onto the
pixel region, a target landing position is selected from M

target liguid landing position candidates, and the liguid
droplet is discharged so as to land at the determined target
landing positioen.

Thus, the liguid droplet lands at the pixel region such
that at least a part of the landing ligquid droplet region 1is
included within the pixel region, with positional
irregularities within the pixel region. This reduces the
maldistribution of the landing positions of liquid droplets
due to irregularities in the properties of the liquid

discharge'portions or the like, whereby overall dot columns



illustrates a head of an ink jet printer to which a liquid discharge
device according to the present invention is applied; Fig. 2 is a plan

view which illustrates a line head according to an enbodinent; Fig. 3
shows a plan view and a cross-sectional side view which illustrates an ink
di scharge portion of the head shown in Fig. 1, in nore detail; Fig. 4is a

di agram for describing deviation of the discharge direction of ink; Figs.
BA and 5B show rel ation between tine difference in ink bubble generation
and ink discharge angl e obtai ned frqu§inulation results in a case of. the

i nk di scharge portion having twofaHV|ded heating resistors, and Fig. 5C

shows the relation between half of the difference in currents flowng in
the divided heating resistors (deviation current) and the anmount of

devi at i forl, Ladbtaai ned Faromarshasisogdopdat diskirgbugishews a di scharge control
circuit according to the enbodinent for controlling the tinme difference in
bubbl e generation between the two divided heating resistors; - 17 Fig. 7

is a plan.view which shows a state exanple wherein ink liquid droplets are
di scharBRER PEECRIFTIERY Git THN PR IAFSM nunber of different target |anding

position candidates for_a single, pixel region, ) .
Fig. 1 is a disassembling perspéctive view which

illustrates a head of an ink jet printer to which a liquid
discharge device according to the present invention is
applied; |

Fig. 2 is a plan view which illustrates a line head
according to an embodiment;

Fig. 3 shows a plan view and a cross—sectional side
view which illustrates an ink discharge portion of the head
shown in Fig. 1, in more detail;

Fig. 4 is a diagram for describing deviation of the
discharge direction of ink;

Figs. 5A and 5B show relation between time difference
in ink bubble generation and ink discharge angle obtained
from simulation results in a case of the ink discharge
portion having two-divided heating resistors, and Fig. 5C
shows the relation between half of the difference in
currents flowing in the divided heating resistors (deviation
current) and the amount of deviation, obtained from measured
data;

Fig. 6 shows a discharge control circuit accoxding to
the embodiment for controlling the time difference in bubble

generation between the two divided heating resistors;



Fig. 8 is a plan view which shows a state exanple wherein a maxi numof N
‘ink 1iquid droplets are arrayed and overlapped at randomwi thin a single
pi xel region along the transporting direction for the printing paper
sheet; Fig. 9 is a plan view which shows a state exanple wherein the ink
liquid droplets are discharged so as to land at predeterm ned pixel region
with random deviation in both the vertical and horizontal directions; Fig.
10 is a schematic diagramfor describing control perforned such that an
ink liquid droplet is discharged so 18s_to | and within a predeterm ned

pi xel region with random deviation;,; Fig. 11 is a di agram whi ch shows the
wiring of the ink discharge portions in the present enbodinent; Fig. 12 is
a diagramfor describing an printing arrangenent according to the present

i nvention, anidga 7 cosventiamaliesentalchetthiot pgr istateg ment as a
conparative exanple; Fig. 13 is a diagram which shows a state exanple

wher ei nwhheeadj acknt 1higdi drdbsehar gee pdi §¢onsIed seharget® nkend i #ui d
droplets so as to land at a single pixel, wherein_the - 18  nunber of

di schar gevdpfeeni ¥nnvahdrdafedifbprenthtprget df 3BAEFGPLPDEHHOM is an even
nunber; Fig. 14 is a diagram which shows a state exanple wherein each ink
di schar gangédeies dprschafyeglanPinrl| Featon’

Fig. 8 is a plan view which shows a state example
wherein a maximum of N ink ligquid droplets are arrayed and
overlapped at random within a single pixel region along the
transporting direction for the printing paper sheet;

Fig. 9 is a plan view which shows a state example
wherein the ink liguid droplets are discharged so as to land
at predetermined pixel region with random deviation in both
the vertical and horizontal directions;

"Fig. 10 is a schematic diagram for describing control
performed such that an ink liquid droplet is discharged so
as to land within a predetermined pixel region with random
deviation;

Fig. 11 is a diagram which shows the wiring of the ink
discharge portions in the present embodiment;

Fig. 12 is a diagram for describing an printing
arrangement according to the present invention, and a
conventional serial-method printing arrangement as a
comparative example;

Fig. 13 is a diagram which shows a state example
wherein the adjacent ligquid discharge portions discharge ink

liquid droplets so as to land at a single pixel, wherein the



droplet with deviation in left-right symmetric directions, and discharges
*an ink liquid droplet without deviation so as to land at a position
directly underneath the ink discharge portion, wherein the nunber of

di scharge direction candidates for each ink discharge portion is an odd
nunber; Fig. 15 is a diagramwhich shows a process for formng each pixel
on a printing paper sheet by the liquid discharge portions according to
di scharge execution signals in a case of two-direction discharge (the
nunber of discharge direction candeﬁ es is an even nunber); Fig. 16 is a
di agram whi ch shows a process for formng each pixel on a printing paper
sheet by the liquid discharge portions according to discharge execution
signals in a case of three-direction discharge (the nunber of discharge
di rect i oombandpdatéscharga odddenuhderdandidptay fer aealblagi®in whi ch shows a
di scharge direction control circuit including discharge direction varying
means, JfibcbrrdesphakgencoHpt 2pl eveRNBYMRARE; second di scharge control neans;

Fig. 18 shows a table which shows the relation between the on/off states
of the pol arFig- chhvi? st ghiagfan wikfdt -shs 1§ 2t SIS control switch,

and the | anding position of the dot along.the direction, of an array of
nozzIesWhFFﬁ?n193§Ho&EktHés8$§Eﬁﬁr%%rﬁ??%c@+%ﬂh%5%%?d%?e%n%ff%%ulé

drOpletarggﬁe%hﬁighsﬁébgg%kgﬂ gg igthQEgﬁgngﬁﬁgetric directions,

and discharges an ink liquid droplet without deviation so as
to land at a position directly underneath the ink discharge
portion, wherein the number of discharge direction
candidates for each ink discharge portion is an odd number;

Fig. 15 is a diagram which shows a process for forming
each pixel on a printing paper sheet by the liquid discharge
portions according to discharge execution signals in a case
of two-direction discharge (the number of discharge
direction candidates is an even number}) ;

Fig. 16 is a diagram which shows a process for forming
each pixel on a printing paper sheet by the liquid discharge
portions according to discharge execution signals in a case
of three-direction discharge (the number of discharge
direction candidates is an odd number);

Fig. 17 is a diagram which shows a discharge direction
control circuit including discharge direction varying means,.
first discharge control means, and second discharge control
means;

Fig. 18 shows a table which shows the relation between

the on/off states of the polarity conversion switch and

nk liquid



position candidates, in a case of performng control with the first

di scharge control neans and the second di scharge control neans, with the
nunber of the discharge direction candi dates being an even nunber; Fig. 20
.shows the discharge direction candidates of an ink liquid droplet, and the
distribution of the dot |landing position candidates, in a case of
performng control with the first discharge control neans and the second
-di scharge control neans, with the nunber of the discharge direction

candi dates being an odd nunber; Fig..21 is a diagramfor describing
irregularities in a dot array; Fig. 22 is a diagramwhich shows an exanpl e
of the printing results in a case of the sane positional irregularities
in a dot colum as in Fig. 21, with an overall dot size a |little greater
than q f2rstnéssalaggeatonsrahesviotclpi tasl il JRngings nosigidgitagfam whi ch
shows printing results obtained wth the double printing nmethod.

DESCRI PThONIQF FHEN P REFERIRER ENVBTDI MENTS array qiFinestz Eibodi ment )

Description will be made regarding an first enbodi ment ~of the present

i nvention wWRI s Sf%rsdifie (e e SEarigfy S1a8¢ T 1oRe PRk daFRE £ifr &f

enbodi nrent has been made generally in order, to achieve th%‘fi.st obj ect of
t he pre%%%tl+%9éﬁt¢ERPlEtr and theé distribution of the dot landing

position candidates, in a case of performing control with
the first discharge control means and the second discharge
control means, with the number of the discharge direction
candidates being an even number;

Fig. 20 shows the discharge direction candidates of an
ink liquid droplet, and the distribution of the dot landing
position candidates, in a case of performing control with
the first discharge control means and the second discharge
control means, with the number of the discharge direction
candidates being an odd number;

Fig. 21 is a diagram for describing irregularities in a
dot array;

Fig. 22 is a diagram which shows an example of the
printing results in a case of the same positional
irregularities in a dot column as in Fig. 21, with an
overall dot size a little greater than V2 times as great as
the dot pitch; and

Fig. 23 is a diagram which shows printing results

obtained with the double printing method.

DESCRIPTION OF THE PREFERRED EMBODIMENTS



Note that the term"ink droplet" used here nmeans a small anmount (e.g.,
*several picoliters) of ink (liquid) discharged froma nozzle 18 of a

| i quid di scharge portion described later. Also, the term"dot" used here
heans a dot fornmed of one ink droplet discharged on a recordi ng nmedi um
such as a printing paper sheet or the like. Also, the term"pixel" used
here is the smallest increnent of an inmage, and the term "pixel region"
used here neans a region for formng the pixels. In general, a

pr edet er mi ned nunber of liquid droglgbs (0, 1, or nore) are discharged
onto each pixel region, whereby a pixel with a predeternined tone |evel
(tone level, 1, 2, 3, or nore) is fornmed on each pixel region. That is to
say, one pixel region has zero, one, or nore dots corresponding to the
tone | evélirshermbbdifenthernore, a great number of pixels are arrayed on
the recording nmedium whereby an image is formed thereon. Note that the
dot is not aPergsirohpt atiell bedgladedregd nding tde %Jd‘rer%seé@mﬂwrﬁ xel
region, but may deviate out of the correspondi ng pi xel region.

Descri pPEofihei preﬁenﬁaa@‘fﬁ@FéWr@gﬁhdméeaemzﬁura e s‘éﬁ%wb%g%ie%%e
accordlng to.the first enbodinent of the present invention,  The |iquid

di schar § edé%#@e cgﬁﬁrﬁ%é%taemPPaﬁWﬁnEh%ﬂﬁe?e?ﬁrmé?%r?%ﬁe¥?ﬁﬁYdlﬁhlch is to
be di scharged, | an, ener oy, geperating;device [or gnergizing,the;ljauid
Note that the term "ink droplet" used here means a small
amount (e.g., several picoliters) of ink (liquid) discharged

from a nozzle 18 of a liguid discharge portion described
later. Also, the term "dot" used here means a dot formed of
one ink droplet discharged on a recording medium such as a
printing paper sheet or the like. Also, the term "pixel"
used here is the smallest increment of an image, and the
term "pixel region" used here means a region for forming the
pixels.

In general, a predetermined number of ligquid droplets
(0, 1, or more) are discharged ontc each pixel region,
whereby a pixel with a predetermined tone level (tone level,
1, 2, 3, or more) is formed on each pixel region. That is
to say, one pixel region has zero, one, or more dots
corresponding to the tone level thereocf. Furthermore, a
great number of pixels are arrayed on the recording medium,
whereby an image is formed thereon.

Note that the dot is not always completely included

within the corresponding pixel region, but may deviate out

of the corresponding pixel region.



in the aforenentioned liquid chanber, and a di scharge opening for

di scharging the liquid stored in the aforenentioned |iquid chanber due to
the energy generated by the aforenentioned energy generating device. Wth
the [Iliquid discharge device, deviation of the discharge direction can be
controlled by adjusting the energy, which is generated by the energy
generating device, for being provided to the |iquid. For exanple, the

-af orenenti oned energy generating device forns one face of the
aforenentioned |iquid chanber, and"cg trols the energy distribution on the
face of the liquid chanber, thereby “controlling deviation of the discharge
direction of the |I|iquid discharged fromthe aforenenti oned di scharge
opening. As an exanple, the liquid discharge device according to the
present enbddisteripting wdds e madlee bedami repodedices asdi@uig as ener gy
generating devices, with these nultiple heating devices being disposed so
as to feéiarhheoafdeehentioreedingeto othe h%lﬁﬁﬁﬁfﬂoﬂﬂd?ﬁ}b?,o%rﬂ"‘%uppl y of
energy is adjusted for each heating device so as to control, the energy

di stri bR¥eesnt oln et Bpor enBimt | bHEH § LS CIEe tFRY 158 T RIeetiess to say -

22 that, the liquid discharge device js not restricted to the epbodinents
descri beHIBEY oFRaeRhf fotir BEP ORI L HEAT ERHER 115 st Bf scgfsss%q‘??go
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in the aforementioned liquid chamber, and a discharge
opening for discharging the liguid stored in the
aforementioned ligquid chamber due to the energy generated by
the aforementioned energy generating device. With the
liguid discharge device, deviation of the discharge
direction can be controlled by adjusting the energy, which
is generated by the energy generating device, for being
provided to the liquid. For example, the aforementioned
energy generating device forms one face of the
aforementioned liquid chamber, and contrbls the energy
distribution on the face of the liquid chamber, thereby
controlling deviation of the discharge direction of the
liquid discharged from the aforementioned discharxge openiﬁg.
As an example, the liguid discharge device according to the
present embodiment includes multiple heating devices serving
as energy generating devices, with these multiple heating
devices being disposed so as to form the aforementioned face
of the liquid chamber, and supply of energy is adjusted for

each heating device so as to control the energy distribution

on the aforementioned face. Note that it is needless to say



referred to as "printer" hereafter) to which the Iiquid discharge device
‘according to the present invention is applied. Note that while a nozzle
sheet 17 is bonded onto a barrier layer 16 in actual practice, Fig. 1
shows the head 11 with the nozzle sheet 17 in a disassenbled state. The
head 11 has a base nenber 14 including a sem conductor substrate 15 forned
of Si or the like, and heating resistors 13 (serving as energy generating
devices in the present invention) formed on one face of the sem conductor
substrate 15 by deposition. The heat ,,resistors 13 are electrically
connected to an external circuit through electric-conductive portions (not
shown) forned on the sem conductor substrate 15. On the other hand, the
barrier layer 16 is formed of photosensitive cyclized rubber resist or

| i ght - hahdénithg ldeyiflii Hascbarge, dandcesisorpedrostalipredess Wherein the
barrier layer 16 is fornmed over the entire face on the sem conductor

subst r ac@begimgptahiiefcrihbefeBelfy-resi stors 13 have been forned,

foll owi ng which unnecessary portions thereof are renoved by
photoliﬂgéeféﬁﬁyﬁtieﬂ g%kahpfe) - 23 On the other hand, the nozzle sheet 17
includes multiple nozzles 18 faormed thereon, forned of njﬁgel usi ng

el ect rof or mi P9+ fbriex@ript 32 STHEP TS | RESTRRT TR | SO HESF ' he
barrier Igéer i? sgch tha%_th% gosi%ign(ggigﬁcgilﬁo%élgi%8lnatches t he
positi ofi 8F3EhelcBFr 88pohiti AGEhBALTHG pLY
referred to as "printer" hereafter) to which the liquid
discharge device according to the present invention is
applied. ©Note that while a nozzle sheet 17 is bonded onto a
barrier layer 16 in actual practice, Fig. 1 shows the head
11 with the nozzle sheet 17 in a disassembled state.

The head 11 has a base member 14 including a
semiconductor substrate 15 formed of 81 or the like, and
heating resistors 13 (serving as energy generating devices
in the present invention) formed on one face of the
semiconductor substrate 15 by deposition. The heat
resistors 13 are electrically connected. to an external
circuit through electric-conductive portions (not shown)
formed on the semiconductor substrate 15.

On the other hand, the barrier layer 16 is formed of
photosensitive cyclized rubber resist or light-haxdening
dry-film resist, and is formed by a process wherein the
barrier layer 16 is formed over the entire face on the
semiconductor substrate 15, on which the heating resistors

13 have been formed, following which unnecessary portions

thereof are removed by photolithography, for example.



resistor 13, i.e., each nozzle 18 faces the corresponding heating resistor
*13. Each ink liquid chanber 12 formed of the base nenber 14, the barrier
| ayer 16, and the nozzle sheet 17, has a configuration so as to surround
the corresponding heating resistor 13. That is to say, the base nenber 14
serves as the bottomwall of the ink |iquid chanber 12, the barrier |ayer
16 serves as a side wall thereof, and the nozzle sheet 17 serves as the
top wall. Thus, each ink |liquid chanmber 12 includes openings on the front
and right side in Fig. 1, and each %%em ng comruni cates with an ink
channel (not shown). In general, one head 11 such as described above
i ncl udes around one hundred of the ink chanbers 12, and the heating
resistors 13, each disposed in the corresponding ink Iiquid chanber 12.
Each heatingOneshst othé8 handonthel hedzleacekeet ng’ t51¢HA%Ucti ons from a
control unit of the printer, whereby ink can be discharged from desired
ink |iqoiudtiphenberesles 8r fespeAdith§resnt hECKBSH A Fégggiovsa%gthrough
- the nozzl es 18 disposed facing the ink |iquid_chapbers %2, Ngre
speci f i GAECFrofRRMA8dsuSPKi 8828 1lehe THR PPEELE 5798T LhanBePe™49%from an
i nk tank (not_shown) connected_to the e currents, are applied

head 11. Pul
to the @8%Pr éAShOEEIAGE #€§F§téﬁssf§hf5pgg §ﬁ8r?°gé§?88 3f TRHB, e.g., for

1to3 . t f id heatl f th i heat i
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resistor 13, i.e., each nozzle 18 faces the corresponding
heating resistor 13.

Each ink liguid chamber 12 formed of the base member 14,
the barrier layer 16, and the nozzle sheet 17, has a
configuration so as to surround the corresponding heating
resistor 13. That is to say, the base member 14 serves as
the bottom wall of the ink liquid chamber 12, the barrier
layer 16 serves as a side wall thereof, and the nozzle sheet
17 serves as the top wall. Thus, each ink liquid chamber 12
includes openings on the front and right side in Fig. 1, and
each opening communicates with an ink channel (not shown).

In general, one head 11 such as described above
includes around one hundred of the ink chambers 12, and the
heating resistors 13, each disposed in the corresponding ink
liguid chamber 12. Each heating resistor 13 is controlled
according to instructions from a control unit of the printer,
whereby ink can be discharged from desired ink liquid
chambers 12 corresponding to the heating resistor 13 through
the nozzles 18 disposed facing the ink liquid chambers 12.

More specifically, ink is supplied to the ink liquid



bubbl e occurs in the ink in contact wth the heating resistor 13, and thus
*this ink is pushed out of the way. The anmobunt of ink pushed out thus is
the sane as the volunme of the expanding ink bubble (i.e., the ink boils).
As a result, ink in contact with the nozzle 18 is discharged as an ink
liquid droplet fromthe nozzle 18. The anmount of ink discharged therefrom
is equivalent to that of to the ink pushed out. The discharged ink dropl et
1ands on a printing paper sheet, thereby form ng a dot (pixel). Note that,
in the present specification, the _cggbLnation of the single ink liquid
chanber 12, the heating resistor 137disposed within the ink |iquid chanber
12, and the nozzle 18 di sposed on the upper portion will be referred to
as an "ink discharge portion (liquid discharge portion)" hereafter. That
is to sayambdes headfddmisnfonketank é&motashewnlofconnadifd inkhd schar ge
portions. Furthernmore, with the present_enbodinment, a |ine head is forned
of nul thphe hkadsPullsarcayeents ahe applihed die etltd cie DI ehd $acdidi ng
medium Fig. 2 is a plan view which shows a |ine head 10 according to the
pr esentres Pstoeabbali E@ma ertoPeRsNg PhuFiPRads 941 (FPX U N3N+ 1, and
N + 2). In the manufacturing process for, the %i e head 10 (gultiple heads
(head cHP®S) 5P tHDUEC tHRTFOLTD| BARKERS2 G710 Qholie i PR HF LML arr ayed.

Subsequent|ly, the single nozzl e sheet i .
g heat!ng resistgrs 19, and accor&anfyPogdggbéguéhase ink

bubble occurs in the ink in contact with the heating
resistor 13, and thus this ink is pushed out of the way.

The amount of ink pushed out thus is the same as the volume
of the expanding ink bubble {(i.e., the ink boils). As a
result, ink in contact with the nozzle 18 is discharged as
an ink liguid droplet from the nozzle 18. The amount of ink
discharged therefrom is equivalent to that of to the ink
pushed out. The discharged ink droplet lands on a printing
paper sheet, thereby forming a dot (pixel).

Note that, in the present specification, the
combination of the single ink liguid chamber 12, the heating
resistor 13 disposed within the ink liquid chamber 12, and
the nozzle 18 disposed on the upper portion will be referred
to as an "ink discharge portion (liguid discharge portion)"

"hereafter. That is to say, the head 1l is formed of an
array of multiple ink discharge portions.

Furthermore, with the present embodiment, a line head
is formed of multiple heads 11 arrayed in the width
direction of the recording medium. Fig. 2 is a plan view

which shows a line head 10 according to the present



the entire face of the head-chip array such that each ink discharge
*portion matches the correspondi ng nozzle 18, whereby the |ine head 10 is
formed. Note that the heads 11 are arrayed such that the nozzle pitch of
the nozzles 18 each positioned at the ends of the adjacent heads 11, i.e.
t he di stance between the nozzle 18 disposed at the right end of the Nth
head 11 and the nozzle 18 disposed at the |left end of the (N + 1)'th head
11, shown in the enlarged view of the portion Ain Fig. 2, nmatches the
nozzle pitch within a single head 11. (Di scharge direction varying neans)
The head 11 includes discharge di rectl 6n varyi ng neans. The di scharge
direction varying neans according to the present enbodi nent enabl e the

di scharge direction of the ink 1liquid droplets discharged fromthe nozzle
18 to kerchanged . | Fig .predeloasmied haadge alony thé,dNreNt #+oh,of the array
of the nozzles 18 (liquid discharge portions), and has a configuration
descri hed below) .Fi gn Ihmshowsiugagtarivigewrakiesk iflolrushealléaset heatlnk

di scharge portion of the head 11, and a cross-sectional view - 26 of the
si de t Hér,eaful diplroreattt aiiead reltips)plwinthdwy e 718 shertpokiti on of
the nozzle 18 is denoted by alternate |ong and short dashed |ines. As
shown isipofing.ir3 Fiche lhead el Bra@y®cdi ng to the present enbodi nent incl udes

two divided heating resistors 13 .
Subsequently, the single nozzle sheet 17 is bonded onto

the entire face of the head-chip array such that each ink
discharge portion matches the corresponding nozzle 18,
whereby the line head 10 is formed. Note that the heads 11
are arrayed such that the nozzle pitch of the nozzles 18
each positioned at the ends of the adjacent heads 11, i.e.,
the distance between the nozzle 18 disposed at the right end
of the N'th head 11 and the nozzle 18 disposed at the left
end of the (N + 1)'th head 11, shown in the enlarged view of
the portion A in Fig. 2, matches the nozzle pitch within a
éingle head 11.
(Discharge direction varying means)

The head 11 includes discharge direction varying means.
The discharge direction varyihg means according to the
present embodiment enable the discharge direction of the ink
liquid droplets discharged from the nozzle 18 to be changed
in a predetermined range along the direction of the array of
the nozzles 18 (liguid discharge portions), and has a
configuration described below.

Fig. 3 shows a plan view which illustrates the ink

discharge portion of the head 11, and a cross—sectlonal view



arrayed within the single ink liquid chanber 12. Furthernore, the divided
*two heating resistors 13 are arrayed in the direction of the array of the
nozzles 18 (the horizontal direction in Fig. 3). Each of the two divided
heating resistor 13, wherein a single heating resistor in a conventional
arrangenment is divided in the direction orthogonal to the nozzl e-array
direction, has the sane length and the half width as conpared with the
conventional arrangenent, and accordingly, has a resistance two tinmes as
great as with the single heating resistor in the conventional arrangenent,
Let us say that the two divided heating resistors 13 are connected in
serial. In this case, a circuit is forned, wherein the heating resistors
13 having a resistance two tinmes as great as with the single heating
resi st onfi nha eddeenheorak, anrangendataate chbanelet eplaerviey yin and
accordingly, the circuit has a resistance four tines as great as with the
singl e Regti Ag rthei ppeitianacEotitennPerif &frangerRPESd NSy, in order to
boil the ink stored within the ink liquid chanber 12, there is the need to
heat thelhkeanahg lopw apdsphest 485B§dslpPE§ing a predeterm ned ampunt of
electric power to the heating resistor 13 The ipk is discharged due to
the energy giheflewd BB THe- t3 mete? BRAdihy 2NV A iHiS e the heating

resistor 13 with i ir i
resiStop§e§§nﬁﬂﬁﬁ%ggqggktrggbig ggetwge E%E gdahég£9§gcyééfg éréhf3heatlng

arrayed within the single ink ligquid chamber 12.
Furthermore, the divided two heating resistors 13 are
arrayed in the direction of the array of the nozzles 18 (the
horizontal direction in Fig. .3).

FEach of the two divided heating resistor 13, wherein a
single heating resistor in a conventional arrangement 1is
divided in the direction orthogonal to the nozzle-array
direction, has the same length and the half width as
compared with the conventional arrangement, and accordingly,
has a resistance two times as great as with the single
heating resistor in the conventional arrangement, Let us
say that the two divided heating resistors 13 are connected
in serial. In this case, a circuit is formed, wherein the
heating resistors 13 having a resistance two times as great
as with the single heating resistor in a conventional
arrangement are connected serially, and accordingly, the
circuit has a resistance four times as great as with the
single heating resistor in a conventional arrangement.

Now, in order to boil the ink stored within the ink

liquid chamber 12, therxe is the need to heat the heating



hi gh resistance require only a small current for boiling. Thus, the size of
“transistors or the like for switching electric current can be reduced,
thereby reducing the entire size of the device. Note that the heating
resistor 13 forned with a reduced thickness exhibits an increased

resi stance. However, the thickness of the heating resistor 13 cannot
reduced beyond a |imt fromthe point of a material formng the heating
tesistor 13, and the strength (durability). Accordingly, with the present
enbodi ment, the heating resistor 13,is formed by dividing a single
conventional heating resistor intot portions wthout reducing the

t hi ckness, in order to increase the resistance of the heating resistor 13.
As described above, each ink |iquid chanber 12 includes two divided

heat i Nngr&e5s660r 53 18y MNowplyindg he mveidtdhained wmemt sUpEledtsicont rol | ed
such that the two divided heating resistors 13 require the sane period of
time (bpbbée tgeties ahéayitg nedsivror eathi Mhe hiedulshldisgFheaidns &% e of

the ink, the ink bubbles at the sane tinme on the two divided heating

resi st ots, thieenbygy heenakateduitl thoptittes ef Plbgg di & gédtin the
direction of the center axis of the nozzle 18. On the other hand, in the
event twaileurhenteatippryresistontkdITEH stcHhat* $He WBREDi vi ded heat i ng

resistors 13 have different bubble generating tjne i i
requires a large current, thegheating esisté?stfgaﬁi %1%Pbbles W th

high resistance require only a small current for boiling.

Thus, the size of transistors or the like for switching
electric current can be reduced, thereby reducing the entire
size of the device. Note that the heéting resistor 13
formed with a reduced thickness exhibits an increased
resistance. However, the thickness of the heating resistor
13 cannot reduced beyond a limit from the point of a
material forming the heating resistor 13, and the strength
(durability) . Accordingly, with the present embodiment, the
heating resistor 13 is formed by dividing a single
conventional heating resistor into two portions without
reducing the thickness, in order to increase the reslstance
of the heating resistor 13.

As described above, each ink liquid chamber 12 includes
two divided heating resistors 13. Now, in the event that
current supply is controlled such that the two divided
heating resistors 13 require the same pericd of time (bubble
generating time) for reaching the bubbling temperature of
the ink, the ink bubbles at the same time on the two divided

heating resistors, whereby the ink liqguid droplets are



predetermned tine difference on the two divided heating resistors. As a
result, the discharge direction of the ink Iliquid droplets is deviated
fromthe center axis of the nozzle 18, whereby the ink is discharged with
a predeterm ned deviation. Thus, the ink liquid droplets can hit a
portion with a predeterm ned deviation fromthe hit portion in a case of
the ink liquid droplets being discharged w thout deviation control. Fig. 4
4s a diagram for describing the deviation along the discharge direction of
the ink liquid droplets. In Fig. 4, in the event that an ink liquid
droplet i is discharged in the direéBion vertical to the discharge face of
the ink liquid droplet i, the ink liquid droplet i is discharged wthout
devi ati on denoted by the dashed arrow shown in Fig. 4. On the other hand,

in the gvent tHat thechokal s fon dsOPtRd denisedi Sohargedid tdbgad ation,
i.e., wmth a discharge deviation angle A fromthe nozzle center axis (|n

the dirggtion of Z1 or Z2 in Fig. 4), the hit position of the ink liquid
droplet i is represented by the following expression. - 29 AL = Hx tan O
wher e H denahestidesthet anoel betmegre tdverdi sdlar gerfreng sapglivhésf ace (hit
face of the ink liquid droplet i) of a printing paper sheet P serving as a
recor di agntediled dotk thaatthaetwd sdanteed heagureretdds tas drdn over the
entire have different bubble generating times, the ink bubbles with

predetermined time difference on the two divided heating

resistors. As a result, the discharge direction of the ink

ligquid droplets is deviated from the center axis of the

nozzle 18, whereby the ink is discharged with a

predetermined deviation. Thus, the ink liquid droplets can

hit a portion with a predetermined deviation from the hit

portion in a case of the ink liquid droplets being

discharged without deviation control.

Fig. 4 is a diagram for describing the deviation along

the discharge direction of the ink liquid droplets. In Fig.

4, in the event that an ink liquid droplet 1 is discharged

in the direction vertical to the discharge face of the ink

ligquid droplet i, the ink liquid droplet i is discharged

without deviation denoted by the dashed arrow shown in Fig.

4, On the other hand, in the event that the ink liquid

droplet i is discharged with deviation, i.e., with a

discharge deviation angle 8 from the nozzle center axis (in

the direction of Z1 or %2 in Fig. 4), the hit position of

the ink ligquid droplet i is represented by the following

expression.



| ine head. As can be understood fromthe above expression, in the event
~that the ink liquid droplet i is discharged with a discharge deviation
angle O fromthe nozzle center axis, a position offset AL of the hit
position of the ink liquid droplet occurs. In general, with conventional
ink jet printers, the distance H between the tip of the nozzle 18 and the
printing paper sheet Pis around 1 mmto 2 mm Now, let us say that the
distance His generally maintained to 2 mm Note that the change of the
di stance H causes the change of the hit position of the ink liquid dropl et
i. Accordingly, the distance H need3?t© be generally maintained to a
constant. That is to say, in the event that the ink liquid droplet i is
di scharged onto the printing paper sheet P fromthe direction vertical
thereto throygh the pazzhe 18, some change in the distance H does not
causes change in the hit position of the ink liquid droplet i. On the

other hand, i, he RYERLS hale th8 inkel bAWiEcAr ORbel schs dbsehaeged with

devi ation, the change in the distance H causes the change in - 30 the hit"
posi ti o @frdderd K [ ouich &l o atnd -1hotia Juhat amdhetth@yheadall having the

resolution of 600 DPl, the interval between the adjacent nozzles 18 is

det er mmheth € th@ R e ey HaarvingNadis e odames siedn unl5. #d e 1000/ 600.
that the distance H is generally uniform over the entire
line head.

As can be understood from the above expression, in the
event that the ink liguid droplet i is discharged with a
discharge deviation angle 6 from the nozzle center axis, a
position offset AL of the hit position of the ink ligquid
droplet occurs.

In general, with conventiconal ink jet printers, the
distance H between the tip of the nozzle 18 and the printing
paper-sheet P is around 1 mm to 2 mm. Now, let us say that
the distance H is generally maintained to 2 mm. Note that
the change of the distance H causes the change of the hit
position of the ink liquid droplet i. Accordingly, the
distance H needs to be generally maintained to a constant.
That is to say, in the event that the ink liguid droplet i
is discharged onto the printing paper sheet P from the
direction vertical thereto through the nozzle 18, some
change in the distance H does not causes change in the hit
position of the ink liguid droplet i. On the other hand, in
the event that the ink 1ligquid droplet i is discharged with

deviation, the change in the distance H causes the change in



Figs. 5A and 5B are charts which show the relation between the tine
*di ffrerence in ink bubble generation between the two-divided heating
resistors 13 and ink discharge angle, which is obtained by conputer
Simulation. In these charts, the X direction (X direction denoted by OX of
the vertical axis of the chart, note that this does not denote the
hori zontal direction of the chart) denotes the direction of the array of
the nozzles 18 (the direction of the array of the heating resistors 13).
On the other hand, the Y direction direction denoted by Oy of the
vertical axis of the chart, note tThat this does not denote the horizontal
direction of the chart) denotes the direction (transporting direction of a
printing sheet) orthogonal to the X direction. On the other hand, Fig. 5C
shows thgenBasupedidaba bel ahéoink beiawed dhepleviiation current represented
by the horizontal axis, and the deviation anount of the ink |anding
position repsesertet byth hehedrdddall dawinadreinesciatdon &fi 680 current
is represented by the half of the current difference between the two
di vi dedpheat ithg hLesksveisbé8yecaushagadhecert nmeo@fteerehce®in i nk bubbl e
generation between two divided - 31 heating resistors 13, and the
devi at i detamnaned( nhi ehpksximaasiyedi2i 3 APBhSRY of"H BIPEHPI X mately 2 mm)
is caused due to the ink discharge angle (X direction). Note that the
dat a sh8an40nxFiL§008€E0Ras obtai ned by the neasurenent of ink discharging

wth viation under th iti i .
th deviat gigg.dgA ;ng ggngéélggg§{5t£§ﬁgﬁjghow the relation

between the time difference in ink bubble generation between
the two—dividéd heating resistors 13 and ink discharge angle,
which is obtained by computer simulation. In these charts;
the X direction (X direction denoted by 0X of the vertical
axis of the chart, note that this does not denote the
horizontal direction of the chart) denotes the direction of
the array of the nozzles 18 (the direction of the array of
the heating resistors 13). On the other hand, the ¥
direction (Y direction denoted by Oy of the vertical axis of
the chart, note that this does not denote the horizontal
direction of the chart) denotes the direction (transporting
direction of a printing sheet) orthogonal to the X direction.
Oon the other hand, Fig. 5C shows the measured data relation
between the deviation current represented by the horizontal
axis, and the deviation amount of the ink landing position
represented by the vertical axis, wherein the deviation
current is represented by the half of the current difference
between the two divided heating resistors 13, causing the

time difference in ink bubble generation between two divided



current of 80 mA being applied to both the heating resistors 13, and the

-af orenmenti oned deviation current being further applied to one of the two
di vided heating resistors 13. In the event that the tine difference in
bubbl e generation occurs between the two divided heating resistors 13
arrayed in the direction of the array of the nozzles 18, the ink is

di scharged with an ink discharge angle deviated fromthe nozzle center
-axis. Mre specifically, as shown in Fig. 5 the greater the tine
difference in bubble generation 1is,_the greater the discharge angle OX
(whi ch represents the deviation froftthe nozzle center axis, and
corresponds to A shown in Fig. 4) along the direction of the array of the
nozzl es 18. As descri bed above, the head according to the present

embodi MgpL ¢k Gl HEESsEYLE | Ph e Ak €hhe cdiey gt o tanonsyt e@dticthas ng two

di vided heating resistors 13, wherein supplied current is controlled for
each hegbhpgre@sint 8rcdde dhemeby apontxiohdfely otousr dicecafsad e
difference in bubble generation on the two heating resistors 13. Thus,
devi ati @ thé the dnkcHisghaazgeldi (¥cdivectonbe JbHis ditadd Bye - 32
adjusting the tinme difference. Next, specific description will_ be nmade
regar di dgta shewhodnf BigcoRtreas | plgtahecddvy ath®MeFsH I s Hark
direction of the ink liquid droplet. Fig. 6 shows a circuit configuration
exanpl edascbadiongot withedpy eabhen eWPBET nepg condition of the main

current of 80 mA being applied to both the heating resistors
13, and the aforementioned deviation current being further
applied to one of the two divided heating resistors 13.

In the event that the time difference in bubble
generation occurs between the two divided heating resistors
13 arrayed in the direction of the array of the nozzles 18,
the ink is discharged with an ink discharge angle deviated
from the nozzle center axis. More specifically, as shown in
Fig. 5, the greater the time difference in bubble generation
is, the greater the discharge angle 80X (which represents the
deviation from the nozzle center axis, and corresponds to 0
shown in Fig. 4) along the direction of the array of the
nozzles 18.

As described above, the head according to the present
embodiment includes multiple ink discharge portions, each
having two divided heating resistors 13, wherein supplied
current is controlled for each heating resistor 13, thereby
controlling occurrence of time difference in bubble
generation on the two heating resistors 13. Thus, deviation

of the ink discharge direction can be controlled by



for controlling the time difference in bubble generation between the two
*divided heating resistors 13. In this exanple, deviation of the discharge
direction of the ink liquid droplet is controlled with a 3-bit control
signal. That is to say, the difference between the currents applied to
resistors Rh-A and Rh-B can be determned to any of eight predeterm ned

| evel s, thereby setting deviation of the discharge direction of the ink
liquid droplet to a corresponding one of the eight levels. In Fig. 6, the
resistors Rh-A and Rh-B serve as the two divided resistors 13, and are
connected serially. A power sourCE:N%'éupplies el ectric power to the
resistors Rn-A and Rh-B. A discharge control circuit 50 controls the
deviation of the discharge direction of the ink Iiquid droplet by

adj ust i gy ke g fier ance katrweanddee currents supplied to the resistors
Rh- A aﬁgghh-B, and includes transistors ML through M21. The transistors

M4, MB, MD, ki, MbdciMié, dM@ripandnMiilarbePnMdS regasdstars, and the
others are NNMXS transistors. The pair of the transistors M and M6, the -
3 3 paidtiedd ther tdansicliom Mhankwitidrhe fpabe ¢fscherger ansi stors M4
and M6, and the pair of the transistors M9 and M1, each form.a current
mirror &ireetior whi cthanidk belqwief enosd eto ad *ooMecishewist @ Ker&dfter) .
Thus, the discharge <control circuit 50 includes four CMcjrcuits.

configuration example according to the present embodiment

for controlling the time difference in bubble generation

between the two divided heating resistors 13. 1In this

example, deviation of the discharge direction of the ink

liquid droplet is controlled with a 3-bit control signal.

That is to say, the difference between the currents applied

to resistors Rh-A and Rh-B can be determined to any of eight

predetermined levels, thereby setting deviation cof the

discharge direction of the ink liquid droplet to a

corresponding one of the eight levels.

In Fig. 6, the resistors Rh-A and Rh-B serve as the two

divided resistors 13, and are connected serially. A power

source Vh supplies electric power to the resistors Rh-A and

Rh-B.

A discharge control circuit 50 controls the deviation

of the discharge direction of the ink liquid droplet by

adjusting the difference between the currents supplied to

the resistors Rh-A and Rh~B, and includes transistors M1

through M21. The transistors M4, M6, M9, M11, M14, Mle, M19,

and M21 are P~MOS transistors, and the others are N-MO3S

transistors. The pair of the transistors M4 and M6, the



Now, description will be made regarding the CMcircuit formed of the
+transistors MA and M5, as an exanple. The gate and the drain of the
transi stor Mb and the gate of the transistor MA are connected one to
anot her, and accordingly, the CMcircuit has a configuration wherein the
sane voltage is applied to the transistors M4 and M6 at all tines, and
thus, generally the sanme current flows in the transistors M4 and M. The
other CMcircuits have the sane configuration. On the other hand, a couple
of the transistors M3 and M serves as an differential anpllfler i.e., a
switching device (which will be reféfred to as "second sw tching device"
hereafter) for the CMcircuit forned of the transistors Md and Ms. In this
case, the second switching device perforns operation such that a current

flows ipgLo.the tﬂgdergﬁgw@@rm@ermams Re Avand Rh-hd hrough the CM
circuit, or a current flows fromthe node between the resistors Rh-A and

Rh-B. Ogchhe:othes nandangheleouphe ofie tiheit ransiisd orsarvB ks MI®, t he
couple of the transistors ML3 and ML5, and the couple of the transistors
ML8 andaNBOM2ser¥echSfbhe secontent 3irsod tchiag delwitiesh fworll He CM
circuits forned of the couple of the transistors M and ML1, the couple of
the trapsirsreed tMdasanduMibrcand"t hereafipte) of Phes ¢ ridrsi SRS and
M21, respectively. Wth regard to the CMcircuit forned of the transistors
control circuit 50 includes four CM circuits.
Now, description will be made regarding the CM circuit
formed of the transistors M4 and Mé, as an example. The
gate and the drain of the transistor Mé and the gate of the
transistor M4 are connected one to another, and accordingly,
the CM circuit has a configuration wherein the same voltage
is applied to the transistors M4 and M6 at all times, and
thus, generally the same current flows in the transistors M4
and M6. The other CM circuits have the same configuration.
On the other hand, a couple of the transistors M3 and
M5 serves as an differential amplifier, i.e., a switching
device (which will be referred to as "second switching
device" hereafter) for the CM circult formed of the
transistors M4 and M6. In this case, the second switching
device performs operation such that a current flows into the
node between the resistors Rh—-A and Rh-~B through the CM
circuit, or a current flows from the node between the
resistors Rh—-A and Rh-B.
On the other hand, the couple of the transistors M8 and
M10, the couple of the transistors M13 and M15, and the

couple of the transistors M18 and MZ20, serve as the second



M4 and M, and the second switching device forned of the transistors M3
<and Vb, the drains of the M4 and M3 are connected one to another, as well
as the drains of the Mo and Mo bei ng connected one to another. The ot her
second switching devices are connected to the corresponding CM circuits
in the sane way. Furthernore, the drains of the transistors M4, M), M4,
and M9, formng a part of the CMcircuits, and the drains of the
transistors M3, M3, M3, and M8, are connected to the node between the
resistors Rh-A and Rh-B. On the other hand, each of transistors M, M,
ML2, and ML7, serve as constant curdént sources for the corresponding CM
circuits. The drains of these transistors are connected to the sources of
the transistors M3, MB, ML3, and ML8, and the back gates thereof.

Further ot een i GUSERAL 08 £OM he Call e D1 she O ingler dchgnanher ei n the
drain o atr istor ML Is connected to the resistor Rh-B serially, and

upon a o di gghaf 8o SXecatd o | ApUtMBW tiote hejuig Self tihe' Erap@sotdse
transistor ML is turned on so as to apply a current to the - 35 resistors

Rh- A ang1 Rhas Mhet 4sdtensayoupte 4 afrsd stiamddsteser WED asida M t chi ng
device (which will be referred to as "first swtching device" hereafter)
for perfespeopieaieff swtching of current supply to the resistors Rh-A
and Rh-B. Furthernore, output termnals of AND gates X through
With regard to the CM cirxcuit formed of the transistors
M4 and M6, and the second switching device formed of the
transistors M3 and M5, the drains of the M4 and M3 are
connected one to another, as well as the drains of the M6
and M5 being connected one to another. The other second
switching devices are connected to the corresponding CM
circuits in the same way.
Furthermore, the drains of the transistors M4, M9, M1l4,
and M19, forming a part of the CM circuits, ahd the drains
of the transistors M3, M8, M13, and M18, are connected to
the node between the resistors Rh-A and Rh-B.
On the other hand, each of transistors M2, M7, Ml2, and
M17, serve as constant current sources for the corresponding
CM circuits. The drains of these transistors are connected
to the sources of the transistors M3, M8, M13, and M18, and
the back gates thereof.
Furthermore, the discharge control circuit has a
configuration wherein the drain of a transistor Ml is
connected to the resistor Rh-B serially, and upon a

discharge execution input switch being set to "1" (ON), the

transistor Mi is turned on so as to apply a current to the



s

X9 are connected to the gates of the corresponding transistors M, M, M,
.... Note that while two-input AND gates are enployed for the AND gates Xl
t hrough X7, three- input AND gates are enployed for the AND gates X8 and
X9. At least one of the input termnals of each of the AND gates X1
through X9 are connected to the discharge execution input swtch A
Furthernore, with regard to XNOR gates X10, X12, X14, and X16, one i nput
term nal of each XNOR gate is connected to a deviation direction
switch-over switch C (deviation direction switching nmeans) serves as a
switch for switching the deviation dPrection of the discharge direction of
the ink liquid droplet as to the direction of the array of the nozzles
18. Upon the deviation direction switch-over switch being set to 1 (on),

one of theikBput BhgnahsdokhiRe XNOR: Dateo Xddy ) stisettdahsli sy thie ot her
hand, devi ation control switches J1 through J3 serve switches for

contr ol kengeshesaavswitohindedeai con(whidhevrdl B aharger el reetticom=of the ink
liquid droplet. For exanple, upon the input termnal J3 being set - 36 to
1 (on), "6nesbf svhechiapygt dsvignal shefesd fice XNCR gater Kifnisy setofd 1.
Furthernore, the output termnals of the XNOR gates X10 through X16 are
each coanétthingoodbneuotenhesipply terbiqatssisforheRIAND gyat -, X4, ...,
as well as being each connected
Furthermore, output terminals of AND gates ¥1 through
X9 are connected to the gates of the corresponding
transistors M1, M3, M5, ... ©Note that while two-input AND
gates are employed for the AND gates X1 through X7, three-
input AND gates are emploved for the AND gates X8 and X9.
At least one of the input terminals of each of the AND gates
X1 through X9 are connected to the discharge execution input
switch A.
Furthermore, with regard to XNOR gates X10, X12, X14,
and X16, one input terminal of each XNOR gate is connected
to a deviation direction switch-over switéh C (deviation
direction switching means) serves as a switch for switching
the deviation direction of the discharge direction of the
ink liguid droplet as to the direction of the array of the
nozzles 18. Upon the deviation direction switch-over switch
being set to 1 (on), cone of the input signals of the XNOR
gate X100 is set to 1.
On the other hand, deviation control switches J1
through J3 serve switches for controlling the amount of

deviation of the discharge direction of the ink liguid

droplet. For example, upon the input terminal J3 being set



to one of the input termnals of the AND gates X3, X5, through NOT gates
X111, X13, .... Furthernore, one of the input termnals of AND gates X8 and
X9 is connected to the discharge angle correction switch K On the other
hand, a deviation anplitude control termnal B serves as a termnal for
controlling the currents which flowin the transistors M, M, ..

serving as constant current sources for the correspondi ng CNIC|rCU|ts and
are connected to the gates of the corresponding transistors M2, M, .
Upon a predeterm ned voltage (Vx) being applied to the deV|at|on anplltude
control termnal B, the voltage V@353 gate-source voltage) is applied to
the gates of the transistors M2, M/, ..., and accordingly, currents flow
inthe transistors M, M/, .... Here, each of the transistors M2, M/, can
be reprgsent @thiby e esuintl artpud fkGyinta 1sooFedhefl XNoRbghrtanyilst oes
connected in parallel, and the nunbers of sub-transistors of the

equi valsdt td ricuits corresponding to the transistors M2, M7/, are different
one to another. Accordingly, the currents proportional to the nunbers
(which cor respordscre ,t htenontens cbrmbheadboprénthei BRed gabes BY0
transistors) in parentheses shown in Fig. 6 flowin the transistors M3

t hr oughtW@fgrarkiL & herd reavsi stomsedigd NMp, one ofFphehénpdtte LeERET848r ce of
the transistor M2 of which drain is connected to the resistor Rh-B, and
the sourfeshofAND hgatenrs stihs M2 asvell as d@ifidngagd CRANEGHE ant

current .
to one of the input terminals of the AND gates X3, X5, ..,

through NOT gates X11, X13, ... Furthermore, one of the
input terminals of AND gates X8 and X9 1is connected to the
discharge angle correction switch K.

On the other hand, a deviation amplitude control
terminal B serves as a terminal for controlling the currents
which flow in the transistors M2, M7, .., serving as constant
current sources for the corresponding CM circuits, and are
connected to the gates of the corresponding transistors Mz,
M7, ... Upon a predetermined voltage (Vx) being applied to
the deviation amplitude control terminal B, the voltage Vgs
(gate—-source voltage) is applied to the gatesrof the
transistors M2, M7, .., and accordingly, currents flow in the
transistors M2, M7, ... Here, each of the transistors M2, M7,
.., can be represented by an equivalent circuit formed of
sub-transistors connected in parallel, and the numbers of
sub-transistors of the eguivalent circuits corresponding to
the transistors M2, M7, .., are different one to another.
Accordingly, the currents proportional to the numbers (which

corresponds to the numbers of the aforementioned sub-



sources for the corresponding CMcircuits, are connected to the ground
‘(GND). Wth the above-described circuit configuration, each nunber (XN (N
=1, 2, 4, or 50)) in parentheses showmn in Fig. 6 denotes the nunber of
the aforenenti oned sub-transistors, connected in parallel, which forman
correspondi ng equivalent circuit. For exanple, "x1" (M2 through M1)
denotes that the correspondi ng equivalent circuit has a single
sub-transistor. On the other hand, "x2" (M through ML1) denotes that the
correspondi ng equivalent circuit has__two sub-transistors connected in
parallel. In the same way, "xN' déndt’es that the correspondi ng equi val ent
circuit has the nunber N of sub-transistors connected in parallel. Wth
the circuit configuration according to the present enbodinent, the
transi steassMBtoMg) Mh2paaadthbfesaskownepneBeat e6l Hyow hin aftor enent i oned
equi valent circuits having the four, two, one, and one, sub-transistors,
r espect itrahyistAecoMdi nghkynghpMada pnédeher braevdisbbragés bdihg -appl i ed
between the gates of these transistors and the ground, the drain currents
flow in the Fuahsésmors, wthé sdhercatd¢D ofe-t@Ssigton M2 ofNashrichdescription
wi || be made regarding the operation of the discharge control circuit 50.
First, dsadnr épr esemeatiede texahpl sesdaseri BrrBn APE[ the SHaEeedy the
operation of the conbination of the CMcircuit

the transistors M2, M7, .., serving as the constant current

sources for the corresponding CM circuits, are connected to

the ground (GND)}.

With the above-described circuit configuration, each

number (XN (N = 1, 2, 4, or 50)) in parentheses shown in Fig.

6 denotes the number of the aforementioned sub-transistors,

connected in parallel, which form an corresponding

equivalent circuit. For example, "X1" (M12 through M21)

denotes that the corresponding equivalent circuit has a

single sub-transistor. On the other hand, "x2" (M7 through

M11) denotes that the corresponding equivalent circuit has

two sub—transistors.connected in parallel. 1In the same way,

"xN" denotes that the corresponding equivalent circuit has

the number N of sub-transistors connected in parallel.

With the circuit configuration according to the present

embodiment, the transistors M2, M7, M12, and M17, are

represented by the aforementioned equivalent circuits having

the four, two, one, and one, sub-transistors, respectively.

Accordingly, upon a predetermined voltage being applied

between the gates of these transistors and the ground, the

drain currents flow in the transistors with the ratio of



formed of the transistors MA and Ms, and the switching device thereof
‘“forned of the transistors M3 and Mb. The di scharge execution input switch A
is set to 1 (on) only at the time of the ink Iiquid droplet being

di scharged. More specifically, with the present enbodi ment, at the tine

of the ink liquid droplet being discharged fromthe nozzle 18, the

di scharge execution input switch Ais set to 1 (on) only during the period
of 1.5 sec (1/64) so as to supply electric power to the resistors Rh-A and
Rh-B fromthe power source Vh (5V). gh_the ot her hand, the discharge
execution input switch Ais set to 8 (off) during the other period of

94.5 sec (63/64), and ink supply is performed during this period for the
ink liquid chanber 12 of the ink discharge portion which has discharged an
ink ligaid:drdpl et. For exanple, upon A, B, C, and 3J, being set to 1, VWX
(anal og voltage), 1, and 1, respectively, the XNOR gate X10 outputs 1, and
accor di ngl y,Nede, olepeaintom vl ifpurtadesmaemlr Ao GReACReE 3tApHt to t he
AND gate X2, and thus, the AND gate X2 outputs 1. Accordingly, the

transi sPérthe pischargedcentrol39iregithe? nore, in the event the out put
fromthe XNOR gate X10 outputs 1, the NOTI gate X11 qutputs Q, .and
accor di ngl y,F1¥#t s dUtPUECRF SFRP thel Y it a@?fqﬁ%ﬁ%%ﬂnaﬁélﬂn%&t to the

AND gate X3 Accordingly, the AND gate X3 outpits O A0S of Mol
formed of the transistors M4 and M6, and the switching
device thereof formed of the transistors M3 and M5.

The discharge execution inpﬁt switch A is set to 1 (on)
only at the time of the ink liquid droplet being discharged.
More specifically, with the present embodiment, at the time
of the ink ligquid droplet being discharged from the nozzle
18, the discharge execution input switch A is set to 1 (on)
only during the period of 1.5 usec (1/64) so as to supply
electric power to the resistors Rh-A and Rh-B from the power
source Vh (5V). On the other hand, the discharge exeéution
input switch A is set to 0 (off) during the other period of
94.5 usec (63/64), and ink supply is performed during this
period for the ink liguid chamber 12 of the ink discharge
portion which has discharged an ink liguid droplet.

For example, upon A, B, C, and 3J, being set to 1, Vx
(analog voltage), 1, and 1, respectively, the XNOR gate X10
outputs 1, and accordingly, the output 1 and the input
signal 1 from A are input to the AND gate X2, and thus, the
AND gate X2 outputs 1. Accordingly, the transistor M3 is

turned on.



In this case, the drains of the transistor Md and M3 are connected one to
‘another, and the drains of the transistors Mo and Mo are connected one to
anot her. Accordingly, in the event that the transistor- M3 is on, and the
transistor Mb is off, as described above, a current flows into the
transistor MB fromthe resistor Rh-A but no current flows in the
transistor M6 due to the transistor Mb being off. Furthernore, at the tine
of no current flowing in the transistor M, no current flows in the
transistor M4, as well, due to the pnature of the CMcircuit. Furthernore.,
the transistor M2 is on, and accorﬂi%%ry, a current only flows through the
transistors MB and M2, in a case as described above. Upon the vol tage of

t he power source Vh being applied in this state, no current flows in the
transi stors fkcarAmdee, andtheCereant thbowatpntt feomeshst YRORNg#A e Here, the
transistor MB is on, and accordingly, the current flowwng fromthe

resi st or1 Rovepstdivj datk iNGD gacuntldntoutipiugls 0, 0wsd ecoldingdlsi st or M3
and a current which flows in the resistor Rh-B. The current flowing in the
transi stiots MButpud 0 fdradstlien iriperit rsdrgmiadlt gr fvnf éy agentinguti g thé current,
followi ng which the current flows into the ground. on the other hand, the
curr entAND oyd ey Xhe rststdimddy B tHowdi lgate RanSudescsMO wifeh i s on,

foll owing which the current flows into the ground. Accordingly, the

r el ati obhbet vitles transistor M5 is turned off.

In this case, the drains of the transistor M4 and M3
are connected one to another, and the drains of the
transistors M6 and M5 are connected one to another.
Accordingly, in the event that the transistor M3 is on, and
the transistor M5 is off, as described above, a current
flows into the transistor M3 from the resistor Rh-A, but no
current flows in the transistor M6 due to the transistor M5
being off. Furthermore, at the time of no current flowing
in the transistor M6, no current flows in the transistor M4,
as well, due to the nature of the CM circuit. Furthermore,
the transistor M2 is on, and accordingly, a current only
flows through the transistors M3 and M2, in a case as
described above.

Upon the voltage of the power source Vh being applied
in this state, no current flows in the transistors M4 and M6,
and a current flows in the resistor Rh-A. Here, the
transistor M3 is on, and accordingly, the current flowing
from the resistor Rh-A is divided into a current which flows
in the transistor M3 and a current which flows in the

resistor Rh-B. The current flowing in the transistor M3



current flowng the resistor Rh-A and the current flowing the resistor
"Rh-B'is represented by | (Rh-A) > | (Rh-B). Note that I(**) denotes the
current flowng the resistor "". Description has been nade in a case of C
being set to 1. Next, description will be made bel ow regarding a case of C
being set to 0, i.e., in the event that only the input of the deviation
direction switch-over switch Cis switched while maintaining the other
fnput signals (the other switches A J3 are set to the sane val ues as
descri bed above), In the event that Cis set to 0, and J3 is set to 1,

the XNOR gate X10 outputs 0. Accordifjly, the input signals (0, 1 (from
A)) are input to the AND gate X2, and accordingly, the AND gate X2 outputs
0. Accordingly, the transistor MB is turned off. On the other hand, the

NOT gat e14d OHtPME StiagitiestOr Mherotquittafl ey XNER gatrentl0 of 0, and
accordingly, the input signals (1, 1 (fromA)) are input to the AND gate

X3, andoatewifinghicht bige t @nsést of Ldvs i nttairtied coroundhi | @1 rthtehe event
that the transistor Mb is on, a - 41 current flows in the transistor M,
a currenthékomsndp the ctraastsfbowidy dse weddistue Rio B He awst difx of t he CM
circuit. As a result, currents flowin the resistor Rh-A and
transistor M1 which is on, following which the current flows
into the ground. Accordingly, the relation between the
current flowing the resistor Rh-A and the current flowing
the resistor Rh-B is represented by I(Rh-A) > I(Rh-B). Note
that T (**) denotes the current flowing the resistor "**".
Description has been made in a case of C being set to 1.
Next, description will be made below regarding a case of C
being set to 0, i.e., in the event that only the input of
the deviation direction switch-over switch C is switched
while maintaining the other input signals (the other
switches A, J3 are set to the same values as described
above) .
In the event that C is set to 0, and J3 is set to 1,
the XNOR gate X10 outputs 0. Accordingly, the input signals
(0, 1 (from A)) are input to the AND gate X2, and
accordingly, the AND gate Xé outputs 0. Accordingly, the
transistor M3 is turned off.
On the o£her hand, the NOT gate X1l outputs 1 due to
the output of the XNOR gate X10 of 0, and accordingly, the
input signals (1, 1 (from A)) are input to the AND gate X3,

and accordingly, the transistor M5 is turned on.

While in the event that the transistor M5 is on, a



the transistors M and M6 fromthe power source Vh. In this case, all the

‘currént
current
M3 due

transi s
transis

flowwng fromthe resistor Rh-A flows into the resistor Rh-B (the
flowwng fromthe resistor Rh-A does not flowinto the transistor
to the transistor M3 being off). Furthernore, all the current
flowwng fromthe transistor M4 flows into the resistor Rh-B due to the

tor M3 being off. Furthernore, the current flowng fromthe

tor Mo flows into the transistor Mb. As descri bed above, while upon

C being set to 1, the current flowing fromthe resistor Rh-A is divided
into the resistor Rh-B and the tran%tstor M3, upon C being set to 0, the
flowwng fromthe Rh-A and the current flowng fromthe transistor
MA flowinto the resistor Rh-B. As a result, the relation between the

current £} ouh POri BBs {£SE1SE Of r Bk A @ Me o Wurerintf lrawiwag ihheheesi st or

current

Rh-B i s

represented by I (Rh-A) < I (Rh-B). The ratio of I(Rh-A) to

| (Rh- B)

in a cageaRii SrbLiMY, &t woLll, iGusSYBTEiHE ealture tdfatthd mMa cdasmiaf. C bei ng

set to

0. As described above, the liquid discharge device according to the

present enbqdi rentegener ahasdrte tfiloe idi fher erseésitnri Bk-Bubbhd generati on
between the two divided - 42 heating resistors 13 by adjusting the
currentshsuppiheilstors tihe amediMd ofonREe gruveRh-sBundseVdby dontthals i ng

devi at i

on of the discharge direction of an ink liquid droplet.
case, all the current flowing from the resistor Rh-A flows

into the resister Rh-B (the current flowing from the
resistor Rh-A does not flow into the transistor M3 due to
the transistor M3 being off). Furthermore, all the current
flowing from the transistor M4 flows into the resistor Rh-B
due to the transistor M3 being off. Furthermore, the
current flowing from the transistor M6 flows into the
transistor M5.

As describéd above, while upon C being set to 1, the
current flowing from the resistor Rh-A 1s divided into the
resistor Rh-B and the transistor M3, upon C being set to O,
the current flowing from the Rh-A and the current flowing
from the transistor M4 flow into the resistor Rh-B. 2As a
result, the relation between the current flowing the
resistor Rh-A and the current flowing the resistor Rh-B is
represented by I(Rh-A) < I(Rh-B). The ratio of I(Rh-a) to
I{Rh-B) in a case of C being set to 1 is symmetrical to that
in a case of C being set to 0.

As described above, the liguid discharge device
according to the present embodiment generates the time

difference in ink bubble generation between the two divided



Furthernore, with the |iquid discharge device according

to the present

‘enmbodi nent, the deviation direction of the discharge direction of the ink

| iquid droplet can be

1o another, along the direction of an array of the nozzles 18 by
switching the input signal of Cto O or 1. Description has been nade
regarding a case of only the deviation control switch J3 being adjusted to

on or

off. Note that with the present enbodi nent, the deviation is not

switched to either of two directions symretrica

one

controlled only by adjusting the deviation control switch J3, but is also

controlled by adjusting the devi atTof? cont r ol
accordingly, the currents applied to the resistors Rh-A and Rh-B can be
controlled in nore detail. That is to say, while the currents applied to

t r ARt S4 QT Se MsBds MB3 aap 418 wotdcpldred dirrdir sdewipatliierl toont r ol
switch J3, the currents applied to the transistors M and ML1 can be

t he

control trd bysibeofeVRiath oind RI+®) iSvéitaldy ckihtino tiHencs atey ikyi.on

Furthernore, the currents applied to the transistors M4 and ML6 can be

control bedthy dhechaeyeadioactcom raf sw idh Ukiid tdreexlate way. As
descri bed above, the drain currents flowin the couple of the transistors
M and MB, thetdoupieref wihh -thed Lindesidstseharug ged 1M1 2C&REERE coupl e

of the transistors M4 and M6, with the ratio of 4:2:1, reagﬁftively.

Accor di hgl yhet heedent aerbpdbrenhe e chrir Fet it eI o tHe

discharge direction of the ink liguid droplet can be
switched to either of two directions symmetrical one to
another, along the direction of an array of the nozzles 18
by switching the input signal of C to 0 or 1.

Description has been made regarding a case of only the
deviation control switch J3 being adjusted to on or off.
Note that with the present embodiment, the deviation is not
controlled only by adjusting the deviation control switch J3,
but is also controlled by adjusting the deviation control

switches J2 and J1, and accordingly, the currents applied to

the resistors Rh-A and Rh-B can be controlled in more detail.

That is to say, while the currents applied to the
transistors M4 and M6 can be controlled by the deviation
control switch J3, the currents applied to the transistors
M9 and M1l can be controlled by the deviation control switch
J2 in the same way. Furthermore, the currents applied to
the transistors Ml14 and M16 can be controlled by the
deviation control switch Jl in the same way.

As described above, the drain currents flow in the

couple of the transistors M4 and M6, the couple of the

swi tches J2 and J1, and



ink I'iquid droplet can be controlled by controlling the deviation control
“switthes J1 through J3 using 3-bit signals wth a deviation |evel from

ei ght levels of (J1, J2, J3) = (0, O, 0), (O, O, 1), (O, 1, 0, (O, 1, D,
(1, 0, 0), (1, 0, 1) (1, 1, 0) , and (1, 1, 1) . Furthernore, with the
present enbodi nent, the voltage supplied to the deviation anplitude
control terminal Bis applied between each gate of the transistors M, M,
ML2, and ML7, and the ground, and accordingly, the change in the voltage
supplied to the deviation anplitude control termnal B causes the change
in the currents flow ng the transistirs; thereby controlling an increnent
devi ation per level while maintaining the ratio of the drain currents
flowng the transistors to 4:2:1. Thus, with the present enbodi nent, the

devi at i,gn, of; s« dicsGhar 98 1di Leet ke ebubhe btk thequirdndiepbes can be
controlled, thereby controlling | anding position of the ink 1iquid droplet

on a regof difg MEA Witre the rf@o ki l4i:quild rdsppletiveay.be discharged with
a deviation on a predetermned side as to the array of the ink discharge
por t i onsgcath dgirt hegravitdie omlo fl ithel didcoplret damelpgiodi oéhahged with a
deviation on the reverse side, not to - 44 nention the fact that the ink
l'i qui d sdriopl efuichnidipledi semtgeddtomliles bz Zloa tr@ IMin ABedevi ation (in
the direction vertical to the face of a recording nmediumfor the
deviation control switches J1 through J3 uslng 3-bit signals

with a deviation level from eight levels of (J1, J2, J3) =
(0, o, 0), (0, 0, 1), (0, 1, 0), (O, 1, L)y, (1, 0, O), (1, a,
1y, (1, 1, 0y, and (1, 1, 1).

Furthermore, with the present embodiment, the voltage
supplied to the deviation amplitude control terminal B 1is
applied between each gate of the transistors M2, M7, M12,
and M17, and the ground, and accordingly, the change in the
voltage supplied to the deviation amplitude control terminal
B causes the change in the currents flowing the transistors,
thereby controlling an increment deviation per level while
maintaining the ratioc of the drain currents flowing the
transistors to 4:2:1.

Thus, with the present embodiment, the deviation of the
discharge direction of the ink liqguid droplet can be
controlled, thereby controlling landing position of the ink
liguid droplet on a recording medium, e.g., the ink ligquid
droplet can be discharged with a deviation on a
predetermined side as to the array of the ink discharge

portions, and furthermore, the ink liquid droplet can be

discharged with a deviation on the reverse side, not to



-~

ink liquid droplets such as a printing paper sheet or the like). Wth a
circuit exanple shown in Fig. 6, the landing position of the ink liquid
droplet is controlled with a positional |level fromeight [evels on a
predeterm ned side. Furthernore, with the present enbodi nent, the
deviation direction of the discharge direction of the ink liquid droplet
can be switched between two directions symetrical one to another as to
the direction of the array of the nozzles 18 by perform ng on/off
switching for the deviation direction switch-over switch C between C =1
and C = 0. Furthernore, the | anding4position of the ink liquid droplet is
controlled with a positional |level fromthe eight |levels. corresponding to
the input values of the J1, J2, and J3, as described above. Wile

descri ptLan.: has e d i | EXAY rel e deviation of
t he dis%hggégﬁdfggc??gﬁ g?éﬁﬂgﬁ?h%giﬁgaﬁ¥d(ﬁéﬁﬁ%g%né?%éﬁ?rolled with a

devi ati gRsLaYBLAT ePbmeLEbtnd BYEL S1 4iSh Dth JididecO Il signals with
reference to ig. 6, an arrangenent may be nade wherein the deviation of

the disghacge;ghr 96+t 9Ba0f t& hené NRadd ol ta dr @R R1id$ m&DIini ofdeckd th a
deviation level fromMIlevels using application circuit of the circuit

exanpl eishomdgiuDdFgopbets 4dch W4 ha tei i Dty o alh &€ hetigrer dewitedes havi ng t he
above- described configuration according to the present enbodi nent, the
target hLakd)ng poHsht boairsusetetampl poshdwmoniselvgt efl, the landing
position of the ink liquid droplet is controlled with a
positional level from elght levels on a predetermined side.
Furthermore, with the present embodiment, the deviation
direction of the discharge direction of the ink liguid
droplet can be switched between two directions symmetrical
one to another as to the direction of the array of the
nozzles 18 by performing on/off switching for the deviation
direction switch-over switch C between C = 1 and C = 0.
Furthermore, the landing position of the ink ligquid droplet
is contreolled with a positional level from the eight levels.
corresponding to the input values of the J1, J2, and J3, as
described above.

While description has been made regarding an example
wherein the deviation of the discharge direction of the ink
ligquid droplet is contrelled with a deviation level from
eight levels using 3-bit control signals with reference to
Fig. 6, an arrangement may be made wherein the deviation of
the discharge direction of the ink liquid droplet is

controlled with a deviation level from M levels using

application circuit of the circuit example shown in Fig. 6.



fromM(Mis an integer of 2 or nore) portions divided from the
‘correéspondi ng pi xel region along the direction of the nozzles 18 of the
array (deviation direction in the present invention, i.e., the direction
generally vertical to the main scanning direction in the |ine nmethod),
wherein at |east a part of the region of the ink Iiquid droplet which has
| anded on the recording nediumis included within the pixel region. That
ts to say, with the present enbodinent, Mtarget |anding position

candi dates are determ ned for each i xel region, a target |anding position
is selected fromthe Mtarget |andi position candi dates, and the ink
liquid droplet is discharged with a deviation such that the ink liquid
droplet lands at the target |anding position on the recording nedium Note

that with the gy esent iephedidresharybedeaf ecemantngnetdeabarget | andi ng
posi tion candi dates are determ ned for each pixel region on the recording

medi um gag i hde dod Brotataofod /ddaafrdies pid dheomp nasente epbdiddgentedi um
corresponding to the array pitch of the ink discharge portions. Wth the
pr esent lesrbestt-geent L arndiend avgeitt landisngetpdsi ta @osisidet eediesd@d rom t he
af orenentioned Mlanding - 4 6 - target position candidates at random (in
an i rr efipbrarM mednes ,an armiveddowt pataremore) \Wide ieds iy ¥dechdd®Mar e known
wherei n af orenenti oned selection is perforned at random

the corresponding pixel region along the direction of the

nozzles 18 of the array (deviation direction in the present

invention, i.e., the direction generally vertical to the

main scanning direction in the line method), wherein at

least a part of the region of the ink liquid droplet which

has landed on the recording medium is included within the

pixel region. That is to say, with the present embodiment,

M target landing position candidates are determined for each

pixel region, a target landing position is selected from the

M target landing position candidates, and the ink liguid

droplet is discharged with a deviation such that the ink

liquid droplet lands at the target landing position on the

recording medium.

Note that with the present embodiment, the

aforementioned M target landing position candidates are

determined for each pixel region on the recording medium

with the interval of 1/M of the pitch on the recording

medium corresponding to the array pitch of the ink discharge

portions.

With the present embodiment, the target landing

position is determined from the aforementioned M landing



with the present enbodinent, a target |landing position is selected from
“‘the Mdivided target |anding position candidates using a random nunber
generating circuit 22 described later. Wth the present enbodinent, in the
event that two or nore ink liquid droplets are discharged onto a single

pi xel region, i.e., in the event that nulti-tone printing is perforned,
the target |landing position is determned at randomfor each ink liquid
droplet fromthe Mtarget |anding position candidates, and the ink liquid
droplet is discharged with a deviation such that the ink [iquid dropl et

| ands at the determined target |arditfy position on the recording medium
Fig. 7 is a plan view which shows the state wherein the ink liquid droplet
has | anded at positions selected fromthe Mdivided target |anding

posi ti oy LANdi g 881 10 cah S M P xednd@Qi pin  avher et et her shatmenf t he
| andi ng positions wth the present enbodiment is shown on the right side
in thedrawimet Wideedhe statiad kerdofuswintdthides eaevénbwonal  ar r angenent
is shown on the left side as a conparative exanple. In Fig. 7, the square
r egi onsyiened ias edf dyendastiethed isrdsatdnot 6 penfiomsiedr edi sredomn the ot her
hand, the - 47 «circular regions denote the ink liquid droplets which have
Ianded-wﬂthfﬁhqegxﬂshnn;amhmdumeﬂ%r%ﬂ ‘tadhersdt iLniddmanipios ikd omadé r egar di ng
an exanpl e

selected from the M divided target landing position

candidates using a random number generating circuit 22

described later.

With the present embodiment, in the event that two or

more ink liquid droplets are discharged onto a single pixel

region, i.e., in the event that multi-tone printing is

performed, the target landing position is determined at

random for each ink ligquid droplet from the M target landing

position candidates, and the ink liquid droplet is

discharged with a deviation such that the ink liguid droplet

lands at the determined target landing position on the

recording medium.

Fig. 7 is a plan view which shows the state wherein the

ink ligquid droplet has landed at positions selected from the

M divided target landing position candidates for a single

pixel region, wherein the state of the landing positions

with the present embodiment is shown on the right side in

the-drawing, while the state thereof with the conventional

arrangement is shown on the left side as a comparative

example. In Fig. 7, the square reglons enclosed by dashed -

lines denote the pixel regions. On the other hand, the



wherein the nunber of the discharge command signals is one for each pixe
‘region, i.e., two-tone printing is performed. Wth the conventi onal
arrangenent, the ink liquid droplet |ands on the recordi ng nmedi um such
fhat the ink liquid droplet is generally included within the pixel region
(Fig. 7 shows the ink liquid droplets which have | anded on the recording
mediumwith a size so as to serve as inscribing circle of the pixel
fegions). On the other hand, with the present enbodinment, the ink [liquid
droplet is discharged so as to land at a position selected fromthe M

di vided target |landing position candi’dates arrayed along the direction of
the array of the nozzles 18. In the exanple shown in Fig. 7, the state is
shown wherein a single ink liquid droplet has |anded at a position

sel ect e@i&mmhﬁegﬁ&ﬁ 8heflbyldefet 2hgel A0 B9.,p P08k LD K aRdidates (in
actual practice, one o? the eight target "l anding position candi dates

correspQRageliochhenst akeorwhghehBathg. i nk liquid dropl et has not
di scharged, so Fig. 7 shows Seven divided target |anding positions). Note

that in thepdfaw n@es&hgpﬁpd;ﬁ Oy £1T O @ Sm&leN Of €54 e P Sirt i ofgnpiher e the i nk
liquid droplet has |anded on the recording nmedium and on the other hand,

t he dash@drkinetber alifbedendt ehbh@isch8rgposbiimandofithel ot herotar get
| andi ng position candidates. 1In this exanple, the target |anding position
i s det effoirnedchapikhe segand, poseti othwbroomehprietingi tle, panfiothed dr awi ng
With the conventional arrangement, the ink liquid droplet
lands on the recording medium such that the ink liquid
droplet is generally included within the pixel region (Fig.
7 shows the ink liguid droplets which have landed on the
recording medium with a size so as to serve as inscribing
circle of the pixel regions).

On the other hand, with the present embodiment, the ink
liguid droplet is discharged so as to land at a position.
selected from the M divided target landing position
candidates arrayed along the direction of the array of the
nozzles 18. In the example shown in Fig. 7, the state is
shown wherein a single ink liguid droplet has landed at a
position selected from the M (= 8) divided target landing
position candidates (in actual practice, one of the eight
target landing position candidates corresponds to the state
wherein the ink liguid droplet has not discharged, so Fig. 7
shows seven divided target landing positions). Note that in
the drawing, the solid circles denote the positions where

the ink liquid droplet has landed on the recording medium,

and on the other hand, the dashed-line circles denote the



rcre =

shows the state wherein the ink liquid droplet has | anded at the selected
"position on the recording nedium On the other hand, in the event that the
nunber of the discharge command signals is two, a ink liquid droplet is
further discharged to the pixel region where one discharge comuand has
been executed. Note that in the exanple showmn in Fig. 7, the drawi ng shows
the state wherein the nozzle center axis is shifted dowmward by one
division, giving consideration to transporting of the printing paper
sheet. Wth the conventional arrangenent, in the event that the nunber of
t he di scharge command signals is two48the second ink liquid droplet is

di scharged so as to land at a position generally on the sane vertical |ine
as with the first landing position in the drawing (on the sane line in

the dirggtienopapal LgL &%é?%é%@@ﬁ@éﬁ&%?ﬁéﬂ?ﬂ@ﬂ giggb%]tﬁcor di ng

medi um) ™ (w thout deviation int orizo direction e ot her

hand, wirhhthhe pLessNL ephodiaBHL: BSnafPesChbbed; gbove, adhe - fifst ink

liquid droplet is discharged so as to land at a position selected at

random atnthBes&8sBd Yeyitihe tAsHeind andiNds POS| ti o Pl tdheapaepnd ink
liquid droplet is selected at randomregardl ess of the first target - 49

| andi ngshossttha §theeewhsroin rehation beqweendthsl &+ rnsds anchasecond ink
liquid droplets), and the second ink liquid droplet is discharged so as to
| and atthbessktetée@dpdaigedn on the recording medium.

On the other hand, in the event that the number of the
discharge command signals is two, a ink liquid droplet is
further discharged to the pixel region where one discharge
command has been executed. Note that in the example shown
in Fig. 7, the drawing shows the state wherein the nozzle
center axis is shifted downward by one division, giving
consideration to transporting of the printing paper sheet.

With the conventional arrangement, in the event that
the number of the discharge command signals is two, the
second ink liquid droplet is discharged so as to land at a
position generally on the same vertical line as with the
first landing position in the drawing (on the same line in
the direction parallel to the transporting direction of the
recording medium) {(without deviation in the horizontal
direction).

On the other hand, with the present embodiment, as
described above, the first ink liguid droplet is discharged
s0 as to land at a position selected at random. In the same

- way, the target landing position of the second ink liquid

droplet is selected at random regardless of the first target



| andi ng position on the recording nedium In the exanple shown in Fig. 7,
‘the drawi ng shows an exanple wherein the second ink liquid has | anded at
the center position in the horizontal direction within the pixel region.
Furthernore, in the event that the nunber of the discharge comuand signals
is three, the ink liquid droplets are discharged in the same way as with
t he above described case of the nunber of the discharge conmand signals of
two described above. Wth the conventional arrangenent, the first through
third ink liquid droplets are discharged so as to |land at the same
position within each pixel region ~w#Phout deviation in the horizontal
direction. On the other hand, with the present enbodi nent, the target
| anding position of the third ink liquid droplet is selected at random

regardl @sgdhgt pesitish apdes6C080ns aF gLl +1ENHOGePOSELE OPSrs@Nchd he third
ink liquid droplet is discharged so as to land at the selected target

| andi ngsposhdi dnkobifhed aeepletap, Nl ubhé Nsébendaiiek WByq@sd W th the
second ink liquid droplet. Wth the present enbodinment, the ink |iquid
dropl et droptetdiscasgrdrfed &orasngoabahdege {06 neeh ofted Bargar of dots
wi th the above-described nethod, thereby preventing - 50 occurrence of
st reaksldoding pesigudbarotni esei netbedimgchadien. prhpethe esxafpltde i nk
di scharge portions, whereby the irregularities in the inage becone |ess
conspi céesn in Fig. 7, the drawing shows an example wherein the

second ink ligquid has landed at the center position in the

horizontal direction within the pixel region.

Furthermore, in the event that the number of the

dischaxrge command signals is three, the ink liquid droplets

are discharged in the same way as with the above described

case of the number of the discharge command signals of two

described above. With the conventional arrangement, the

first through third ink liquid droplets are discharged so as

to land at the same position within each pixel region

without deviation in the horizontal direction. On the other

hand, with the present embodiment, the target landing

position of the third ink liguid droplet is selected at

random regardless of the first and second target landing

positions, and the third ink liquid droplet is discharged so

as to land at the selected target landing position on the

recording medium in the same way as with the second ink

liguid droplet.

With the present embodiment, the ink liquid droplets

are discharged for forming an image formed of an array of

dots with the above-described method, thereby preventing



That is to say, with the present enbodiment, there is no relation between
*the tanding positions of the ink liquid droplets within a single pixel
region, and each ink liquid droplet is arrayed at randomfor a single

pi xel region. As a result, each array of the ink liquid droplets has a
random pattern, but rather overall arrays thereof follow an uniform and
isotropic distribution, whereby the irregularities in the inmage becones

{ ess conspicuous. Thus, the liquid discharge device according to the
present enbodi nent has the advantage of reduction of the irregularities in
an image due to irregularities in-thd imk- |iquid-droplet discharge
properties of the ink discharge portions. Wth the conventional nethod
arrangenent wherein the ink liquid droplets are not di scharged at random

for eachuRirtglcd 83 QRrealls R beg&§e?h@a%ﬁE§$§dihntaeragghnérgpattern,
and accordingly, the portion deviating fromthe regular pattern is nore

conspi ¢uRpertiksPlt kel ahk Wilskharg@apd ric@ odsfolvhie@pe wherein the col or
tone iS manifested by the ratio of the area of the dots as to the area of

the unpirietadriegieen it e epamagen bakene tLkesdebasgacnotiscover on the
printing paper sheet), the nore regular the pattern of the unprinted
region is, rhetmesetoonspi cudtiha the poeteoh embédident attimgré risn t he
regul ar pattern is. On the other hand, with the present enbodi nent, the
dots ame awrlatdenabertameombhict Hemdingyposdittipnsa ofnghle ink liquid
droplets within a single pixel region, and each ink liquid
droplet is arrayed at random for a single pixel region. As
a result, each array of the ink liquid droplets has a random
pattern, but rather overall arrays thereof follow an uniform
and isotropic distribution, whereby the irregularities in
the image becomes less conspicuous;
Thus, the liguid discharge device according to the
present embodiment has the advantage of reduction of the
irregularities in an image due to irregularities in the ink-
liquid-droplet discharge properties of the ink discharge
portions. With the conventional method arrangement wherein
the ink liguid droplets are not discharged at random for
each pixel region, all the pixels are arrayed in a regular
pattern, and accordingly, the portion deviating from the
regular pattern is more conspicuous. In particular, With
regard to a dot image wherein the color tone is manifested
by the ratio of the area of the dots as to the axea of the
unprinted region {the pbrtion where the dots do not cover on

the printing paper sheet), the more regular the pattern of

the unprinted region is, the more conspicuous the portion



deviation of the array is |ess conspicuous. Furthernore, the liquid

*di scharge device according to the present enbodi nent including a color

| ine head forned of the above-described multiple Iine heads 10, wherein
each line head 10 provides different color dots has the advantages as
foll ows. The conventional color ink jet printers, wherein nultiple ink
|l iquid droplets are superinposed so as to form a single dot, requires
i gher precision of the landing positions than with a nono-tone
arrangenment for preventing occurrence of nmoire. On the other hand, with
the present enbodinent, the ink ITgbld-droplets are arrayed at random for
each pi xel region, thereby preventing occurrence of nmoire, and thereby
suppressing the irregularities in the dot I|anding positions to a sinple

pr0b|eq&@&lé{Ehéfffgﬁﬂéﬁétf 149 got©drn TS, the liquid discharge device
according to e present enbodi nent prevents deterioration in an inage

due to occurgiengR QFtHEH NRind N WiaH ithd Preswhit enbbeimenitql thet hod
arrangenent, wherein the head is repeatedly driven in the main scanning

directi @s0mas 4ersfsehar geatden inkehdowii teglioptetys, sucmaltthat the dots
are overl apped each other, has little problem- 52 of noire, the
| i ne- meg&oth alsmnge med desay hes plodd eromdpicmiwse. on the other hand, the
| i ne-met hod arrangenent enploying the nethod according to the present
enbodi nent Furthermore, the liguid discharge device according to

the present embodiment including a color line head formed of

the above—described multiple line heads 10, wherein each

line head 10 provides different color dots has the

advantages as follows.

The conventional color ink jet printers, wherein

multiple ink liquid droplets are superimposed so as to form

a single dot, requires higher precision of the landing

positions than with a mono-tone arrangement for preventing

cccurrence of moire. On the other hand, with the present

embodiment, the ink liguid droplets are arrayed at randoﬁ

for each pixel region, thereby preventing occurrence of

moire, and thereby suppressing the irregularities in the dot

landing positions to a simple problem of the irregularities

in color. Thus, the liguid discharge device according to

the present embodiment prevents deterioration in an image

due to occurrence of moire.

In particular, while the serial-method arrangement,
wherein the head is repeatedly driven in the main scanning

direction so as to discharge the ink ligquid droplets such

that the dots are overlapped each other, has little problem



wherein the ink liquid droplets are discharged at random prevents
‘occurrence of noire. That is to say, the present enbodi nent has the
advantage with regard to line-nethod ink jet printers. Furthernore, with
the present enbodinent, the ink liquid droplets |ands for each pixel on
the recording medium at random and the total ampunt of the ink is spread
on a wde region, thereby reducing the drying period of tine for the ink
1iquid dropl ets which have | anded on the recording nediumas conpared with
a conventional arrangenment using the sanme amount of the ink. In
particul ar, the nethod according to°gh& present enbodi nent has the marked
advantage with regard to the |line-nethod arrangenent having the advant age
of high-speed printing (short printing tinme) as conpared wth the

seri al - pethodral r angerent-mbessd | ot + Higdrasn baeds nade gagarah nge t he

arrangenments wherein ink liquid droplets are discharged on the recording
medi umm@adirandopm Wehd deneéat hond al ong 1 heedhgiecdd arrdfnddmeentarray of the
nozzl es 18. However, the present invention is not restricted to the
above- desgl oty at hangeteod saccateng tantlee rangeerentendmdimemade wher ei n
the ink liquid droplets are discharged at randomw th deviation along the
- 53 tvhespontting thketidgondfdrophetprant s papegedeetrgndmne direction
generally vertical to the direction of the array of the nozzles 18).

prevents occurrence of moire. That is to say, the present

embodiment has the advantage with regard to line-method ink

jet printers.

Furthérmore, with the present embodiment, the ink

liguid droplets lands for each pixel on the recording medium

at random, and the total amount of the ink is spread on a

wide region, thereby reducing the drying period of time for

the ink liquid droplets which have landed on the recording

medium as compared with a conventional arrangement using the

same amount of the ink. In particular, the method according

to the present embodiment has the marked advantage with

regard to the line-method arrangement having the advantage

of high-speed printing ({short printing time) as compared

with the serial-method arrangement.

Description has been made regarding the arrangeménts

wherein ink liguid droplets are discharged on the recording

medium at random with deviation along the direction of the

array of the nozzles 18. However, the present invention is

not restricted to the above-described arrangements, rather,

an arrangement may be made wherein the ink liquid droplets

are discharged at random with deviation along the



Fig. 8 is a plan view which shows an exanple wherein a maxi mumof N (N = 8
“in the present enbodinent) the ink 1liquid droplets are arrayed and

overl apped at randomw thin a single pixel region along the transporting
direction for the printing paper sheet. Note that the state of the

| andi ng positions with the present enbodinment is shown on the right side
in the drawing, while the state thereof with the conventional arrangenent
is shown on the left side as a conparative exanple, in the same way as in
Fig. 7. Inthis exanple, the state is shown wherein the ink [iquid dropl et
has | anded at a position selected frointhe N (= 8) target |anding position
candi dates (one of the eight target |landing portions corresponds to the
state wherein the ink liquid droplet has not been discharged), in the sane

vay as ik fdddr thn Ni& dddlonddt e @&Q%Qﬁhge@EP@EﬁEHbetth@hbnk l'i quid

dropl ets can be di'scharged Ntinmes for each pixel region along the nmain

scanni Ry »ddt8C QenduidiSly Wi dhe eorrendieral:iakr afgemenarrag the event
that the nunber of the discharge command signals is one for each pixe

regi onoit hehd Hlod41¢8 d gdroplet is discharged in the same way as descri bed
above. On the other hand, with - 54 the present enbodi nent, a maxi num of N
target |andrag. Bodist sopleandidat eaich thewsnkn| egangdldrepteeiare
determned for each pixel along the vertical direction (the

maximum of N (N = 8 in the present embodiment) the ink

liquid droplets are arrayed and overlapped at random within

a single pixel region along the transporting direction for

the printing paper sheet. Note that the state of the

landing positions with the present embodiment is shown on

the right side in the drawing, while the state thereof with

the conventional arrangement is shown on the left side as a

comparative example, in the same way as in Fig. 7. 1In this

example, the state is shown wherein the ink liquid droplet

has landed at a position selected from the N (= 8) target

landing position candidates (one of the eight target landing

portions corresponds to the state wherein the ink liquid

droplet has not been discharged), in the same way as in Fig.

-

Note that with the present embodiment, the ink liguid
droplets can be discharged N times for each pixel region
along the main scanning direction. |

First, with the conventional arrangement, in the event
that the number of the discharge command signals is one for

each pixel region, the ink liquid droplet is discharged in

the same way as described above. On the other hand, with



transporting direction for the printing paper sheet, main scanning
-direction, or the direction vertical to the direction of the array of the
nozzles 18), the target |landing position is selected therefromat random
and the ink liquid droplet is discharged so as to land at the selected
‘position. Fig. 8 shows an exanple wherein with the present enbodinment wth
t he nunber of the discharge command signals of one, the ink liquid droplet
.is discharged so as to land at the second target |anding position fromthe
top. Note that with the present enbodinent, the ink liquid droplets are
di scharged so as to |and on the reeokdi ng nedium at random al ong t he
transporting direction for the printing paper sheet, and accordingly, such
a circuit as described above is not required for causing deviation of the

di schar g di,recthONembahiibntt N AL 3ERAR 96F GO PRNCL ST aNad S Shoul d be i nput
to the head 11 at a predetermned timng corresponding tog%ransportlng of

the pripbting: BAPEENENASEes B tEXaipkelididi @rofiet Slire U Bdmidiaf the
center of the pixel region generally nmafching tthe center of the ink |iquid

dropl et syl babe pekelrgdohy aBe"veteigacedppeatiohergadter, and the
di scharge-tine difference corresponding to the - 55 |anding-position

devi at | pRanéponeidgvisrentbh| £be teéepredtin® Bspdd . st hanexanpl e
according to the present enbodi nment
scanning direction, or the direction vertical to the
direction of the array of the nozzles 18), the target
landing positicon is selected therefrom at random, and the
ink ligquid droplet is discharged so as to land at the
selected position.

Fig. 8 shows an example wherein with the present
embodiment with the number of the discharge command signals
of one, the ink liquid droplet is discharged so as to land
at the second target landing position from the top.

Note that with the.present embodiment, the ink liquid
droplets are discharged so as to land on the recording
medium at random along the transporting direction for the
printing paper sheet, and accordingly, such a circuit as
described above is not required for causing deviation of the
discharge direction, rather, the discharge ccocmmand signals
should be input to the head 11 at a predetermined timing
corresponding to transporting of the printing paper sheet.
For example, in Fig. 8, let us say that the center of the
pixel region generally matching the center of the ink liquid

droplet will be referred tc as "reference point" hereafter,

and the discharge-time difference corresponding tce the



-one,» the ink liquid droplet has |anded at a position upward fromthe
ref erence position by two divisions. Accordingly, the ink Iiquid dropl et
shoul d be discharged at an earlier timng than the reference di scharge
timng by 2 x A Conversely, in the event that the ink liquid droplet is
di scharged so as to |landed at a the | owest position within the pixel
.region, for exanple, the ink liquid droplet should be discharged so as to
|l and at a position dowmward fromthe reference position by three
di visions. Accordingly, the ink |+gbbd-droplet should be discharged at a
later timng than the reference discharge timng by 3 x A In the sane
way, with the conventional nmethod arrangenent with the nunber of the

di schar | I i S iy, | nk: J4 gy rnophet s. a6 disschar ged
int ho CnEREEs LR el Sl of Mg RS e R & TeEatd

di scharge accprding to the present enbodiment, the target |anding position
is selected fromthe candi dates at random regardl ess of the discharge of

the first inf lifidMAR @locordtd R ithe Hraldied tdeaBbgtinks tdi scharged so
as to land the selected position. In the exanple shown in Fig. 8, the

drawi ngsishwonsit heigt ag e whereim yd midise Mesthoathardangei®y cora@ndwi th the
nunber of the discharge commands of two, the ink [liquid droplet has |anded
at a posidgnens deyi ahé Noridowar th gd 1Mt diel gefrerenecmdeasidt an.

position upward from the reference position by two divisions.

Accordingly, the ink liguid droplet should be discharged at

an eérlier timing than the reference discharge timing by 2 X

A. Conversely, in the event that the ink liquid droplet is

discharged so as to landed at a the lowest position within

the pixel region, for example, the ink liquid droplet should

be discharged so as to land at a position downward from the

reference position by three divisions. Accordingly, the ink

iiquid droplet should be discharged at a later timing than

the reference discharge timing by 3 % A,

In the same way, with the conventional method
arrangement with the number of the discharge command signals
is two, the ink liguid droplets are discharged in the same
way as in Fig. 7. ©On the other hand, with the second
discharge according to the present embodiment, the target
landing position is selected from the candidates at random
regardless of the discharge of the first ink liquid droplet,
and the ink liguid droplet is discharged so as to land the
selected position. In the example shown in Fig. &, the

drawing shows the state wherein with the method arrangement



The nunber of the pattern conbinations with a discharge command signa
snunber of 0 to N, and the nunber of discharge tinmes of Kis the nunber of
the conbinations of K taken from N, and accordingly, the aforenentioned
nunber of the pattern conbinations is represented by the follow ng
‘expressi on. NCK = NPK/K!' Accordingly, the probability. of occurrence of the
sane random pattern for the sanme di scharge command signal is represented
by 1/ NCK. As described above, with the present enbodinent, the ink liquid
droplets are discharged so as to |l and on random positions for each pixel
region, thereby | eveling power consbfipti on for discharging, and thereby

| eveling the timng of ink supply, as well as having the advantage of the
fact that the irregularities in the image is | ess conspicuous. Wth the

ther el 18 RO ALEANGBALLRS 44 Ldhdiie. RiGaERs Qb AYdTeRhe whgr el n the ink

liquid droplets are di scharge y heating the 1 nk using the heating

resi stof 5qd3d QHbbEefha MU P aener s S Jre@Evied i @hwesRaagi ng the
i nk |IQUI% dropl'et. For exanple, the energy of around 0.7 to 0.8 Wis

requi r egrdRrt@acCheF oKk SCGhad geig@ortion. Wth the conventional arrangenent,
the line head 10 has a - 57 configuration wherein the multiple heads 11

havi ng such TH¥ Gpfdd e Arhaaaredn athbpowen onenstpt kodieeadergeat the
sanme timng for discharging the ink, and accordingly, the
command signal number of 0 to N, and the number of discharge
times of K is the number of the combinations of K taken from
N, and accordingly, the aforementiconed number of the pattern
combinations is represented by the following expression.

uCx = wPx/K!

Accordingly, the probability of occurrence of the same
random pattern for the same discharge command signal is
represented by 1/xCk.

As described above, with the present embodiment, the
ink liguid droplets are discharged so as to land on random
positions for each pixel region, thereby leveling power
consumption for discharging, and thereby leveling the timing
of ink supply, as well as having the advantage of the fact
that the irregularities in the image is less conspicuous.

With the thermal-method arrangement as with the present
embodiment, wherein the ink ligquid droplets are discharged
by heating the ink using the heating resistors 13, quite an
amount of energy is required for discharging the ink liquid
droplet. For example, the energy of around 0.7 to 0.8 W is
reqguired for each ink discharge portion. With the

conventional arrangement, the line head 10 has a



| oad on the power source is extrenely high. On the other hand, with the
» present enbodinment, the ink liquid droplets are discharged at a random
timng, and accordingly, the nunber of the ink discharge portions, which
is to be driven so as to performdischarge at the same tine during
‘printing operation, is reduced, thereby reducing concentration of
occurrence of power consunption. Furthernore, one point which is true with
.regard to both the thermal nethod and the piezo-nmethod, is that the
hi gher the printing speed is, the higher the novenent speed of the ink is
within the ink channels. In this case€ +n the event that the ink is
supplied for all the ink channels at the sane tine, the pressure of the
ink within the ink channels is reduced, often leading to a probl em of

0CEUT T NG 8 DL Sk B I RS ORISR0 1 ! Hsyiﬂggg&g;ﬁnce of the

bubbl es to a problemo e change in the nenisc urt her | eading

to a problemofed he £hangg ed N 4he AR ok ukbe 1dhsehafg8daknkpki qui d

droplet. “Accordingly, thé novenment of the ink"within the ink channels is

pref er alne RerdiAfdrat Mdils hd QW RNE HeNith@r MasReed c8¥8hng1ypethed for ink
supply. Wth the present enbodinent, the ink liquid dropFets are

di schanged ain rad@ovdimMdthrddaree trea@ 1yl MaGAVI ngnt RAcuBiherm ty of the
ink supply fromthe ink channels. Furthernore, with the Iiquid discharge
devi ce il OWith the present embodiment, the ink liguid droplets

are discharged at a random timing, and accordingly, the

number of the ink discharge portions, which is to be driven

so as to perform discharge at the same time during printing

operation, is reduced, thereby reducing concentration of

occurrence of power consumption.

Furthermore, one polint which is true with regard to
both the thermal method and the pilezo-method, is that the
higher the printing speed i1s, the higher the movement speed
of the ink is within the ink channels. In this case, in the
event that the ink is supplied for all the ink channels at
the same time, the pressure of the ink within the ink
channels is reduced, often leading to a problem of
occurrence of bubbles in the ink. The problem of the
occurrence of the bubbles leads to a problem ¢f the change
in the meniscus, further leading to a p;oblem of the change
in the amount of the discharged ink liguid droplet.
Accordingly, the movement of the ink within the ink channels
is preferably performed with a low and uniform speed over a

period for ink supply. With the present embodiment, the ink

ligquid droplets are discharged at random timing, thereby



both the nethod wherein the ink liquid droplets are discharged so as to

| and at random at a position along the transporting direction for the
printing paper sheet (the direction generally vertical to the direction of
the array of the nozzles 18) within each pixel region as shown in Fig. 8,
"and the nethod wherein the ink liquid droplets are discharged with
deviation so as to land at randomat a position along the direction of the
.array of the nozzles 18 as described with reference to Fig. 7, the ink
liquid droplets land within a wi der region at random for each pixel

regi on, thereby inproving the advant a8es due to the |landing positions of
the ink liquid droplets being determined at random Fig. 9 is a plan view
for describing the above- described exanple, wherein a conventional nethod

ar r angesRpl ov i SPRUMLANELIR: LT e sile 1 80dh uu) hadhargangapient  accor ding

to the present énbodinent 1s shown on the right ~ side. Wth the
convent kpAaheMBt hod arrangenent, the ink |liquid droplet |ands at a target
| andi ng position without deviating in the direction of the array of the

nozzl es 18, mirtwedherd] recil ohe aritduzal die dHe-f aeenent icapedydngection. -
59 On the other hand, with the present enbodinent, the ink Iliquid
dr opl et BoghetHesabBahg@dwserasnt vhé amtk Wi 1du e vdadp sk s idxrd he direction of
the array of the nozzles 18 (in the
discharged so as to land at random at a position alcng the
transporting direction for the printing paper sheet (the
direction generally vertical to the direction of the array
of the nozzles 18) within each pixel region as shown in Fig.
8, and the method wherein the ink liquid droplets are
discharged with deviation so as to land at random at a
position along the direction of the array of the nozzles 18
as described with reference to Fig. 7, the ink ligquid
droplets land within a wider region at random for each pixel
region, thereby improving the advantages due to the landing
positions of the ink liguid droplets being determined at
random.

Fig. 9 is a plan view for describing the above-
described example, wherein a conventional method arrangement
is shown on the left side, and a method arrangement
according to the present embodiment is shown on the right
side.

With the conventional method arrangement, the ink
liguid droplet lands at a target landing position without

deviating in the direction of the array of the nozzles 18,

or in the direction wvertical to the aforementioned direction.



hori zontal direction in the drawing), and in the direction vertical to the
+ af orrenentioned direction (in the vertical direction in the drawing). Thus,
the ink liquid droplet lands at a position with a deviation at randomin
both the vertical and horizontal directions. Wth the present enbodi nent,
‘the ink liquid droplets are discharged so as to land at randomwi thin the
pi xel region expanding in the horizontal and vertical direction by the
Jfadius of the dot. Thus, the gap between the adjacent dots is filled with
a random pattern of dots. Fig. 10 is a diagramfor describing a schematic
configuration of the control for dis8harging the ink liquid droplet so as
to land at random as descri bed above. Fig. 10 shows a schenmatic
configuration of the control with a conventional nethod arrangenent as a

conmpar aph,V enexaiRke: nhfiall §i 0 SELOLN S SRn GeNSIALI0 Map 21 1

used for determning a positrion, I qui roplet is

di schar gedu$Q @sobPetantre 8 P0OniRced rasPorid Nt difiea! IR far dhe
printing paper sheet. For exanple,”in the event that two ink |iquid

dropl et snatBedisebat 966 &OrtRaCh-rdy Xof 109iLz1W 1PS{id A are sel ected
fromN target |anding position candi dates shown in Fig. 8 The discharge -

60 tinhbgicoORteIPONAENEide ihethd amsPeidd)Ng Lid ent ie fdiicdd orpri nting
paper sheet is controlled according to the recording signal generating map
21. vertical to the aforementioned direction (in the vertical
direction in the drawing). Thus, the ink liquid droplet
lands at a position with a deviation at random in both the
vertical and horizontal directions. With the present
embodiment, the ink liquid droplets are discharged so as to
land at random within the plxel region expanding in the
horizontal and vertical direction by the radius of the dot.
Thus, the gap between the adjacent dots is filled with a
random pattern of deots.

Fig. 10 is a diagram for describing a schematic
configuration of the control for'discharging the ink liquid
droplet so as to land at random as described above. Fig. 10
shows a schematic configuration ¢of the control with a
conventional method arrangement as a comparative example.

In Fig. 10, a recording signal generating map 21 is
used for determining a position, at which the ink liquid
droplet is discharged so as to land, along the transporting
direction for the printing paper sheet. For example, in the
event that two ink liguid droplets are discharged for each

pixel region, two positions are selected from N target

landing position candidates shown in Fig. 8. The discharge



Wth the conventional method arrangenent, discharge comand signals are
“transmtted to the head 11 only based upon the recording signal generating
map. On the other hand, wth the present enbodinent, discharge is
performed by the head 11 according to the comand signals fromthe _
recording signal generating map 21 and a ransom nunber generating circuit
22. More specifically, for deviation in the direction of the array of the
.nozzles 18, deviation direction (target |anding position of the ink liquid
droplet) is determ ned at random based upon the signals from the random
nunber generating circuit 22, and theodeviation command signals are
transmtted to the head 11. At the sane tinme, the system determ nes the
timng for the ink-1iquid-droplet discharge with reference to the

ecor di i gn i ,..anhd the determ ned discharge command
Si gnal SParih r%\E%g%ﬁéﬁé%rggt%p%%adt%?SPOI%ulsn,gt e 9hKR ™ disﬁ;dt%ﬁ%?ﬁ et is

di schar LX€e j i on.i.h bo e
directi%ﬁgggﬂ?%gﬁagégaih% @?%gqﬁ%@%ﬂg§ﬁ%§?ggggﬁsﬁgﬁg#}g%?%on (mai n scanni ng

directigggo ad { ynyerdd st hd e @for enentioned direction. Thus, the
ink liquid droplet Tands at a position for each pixel region with random

devi ation i mikof ke omvehti@nzaCHeehoof athanakhdy+of gthenapzel es 18, and
the direction vertical to the aforenmentioned direction, as Shown in Fig.
9. Nextcomtesiod | idmal sV d te berdradel fegard Nhél head 11 only based

upon the recording signal generating map. On the other hand,

with the present embodiment, discharge is performed by the

head 11 according to the command signals from the recording

signal generating map 21 and a ransom number generating

circuit 22. More specifically, for deviation in the

direction of the array of the nozzles 18, deviation

direction (target landing position of the ink ligquid

droplet) is determined at random based upon the signals from

the random number generating circuit 22, and the deviation

command signals are transmitted to the head 11.

At the same time, the system determines the timing for
the ink-liquid-droplet discharge with reference to the
recording signal generating map 21, and the determined
discharge command signals are transmitted to the head 11.
Thus, the ink liquid droplet is discharged on the pixel
region with a random deviation in both the direction of the
array of the nozzles 18, and the direction (main scanning
direction) generally vertical to the aforementioned
direction. Thus, the ink liguid droplet lands at a position

for each pixel region with random deviation in both the



configuration for providing the deviation command signals for controlling
*the «devi ation of the discharge direction of the ink liquid droplet. In
principle, the deviation command signals are preferably provided to each
i nk discharge portion. In this case, the arrangenent, wherein the ink
liquid droplets are discharged onto Mdivided positions from each ink
di scharge portion, requires signals of loge Mbit. For exanple, in the
.event that M= 8 as descri bed above, 3- bit signals are required. The head
11°is forned of an array of at |east several hundreds of the ink discharge
portions. Accordingly, an arrangemefi, ~wherein i ndependent data signals
for controlling a timng and voltage value are provided to all the ink
di scharge portions, requires wiring for the great nunber of data signals,

and accgidipgiyn bherpbzerpliytide theathdlids B! reN@lvhd Nercasedn
Accordingly, it is |np055|5¥e to manufacture such an arrangenent in actual

practi ceerPeegidibghyie WEbhehbBRtpbRSENHiBBOILATNEs BRowAr EANGEHEND . has a
configuration wherein the termnals of all the ink discharge portions for

control | i ng Wever sadees dutiptaireh weidrnnesd echdane doaraticichey for controlling the
di scharge direction for each ink discharge portion, or an arrangenment - 62
has a coohfygrastdonwher epnotiheéinchy stharderdhtieot | osmmasnd coigrradld ed for al |
the ink discharge portions using the serialized signals.

for controlling the deviation of the discharge direction of

the ink liquid droplet. In principle, the deviation command

signals are preferably provided to each ink discharge

portion. In this case, the arrangement, wherein the ink

liquid droplets are discharged onto M divided positions from

each ink discharge portion, reguires signals of log; M bit.

For example, in the event that M = 8 as described above, 3-

bit signals are required.

The head 11 is formed of an array of at least several

hundreds of the ink discharge portions. Accordingly, an

arrangement, wherein independent data signals for

controlling a timing and voltage value are provided to all

the ink discharge portions, reguires wiring for the great

number of data signals, and accordingly, the éize of the

head 11 is extremely increased. Accorxdingly, it is

impossible to manufacture such an arrangement in actual

practice, Accordingly, with the present embodiment, an

arrangement has a configuration wherein the terminals of all

the ink discharge portions for controlling the same bit are

connected one to another for controlling the discharge

direction for each ink discharge portion, cor an arrangement



Fig. 11 is a diagramfor describing a connection configuration for each
* 1 nk «di scharge portion according to the present enbodinent. In this
exanple, let us say that the nunber Mis 8, i.e., the 3-bit signals are
used, and the bits of the signal will be referred to as "J1", "J2", and
™J3". Note that Fig. 11 illustrates four ink discharge portions A through
D. Wiile in this case, each ink discharge portionis controlled with 3-bit
.signals with a configuration wherein the termnals of all the ink
di scharge portions for the same bit are connected one to another in
parallel for each bit, an circuit-affangement nmay be nade wherein signals
are serialized so as to be provided to each ink discharge portion with a
single line. Next, description will be made bel ow regardi ng the reasons

that thgaadhaegnkiblkadi §6NRAEBe PRT LHhONSL S 18LNAE 01 rdd@idihkid i qui d dropl et
so as to formdifférent random dot patterns even in a case of enploying

t he abovendéeselhedornBl hoghyvhenri @iddeatss nbovet Sord Hingd Rehd Nk di schar ge
portions for the same bit are connected one to another in parallel for

each bi serTheikkaskigraseon is that all the ink discharge portions - 63
connected in parallel are not driven so as to discharge the ink liquid
droplets at The. shnei 4 | avelidgqurdnhefarordssaridieng ruldonpleetiivk di schar ge
portions are driven at the sane tine,

configuration for each ink discharge portion according to

the present embodiment. In this example, let us say that

the number M is 8, i.e., the 3-bit signals are used, and the

bits of the signal will be referred to as "Jl", "J2", and

"J3". Note that Fig. 11 illustrates four ink discharge

portions A through D.

While in this case, each ink discharge portion is

controlled with 3-bit signals with a configuration wherein

the terminals of all the ink discharge portions for the same

bit are connected one to ancther in parallel for each bit,

an circuit arrangement may be made wherein signals are

serialized so as to be provided to each ink discharge

portion with a single line.

Next, description will be made below regarding the

reasons that the adjacent ink discharge portions discharge

the ink liquid droplet so as to form different random dot

patterns even in a case of emploving the above-described

method wherein the terminals of all the ink discharge

portions for the same bit are connected cone to another in

parallel for each bit.

The first reason is that all the ink discharge portions



t he adj acent ink discharge portions are not driven at the sane tine. Wth
- the «present enbodi nent, such a counterneasure is enployed, and
accordingly, the adjacent ink discharge portions hardly formthe sane
random dot pattern. Wiile in general, nultiple ink discharge portions

“di scharge the ink liquid droplets at the sane tine, the ink liquid
droplets discharging at the sane tine are sonewhat distanced one from
.anot her. Now, description will be made bel ow regardi ng anot her advant age

due to the fact that the adjacent ink discharge portions are not driven at
the sanme tine. For exanple, in the évent that an ink liquid droplet is

di scharged froman ink discharge portion, the vibration due to the

di scharge operation propagates to the ink liquid chanber or the ink

channel é@nﬁ@gté&'rllheégﬁéflei @r@q{@e%ivémw!é&ﬁ% gﬁts%gfag N S,

i nfluenced by the di'scharge operation. Specifica ange in the

meni scugnktheqRosi 4iop1e0f dbheridksdpyel ;i t higy tihe noazl e)pageurs in the
adj acent ink discharge portion due to the discharge operation. In the

event thaltip®ei Dk |dOsbnh fORbSEtisndli Sehaigokd ramiie sdmk tdingchar ge
portion with, irregularities of the neniscus, - 64 the dot which has
| anded bthet&d] seecot ding deskhdtdaspottI@gard tias drivdie 4 z@ et hereof , and
accordingly, the ink discharge portions close one to another are not
driven @dme time. With the present embodiment, such a

countermeasure is employed, and accordingly, the adjacent

ink discharge portions hardly form the same random dot

pattern.

While in general, multiple ink discharge portions
discharge the ink liquid droplets at the same time, the ink
liquid droplets discharging at the same time are somewhat
distanced one from another. Now, description will be made
below regarding another advantage due to the fact that the
adjacent ink discharge portions are not driven at the same
time. For example, in the event that an ink liguid droplet
is discharged from an ink discharge portion, the vibration
due to the discharge operation propagates to the ink liquid
chamber or the ink channels, and furthermore, the adjacent
ink discharge porticn is influenced by the discharge
operation.

Specifically, the change in the meniscus (the position
of the ink level within the nozzle) occurs in the adjacent
ink discharge portion due to the discharge operation. 1In

~the event that the ink liquid droplet is discharged from the

ink discharge portion with irregularities of the meniscus,



the sane tine. Accordingly, ink discharge control is perfornmed such that

»uporr an ink liquid droplet being discharged froman ink discharge portion,
t he adjacent ink discharge portions are not driven for a predeterm ned
period required for the neniscus returning to the normal state, as well
‘as the ink discharge portions sonewhat distanced therefrom being driven so
as to discharge the ink liquid droplets. Thus, wth the present

.enbodi nent, even in the event that the sanme 3-bit signals are provided to
all the ink discharge portions, the adjacent ink discharge portions are
not driven so as to discharge the ink#ltquid droplets at the sane tine,
wher eby no serious problemoccurs. Note that in the event that a problem
may occurs that the sanme signals are input to the adjacent ink discharge

porti ongpgugs{ Qnrpiérﬂtl%is dalited & 1 Q.Ié&roe}:dq%tgarr%rdlhﬁehl iske, an
arrangenment nay be made wherein the nultiple recording generating maps 21

are i ncltgleghr 4 e adlf agentnd nki Al soalsr, R QRS randgdli, VeRebasard upon
di fferent recording generating maps. Furthernore, an arrangenment nay be

made WEs ehdrdd pdier Bentcidmd dile dtiierhedf ddgresit Whiiebnt B& adj acent
i nk discharge portions are to be driven so as to discharge the ink liquid

dr opl etshe as®&md heinsare, Achdddineyity - 66 dommndesiogpnralrelanie i nput to the
adj acent ink discharge portions. Furthernore, in this case, an arrangenent
may be pembiermdrdrsich difdtengnin deviiatk dni o Siegndlesngr e | nput

discharged from an ink discharge portion, the adjacent ink

discharge peortions are not driven for a predetermined period

required for the meniscus returning to the normal state, as

well as the ink discharge portions somewhat distanced

therefrom being driven so as to discharge the ink liguid

droplets. Thus, with the present embodiment, even in the

event that the same 3-bit signals are provided to all the

ink discharge portions, the adjacent ink discharge portions

are not driven so as to discharge the ink 1liguid droplets at

the same time, whereby no seriocus problem occurs.

Note that in the event that a problem may occurs that
the same signals are input to the adjacent ink discharge
portions due to printed data, e.g., picture data or the like,
an arrangement may be made wherein the multiple recording
generating maps 21 are included, the adjacent ink discharge
portions are driven based upon different recording
generating maps. Furthermore, an arrangement may be made
wherein in the event that the numbers of times, which the

adjacent ink discharge portions are to be driven so as to

discharge the ink liguid droplets, are the same, different



to the adjacent ink discharge portions so as to form different random dot
-patterns, at atimng prior to the discharge operation of the adjacent ink
di scharge portions. Wile description has been nade regarding the |ine-

met hod arrangenents including a line head forned of the heads 11 arrayed
'so as to cover a length corresponding to the entire width of a printing
paper sheet as shown in Fig. 2, the present enbodi nent may be applied to
serial-nethod arrangenments. The serial -nethod arrangenent according to the
present enbodi ment has a configuration wherein a single head 11 is

i ncluded, and the head 11 and a printi5ng paper sheet are relatively noved
in the scanning direction, as well as the ink liquid droplets are

di scharged onto the pixel regions during the relative novenent. Note that

|1 genetBluabie s GRhALT X MUBNENL o SnDCLAOLAEG: SUh Ghal, Lhe, printing

paper sheet is I ntained stationary, as s the 1 being noved
in the Wodthodir eck,@an@tmbpe PEANELDY PRPET SNeflrakddnedd hsy &4l agram

for describing a serial-nmethod printing arrangenent according to the

present maA¥eFhe@BinafEd FrareARVEBYEQRALN S8bhAbndeS Otk DS | Hifd Nth k¢ angenent
as a conparative exanple. - 6 6 - In the follow ng description, |let us say

that foub ithk abiguedtdinpl i scRaeqgdi sehaigrd s6 as t® fang within a single
pi xel region, whereby a single pixel is forned.

different random dot patterns, at a timing prior to the

discharge operation of the adjacent ink discharge portions.

While description has been made regarding the line-
method arrangements including a line head formed of the
heads 11 arrayed so as to cover a length corresponding to
the entire width of a printing paper sheet as shown in Fig.
2, the present embodiment may be applied to serial-method
arrangements.

The serial-method arrangement according to the present
embodiment has a configuration wherein a single head 11 is
included, and the head 11 and a printing paper sheet are
relatively moved in the scanning direction, as well as the
ink liquid droplets are discharged onto the pixel regions
during the relative movement. Note that in general, the
relative movement 1s performed such that the printing paper
sheet is maintained stationary, as well as the head 11 being
moved in the width direction of the printing paper sheet.

Fig. 12 is a diagram for describing a serial-method
printing arrangement according to the present invention, and
a conventional serial-method printiﬂg arrangement as a

comparative example.



In this case, with the conventional printing arrangenent, printing four

~timas by scanning along the main scanning direction are required for
formng a pixel. For exanple, a first ink liquid droplet is discharged so
as to land within a single pixel region along the main scanning

‘direction, follow ng which the printing paper sheet is noved a little, and
print is perfornmed again along the main scanning direction such that the
first and the second ink liquid droplets are overl apped each other. Such
print is repeated four tinmes, whereby a pixel is forned. Note that in the
exanpl e shown in Fig. 12, the time—f&6 -returning the head is determ ned to
generally the sane as the tine for performng printing with a single
scanning along the main scanning direction. On the other hand, the

seri al - met hog, i} 8t £91 ol £ ANISERA 1 ARGOT d g JO dRE PRSEMur NYgNti Oon has
a configuration wherein the head 11 1s di sposed such that the

| ongi t udiig@ak adur-egh @8 Bkt Resbradgdd 88t ghess thensubrtiIsGani fhdid ection
(transporting direction for the printing paper sheet). That is to say, the
head llpiisedi spgsed, WehBreB atbihyue pokat eds byoBRE3as conpared with the

paral |l el - nmethod arrangenment including a line head 10. - 67 Wth the
seri al - met hotn pthit i dgsay rangenend @aacosrdiinthall @t ipigesent i nvention, at
the tinme of performng printing
arrangement, printing four times by scanning along the main
scanning direction are required for forming a pixel. For
example, a first ink liquid droplet is discharged so as to
land within a single pixel region along the main scanning
.direction, following which the printing paper sheet is moved
a little, and print is performed again along the main
scanning direction such that the first and the second ink
liquid droplets are overlapped each other. Such print is
repeated four times, whereby a pixel is formed.

Note that in the example shown in Fig. 12, the time for
returning the head is determined to generally the same as
the time for performing printing with a single scanning
along the main scanning direction.

On the other hand, the serial-method printing
arrangement according to the present invention has a
configuration wherein the head 11 is disposed such that the
longitudinal direction of the head 11 matches the sub-
scanning direction (transporting direction for the printing

paper sheet). That is to say, the head 11 is disposed with

an attitude rotated by 90° as compared with the parallel-

method ‘arrangement including a line head 10.



whil e scanning the head 11 in the main scanning direction, the ink liquid
~dropl ets are discharged with a deviation of the discharge direction
determned at random Note that wth the serial-nethod printing
arrangenment according to the present invention, the head 11 is di sposed
‘wWith an attitude rotated by 90 as conpared with the parall el -net hod
arrangenment, and accordingly, the deviation direction of the discharge
.direction of the ink liquid droplets matches the sub-scanning direction
(transporting direction of the printing paper sheet). Wile in this
exanple, four ink liquid droplets aré&7 discharged within a singl e pixel
region, with the arrangement according to the present enbodinent, the four
ti mes of discharge operations are performed during a single scanning of

the head 11 yQNGHNGdmN SEAHIANG AEGH AhranfReRnd BdkY:dihe method
arrangenment according to the present I nvention requires a scanning period

in timetbothetpr@SeRs 1GVEREiAS, Wi Nhder GRIVENt] ONal BINM. 53 Tsapgement .
That is to say, a single scanning period in tine in the main scanning

di rect i onikececahnng othdeh@i@SENt in NMeNthomh J@iahes; tdiesunLf, the four
scanning periods in time for print in the main scanning direction with the

convent thaaink netdroid adrapnpetenire diffhaHpw®verch ia) dyviert tan @l et e
print of the pixel '
the discharge direction determined at random. Note that
with the serial-method printing arrangement according to the
present invention, the head 11 is disposed with an attitude
rotated by 90° as compared with the parallel-method
arrangement, and accordingly, the deviation direction of the
discharge direction of the ink liquid droplets matches the
sub-scanning direction (transporting direction of the
printing paper sheet).

While in this example, four ink liquid droplets are
discharged within a single pixel region, with the
arrangement according to the present embodiment, the four
times of discharge operations are performed during a single
scanning of the head 11 along the main scanning direction.
Accordingly, the method arrangement according to the present
invention requires a scanning period in time four times as
great as with the conventional method arrangement. That is
to say, a single scanning period in time in the main
scanning direction according to the present invention
matches the sum of the four scanning periods in time for

print in the main scanning direction with the conventional

method arrangement.



regions arrayed on a single line along the main scanning direction, the
~conwentional printing arrangenent requires four periods in tine for
printing with scanning along the min scanning direction, and four periods
intime for returning the head. That is to say, with the conventi onal

‘met hod arrangenent, the ink liquid droplets cannot be discharged with

devi ation, and accordingly, in the event that nmultiple ink liquid droplets

~.are discharged for each pixel region, there is the need to repeat printing

with scanning along the main scannln% direction as many tines as the
nunber of the ink liquid droplets to®e discharged wthin a single pixel
region. On the other hand, in order to conplete print of the pixel regions
arrayed on a single line along the main scanning direction, the nethod

arrangement BekevErNYihOcidEr BEESEHblETYeNtioN JEGHL sl Nt With a
single scanning along the main scanning direction. That is to say, with
the arraggemsnt riraykddoacaosdnglet 0ihbeaporgedhei myent semmningl ti-printing
can be perfornmed by performng printing wwith a single scanning al ong the
mai N scadmerng icdnr, ethieoronTeus ional hptrhatpnigntrngngemangenentiassording to
the present invention, the nunber of the tinmes of the head- returning
oper at i dosiri pereddsednt giore foandravtondi niykly, scaenipgi atongnehés reduced
by the period required for three times - 69 of head-returning operations,
as conp&dead wicehntipg direction, and four periods in time for

returning the head. That is to say, with the conventional

method arrangement, the ink liquid droplets cannot be

discharged‘with deviation, and accordingly, in the event

that multiple ink ligquid droplets are discharged for each

pixel region, there is the need to repeat printing with

scanning along the main scanning direction as many times as

the number of the ink liguid droplets to be discharged

within a single pixel regidn.

On the other hand, in order to complete print of the

pixel regions arrayed on a single line along the main

scanning direction, the method arrangement according to the

present invention requires print with a single scanning

along the main scanning direction. That is to say, with the

arrangement method according to the present invention,

multi~printing can be performed by performing printing with

a single scanning along the main scanning direction.

Thus, with the printing arrangement according to the
present invention, the number of the times of the head-

returning operations is reduced to one, and accordingly, the

print time is reduced by the period required for three times



conventional printing arrangenments. Furthernore, with the conventi onal

-~ serisal -method printing arrangenent, a problem often occurs that streaks
occur along the width direction of the printing paper sheet due to
irregularities in an array of the landing ink liquid droplets along the
"sub-scanning direction (the longitudinal direction of the printing paper
sheet, i.e., the transporting direction for the printing paper sheet). On
.the other hand, with the serial-nmethod arrangenment according to the
present invention, the ink liquid droplets are discharged with random
deviation in the sub-scanning directi%m whereby the irregularities in the
image due to irregularities in an array of the landing ink liquid
droplets are | ess conspi cuous. Wil e description has been nade regarding

the fir%& h%@@@&b%%&hiﬁgc@b@&&gibﬁsthsspésﬁﬁﬂke&nwﬁﬂﬁiQHe t he present
invention is not restricted to the above-described first enbodi nent,

rat her, cearieats ofedi praatiagsafeyngemsnds.as follows. (1) Wth the
arrangenent according to the present enbodinent, while nultiple ink |iquid

dropl ets arefFudtsehavged sbthAsthe taneentiqeal i 0nsiseleeded from M di vi ded
target |anding position candi dates at random for each pixel region, the
nunber Wbromyibeg amyaofepesitt, i eepirnbéger sfoén2o0turs 7fhatiosereaknsd i s not
restricted to a particular one enployed in

occur along the width direction of the printing paper sheet

due to irregularities in an array of the landing ink liquid

droplets along the sub-scanning direction (the longitudinal

direction of the printing paper sheet, i.e., the

transporting direction for the printing paper sheet). On

the other hand, with the serial-method arrangement according

to the present invention, the ink ligquid droplets are

discharged with random deviation in the sub-scanning

direction, whereby the irregularities in the image due to

irregularities in an array of the landing ink liguid

droplets are less conspicuous.

While description has been made regarding the first
embodiment according to the present invention, the present
invention is not restricted to the above-described first
embodiment, rather, various modifications may be made as
follows.

(1) With the arrangement according to the present
embodiment, while multiple ink liquid droplets are
discharged so as to land at portions selected from M divided

target landing position candidates at random for each pixel

region, the number M may be any of positive integers of 2 or



the first enbodinment. In the sanme way, the nunber N which is the nunber of
‘the kanding ink liquid droplets within each pixel region along the
transporting direction for the printing sheet paper (the direction
generally vertical to the direction of the array of the ink discharge
portions) may be determned to any positive integer. That is to say, M
may be equal to N, or Mnay be different fromN. Furthernore, wth the
present invention, the maxi mum nunber of the landing ink droplets within
each pixel region (which correspogd§ to the maxi mum nunber of tones) is
not restricted to a particular one. ?2) Wiile with the present enbodi nent,
the ink liquid droplets are discharged such that the center of each
landing ink liquid droplet is included within the corresponding pixel
regi on, mphe, paeseht novenesoniciedoto respartiadldn de embowesdescri bed
arrangenent, rather an arrangenent nmay-be nade wherein the ink liquid

dr opl et shar é1dischpbgdtnench Imathatsdeasian pdre winkere N IYWhdihg i nk
liquid droglet is included within the coyreﬁfonding pi xel region, thereby
obt ai ni 4§ &heaREEReEPL phlitt ekdnd by ebith bield rdfiRie oy eri i imiRGh r egi on
than with the present_enbodinent. (3) Wiile with the arrangenment according
to the PHESenFeIsahodd PRkt the ner IFReT L 12 HeF o't i IF o#% he ink i quid
droplet is selected at random usi ng the,randon1nql:§r 71 Pe&grating

ci rcui tPEERTERY RREROAPTRST b R by RG 1o generally vertica

the directicn of the array of the ink discharge portions)
may be determined to any positive integer. That is to say,
M may be equal to N, or M may be different from N.

Furthermore, with the present invention, the maximum
number of the landing ink droplets within each pixel region
(which cqgresponds to the maximum number of tones) is not
restricted to a particular one.

{2) While with the present embodiment, the ink liquid
droplets. are discharged such that the center of each landing
ink liguid droplet is included within the corresponding
pixel region, the present invention is not restricted to the
above—-described arrangement,'rather an arrangement may. be
made wherein the ink liquid droplets are discharged such
that at least a part of each landing ink liguid droplet is
included within the corresponding pixel region, thereby
obtaining a random dot pattern for each pixel region over a
wider region than with the present embodiment.

(3) While with the arrangement according to the present
embodiment, .the target landing position of the ink liquid

droplet 1s selected at random using the random number



selecting the target |anding position of the ink liquid droplet at random

‘as loeng as the array of the selected I|anding positions exhibits a random
dot pattern without a particular pattern. Furthernore, as nethods for
generating random nunbers, the m ddl e square nethod, the congruent

met hod, shift-register nethod, and the like, are known. (4) While with the
present enbodi nent, 3-bit control signal of J1 through J3 is enployed as

shown in Fig. 11, the control signal according to the present invention is

not restricted to a particular one, rather the control signal wth any
bit nunber may be enployed. (5) Wth’thé present enbodi ment, two-divided
heating resistors 13 are disposed in parallel, and the currents supplied
to the two-divided heating resistors 13 are adjusted so as to control the
di f f er eneedratinge ciequiti og, tay hethbagmehebenkmpbubbbiergenerating tine)
bet ween these two divided heating resistors 13. However, the present

i nventi eeliesting rtest theted fantihegapowétdescotfbede énkodigend, rather an
arrangenent nmay be nade wherein the timng for supplying the currents to
t he twoddiopilddd atr geingbmr, sag31lpsgcent tbel edrafii b€ thentalachgdt he suppli ed
current to the two-divided resistors 13 the sanme. For exanple, an

ar r angeremd gy pos iradaswaahabatehe rapddinvidedrahéarnngithehstars 13

i ncl ude i ndependent switches, and the - 72 tining of on/off sw tching of
each swiPEeHkicslegnPasltEss -soFurthermore, as methods for generating

random numbers, the middle square method, the congruent
method, shift-register method, and the like, are known.

(4) While with the present embodiment, 3-bit contrel
signal of J1 through J3 is employed as shown in Fig. 11, the
control signal according to the present invention is not
restricted to a particular one, rather the control signal
with any bit number may be employed.

(5) With the present embodiment, two-divided heating
resistors 13 are disposed in parallel, and the currents
supplied to the two-divided heating resistors 13 are
adjusted so as to control the difference in time reguiring
for beliling the ink (bubble generating time) between these
two divided heating resistdrs 13. However, the present
invention is not restricted to the above-described
embodiment, rather an arrangement may be made wherein the
timing for supplying the currents to the two-divided
resistors 13 is controlled while maintaining the supplied
current to the two-divided resistors 13 the same. For
example, an arrangement may be made wherein the two-divided

heating resistors 13 include independent switches, and the



as to control the difference in bubble generation tine between these two

rdi vi ded heating resistors 13. Furthernore,

pr esent

wherein the
adj usted, and the above-described nethod wherein the

an arrangenent according to the

invention may enploy the conbination of the above-described net hod

currents supplied to the two-divided heating resistors 13 are
timng for supplying

the currents to the two-divided resistors 13 is controlled. (6) In the
enbodi ment, description has been nade regardi ng the arrangenent
wherein each ink liquid chanber 12 includes two divided heating resistors

present

13 arrayed

above-descri bed arrangenent has sufficient endurance. Furthernore,
arrangenent has a sinple configuration. However, an arrangenent according
to the present ofNYANbEBNswiScROhgl 88t Eh6hedwitchhis asfiangenaitso rat her an

arrangenment rmay be made wherein each ink liquid chanber 12 incl udes

in parallel. In this casé2 it has been confirmed that the

this

t hree

or noreakeabi ngntesilstbesdiBféenepacalhebubb¥e denéhet psesenhe enbodi nent,

whi | e description has
di schar getperti thebrcludesivhdeleabrngnyesiestierers3 1f3or

been nade regardi ng the arrangenent wherein each ink

Fperthemmong: ,

di scharge with the thermal nethod, the discharge nethod according to the
pr esent apng&neneamEstnaccerdingctedtheoprasenhet hoentiew eay employ
el ectrostatic-di scharge nmethod or - 73 the piezo nethod may be enpl oyed.

the combination of the above-described method wherein the
currents supplied to the two-divided heating resistors 13
are adjusted, and the above-described method wherein the
timing for supplying the currents to the two-divided
resistors 13 is controlled.

{6} In the present embodiment, description has been
made regarding the arrangement wherein each ink liguid
chamber 12 includes two divided heating resistors 13 arrayed
in parallel. 1In this case, it has been confirmed that the
above—described arrangement has sufficient endurance.
Furthermore, this arrangement has a simple configuration.
However, an arrangement according to the present invention
is not restricted to this arrangement, rather an arrangement
may be made wherein each ink liguid chamber 12 includes
three or more heating resistors 13 in parallel.

(7) In the present embodiment, while description has
been made regarding the arrangement wherein each ink
discharge portion includes the heating resistors 13 for
performing discharge with the thermal method, the discharge
method according to the present invention is not restricted

to this method, rather, electrostatic-discharge method or



An el ectrostatic-di scharge energy generating device (which corresponds to
't he heat resistor 13) has a configuration wherein two el ectrodes are

di sposed on the bottomface of a vibrating plate arrayed so as to
introduce an air chanber therebetween. Wth the aforenenti oned

el ectrostatic-di scharge energy generating device, a voltage is applied
bet ween both the electrodes so as to cause . deviation of the vibrating
pl ate downward, follow ng which the supplied voltage is turned off so as
to release the electrostatic force. As a result, the vibrating plate is
returned to the normal state, and tThé3ré&l eased el astic power causes ink
di scharge. In order to control the difference in the energy occurring

bet ween the energy generating devices, the arrangenent enploying the

af or emenheopedzel methiostmiy Che demhayge. ener gy generati ng devi ces has a
configuration wherein the difference in the timng of returning the

vi brating plaat ee](eret masiatg d-he seltectgeo siratrayy pRmeTanindg deniing of f t he

vol tage) between the two energy generating devices is controlled, or each
of the Vehiagesosupppimdstoo tihe hewt enssgytgentd athawy alevi ces are
controlled. On the other hand, a piezo energy generating device has a

| ayer edcenhivgtrbionnvierede ©fo et eroodkyi ore hAldpased|@ctitorles on both
face thereof, and a vibrating plate. In - 74 this case, upon a voltage
bei ng aPPFFeR Preoeeh dotHoEaeing plate arrayed so as to introduce

an air chamber therebetween. With the aforementioned
electrostatic-discharge energy generating device, a voltage
israpplied between both the electrodes so as to cause
deviation of the vibrating plate downward, following which
the supplied voltage is turned off so as to release the
electrostatic force. As a result, the vibrating plate is
réturned to the normal state, and the released elastic power
causes ink discharge.

In order to control the difference in the energy
occurring between the energy generating devices, the
arrangement employing the aforementioned electrostatic-
discharge energy generating devices has a configuration
wherein the difference in the timing of returning the
vibrating plate (releasing the electrostatic power by
turning off the voltage) between the two energy generating
devices is controlled, or each of the voltages supplied to
the two energy generating deyices are controlled.

On the other hand, a piezo energy generating device has
a layered configuration formed of a piezo device having

electrodes on both face thereof, and a vibrating plate. 1In



el ectrodes of the piezo device, bending nonment occurs as to the vibrating
plate due to the piezoelectric effect, deviation of the vibrating plate
occurs. Wth this arrangenent, the ink liquid droplet is discharged using
the energy due to the deviation. In order to control the difference in the
energy occurring between the energy generating devices, this arrangenent
has a configuration wherein the difference in the timng of voltage supply
bet ween two piezo devices is controlled, or each of the voltages supplied
to the two piezo devices are controlled. (8) In the present enbodi nent,
description has been nade regardiﬁg7ﬁhé'arrangenent wherein the deviation
of the discharge direction of the ink liquid droplets is controlled along
the direction of the array of the ink discharge portions (nozzles 18). The
reason ithithatskheupwva- di vbdedgehpat hggappsistiobstkdedl Bodhl éed in the

direction of the array of the ink discharge portions. However, there is no
need foerlekérddescbifonhef pthecadeaycef bhedink sbsehar gecuporisons to
conpletely match the deviation direction of the discharge direction of the
i nk |iqthe dibpkétisg pasher duantoathangésentlehereécneffiese, two directions
generally match each other has generally the same advantages. Thus, an
arr angefgft afdpnbefnhbe whbrathnghpietewocdiirecti 8ash-tHESs general |y match
each other. .

arrangement, the ink liguid droplet is discharged using the

energy due to the deviation.

In order to control the difference in the energy

occurring between the energy generating devices, this

arrangement has a configuration wherein the difference in

the timing of voltage supply between two piezo devices is

controlled, or each of the voltages supplied to the two

piezo devices are controlled.

(8) In the present embodiment, description has been

made regarding the arrangement wherein the deviation of the

discharge direction of the ink liguid droplets is controlled

along the direction of the array of the ink discharge

portions (nozzles 18). The reason is that the two-divided

heating resistors 13 are arrayved in the direction of the

array of the ink discharge portions. However, there is no

need for the direction of the array of the ink discharge

portions to completely match the deviation direction of the

discharge direction of the ink liquid droplets, rather, an

arrangement wherein these two directions generally match

each other has generally the same advantages. Thus, an

arrangement may be made wherein these two directions



(9) I'n the present enbodi nent, while description has been nmade regarding
~t he arrangenent wherein the ink liquid droplet is discharged fromthe
correspondi ng i nk discharge portion, i.e., the ink discharge portion at a
position generally directly above the pixel region, so as to land on the
pi xel region, the present invention is not restricted to this arrangenent,
rat her, an arrangenent nmay be nade wherein the ink liquid droplet is
di scharged fromone of the ink discharge portions adjacent to the
correspondi ng di scharge portion. For exanple, let us say that the ink
liquid droplets are discharged from’he adj acent ink discharge portions
"X" and "X + 1", and the pixel regions corresponding to the ink discharge
portions "X' and "X + 1" are the pixel region "Y" and "Y + 1",
respect y¥gbyallp hatsncasen ébrernk di scharge portion "X' can discharge an
ink liquid droplet on the adjacent pixel region "Y + 1", as well as on the
correspondi ng )pi xelthegssdnt tddoinmemay while idds ahigdiamgdasorti on "X +
1" can discharge the ink liquid droplet on the adjacent pixel region "Y"
as wel | basnonadberegaréspondhagaprxefeneygt ovhéein e Notelidtdin this
case, in the event that the ink discharge portion "X" discharges an ink
| i qui d droplet bs digghargredpfren tlgi oprraspondingdink ehits ¢hridre
correspondi ng o
portion, i.e., the ink discharge portion at a position
generally directly above the pixel region, sc as to land on
the pixel region, the present invention is not restricted to
this arrangement, rather, an arrangement may be made wherein
the ink liquid droplet is discharged from one of the ink
discharge portions adjacent to the corresponding discharge
portion.
For example, let us say that the ink ligquid droplets
are discharged from the adjacent ink discharge portions "X"
and "X + 1", and the pixel regions corresponding to the ink
discharge portions "X" and "X + 1" are the pixel region "¥"
and "Y + 1", respectively.
In this case, the ink discharge portion "X" can
discharge an ink liquid droplet on the adjacent pixel region
"y + 1", as well as on the corresponding pixel region "Y".
In the same way, the ink discharge portion "X + 1" can
discharge the ink liguid droplet on the adjacent pixel
region "Y", as well as on the corresponding pixel region "Y
+ 1Il .
Note that in this case, in the event that the ink

discharge portion "X" discharges an ink ligquid droplet on



pi xel region, for exanple, the target |landing position is selected from
the Mtarget |anding position candidates for the pixel region "Y + 1"
descri bed above. The sane operation is performed in each case. Thus, in
the event that an ink liquid droplet is discharged on the pixel region
"Y', for exanple, an ink droplet can be discharged fromthe ink discharge
portion "X', and also an ink droplet can be discharged fromthe ink

di scharge portion "X - 111, so as to land on the pixel region "Y".
Furthernore, an ink liquid droplet can be discharged fromthe ink

di scharge portion "X + 1" so as to~l 4Ad~on the pixel region "Y'. Note that
the present invention is not restricted to the arrangenent wherein the ink
di scharge portion "X' can discharge an ink liquid droplet on the pixe

region tie-piddl régiony #vy1¥, 1ad) agpnted© theroré@spayphinidy xel region,
for exanple, an arrangenent nmay be made wherein the ink discharge portion
"X' canmpilksThasgeorn fok éxaple dropd etabfet alyndinglpdLigiion near t he
correspondi ng pi xel region, such as the pixel regions "Y - 211 or "Y + 2",
for examplectdtiuSromi the tMetabgre- Dasdindeob aitanyereniidandd ifdre i nk
liquid droplets are di scharged on each pixel region from nultiple ink
di scharigee ppixeébnsedbon f '6¥ mt nh" adssoglizedlothbovevherBiy ddme i rregul arities in
the image due to - 77 irregularities of an array of the ink discharge
portior@Pe¥ation is performed in each case.
Thus, in the event that an ink ligquid droplet is
discharged on the pixel region "Y", for example, an ink
droplet can be discharged from the ink discharge portion "X,
and also an ink droplet can be discharged from the ink
discharge portion "X — 1", so as to land on the pixel region
"Y". Furthermore, an ink liquid droplet can be discharged
from the ink discharge portion "X + 1" sc as to land on the
pixel region "Y".
Note that the present invention is not restricted to
the arrangement wherein the ink discharge portion "X" can
discharge an ink liquid droplet on the pixel region "“Y - 1",
or "Y + 1", adjacent to the corresponding pixel region, for
example, an arrangement may be made wherein the ink
discharge portion "X" can discharge an ink liquid droplet on
any pixel region near the corresponding pixel reglon, such
as the pixel regions "Y - 2" or "Y + 2", for example.
Thus, with the above-described arrangement, multiple
ink liguid droplets are discharged on each pixel region from

multiple ink discharge portions for forming a single dot,

whereby the irregularities in the image due to



even | ess conspicuous (detailed description will be nade in a second

senbodi nent regardi ng the advantage). Furthernore, an arrangenent nay be
made wherein while ink liquid droplets are discharged on a certain

region

froma single ink discharge portion, ink liquid droplets are

di scharged on the pixel region at a position downward by one pixel
mul tiple ink discharge portions, for exanple. (Second enbodi nent) Next, a
enbodi ment according to the present invention will be described.

Not e that description of the same configuration as with the first

second

embodiment will be onitted. It is~a’principal object of the present second

enbodi nent to provide an arrangenent wherein occurrence of defects
i mge due to mal functioning of the head, such as occurrence of streaks

bet ween; ¢
t hat mal functi oni ng

pi xel

from

in the

heqpl 28 + £ WihSa0rathgy df kind SirBUpIRIRAGe @artionst heeevent
such as non-di scharge occurs in a part of the liquid

di scharge=pords Onsondpi dRINDdetd114S damthiartieh] edt I $ec oner Yinobj ect )

thereof to provide an arrangenent wherein the irregularities

of | andd nge @osd térfsd Dfiedtherddapd tharidp etdvarteagdless conspi cuous.
Accordingly, the arrangenent according to the present - 78 enbodi nment
i ncl udes t heuredc rinb renplagy iang arfyendindc n@ygde made wherein while

ink liguid droplets are discharged on a certain pixel region
from a single ink discharge portion, ink liquid droplets are
discharged on the pixel region at a position downward by one
pixel from multiple ink discharge portions, for example.
(Second embodiment)

Next, a second embodiment according to the present
invention will be described. ©Note that description of the
same configuration as with the first embodiment will be
omitted.

It is a principal object of the present second
embodiment to provide an arrangement wherein occurrence of
defects in the image due to malfunctioning of the head, such
as occurrence of streaks between the pixel columns or the
like is suppressed, even in the event that malfunctioning
such as non-discharge occurs in a part of the liquid
discharge portions.

Furthermore, it is another object (secondary object)
thereof to provide an arrangement wherein the irregularities
in an array of landing positions of the liquid droplets are
less conspicuous.

Accordingly, the arrangement according to the present

in an array



direction varying neans described in the first enbodinent, first discharge
rcontrol neans, second di scharge control neans, and third di scharge contro
nmeans, described below, so as to performdischarge control described

bel ow. (First discharge control neans) The first discharge control neans
perforns discharge control such that nultiple ink liquid droplets are

di scharged with deviation on each pixel colum fromat least two liquid

di scharge portions positioned close one to another so as to form each

pi xel colum, or nmultiple ink liquid droplets are discharged with

devi ati on on each pixel region from’®# -1 east two |iquid discharge portions
positioned close one to another, so as to formeach pixel colum or each
pi xel A first arrangenent of the first discharge control neans according

to the pmesaRiehnventigneBasnha BeRAI YUr ahpDByivGetrE naidenshigehar ge
direction of the ink liquid droplet fromeach nozzle 18 can be sel ected

from t haiewenipunbery2dg fndadenatesrabpasihi ¥Yeei Piegeromoddihend) f f er ent
directions wusing J-bit control signals, and the nmaxi mal distance between
t he | andiimgtpdssthangecavnespanaeagst osébendafibs eneng¢ onett2J1 di f f er ent
directions is determned to the value wherein the interval between the
adj acentneppzz| esd18hird dubthpkpedcbyt{@l medds, Wehcthbhsd drebmgenent, an
ink - 79 liquid droplet is discharged fromthe nozzle 18 in a

80 as to perform discharge control described below.

(First discharge control means)

The first discharge control means performs discharge

control such that multiple ink liguid droplets are

discharged with deviation on each pixel column from at least

two ligquid discharge portions positioned ciose one to

another so as to form each pixel column, or multiple ink

liquid droplets are discharged with deviation on each pixel

region from at least two liguid discharge portions

positioned close one to another, so as to form each pixel

column or each pixel.

A first arrangement of the first discharge control

means according to the present invention has a configuration

wherein the discharge direction of the ink liquid droplet

from each nozzle 18 can be selected from the even number 27

(J denotes a positive integer) of the different directions

using J-bit control signals, and the maximal distance

between the landing positions corresponding to the

aforementioned 27 different directions is determined to the

value wherein the interval between the adjacent nozzles 18

is multiplied by (27 - 1). With this arrangement, an ink



direction selected fromthe aforenentioned 2J directions. A second
rarramgenent of the first discharge control nmeans according to the present
invention has a configuration wherein the discharge direction of the ink
liquid droplet fromeach nozzle 18 can be selected fromthe odd nunber (2J
+ 1) (J denotes a positive integer) of the different directions using (J +
1)-bit control signals, and the naximl distance between the | anding
positions corresponding to the aforenentioned (2J + 1) different
directions is determned to the value wherein the interval between the
adj acent nozzles 18 is nultiplied by 7’23~ Wth this arrangement, an ink
liquid droplet is discharged fromthe nozzle 18 in a direction sel ected
fromthe aforenmentioned (2J + 1) directions. For exanple, with the
above- desquibiedrbplist asr angerepyederpbaytng hibgzrontgolnsignals with the
bit nunmber of (J = 2), the nunber of the discharge direction candi dates
for sebBéctichgohheellesthdr decdi thet abaremeRdiondd Bhidihrdcxiammseven nunber.
On the other hand, the maxi mal distance between the |anding positions
correspondi iy teceie aaforgeeett onBdtl?d i rsectdigrhdsyd entalale wherein the
interval between the adjacent nozzles 18 is nultiplied by ( (2 J -- 1) =
3). In nppBscaserrding thetheadresehtivingenheon esods ut i ornbigurs80iort00 DPI
t he af orenmentioned val ue, wherein the interva

wherein the discharge direction of the ink liguid droplet

from each nozzle 18 can be selected from the odd number (27

+ 1) (J denotes a positive integer) of the different

directions using (J + 1)-bit contrel signals, and the

maximal distance between the landing positions corresponding

to the aforementioned (27 + 1) different directions is

determined to the value wherein the interval between the

adjacent nozzles 18 is multiplied by 2°. With this

arrangement, an ink ligquid droplet is discharged from the

nozzle 18 in a direction selected from the aforementioned

(27 + 1) directions.

For example, with the above-described first arrangement

employing the control signals with the bit number of (J = 2),

the number of the discharge direction candidates for

selecting the discharge direction is 2’ = 4, which is an

even number. On the other hand, the maximal distance

between the landing positions corresponding to the

aforementioned 27 directions is the value wherein the

interval between the adjacent nozzles 18 is multiplied by

(27 - 1) = 3).

In this case, with the head 11 having the resolution of



bet ween t he adj acent nozzles 18 is multiplied by 3, is equal to (42.3 m

'(thesinterval between the adjacent nozzles) x 3) = 126.9 m As described
above, the maxi mal distance between the aforenentioned | anding position
candidates is set to this value, i.e., 126.9 4m Note that the di stance H

between the tip of the nozzle 18 and the printing paper sheet Pis

mai ntained to 2 mm (= 2000 4m . Accordingly, in this case, the deviation
angle O (deg) is represented by tan 20 = 126.9/2000, which is
approximately equal to 0.0635. Accordingly, the deviation angle O is

obtai ned, which is approximtely éqﬁgl‘to 1.8 (deg). On the other hand,
for exanple, wth the above- described second arrangenent enpl oying the
control signals wth the bit nunber of J =2 + 1, the nunber of the

di schargeodbrect tpe gapdedatesoiod v£l @€} iwigetdin dilseharigavadi rection is 2J
+ 1 =5, which is an odd nunber. On the other hand, the maxi mal distance
bet weernbébeetanthagadpeseht onszebes esponsimgl tipl el aforenerd isgned (2] + 1)
directions is the value wherein the interval between the adjacent nozzles
18 is nmubtKkidduby ({Ra ndgrvaFilgetusSen sthee didip@mt oroaresoy)i I 3g a nore
specific exanple wherein with the above-described first arrangenent

enpl oyi AglZ hied ciant r obs sfgpalr sbed t @beve, bile nugwarabfdigtancy, the ink
liquid droplets are discharged with deviation, Wth - 81 - the

above- destveeedtherafonprangepped  lapdirgnpges bfiqmecandidates is

set to this wvalue, i.e., 126.9 um. Note that the distance H
between the tip of the nozzle 18 and the printing paper
sheet P is maintained to 2 mm (= 2000 um). Accordingly, in
this case, the deviation angle € (deg) is represented by tan
20 = 126.9/2000, which is approximately equal to 0.0635.
Accordingly, the deviation angle O is obtained, which is
approximately equal to 1.8 (deqg).

On the other hand, for example, with the above-
described second arrangement employing the control signals
with the kit number of J = 2 + 1, the number of the
discharge direction candidates for selecting the discharge
direction is 27 + 1 = 5, which is an odd number. On the
other hand, the maximal distance between the landing
positions corresponding to the aforementioned (2% + 1)
directions is the value wherein the interval between the
adjacent nozzles 18 is multiplied by (2° = 4).

Fig. 13 is a diagram for describing a more specific
example wherein ﬁith the above-described first arrangement
employing the control signals with the bit number of (J = 1},

the ink liquid droplets are discharged with deviation. With



di scharge direction of the ink liquid droplets can be
eft-right symmetrical along the direction of an array of the

«shape |

nozzles 18. Wth the present arrangenent, the di stance between the
= 2) target |anding position candidates, serving as the aforenentioned

determned in a

two (2J

maxi mal di stance, is determned to the value wherein the distance between
the two adjacent nozzles 18 is nmultiplied by 1 (2J - 1 =1) , and
accordingly, ink 1liquid droplets can be discharged onto each pixe

fromboth the nozzles 18 of the adjacent |iquid discharge portions,
n Fig. 13. That is to say, as8hdwn in Fig. 13, with the interval

shown i

bet ween the adjacent nozzles 18 as X,

pi xel regions is represented by (2J - 1) x X (in the exanple shown
13, (24he ibodeXdesXribblat eitbat aeaghgbastt NotpoOsiéh@d 66 @le a position
bet ween the positions corresponding to the adjacent nozzles 18. On the

ot her handchkirge @idrestaocdi agr ahef onkdesguidi dgopbet®reaspeei fi c exanpl e

wherein with the above-descri bed

regi on
as

t he di stance between the adjacent

in Fig.

second arrangenent enpl oying the control

si gnal sdekthmtihed bnt anahbee 0&ftdright+stpmethicabhkalommitharopl ets are

di scharged w th devi ation

droplets fromthe nozzle 18 is an

With the present arrangement, the distance between the
two (27 = 2) target landing position candidates, serving as
the aforementioned maximal distance, is determined to the
value wherein the distance between the two adjacent nozzles
18 is multiplied by 1 (2° = 1 = 1), and accordingly, ink
ligquid droplets can be discharged onto each pixel region
from both the nozzles 18 of the adjacent liguid discharge
portions, as shown in Fig. 13. That 1s to say, as shown in
Fig. 13, with the interval between the adjacent nozzles 18
as X, the distance between the adjacent pixel regicns 1is
represented by (27 - 1) x X (in the example shown in Fig. 13,
(27 - 1) x X = X).

Note that each landing position is at a position
between the positions corresponding to the adjacent nozzles
18.

On the other hand, Fig. 14 is a diagram for describing
a more specific example wherein with the above-described
second arrangement employing the control signals with the
bit number of (F =1 + 1), the ink liquid droplets are
discharged with deviation. With the above-described second

arrangement, the number of the discharge direction

Wth the above-descri bed second arrangenent,
t he nunBéreotivtheodi sshargeydpfethfonczz8@s tlndi dates of the liquid



odd nunber. That is to say, while with the first arrangenent, an even
‘nunber of the discharge directions of the ink |iquid droplets can be
determ ned in a shape horizontally symretrical along the direction of an
array of the nozzles 18, with the second arrangenent enploying the

control signals with the bit nunmber of (J =1 + 1), which is greater than
the bit nunber of the first arrangenent by +1, each nozzle 18 can

di scharge an ink liquid droplet straight down. Thus, with the second
arrangenment, the ink liquid droplet can be discharged in the two
left-right symetrical directions~(8#e~di scharge directions denoted by "a"
and "c" in Fig. 14), and in the straight down direction (the discharge
direction denoted by "c" in Fig. 14), whereby the discharge direction can

be sel echeditize@sabroddenyuihal aobhrogi 8€hargomdinechdnm angli datgs. In the
exanpl e shown in Fig. 14, the bit nunber of the control signal is 2 (J =1
+ 1), anddt hemperber Tahtt he tdi sehargrideérecthopheantistates is 3 (2] + 1)
Furthernore, the maxi nmal di stance between the | anding positions

corr espemndiangetmentthe aaf erenentinbsedod ke 2discHirge sehesgeionk reti ons i s
determined to the value ((2J x X) in Fig. 14) wherein the interval between
t he adj &bentinkozilhesdl8rpXiehs Eey. bédjletermimeédpines dya@e (= 2J) , and an
ink liquid droplet is discharged in any direction selected fromthe - 83
three (hkoZizonta)llyi syhacyeiditesipnd thadidneetion of an array of

the nozzles 18, with the second arrangement employing the
contrel signals with the bit number of (J =1+ 1), which is
greater than the bit number of the first arrangement by +1,
each nozzle 18 can discharge an ink liquid dreoplet straight
down. Thus, with the second arrangement, the ink ligquid
droplet can be discharged in the two left-right symmetrical
directions (the discharge directions denoted by "a" and "c"
in Fig. 14), and in the straight down direction (the
discharge direction dencted by "c" in Fig. 14), whereby the
discharge direction can be selected from an odd number of
discharge direction candidates.

| In the example shown in Fig. 14, the bit number of the
control signal is 2 (J =1 + 1}, and the number of the
discharge direction candidates is 3 (27 + 1). Furthermore,
the maximal distance between the landing positions
corresponding to the aforementioned 3 (= 27 + 1) discharge
directions is determined to the wvalue ((2J X ¥X) in Fig. 14)
wherein the interval between the adjacent nozzles 18 (X in
Fig. 14) is multiplied by 2 (= 27), and an ink liquid

droplet is discharged in any direction selected from the



Thus, an ink liquid droplet can be discharged not only on a pixel region N
i medi ately underneath an nozzle N, but also on a pixel regions N- 1 and
N + 1, positioned on both sides thereof. Furthernore, each |anding
position of the ink liquid droplet faces one of the nozzles 18. As

descri bed above, with the present enbodi nent, while the discharge
direction candi dates are determ ned based upon the bit nunber of the
control signal, ink liquid droplets can be discharged onto each pixe
region fromat least two |liquid discharge portions (nozzles 18) positioned
close one to another. Specifically, 88 th the pitch of an array of the

| i quid di scharge portions in the array direction as "X' as shown in Figs.
13 and 14, each liquid discharge portion can discharge an ink liquid

dropl et £8@¢@s (L0oF and; atq8s POSELd Ol LM & idh J T pradde position directly
underneath the liquid discharge portion by ( (1/2 x X) x p) (Pis a

positive integel)anFHak 1bghsd aadbprandOndeseddiingd he Pissgly forni ng
met hod (two di scharge directions) according to the above- described first

arrangesRnt pareilnkebigui # dhpphektedd BededhsSPRr H4ethd 2y Be di I 6614 ON
sel ected from an even nunber of discharge direction candi dates) enploying
the contieb shgrapixeilt heghenbi # AuDberdINOf 1, poSidiondd Gbn Ipighows a
process wherein each pixel is formed on

sides thereof.

Furthermore, each landing position of the ink liguid
droplet faces one of the nozzles 18,

As described above, with the present embodiment, while
the discharge direction candidates are determined based .upon
the bit number of the contrel signal, ink ligquid droplets
can be discharged onto each pixel region from at least two
liquid discharge portions (nozzles 18) positioned close one
to another. Specifically, with the pitch of an array of the
ligquid discharge portions in the array direction as "X" as
shown in Figs. 13 and 14, each liquid discharge portion can
discharge an ink liquid droplet so as to land at a position
deviating from the position directly underneath the liquid
discharge portion by (f (1/2 x X) x P) (P is a positive_
integer).

Fig. 15 is a diagram for describing the pixel forming
method (two discharge directions) according fo the above-
described first arrangement (an ink liquid droplet can be
discharged in a direction selected from an even number of

discharge direction candidates) employing the control signal

with the bit number J of 1.



the printing paper sheet by the liquid discharge portions according to the

-di scharge execution signals transmtted to the head 11 in parallel. The

di scharge execution signals correspond to the imge signals. In the
exanpl e shown in Fig. 15, the tone nunber of the discharge execution
signal for the pixel "N' is 3, the tone nunber of the discharge execution
signal for the pixel "N+ 1" is 1, and the tone nunber of the discharge
execution signal for the pixel "N + 2" is 2. The discharge signals for each
pi xel are transmtted to the corresponding liquid discharge portion with a
cycle in the order of "discharge di®éction a" and "discharge direction
b", and each liquid discharge portion discharges an ink liquid droplet at
atimng and in a direction, corresponding to the aforenentioned cycle in

the order ofpig diredHdws & AMesd WBCH9R RacnHBige1t P8 €¥eh8q0bnt he
di scharge direction a and the discharge direction b corresponds to a

timesl otn@fprant pdber Kbty plres qqtcﬁ:i@@firseﬁﬁl%@ R itQ onRe tone

nunber of the discharge execution signals are forned wthin each pixel

regi on 4otoediiyg cys!| €he cdid@tiavgd ¥ cuthom exiameies alrandmiatelde toa”, the

di scharge execution signal for the pixel "N' is transmtted to the |liquid

di schargee pogdd ohl "M -pdr'al bad. t MEhaidichidrageye exsecutiion sigmall sf or t he

pixel "N+ 2" is transmtted to the - 85 |I|iquid discharge portion "N + 1".
correspond to the image signals.

In the example shown in Fig. 15, the tone number of the
discharge execution signal for the pixel "N" is 3, the tone
number of the discharge execution signal for the pixel "N +
1" is 1, and the tone number of the discharge execution
signal for the pixel "N + 2" 1s 2.

The discharge signals for each pixel are transmitted to
the corresponding liquid discharge portion with a cycle in
the order of "discharge direction a" and "discharge
direction b", and each liQUid discharge portion discharges
an ink liguid droplet at a timing and in a direction,
corresponding to the aforementioned cycle in the order of
"directicn a" and "direction b". Here, the cycle of the
discharge direction a and the discharge direction b
corresponds to a timeslot of "a" and "b", and multiple dots
corresponding to the tone number of the discharge execution
signals are formed within each pixel region for each cycle
of "a" and "b". For example at the cycle "a", the discharge
execution signal for the pixel "N" is transmitted to the

liguid discharge portion "N - 1", and the discharge

execution signal for the pixel "N + 2" is transmitted to the



As a result, the liquid discharge portion "N - 1" discharges an ink liquid
sdropket in the direction a, whereby the ink liquid droplet lands at a
position on the pixel "N' on the printing paper sheet. In the sanme way,
the liquid discharge portion "N + 1" discharges an ink liquid droplet in
the direction a, whereby the ink liquid droplet |lands at a position on the
pi xel "N + 2" on the printing paper sheet. Thus, an ink liquid droplet
corresponding to the tone nunber of 2 | ands at each pixel position on the
printing paper sheet at a timng of the tineslot a. Now, the tone nunber
of the discharge execution signal fof5the pixel "N+ 2" is 2, and
accordingly, formation of the pixel "N + 2" is conpleted. Furthernore, the
same operation is performed for the tineslot b. As a result, formation of
the pixehquNg b3sengpLet pdrrivhergip the nunber (two) of the dots form ng
the pixel. corresponds to the tone nunber 3 thereof. Thus, each liquid

di scharge poxsi&nréeoest Nothe CONGEICUId Metha ddevpraiisecutd velly) di scharge
onto a single pixel region corresponding to a single pixel nunber for

f or m ngdasphsebesegar dhessighifih@réphet nimbeke tdiereofion tdherd@yralwduci ng

the influence of irregularities in the |Iliquid discharge portions.
Fur t her mbee inkhiit$gmethddopédticksndsraegal positesn ion tthe grieesl f'OFhed of the
dots of the pixels, - 86 even in the event that the discharge anmount of

the i nkon the printing paper sheet. In the same way, the liquid
discharge portion "N + 1" discharges an ink liguid droplet
in the direction a, whereby the ink ligquid droplet lands at
a position on the pixel "N + 2" on the printing paper sheet.

Thus, an ink liquid droplet corresponding tc the tone
number of 2 lands at each pixel position on the printing
paper sheet at a timing of the timeslot a. Now, the tone
number of the discharge execution signal for the pixel "N +
2" is 2, and accordingly, formation of the pixel "N + 2" is
completed. Furthermore, the same operation is performed for
the timeslot b.

As a result, formation of the pixel "N" is completed,
whexrein the number (two) of the dots forming the pixel
corresponds to the tone number 3 thereof.

Thus, each liquid discharge portion does not
consecutively (two consecutively) discharge onto a single
pixel region corresponding to a single pixel number for
forming a pixel regardless of the tone number thereof,
thereby reducing the influence of irregularities in the
liguid discharge portions. Furthermore, this method reduces

irregularities in the areas formed of the dots of the pixels,



liquid droplets froma part of the liquid discharge portions is snall
«Furthernore, in the event that the pixel fornmed of one, two, or nore dots
on the Mpixel line, and the pixel forned of one, two, or nore dots on the
(M+ 1) pixel line, are in generally the same colum, for exanple, the
systemis preferably controlled such that the liquid discharge portion
used for formng the pixel M or the liquid discharge portion used for
formng the first dot of the pixel M is different fromthe liquid

di scharge portion used for formng the pixel (M+ 1), or the liquid

di scharge portion used for formng €Re~first dot of the pixel (M+ 1).
Thus, in the event that each pixel is forned of one dot (two-tone inage),
for exanple, all the pixels in the sane colum are formed by different

li quid diveehangehpoeibansthatuthbeam®ERarg® dheuevesnt thatimach pixel is

formed of a small nunber of dots, the first dots of all the pixels in the
sane coltupnidgr erbeieed byomi &f paent oFi goédl thiystdad gechord instidNs h t he
conventional arrangenments, all the pixels in generally the sanme columm are
formed by amsildgle |iquid discharge portion, for exanple, and accordingly,
inthe event that an ink liquid droplet is not discharged fromany [Iiquid
di scharge poFuibhmeduereo thogye ngvent ttet itkes midel BEmecheipione,s in the
correspondi ng pi xel colum are not formed.

two, or more dots on the M pixel line, and the pixel formed

of one, two, or more dots on the (M + 1) pixel line, are in

generally the same column, for example, the system is

preferably controlled such that the liquid discharge portion

used for forming the pixel M, or the liquid discharge

portion used for forming the first dot of the pixel M, 1is

different from the liquid discharge portion used for forming

the pixel (M + 1), or the ligquid discharge portion used for

forming the first dot of the pixel (M + 1).

Thus, in the event that each pixel is formed of one dot

{two~tone image), for example, all the pixels in the same

column are formed by different ligquid discharge portions.

Furthermore, in the event that each pixel is formed of a

small number of dots, the first dots of all the pixels in

the same column are formed by different liguid discharge

portions.

With the conventional arrangements, all the pixels in
generally the same column are formed by a single liguid
discharge portion, for example, and accordingly, in the

event that an ink liquid droplet is not discharged from any

liquid discharge portion due to clogging or the like, all



On the other hand, the above-described nethod arrangenent solves such a

«probkem Furthernore, as a nethod arrangenent other than the
above-descri bed net hod arrangenent, an arrangenent nmay be rmade wherein the
liquid discharge portion is selected at random In this case, the system

is preferably controlled
formng the pixel M or the liquid discharge portion used for form ng

such that the liquid discharge portion used for

t he

first dot of the pixel M is different fromthe liquid discharge portion
used for formng the pixel (M+ 1), or the Iliquid discharge portion used
for formng the first dot of the pi%él~(M+ 1), in the same way as

descri bed above. Fig. 16 is a diagramfor describing the pixel formng
met hod (three discharge directions) according to the above- described

second @rEapgRERSt ifaphd NKo i+ &uthsh S0P Bt x LA deumiisseh ale E dred .di recti on

sel ected from an odd nunber of

di scharge direction candi dates) enpl oyi ng

the conbhrotnsi goRkr Mahkd, tHige bhthonerdes cJiwdd (dethdy .arengsmesit f or mati on
process shown in Fig. 16 is the same as in Fig. 15, so description thereof

will

besoebmireseduch Wit prélbeerabove- second arrangenent, di scharge of liquid
droplets can be controlled by the first di scharge control

a single pi xelrdodumorey e S mtthq xelrargerfeortmed ey dhahedde t wo

di fferent

in the gaqgemaysasihpdhm@h@od arrangement, an arrangement may be

made wherein the liquid discharge portion is selected at
random. In this case, the system is preferably controlled
such that tﬁe ligquid discharge portion used for forming the
pixel M, or the liquid discharge portion used for forming
the first dot of the pixel M, is different from the liguid
discharge portion used for forming the pixel (M + 1), or the
liguid discharge portion used for forming the first dot of
the pixel (M + 1), in the same way as described above.

Fig. 16 is a diagram for describing the pixel forming
method (three discharge directions) according to the above-
described second arrangement (an ink ligquid droplet can be
discharged in a direction selected from an odd number of
discharge direction candidates) employing the control signal
with the bit number J of (1 + 1).

The pixel formation process shown in Fig. 16 is the
same as in Fig. 15, so description thereof will be omitted.

With the above-second arrangement, discharge of liguid
droplets can be controlled by the first discharge control
means such that a single pixel column or a single pixel is

formed by at least two different ligquid discharge portions

nmeans such t hat

| i qui d di scharge portions - 88 positioned cl ose one to anot her,



first

arrangenment. (Second di scharge neans) Furthernore, with the present
«enbodi nent, discharge control of the ink liquid droplets is perforned in
the sane way as with the first enbodi ment using the second di scharge

control neans described below, as well as the above described first

di scharge control means. The second di scharge means perforns the same
control as described in the first enbodi nent (control perforned by the
recording signal generating nmap 21, the random nunber .generating circuit
22, and the like, in Fig. 10), wherein discharge control is perfornmed such

that the landing position of an ink8Biquid droplet within the

correspondi ng pi xel

part

candi dates are arrayed in the

the -

89 liquid droplet is controlled by the discharge direction
control of the ink liquid droplets is performed in the same

way as with the first embodiment using the second discharge
control means described below, as well as the above-
described first discharge control means.

The second discharge means performs the same control as
described in the first embodiment {control performed by the
recording signal generating map 21, the random number
.generating circuit 22, and the like, in Fig. 10), wherein
discharge control is performed such that the landing
position of an ink liquid droplet within the corresponding
pixel region is selected along the direction of an array of
the nozzles 18. That is to say, the target landing position
is selected from the M (M denctes an integer of 2 or more)
target landing position candidates for the corresponding
pixel region, for each discharge of an ink liquid droplet
from the liquid discharge portion, wherein at least a part
of the region of each target landing position candidate is
included within the corresponding pixel region, and the
target landing position candidates are arrayed in the
direction of an array of the nozzles 18 (deviation direction

in the present invention). Subsequently, discharge of the

region is selected along the direction of an array of
the nozzles 18. That is to say, the target |anding position is selected
from t hgollitMoelenotessanchdt egesn&tndr Or i A0FIEd sdré GRly |andiich pasd tion
candi dates for the corresponding pixel region, for each discharge of an
ink |iguiidsdr apkehgehenm the |iquid di scharge portion, wherein at |east a
of the region of each target |anding position candidate is included
wi t hi n t(Bececatr éspohdirgg pexaek)regi on, and the target |anding position
direction of an array of the nozzles 18
(devi ati on duethéexmore n wiigh prles gntedente rnbo)imeluhs egsettalrge di schar ge of



varying neans such that the liquid droplet lands at the selected target

I andi*ng position. Furthernore, with the present enbodi nent, the second

di scharge neans selects a target |landing position fromthe M divided
target landing position candidates at random (irregularly, or wthout
regularity) in the same way as with the first enbodi nent. Various nethods
are known wherein the target |anding position is determ ned at random For
exanple, a nmethod is known wherein a target |anding position is selected
fromthe Mdivided target |anding position candidates at random using a
random nunber generating circuit. NéPethat in the present enbodi nent, |et
us say that an array of the Mdivided target |anding position candi dates
is determined with pitch of 1/Mof the pitch of an array of the Iliquid

di schar gegpekt deBp1eR0Z2l 85nt8h1 1 ¥ht Byt hRe SECONNL flsCharger cant rol neans,
the ink liquid droplets are discharged such that the dots are arrayed and

over | appedysiagasmebasf sugheanhtptxel 1 Whhauiir &sTeH rene@s of+ Sid eaks or the
like due to irregularities of the properties of the |iquid discharge
porti onsglekéerdbyatrbeti Laeduhar pbsesiohn the i mage becones | ess
conspi cuous, as described in the first enbodinent. That is to say, an
array of theFtahdérmgoreosiitionshefpitdren inkenbaliindrdr opihet seccendet er m ned
without - 90 regularity, and accordingly, the array of the ink |liquid

discharge means selects a target landing position from the M

divided target landing position candidates at random

(irregularly, or without regularity) in the same way as with

the first.embodiment. Varicus methods are known wherein the

target landing position is determined at random. For

example, a method is known wherein a target landing position

is selected from the M divided target landing position

candidates at random using a random number generating

circuit.

Note that in the present embodiment, let us say that an
array of the M divided target landing position candidates is
determined with pitch of 1/M of the pitch of an array of the
liquid discharge portions (nozzles 18).

With the second discharge control means, the ink liquid
droplets are discharged such that the dots are arrayed and
overlapped so as to form each pixel without occurrence of
streaks or the like due to irregularities of the properties
of the liquid discharge portions, whereby the irregularities
in the image becomes less conspicuous, as described in the

first embodiment. That is to say, an array of the landing

positions of the ink liquid droplets is determined without



droplets (dots) exhibits a random pattern. As a result, each array of the
‘ink IFiquid droplets has a random pattern, but rather overall arrays
thereof follow an uniformand isotropic distribution, whereby the
irregularities in the imge becones | ess conspicuous. This advantage has
been described in the first enbodinent with reference to Figs. 7 through
9, so detailed description thereof will be omtted. Thus, the arrangenent
according to the second enbodi nent has the advantage of reduction of the
influence due to irregularities in the ink-Iliquid-droplet discharge
properties of the liquid discharge p8Ptions, as with the first enbodi nent.
Furthernore, an arrangenent according to the second enbodi nent including
multiple line head 10 for discharging different color inks has the

advant agegafiapieyenthagacdet@ihQI Rl | Oie Odrfde &fBGe dutk 113 QALGUrrence of
noire, as wth the first enbodinment. Thus, the present enbodinent is
advant ageopiecas caopafedxhobitfeai nknd@h patedefs, As aMddsultthe first
enbodi ment. Furthernore, an arrangenent according to the second enbodi nent
has t heeadwhantageg of tkduthkobhigfiidrgreomgléetsehdora tdreddramditigedmk |i qui d
droplets, as wth the first enbodinent. (Third discharge control neans) -
91 Furbhér mecberwwyarahé presest teebodf néetlowi stharigeorm and

isotropic distribution, whereby the irregularities in the

image becomes less conspilcuous. This advantage has been

described in the first embodiment with reference to Figs. 7

through 9, so detailed description thereof will be omitted.

Thus, the arrangement according to the second
embodiment has the advantage of reduction of the influence
due to irregularities in the ink-liquid-droplet discharge
properties of the liquid discharge portions, as with the
first embodiment.

Furthermore, an arrangement according to the second
embodiment including multiple line head 10 for discharging
different color inks has the advantage of preventing
deterioration of the image due to occurrence of moirg, as
with the first embodiment. Thus, the present embodiment is
advantageous as compared to line ink jet printers, as with
the first embodiment.

Furthermcore, an arrangement according to the second
embodiment has the advantage of reduction of drying time for
the landing ink ligquid droplets, as with the first
embodiment.

{Third discharge control means)



control of ink liquid droplets is performed using third discharge contro
‘means described below, as well as the above-described first discharge
control neans and second discharge control nmeans. The third di scharge
means perforns the sane control as described in the first enbodi nent
(control performed by the recording signal generating map 21, the random
nunber generating circuit 22, and the like, in Fig. 10), wherein discharge
control is performed such that the landing position of an ink liquid
droplet within the corresponding pixel region is selected along the
transporting direction for the prTn?in@ paper sheet. That is to say, in
the event that the nunmber of liquid droplets which are to be discharged
within a pixel region is equal to or greater than 1 and less than N, the

target | andimgt{esiidren wWstiehteet edeskbhemeibedimbargetiikandigg position
candi dates, wherein at |east a part of the region of each target |anding
posi ti oronteandi afatienk sliqcldidietbplidts n ¢ heowled egiiony, tanddt he target

| andi ng position candi dates are arrayed within the pixel region in the

di r ect i dhsalhdfes eronfromndmnslidentiided dfelaw arasawedfl tlse thezz|l es 18
(deviation direction in the present invention), particularly, with the

pr esent2bengotk septbed nfitet dliisdtdnge gordrmdl yeparst ieeal secorkle  direction
of an array of the nozzles 18. Subsequently, - 92 discharge of the liquid
dr opl et} ECRAFAT AT SudIEAHat t he

The third discharge means performs the same control as
described in the first embodiment (control performed by the
recording signal generating map 21, the random number
generating circuit 22, and the like, in Fig. 10), wherein
discharge control is performed such that the landing
position of an ink liquid droplet within the corresponding
pixel region is selected along the transporting direction
for the printing paper sheet. That is to say, in the event
that the number of liquid droplets which are to be
discharged within a pixel region is equal to or greater than
1 and less than N, the target landiﬁg position is selected
from the N target landing position candidates, wherein at
least a part of the region of each target landing position
candidate is included within the pixel region, and the
target landing position candidates are arrayed within the
pixel region in the direction different from the direction
of an array of the nozzles 18 (deviation direction in the
present invention), particularly, with the present
embodiment, in the direction generally vertical to the

direction of an array of the nozzles 18. Subsequently,



liquid droplet lands at the selected target |anding position. This has
'‘been-described in the first enbodi nent,
be omtted. Thus,

Wil |

so detailed description thereof
wi th the nunber of the discharge conmand signal s

N, and with the nunber of times of discharge as K, the probability that

t he same random pattern occurs for the same discharge command signals is

represented by 1/ NCK. As descri bed above, with the second enbodi nent,

array of the landing positions of the ink liquid droplets
random pattern, thereby |eveling power consunption for discharge, and
l eveling the timng of ink supply,- & well as the irregularities in the

i mge becoming |ess conspicuous, as with the first enbodi nent. The
arrangenent according to the second enbodi nrent has the advantage of

is needless tosay that w'th an arrangenent according to the second

embodi MRl AP @WHIG Dl dsh @ SagrN G disahar g&
di scharge control neans, the ink liquid droplets land within a wder

iheghencitrber el¥od DRERY| Ngot Hetadvadt ages
ink liquid droplets being determ ned

regi on athirsamd@msieen @«’é@&rﬁb)éa'
due to the landing positions of the

at rande@scasptibh the rehifr stilenbedbakntedNext, description will be nade

exhibits a

G MQIn JIRRN Do itdH 1 d

an

level i ngy;the ARRURE Qhel ﬂ‘iq%'i&ph!r%ﬂlfe'i;()% EBEthKlé@aé‘ﬁ‘éhSthgﬁr{}h@r mor €,

as

it

regardi ng a discharge - 93 <control circuit serving as the above-descri bed
di schar ge Thus, with the number of the discharge command signals

as N, and with the number of times of discharge as K, the
probability that the same random pattern occurs for the same
discharge command signals is represented by 1/xCk.

As described above, with the second embodiment, an
array of the landing positions of the ink liquid droplets
exhibits a random pattern, thereby leveling power
consumption for discharge, and leveling the timing of ink
supply, as well as the irregularities in the image becoming
less conspicuous, as with the first embodiment.

The arrangement according to the second embodiment has
the advantage of leveling the amount of ink supplied from
the ink channels. Furthermore, it is needless to say that
with an arrangement according to the second embodiment
employing both the second discharge control means and third
discharge control means, the ink ligquid droplets land within
a wider region at random for each pixel region, thereby
improving the advantages due to the landing positions of the
ink liguid droplets being determined at random, as with the
first embodiment.

Next, description will be made regarding a discharge



direction varying neans, first discharge control neans, and second

‘di scharge control neans. Fig. 17 is a diagram which shows a di scharge
control circuit 51 including the discharge direction varying neans, first
di scharge control neans, and second di scharge control neans. The discharge
control circuit 51 is a sinplification of the discharge control circuit 50
in the first enbodiment. In the discharge control circuit 51, the resistors
Rh-A and Rh-B, are two divided heating resistors 13 included wthin each
ink liquid chanber 12, and are connected serially. Note that these two

di vided heating resistors 13 havegéRerally the sane electric resistance.
Accordingly, upon applying a constant current to these serially-connected
heating resistors 13, an ink liquid droplet is discharged fromthe nozzle

18 wi t heghtdgYi atkefiti Bekhendi £8CthONaBEvetdes dashad @rgav.shown in Fig.
4). On the other hand, a CMcircuit is connected to the node between the

two serdakkyteennesteinhenthng, r s+ st ol SsdBargdVddhihel disahar gadont rol
circuit 51, the current flowwng fromor to the node between the heating

resi st oegcdiddi sisenatygel teAttbl ongénghe CM circuit so as to control the
current flowng in each heating resistor 13, thereby controlling the
di scharge diFegtibh b 4 hdiagken ivduich drtopieta diischarged cdomamotthe nozzl e 18
so as to select the - 94 discharge direction fromnultiple directions in a

circuit 51 including the discharge direction varying means,

first discharge control means, and second discharge control

means. The discharge control circuit 51 is a simplification

of the discharge control circuit 50 in the first embodiment.

In the discharge control circuit 51, the resistors Rh-A

and Rh-B, are two divided heating resistors 13 included

within each ink liquid chamber 12, and are connected

serially. Note that these two divided heating resistors 13

have generally the same electric resistance. Accordingly,

upon applying a constant current to these serially-connected

heating resistors 13, an ink liquid droplet is discharged

from the nozzle 18 without deviation (in the direction of

the dashed arrow shown in Fig. 4}.

On the other hand, a CM circuit is connected to the

node between the two serially-connected heating resistors 13.

With the discharge control circuit 51, the current flowing

from or to the node between the heating resistors 13 1is

controlled through the CM cilrcuit so as to control the

current flowing in each heating resistor 13, thereby

controlling the discharge direction of the ink liquid

droplet discharged from the nozzle 18 so as to select the



predeterm ned range along the direction of an array of the nozzles (liquid
‘di scharge portions) 18. On the other hand, a power source Vh supplies a
voltage to the resistors Rh-A and Rh-B. Furthernore, the discharge

control circuit 51 includes transistors ML through MI9. Note that the
reference character "x N(N =1, 2, 4, 8 or 50)" shown on the side of
each transistor in the drawing denotes the nunber of sub-transistors
connected in parallel included in an equivalent circuit corresponding to
the transistor. The transistor ML serves as a switching device for
performng on/off switching of curref¢ supply to the resistors Rh-A and
Rh-B. The circuit has a configuration wherein the drain of the transistor
ML is connected to the resistor Rh-B serially, and upon the signal 0 being

i nput tQ; sLhE - dbSENALEL: 6X LR Ol PMe S ddt ffond higy t4 ansi stor ML i s
turned on so aS to apply a current to the resistors Rh-A and RH B. Note

that w bhebibecPheseyt reabedh 18R . thdetiseiiangef execitdan dfpte switch F
operates in the negative |logic node in convenience of IC |ayout, and

accordi Agkyi1eat (Lhguidneiothadfé vhbogr{od)y 8. the time of discharging ink
liquid droplets), the signal of O is input to the discharge execution
i nput swit choir. thé dthiesr dasel, upeodae ssigrs Vi supplhpst at gottiegewi t ch F,
the input signals of an NOR-gate - 95 X are (0, 0), and accordingly, the
NOR- gat eoXtheutpaistdérs Rh-A and Rh-B. Furthermore, the discharge
control circuit 51 includes transistors M1 through M19.
Note that the reference character "x N (N =1, 2, 4, 8. or
50)" shown on the side of each transistor in the drawing
denotes the number of sub-transistors connected in parallel
included in an equivalent circuit corresponding to the
transistor.
The transistor M1 serves as a switching device for
performing on/off switching of current supply to the
resistors Rh-A and Rh-B. The circuit has a configuration
wherein the drain of the transistor M1 is connected to the
resistor Rh-B serially, and upon the signal 0 being input to
the discharge execution input switch F, the transistor Ml is
turned on so as to apply a current to the resistors Rh-A and
RH-B. Note that with the present embodiment, the discharge
execution input switch F operates in the negative logic mode
in convenience of IC layout, and accordingly, at the time of
driving (only at the time of discharging ink liquid
droplets), the signal of 0 is input to the discharge

execution input switch F. In this case, upon the signal 0

is input to the switch F, the input signals of an NOR-gate



whereby the transistor ML is turned on. Note that with the present

renbodi nent, at the tine of the ink liquid droplet being discharged from
the nozzle 18, the discharge execution input switch Fis set to 0 (on)
only during the period of 1.5 sec (1/64) so that electric power is
supplied to the resistors Rh-A and Rh-B fromthe power source Vh (around
9V). On the other hand, the discharge execution input switch Fis set to 1
{(off) during the other period of 94.5 sec (63/64), and ink supply is
performed during this period for the ink Iiquid chanber 12 of the ink

di scharge portion which has discharg@d an ink liquid droplet. The polarity
conversion switches Dpx and Dpy serve as switches for determ ning the
deviation of the discharge direction of the ink Iiquid droplet along the

directign gf. ag aﬁyayaﬁ& LheoPezees, ]ghéernggﬁéﬂxﬁhadﬁ?dﬁﬁﬂl

Furtherimore, firét di scharge control” sw tches D6, and second

di schar gﬁeeeagr RheSWrhsbest O, D2 s apg il oserve as switches for
determ ning the anmount of deviation of the discharge direction of the ink

liquid droplgste Theat ransi st o en endbdinmd M2, ther wdmes ofoper ati on
anplifier (swtching devices) of the CMcircuit fornmed of the transistors

MB and Mhe That 1hguie gayplébebeim@nsi stloasgd®, Ly M neaml MIF, perform
control of the <current flowing in or fromthe node between the resistors -
96 Rh- AhandiBhhBrijbr ewgbuthen Chhputcsvttch F is set to 0 (on) only
during the period of 1.5 psec (1/64) so that electric power
is supplied to the resistors Rh—A and Rh-B from the power
source Vh (around 9V). On the other hand, the discharge
execution input switch F is set to 1 (off) during the other
period of 94.5 pusec (63/64), and ink supply is performed
during this period for the ink liquid chamber 12 of the ink
discharge portion which has discharged an ink liquid droplet.
The polarity conversion switches Dpx and Dpy serve as
switches for determining the deviation of the discharge
direction of the ink liquid droplet along the direction of
an array of the nozzles 18 (horizontal direction).
Furthermore, first discharge control switches D4, D5,
and D6, and second discharge control switches D1, D2, and D3,
serve as switches for determining the amount of deviation of
the discharge direction of the ink liquid droplet.
The transistors M2, M4, M12, and M13, serve as
operation amplifier (switching devices) of the CM circuit
formed of the transistors M3 and M5. That is to say, the

transistors M2; M4, M12, and M13, perform control of the

current flowing in or from the node between the resistors



Furthernore, the transistors M7/, MJ, ML1, M4, M5, and ML6, are devices
'servieng as constant current sources for the CMcircuit. The drains of the
transi stors M7, MB, and ML1l, are connected to the sources and the
back-gates of the transistors M and MA. In the same way, the drains of
the transistors M4, ML5, and ML6, are connected to the sources and the
back-gates of the transistors M2 and ML3. O these transistors serving as
constant current source devices, the transistor M/ serves as a current
source device having the current capacity "x8" (which is represented by an
equi valent circuit including eight‘sgﬁ-rransistors connected in parallel),
the transistor MD serves as a current source device having the current
capacity "x4" (which is represented by an equivalent circuit including

four subpn-hrandi RhoBStEeHNGEt eHei OMparadbet), and the transistor M1
serves as a current source device having the current capacity "x2" (which

i s representegrbyeafoLsUi Med entarcd Icitts MMciMedi m. 1t worlsiyb MiSansinst or s
connected in parallel). The three transistors M/, Md, and ML1, are
connect ®dsi, napar aekebes aadvingnaa comsemtt sowrcendesdweces oipr thre t he sane
way, the transistor ML4 serves as a current source device having the
current CBapacictiit" x4Thet Aeaitpansi ther tMBs seroes 45, MEurarehtMSbur ce
device having the current capacity "x2", and the transistor ML6 serves as
a - 97 acer cennestedctodeheceohavpngatthetbarbap-gapeeiey 5&@". The

transistors M2 and M4. 1In the same way, the drains of the
transistors Mid4, M15, and M16, are connected to the sources
and the back-gates of the transistors M12 and MI13.

Of these transistors serving as constant current source
devices, the transistor M7 serves as a current source device
having the current capacity "x8" (which is represented by an
equivalent circuit including eight sub-transistors connected
in parallel), the transistor M2 serves aé a current source
device having the current capacity "x4" {which is
represented by an equivalent circuit including four sub-
transistors connected in parallel), and the transistor M1l
serves as a current source device having the current
capacity "X2" (which is represented by an equivalent circuit
including two sub-transistors connected in parallel). The
three transistors M7, M9, and M1l, are connected in parallel,
and form a current source device group.

In the same way, the transistor Ml4 serves as a current
source device having the current capacity "x4", the
transistor M15 serves as a current source device having the

current capacity "x2", and the transistor M16 serves as a



three transistors M4, ML5, and ML6, are connected in parallel, and forma
scurrent source device group. Furthernore, the transistors (transistors M,
MB, MLO, ML7, ML8, and ML9) having the sane current capacities as wth
the corresponding transistor are connected to the transistors M/, M3, M1,
ML4, ML5, and ML6, respectively, which serves as current source devices.
The first discharge control switches D6, D5, and D4, and the second

di scharge control switches D3, D2, and D1, are connected to the gates of
the transistors M5, MB, MLO, ML7, ML8, and ML9, respectively. Accordingly,
for exanple, upon turning on the fir8{ —di scharge control switch D6, as
well as a predeterm ned voltage Vx being applied between an anplitude
control termnal Z and the ground, the transistor M6 is turned on, and

accor di palyen® CUREED!AEALEESPOPAIAGHO dheraidl lafadbey Fhavs, | mHehe
transi stor . descri bed above, on/off switching can be controlled for

the traﬂﬁkéé°£§aﬁ§15959§9@1&M1M1§ﬂdb&@4miéw(3%51&ﬂﬁhedﬁ@d(ﬁﬁur(ﬂI| ng on/ of f
switching of the first dlscharge control switches D6, D5, and D4, and the

second ghsghacge gpat rolm swehehest DSoutPe didd.githipe each of the
transistors M7/, M, M|, M4, M5, and ML6, are represented by equival ent
circuits i ncﬂ"mﬂtm@rmore ,98thep-r1edﬂisa'rsmdmad (mnﬁmmsd:fombi—& r ¥si $tldr.s

connected in o
M17, M18, and M19) having the same current capacitles as
with the corresponding transistor are connected to the
transistors M7, M9, Mil, M14, M15, and Ml6, respectively,
which serves as current source devices. The first discharge
control switches D6, D5, and D4, and the second discharge
control switches D3, D2, and D1, are connected to the gates
of the transistors M6, M8, MiO, M17, M18, and M193,
respectively.

Accordingly, for example, upon turning on the first
discharge control switch D6, as well as a predetermined
voltage Vx being applied between an amplitude control
terminal Z and the ground, the transistor Mé is turned on,
and accordingly, a current corresponding to the voltage Vx
flows in the transistor M7.

As described above, on/off switching can be controllied
for the transistors M6 through M11l, and M14 through M19%, by
controlling on/off switching of the first discharge control
switches D6, D5, and D4, and the second discharge control
switches D3, D2, and D1.

While each of the transistors M7, M9, MI11, M14, Ml15,

and M16, are represented by equivalent circuits including a



parallel. Note that the nunmber of the sub-transistors is different for
‘each+transi stor, and accordingly, upon turning on the transistors,
currents flow fromM to M/, fromM to M, fromM to M1, fromM2 to
ML4, from ML2 to ML5, and from ML2 to ML6, with the ratio of the nunbers
denoted in parentheses on the sides of the transistors in the drawing. In
this case, the current capacities of the transistors M/, M, and M1, are
'x8", "x411, and "x21', respectively, and accordingly, the drain currents
Id thereof flowwth the ratio of 8:4:2. In the sanme way, the current
capacities of the transistors M47 ¥57 and M6, are "x4", "x2", and "x1",
respectively, and accordingly, the drain currents Id thereof flowwth the
ratio of 4:2:1. Next, description will be nade regarding the flow of

currentsrofd ye i A Sl 0ot haud-H redn i Sicdvay gt ifreans in the
di scharge control circuit 50 (left-half in Fig. 17). First, at the tinme of

F = 0 (Nalmed. Dpsote Othdthethd npiitbamldestiad dure-iNGRgaiterd iare (0, 0),
and accordingly, the NOR-gate X1 outputs 1, whereby the transistor M is
turned onf févenhefomrexnch herdampidtoral wesl afcddel IMGRygatpof? trarma n@d, 0),
and accordingly, the NOR-gate X2 outputs 1, whereby the transistor M is
t ur ned on. tiRIrthErsEors n adereraboVid-adesitrarb @t cas el F frdn #Md topx = 0),
the input values - 99 of the NOR-gate X3 are (1, 0) (one is due to F = 0,
t he M9, from M2 to M11l, from M12 to M1l4, from M1Z to M15, and
from M12 to Ml6, with the ratio of the numbers dencted in
parentheses on the sides of the transistors in the drawing.
In this case, the current capacities of the transistors
M7, M9, and M11l, are "x8", "x4", and "XZF, respectively, and
accordingly, the drain currents Id thereof flow with the
ratio of 8:4:2. 1In the same way, the current capacities of
, the transistors M14, ML5, and M16, are "x4", "x2" and "x1",
respectively, and accordingly, the drain currents Id thereof
flow with the ratic of 4:2:1.
Next, description will be made regarding the flow of
currents only on the side of the first discharge control
means in the discharge control circuit 50 (left-half in Fig.
17).
First, at the time of F = 0 (ON), and Dpx = 0, the
input values of the NOR-gate X1 are (0, 0}, and accordingly,
the NOR-gate X1 outputs 1, whereby the transistor M1l is
turned on. Furthermore, the input values of the NOR-gate X2
are (0, 0), and accordingly, the NOR-gate X2 outputs 1,

whereby the transistor M2 is turned on. Furthermore, in the

above—-described case (F = 0 and Dpx = 0), the input values



other is due to "1" fromthe output of NOT-gate X4 wherein Dpx WO is

‘i nputr). Accordingly, the output of the NOR-gate X3 becones 0, and the
transistor Md is turned off. In this case, while a current flows fromthe
transistor M3 to M2 (due to the transistor M2 being on), no current flows
fromthe transistor Mo to M4 (due to the transistor M4 being off).
Furthernore, in the event that no current flows in the transistor M, no
current flows in the transistor M3, as well, due to the nature of the CM
circuit. In this state, upon a voltage being applied fromthe power source
Vh, no current flows in the transi5t8Ps M8 and M due to these transistors
being off, no current flows into the transistor M3 or Mo, and all the
current flowin the resistor Rh-A. On the other hand, the transistor M is
turned em, thBenowrgeat kbowsef rom the(sesi 55 otukhed Fs= @l vilded into a
current flowng the transistor M and a current flow ng the resistor Rh-B,
wher eby cahpar ttsofiutheo ecurrenbmf tbascontptheot rddsisioe R . wheredre event
that all the first discharge control switches D6 through D4 are turned
of f, noDepur +=ent ikl anpuih.t hectoadsngl pr stiF, ovBpuandf Mg, NaRdgaeor di ngl vy,
no current flows in the transistor M2. Accordingly, all the current

f | owi ngXBr becbhesr 8si shdr tRA- Brahfbasor e hesreefredroRh-B. Furt hernore,

the current flowing fromthe resistor Rh-B flows in the transistor M -
100 which iEnobhi$ ot righine ch eHerer rievs sExamtths tymnsistor

M3 to M2 (due to the transistor M2 being on), no current
flows from the transistor M5 to M4 (due to the transistor M4
being off). Furthermore, in the event that no current flows
in the transistor M5, no current flows in the transistor M3,
as well, due to the nature of the CM circuit.

In this state, upon a voltage being applied from the
power source Vh, no current flows in the transistors M3 and
M5 due to these transistors being off, no current flows into
the transistor M3 or M5, and all the current flow in the
resistor Rh-A. On the other hand, the transistor M2 is
turned on, the current flows from the resistor Rh-A is
divided into a current flowing the transistor M2 and a
current flowing the resistor Rh-B, whereby a part of the
current flows in the transistor M2. In the event that all
the first discharge control switches D6 through D4 are
turned off, no current flows in the transistors M7, M9, and
M1l1l, and accordingly, no current flows in the transistor MZ.
Accordingly, all the current flowing from the resistor Rh-A
flows in the resistor Rh-B. Furthermore, the current

flowing from the resistor Rh-B flows in the transistor Ml



ground. On the other hand, upon turning on at |east one of the first

‘di scharge control switches D6 through D4, the transistors M5, M3, and MLO,
corresponding to the on-state first discharge control switches D6 through
D4, are turned on, and furthernore, the transistors M7/, MJ, and M1,
connected to the on-state transistors, are turned on. Accordingly, in the
above-descri bed case, upon turning on the first discharge control swtch
D6, for exanple, the <current flowing fromthe resistance Rh-A divided to
currents flowng in the transistor M2 and the resistor Rh-B, whereby a
part of the current flows in the ttai¥ stor M2. Furthernore, the current
flowwng fromthe transistor M2 is sent to the ground through the
transistors M7 and M. That is to say, upon setting F =0, and Dpx = 0, as

wel | aswatcheastopneref 1bhengi veicHi sebacger£00t 19l sent ted ¢ through D4
being on, no current flows into the transistors M3 and Mb, all the current

flows igrbhadresistor Rh-A follow ng which the current divided to
currents flowing in the transistor M and the resistor Rh-B. Thus, the
rel ati on betovweethd hetloawr rrenid, lugdrowinthime ol esi Ste@ist RireAcanadhh-B i s
represented by the followng expression. I(Rh-A) > 1(Rh-B) - 101 On the
ot her handstupbachapatt cogtFor OywitrnidedpXs =tHrough D4, the
transistors M6, M8, and M10, corresponding to the on-state
first discharge control switches D6 through D4, are turned
on, and furthermore, the transistors M7, M9, and M11,
connected to the on-state transistors, are turned on.
Accordingly, in the above-described case, upen turning
on the first discharge contrcl switch Dé, for example, the
current flowing from the resistance Rh-A divided to currents
flowing in the transistor M2 and the resistor Rh-B, whereby
a part of the current flows in the transistor M2.
Furthermore, the current flowing from the transistor M2 is
sent to the ground through the transistors M7 and M6.
That is to say, upon setting F = 0, and Dpx = 0, as
well as at least one of the first discharge control switch
D6 through D4 being on, no current flows into the
transistors M3 and M5, all the current flows in the resistor
Rh-A, follcowing which the current divided to currents
flowing in the transistor M2 and the resistor Rh-B.
Thus, the relation between the currxents I flowing the
résistors Rh-A and Rh-B is represented by the following

expression.

I (Rh-2&) > I{Rh-B)



the input values of the NOR-gate X1 are (0, 0) in the same way as

‘descri bed above, and accordingly, the NOR-gate X1 outputs 11111, whereby
the transistor ML is turned on. Furthernore, the input values of the
NOR-gate X2 are (1, 0), and accordingly, the NOR-gate X2 outputs "0",
whereby the transistor M2 is turned off. Furthernore, the input values of
the NOR-gate X3 are (0, 0), and accordingly, the NOR-gate X3 outputs "I",
whereby the transistor M4 is turned on. In the event that the transistor
Mi is turned on, a current flows in the transistor Mo, and accordingly, a
current flows in the transistor M3; Hslwell, due to the nature of the CM
circuit. Accordingly, upon a voltage being applied fromthe power source
Vh, currents flowin the resistor Rh-A, and the transistors M3 and Mb.

Subsequent | yon at e tdien SMTHAMN Jﬂd}Wi%Jﬂﬂrﬂéf he 1 esi i@l DRk A fil ows in the
resistor Rh-B (since the transistor M is off, and accordingly, no current

fl owi ngtheomphe v88L8406f Riné fidRWSatd ktheatsans] s§oridne £dind he ot her
hand, all the current flowing fromthe transistor MB flows in the resistor

Rh- B duga{oakh@estrabsd SiisvdR Hed ngeddfiiAgTer dimngl yortderswm of the
current flowwng fromthe resistor Rh-A and the current flowi ng fromthe
transi sbotplvBs flbwswharslhe tlesi stansRhedx M5 Bs restdéd dihe relation - 102
between the currents | flowing in the resistors Rh-A and Rh-
Furthermore, the input values of the NOR-gate X2 are (1,
0), and accordingly, the NOR-gate X2 outputs "0", whereby
the transistor M2 is turned off. Furthermore, the input
values of the NOR-gate X3 are (0, 0), and accordingly, the
NOR—-gate X3 outputs "1", wherebf the transistor M4 is turned
on. In the event that the transistor M4 is turned on, a
current flows in the transistor M5, and accordingly, a
current flows in the transistor M3, as well, due to the
nature of the CM circuit.
Accordingly, upon a voltage being applied from the
power source Vh, currents flow in the resistor Rh-A, and the
transistors M3 and M5. Subsequently, all the current
flowing from the resistor Rh-A flows in the resistor Rh-B
{(since the transistor M2 is off, and accordingly, nc current
flowing from the resistor Rh-A flows in the transistor M2).
On the other hand, all the current flowing from the
transistor M3 fiows in the resistor Rh-B due to the
transistor M2 being off.
Accordingly, the sum of the current flowing from the

resistor Rh—-A and the current flowing from the transistor M3

flows in the resistor Rh-B. As a result, the relation



Bis represented by I(Rh-A) < I(Rh-B). Note that while in the
-above-descri bed case, the transistor M4 needs to be on so that a current
flows in the transistor Mo, upon inputting F = 0, and Dpx = 1, as

descri bed above, the transistor M4 is turned on. Furthernore, at |east one
of the transistors M7/, M3, and ML1, is needed to be turned on so that a
current flows in the transistor Mi. Accordingly, there is the need to
turning on at |east one of the first discharge control swtches D6 through
D4, as well as inputting F =0, and Dpx = 1, as described above. That is
to say, in the event that all the-fibst—di scharge control switches D6
through D4 are off, the current state under setting of F =0, and Dpx =1,
and the current state under setting of F =0, and Dpx =0, are the sane, and

accor di Bglyeed Lthteh%u?c'féﬁ%gt tf ko Rgof Eﬁmthtehﬁeé§§t§£9r rRROAARhHONE-i N the
resistor Rh-B. Here, the resistors %h A and Rh-B have generally the sane

resi st amceg r@@gegggQ@ala | y.(r@&Rah Nk figgyi-dydroplet is discharged w thout
devi ation. As described above, the current flowing into and from the node

bet ween the neséstRas Rileamdl e Balseie b@esE€oibed| d£sk pytioontrol i ng
on/off switching of the polarity conversion switch Dpx and the first
di schar geaaeitror Mawnkehestbobehbaugh Bhatas wekkeas flowsninobhéhe
di scharge - 10 3 - execution switch F
transistor M5, upon inputting F = 0, and Dpx = 1, as
described above, the transistor M4 is turned on.
Furthermore, at least one of the transistors M7, M9,
and M11l, is needed to be turned on so that a current flows
in the transistor M4. Accordingly, there is the need to
turning on at least one of the first discharge control
switches D6 through D4, as well as inputting F = 0, and Dpx
= 1, as described above. That is to say, in the event that
all the first discharge control switches D6 through D4 are
off, the current state under setting of F = 0, and Dpx = 1,
and the current state under setting of F = 0, and Dpx = 0,
are the same, and accordingly, all the current flowing from
the resistor Rh-A flows in the resistor Rh-B. Here, the
resistors Rh—-A and Rh-B have generally the same resistance,
and accordingly, an ink liquid droplet is discharged without
deviation.
As described above, the current flowing intc and from
the node between the resistors Rh—-A and Rh-B can be
controlled by controlling on/off switching of the polarity

conversion switch Dpx and the first discharge control

switches D6 through D4, as well as turning on the discharge



Furthernore, the transistors M/, MB, and ML1l, serving as current source
‘devi ces, have different current capacities, and accordingly, the anount of
current flowng fromthe transistors M2 and M4 can be controlled by
controlling on/off switching of the first discharge control sw tches D6
through D4. That is to say, the ratio of the current flowing in the

resi stance Rh-A as to the current flowing in the resistance Rh-B can be
controlled by controlling on/off switching of the first discharge contro
switches D6 through D4. Wth the present enbodi nent, the | anding position
of an ink liquid droplet can be contddl1ed so as to be selected fromthe
multiple target |anding position candidates along the direction of an
array of the nozzles 18 by independently perform ng on/off swtching
operatlQgeggﬁlggespgkéﬁlfy conversion switch Dpx, and the first discharge
control swtches D4, D5, and D6, as well as a predeterm ned voltage Wx

bei ng appl i e, beiaveen-& he e+ dnstes want nol, ter maml M1, aseriviieggr ound.
Furthernore, the anount of deviation between the adjacent target |anding

posi ti oascandidatesoaaBeb@evientr,ohhed ki fddjirestti cyrirke tvokpage t¥resappl i ed
to the anplitude control termnal Z while maintaining the ratio of the
drai n canteatsoribhghycanhél emointt b tvansist DiewiMyg afbm Wot M, and MD
and MB, and ML1 and MLO, to the ratio of 8:4:2.

transistors M2 and M4 can be controlled by controlling

on/off switching of the first discharge control switches D6

through D4. That is to say, the ratio of the current

flowing in the resistance Rh-A as to the current flowing in

the resistance Rh-B can be controlled by controlling on/off

switching of the first discharge control switches D6 through

D4.

With the present embodiment, the landing position of an

ink liquid droplet can be controlled so as to be selected

from the multiple target landing position candidates along

the direction of an array of the nozzles 18 by independently

performing on/off switching operation for the polarity

conversion switch Dpx, and the first discharge control

switches D4, D5, and D6, as well as a predetermined voltage

Vx being applied between the amplitude control terminal 2

and the ground.

Furthermore, the amount of deviation between the
adjacent target landing position candidates can be
controlled by adjusting the voltage Vx applied to the

amplitude control terminal Z while maintaining the ratio of

the drain currents, which can flow in the transistors M7 and



Fig. 18 shows tables which show the relation between the on/off states of
‘the polarity conversion switch Dpx and the first discharge contro
switches D6 through D4, and the I|anding position of a dot (ink liquid
droplet) along the direction of an array of the nozzles 18. As shown in
the table on the upper side in Fig. 18, upon setting D4 to 0, both the

| andi ng position wherein (Dpx, D6, D5 D4) is set to (0, 0, 0, 0), and the
landing position wherein (Dpx, D6, D5, D4) is set to (1, O, 0, . 0), match
the dot |anding position wi thout deviation (directly underneath the
correspondi ng nozzle 18). Note that ldscription has been nade regarding
this relation. As shown in the table, in a case of fixing the first

di scharge control switch D4 to O, in the event that on/off swtching

operat i g i $n P OX B d Or A MeMPO! Ahd Lyl COMVETERONea 15 th .2 .and the
first discharge control switches D6 and D5, using 3-bit signals, the dot

| andi ng posigtipn 1A HREs GBI had 80 A aHee rsaladiad vetomenhe seven
target | anding position candidates including the | anding position wthout

devi at i gRe JhW/SERUEELEeN ¢h the paciribtwatcomesrsischharigechdiDectarah can be
selected froman odd nunber of the discharge direction candi dates as shown
in Fig.tid4. tNose dbhathandgd aonarohngebecheshzé ethrddgh {4 standligehar ge
control switch D4 is not fixed to O, but is - 105 controlled to be "0" or
11111, asndehd mesibeomtberafdest (ink ligquid droplet) along the

direction of an array of the nozzles 18.

As shown in the table on the upper side in Fig. 18,
upon setting D4 to 0, both the landing position wherein (Dpx,

D6, D5, D4) is set to (0, 0, 0, 0), and the landing position
wherein (Dpx, D6, D5, D4) is set to (1, 0, 0, 0), match the
dot landing position without deviation (directly underneath
the corresponding nozzle 18). Note that description has
been made regarding this relation.

As shown in the table, in a case of fixing the first
discharge control switch D4 to 0, in the event that on/off
switching operation is performed for the polarity conversion
switch Dpx, and the first discharge control switches D6 and
D5, using 3-bit signals, the dot landing position can be
controlled so as to be selected from the seven target
landing position candidates incliuding the landing position
without deviation. This agrees with the fact that the
discharge direction can be selected from an odd number of
the discharge direction candidates as shown in Fig. 14.

Note that with an arrangement wherein the first

discharge control switch D4 is not fixed to 0, but is



di scharge control switches D6 and D5, the dot |landing position can be
‘control led so as to be selected fromthe fifteen target |anding position
candi dates, not fromthe seven target |anding position candidates. On the
other hand, in a case of fixing the first discharge control switch D4 to
1, as shown in the table on the |ower side, the dot |anding position can
be selected fromeight target |anding position candidates which are
arrayed with uniformpitch. That is to say, the dot landing position can
be selected fromfour |anding position candidates arrayed on one side from
the discharge direction wth deviratP8n~of zero (w t hout deviation), and
four landing position candi dates arrayed on the other side, wherein an
array of the fornmer four |anding position candidates and an array of the
latter daidrdiandi N pasitdoncandi dalsesiedrie aspasiet ioahed Symsitrical one to
another with the axis in the discharge direction with deviation of zero
t her ebeieiardds diasordbeds alines N aadcase dhef idotngarndénti rst  di scharge
control switch D4 to 1, the dot |anding position candidates does not
i ncl udepdshier landiang rosidritordiedecd ys drdéenestiected deomedpendi ng nozzle
18 (cor r_espondl ng to the discharge direction w thout deviation). In this
case, tief ternmbmradt thending [dopitd-adr esinetl dditschange dircgcfihén  candi dat es
is determined to an even nunber, as shown in Fig. - 106 13.

seven target landing position candidates.

On the other hand, in a case of fixing the first

discharge control switch D4 to 1, as shown in the table on

the lower side, the dot landing position can be selected

from eight target landing position candidates which are

arrayed with uniform pitch. That is to say, the dot landing

position can be selected from four landing position

candidates arrayed on one side from the discharge direction

with deviation of zero (without deviation), and four landing

position candidates arrayed on the other side, wherein an

array of the former four landing position candidates and an

array of the latter four landing position candidates are

positioned symmetrical one to another with the axis in the

discharge direction with deviation of zero therebetween.

As described above, in a case of fixing the first

discharge control switch D4 to 1, the dot landing position

candidates does not include the landing position directly

underneath the corresponding nozzle 18 (corresponding to the

discharge direction without deviation). In this case, the

number of the ink-liguid-droplet discharge direction

candidates is determined to an even number, as shown in Fig.



whi | e description has been made regarding the first discharge contro
‘means, the second discharge control neans can be controlled in the sane
way. As shown in Fig. 17, with the second di scharge control neans, the
transi stors ML2 and ML3 correspond to the transistors M2 and M4 of the
first discharge control neans, respectively. Furthernore, the polarity
conversion switch Dpy of the second di scharge control neans corresponds to
the polarity conversion switch Dpx of the first discharge control neans.
Furthernore, the transistors M4 through M9, serving as current source
devi ces of the second discharge cont P8l ~means correspond to the
transistors M6 through M| of the first discharge control neans,
respectively. Furthernore, the second di scharge control sw tches D3, D2,
and DI, 16f. the second di scharge control means correspond to the first

di scharge control swtches D6, D5, and D4, of the first discharge control
nmeans, respegtivel gesniphieont hes hedd, made vieddwsdengetHretfiteest t he second
di scharge neans and the first discharge neans is that the current

capaci t descbhrigke cbnamsilsimernbl4 thrdsehenfli Régchhkgh csetyel asexws r ent
source devices. The current capacities of the transistors M4 and the

| i ke, wikehbsecpatasldedr ént theogrme dWavices of the second di scharge

control neans, are determned to the half of those of the corresponding -
107 transi sh®rshaymabd The- | 1 ke, WhHR cHN® e79ePRE SIS siandegol

means, the transistors M12 and M13 correspond to the
transistors M2 and M4 of the first discharge control means,
respectively. Furthermore, the polarity conversion switch
Dpy of the second discharge control means corresponds to the
polarity conversion switch Dpx of the first discharge
control'means. Furthermcre, the transistors Mi4 through M19,
serving as current source devices of the second discharge
control means correspond to the transistors M&é through M11
of the first discharge control means, respectively.
Furthermore, the second discharge control switches D3, D2,
and D1, of the second discharge control means correspond to
the first discharge control switches D6, D5, and D4, of the
first discharge control means, respectively.

On the other hand, the difference between the second
discharge means and the first discharge means is that the
current capacities of the transistor M14 and the like, which
serve as current source devices. The current capacities of
the transistors M14 and the like, which serve as current
source devices of the second discharge control means, are

determined to the half of those of the corresponding



devices of the first discharge control neans. The other configuration of

‘t he second di scharge control neans is the sane as wth the first discharge
control neans. Thus, the ratio of the current flowing in the resistor Rh-A
as to the current flowing in the resistor Rh-B can be controlled by
controlling on/off switching of the second discharge control sw tches D3
through DI, as well as the polarity conversion switch Dpy, in the sanme way
as with the above-described first discharge control nmeans. Note that with
t he second di scharge control neans, as shown in Fig. 7, the maxi ma

di stance between the two ink- Ilqurdlﬁ?oplet | andi ng p05|t|on candi dates is
preferably determned as the pitch of an array (x shown in Fig. 13 or

Fig. 14) of the nozzles 18 fromthe point of practice. Furthernore, wth

the SeCQQQﬂ@h%%B%%gﬁ7C%BHVQhe”§@R§, t/AechVaeikabl gspttishept suadsay of the
i nk-1iquid-droplet landing position candidates is preferably snal

Accor di pghX cew biF the Fecerdadssehateeceanibdl meRARS, THW dEhéng is
preferably controlled as shown in the table on the lower side in Fig. 18,

from t heop@iighiratiphaclti ¢te Feabndi 8ikehaaye wbhhrbdhemsegconis dilsehar ge
control neans, in Fig. 18, the polarity conversion switch Dpx corresponds
to the spekasist yichnteesifarsswdtebhhBpye thetfpismedinscharge control switch
D6 corresponds to the second discharge control switch - 108 D3, the first
di scharge contus| shetchtD5 cbrikspondserd fhewing in the resistor

Rh-A as to the current flowing in the resistor Rh-B can be
controlled by controlling on/off switching of the second
discharge control switches D3 through D1, as well as the
pelarity conversion switch Dpy, in the same way as with the
above-described first discharge control means.

Note that with the second discharge control means, as
shown in Fig. 7, the maximal distance between the two ink—
liquid-droplet landing position candidates is preferably
determined as the pitch of an array (x shown in Fig. 13 or
Fig. 14) of the nozzles 18 from the point of practice.
Furthermore, with the second discharge control means, the
variable pitch of an array of the ink-liquid-droplet landing
position candidates is preferably small.

Accordingly, with the second discharge control means,
switching is preferably controlled as shown in the table on
the lower side in Fig. 18, from the point of practice. That
is to say, with the second discharge control means, in Fig.
18, the polarity conversion switch Dpx corresponds to the
polarity conversion switch Dpy, the first discharge control

switch D6 corresponds to the second discharge control switch



second di scharge control swtch D2, and the first discharge control swtch
D4 corresponds to the second discharge control switch D1. Accordingly, with
t he second discharge control neans, switching operation is preferably
controlled wth the second discharge control switch D1 being fixed to 1
(note that it is needless to say that swtching operation corresponding to
the table on the upper side in Fig. 18 may be perforned). Note that with
the second di scharge control neans, the voltage Vx applied to the
anplitude control termnal Z should be adjusted such that the maxi nal

di stance between the two ink-1iquid-&fF oplet |anding position candidates is
the sanme as the pitch of an array of the nozzles 18. Note that the
anplitude control termnal Z of the second discharge control neans is the

same asp¥i tPhEheifif ShishSehar 8en €Al roli tanss AGGUHIMHY IR
determning the voltage Vx applied to the anplitude control termnal Z

based gpedndheisahstdat tOMtFE&BUSLBtaw tie y eged deied fihestSenicnthadiggchar ge
control neans, the ink-liquid droplet |anding position candidates for the

first dessbaspeseddtl ob4 neansespdedseterthaett@ind il ssamrdd nme.
Accordingly, with the present enbodi nent, the systemis adjusted such that
the i nkebnyuod- swbdptietDUi schacgedtomty olwitly the feawmtd dlisctiermge: contr ol
means and the ink-liquid - 109 droplet discharge control by the second
discharg@ntpmlrméans, switching operation is preferably controlled
with the second discharge control switch D1l being fixed to 1
(note that it is needless to say that switching operation
corresponding to the table on the upper side in Fig. 18 may
be performed).
Note that with the second discharge control means, the
voltage Vx applied to the amplitude control terminal 2
should be adjusted such that the maximal distance between
the two ink-liquid-droplet landing position candidates is
the same as the pitch of an array of the nozzles 18.
Note that the amplitude control terminal Z of the
second discharge control means is the same as with the first
discharge control means. Accordingly, upon determining the
voltage Vx applied to the amplitude contreol terminal Z based
upon the calculation resulis with regard to the second
discharge control means, the ink-ligquid droplet landing
position candidates for the first discharge control means
are determined at the same time.
Accordingly, with the present embodiment, the system is

adjusted such that the ink-liquid-droplet discharge control

by the first discharge control means and the ink-liquid-



means have a predeterm ned relation. Accordingly, upon determ ning the

1 nk-1* qui d-dropl et discharge control (the pitch of an array of the

i nk-11iquid-droplet |Ianding position candidates) by the second di scharge
control neans, the ink- l|iquid-droplet discharge control (the pitch of an
array of the ink-liquid-droplet |anding position candidates) by the first
di scharge control neans is automatically determ ned, thereby providing
sinple control operation. In the event that determ nation has been nade as
descri bed above, the maxi mal distance between the two ink [|iquid droplet

| andi ng position candidates with thel®?rst discharge control neans is two
tinmes as great as with the second discharge control neans. The reason is
as follows. That is to say, the anount of deviation of the ink-Iiquid-

dropl et da‘bﬁga@_r 8e séhbeghi @Bniksoleber fhaedebynd Neiétasgst @swexdd, M, and
ML1, for the first discharge control neans, and by the transistors M4,
ML5, angelhs, nkoe thersaeondmidedchalgeicnnt ratcordhsgl Furdpei nore, with
the present enbodinent, the current capacities of the aforenentioned
transi stieterimaninbe ther 4hkdilsqghadgérophéet olli selansgareosetol o(tival ues two
times as great as with the second discharge control means. Note that the
di schar gétecbnbrfobncercayt o51tbhownkihiEiugd-digplet pravided pos Eaicn
| i qui d-dropl et discharge portion, and - 110 the above-described control is
per f or nednflodaggsh bvqtihg second discharge control means, the ink-

liguid-droplet discharge control (the pitch of an array of

the ink-liguid-droplet landing position candidates) by the

first discharge control means is automatically determined,

thereby providing simple control operation.

In the event that determination has been made as

described above, the maximal distance between the two ink

liguid droplet landing position candidates with the first

discharge control means 1s two times as great as with the

second discharge control means. The reason is as follows.

That is to say, the amount of deviation of the ink-liquid-

droplet discharge direction is determined by the transistors

M7, M9, and M11, for the first discharge control means, and

by the transistors M14, M15, and Ml6, for the second

discharge control means. Furthermore, with the present

embodiment, the current capacities of the aforementioned

transistors for the first discharge control means are set to

values two times as great as with the second discharge

control means.

Note that the discharge control circuit 51 shown in Fig.

17 is provided to each liquid-droplet discharge portion, and



di scharge portion

or for each head 11. Note that each transistor requires

eightt termnals for the drain, the source, and the |like, so as to be

di sposed in a circuit. Accordingly, the size of the circuit configuration
wherein a single large-sized transistor is disposed with eight wri
el ectrodes thereof is markedly snaller than the size of the circuit

configuration wherein a

ng

nunber of small-sized transistors are di sposed
with eight wring electrodes for each transistor. Accordingly, with

t he

present enbodinent, a single CMcircuit including a couple of transistors
having the current capacity of "x8" 310 Forned as shown in Fig. 17
reducing the total size of the discharge control circuit 50. Thus,
di scharge control circuit 50 can be disposed for each Iiquid discharge

portiontpa hhevheadsd1ibdoteorhasl idepshsehvsderaondadd] ciqueidi t 50 can be
di sposed for each 1liquid discharge portion on the head 11, even in

of

t her eby
t he

a case

t hegheadatdehpyitfiohheor esot utacin 0dad00L dpi (the pitch of an array of

the liquid discharge portions is approximately 42.3 m) . Figs. 19 and 20
show t he di sitdvas gehadi rescth onsarfigtver regaildeguied alivto fleetng nadsd fole

distribution states of the dot |anding positions at the tinme of per
di schar gybe doainol thy sherférsenditodhalfee com rad tredrs dimbades siecond -
111 discharge control neans.

a circuit. Accordingly, the size of the circuit
configuration wherein a single large-sized transistor is
disposed with eight wiring electrodes thereof is markedly
smaller than the size of the circuit configuration wherein a
number of small-sized transistors are disposed with eight
wiring electrodes for each transistor. Accordingly, with
the present embodiment, a single CM circuit including a
couple of transistors having the current capacity of "x8" is
formed as shown in Fig. 17, thereby reducing the total size
of the discharge control circuit 50.

Thus, the discharge control circuit 50 can be disposed
for each liquid discharge portion on the head 11. Note that
the discharge control circuit 50 can be disposed for each
ligquid discharge portion on the head 11, even in a case of
the head 11 having the resolution of 600 dpi (the pitch of
an array of the liquid discharge portions is approximately
42.3 pm} .

Figs. 19 and 20 show the discharge directions of the
ink liguid droplets, and the distribution states of the dot
landing positions at the time of performing discharge

control by the first discharge control means and the second

form ng



Fig. 19 shows a case wherein the nunber of the ink- |iquid-droplet
‘di scharge direction candi dates determned by the first discharge contro
nmeans ‘i s an even nunber, i.e., each nozzle 18 is positioned directly above
t he boundary between the correspondi ng adjacent pixel regions. Fig. 19
shows an exanpl e wherein an ink liquid droplet can be discharged with
deviation of 1/2 of the pixel pitch along the direction of an array of
t he nozzles 18 under the control by the first discharge control neans.
That is to say, the arrangenent shown in Fig. 19 includes the second
di scharge control neans, as well as thke Tonfiguration shown in Fig. 13. On
the other hand, Fig. 20 shows a case wherein the nunber of the
i nk-11iquid-dropl et discharge direction candidates determ ned by the first
di schar geseantkfel coransl iwsaap.odd nunber, i.e., each nozzle 18 is
positioned directly above center of the corresponding pixel region. Fig.
20 shows an ex@nmple shereis edsé nkhéiein deidy opltiecaf the dirkeharged with
deviation of 1 of the pixel pitch along the direction of an array of the
nozzl esli§utdddrophet danthekgbydihectiostcandchatge dorerroineakdmns. That is
to say, the arrangenent shown in.Fig. 20 includes the second discharge
cont r ol theafigrsasdwekhaaget hentonli geansi ba shoemen| pumber, 14.e-, 112 Wiile
description has been nmade reg ardlng t he second

each nozzle 18 1s positioned directly above the boundary

between the corresponding adjacent pixel regions. Fig. 19

shows an example wherein an ink liquid droplet can be

discharged with deviation of * 1/2 of the pixel pitch along

the direction of an array of the nozzles 18 under the

control by the first discharge control means. That is to

say, the arrangement shown in Fig. 19 includes the second

discharge control means, as well as the configuration shown

in Fig. 13.

On the other hand, Fig. 20 shows a case wherein the

number of the ink-liguid-droplet discharge direction

candidates determined by the first discharge control means

is an odd number, i.e., each nozzle 18 is positioned

directly above center of the corresponding pixel region.

Fig. 20 shows an example wherein an ink liquid droplet can

be discharged with deviation of * 1 of the pixel pitch along

the direction of an array of the nozzles 18 under the

control by the first discharge control means. That is to

say, theé arrangement shown in.Fig. 20 includes the second

discharge control means, as well as the configuration shown

in Fig. 14.



enbodi ment according to the present invention, the present invention is
‘not restricted to the above-described enbodi nents, various nodification
may be nmade as follows. (1) The bit nunber J of the control signa
according to the present invention is not restricted to a particul ar one,
rather the control signal with any bit nunber may be enployed. (2) Wth
the present enbodi nent, two-divided heating resistors 13 are disposed in
parallel, and the currents supplied to the two-divided heating resistors
13 are adjusted so as to control the difference in tine requiring for
boiling the ink (bubble generating tlilZe) between these two divided heating
resistors. However, the present invention is not restricted to the
above-descri bed enbodi nent, rather an arrangenent nay be nade wherein the

timng for ma'a&éﬂ%ﬁw $S el B denediyiidag cheskstens 13 s
controlled e maintaining the supplied current fo the two-divided

resist Oéxﬁbéélﬁéﬁts%@orcﬁ&ﬁ XM §rafeiy HaRGeENn Mhderizmdatwherein the
two-di vided heating resis %ors i ncl ude i ndependent swi t ches, and the

timng ohventobh swihsehi Rgsoficaed siteh disoveoigs@dieddso as to control
the difference in bubble generation tine between these two divided heating

resi st oeBbddimENts NevAPI Gus ASY B I @Ngissre Mayadeo mdidey aso fAdid oursesent
invention may enploy - 113 the conbination of the above-described nethod
wherein the (1) The bit number J of the control signal according to

the present invention is not restricted to a particular one,

rather the control signal with any bit number may be

employed.

(2) With the present embodiment, two-divided heating
resistors 13 are disposéd in parallel, and the currents
supplied to the two-divided heating resistors 13 are
adjusted so as to control the difference in time requiring
for boiling the ink (bubble generating time) between these
two divided heating resistors. However, the present
invention is not restricted to the above-described
embodiment, rather an arrangement may be made wherein the
timing for supplying the currents to the two-divided
resistors 13 is controlled while maintaining the supplied
current to the two-divided resistors 13 the same. For
example, an arrangement may be made wherein the two-divided
heating resistors include independent switches, and the
timing of on/off switching of each switch is controlled so
as to control the difference in bubble generation time

between these two divided heating resistors 13. Furthermore,

an arrangement according to the present invention may employ



currents supplied to the two-divided heating resistors 13 are adjusted,
and t‘he above-descri bed nethod wherein the timng for supplying the
currents to the two-divided resistors 13 is controlled. (3) In the present
enbodi nent, description has been nade regarding the arrangenent wherein
each ink liquid chanber 12 includes two divided heating resistors 13
arrayed in parallel. Inthis case, it has been confirnmed that the
above-descri bed arrangenent has sufficient endurance. Furthernore, this
arrangenment has a sinple configuration. However, an arrangenent according
to the present invention is not restt8cted to this arrangenent, rather an
arrangenent nay be nade wherein each ink liquid chanber 12 includes three
or nore heating resistors 13 (energy generating devices) in parallel. (4)

[n the RheseBhaRBRdLAPRE. (Wl LB.HeSGLLREL B0 NAS nBEeP JRAE, TEgar ding the

configuration enpioying the heating resistors Serving as energy
gener at g rdevisCespas ian t%x%ﬂgl%woeagGgaeQeﬂgéﬁihggrgﬁ L €85s Upi ng ot her

energy generating nethods, such as electrostatic-di scharge energy

gener at k¢ deque@edor ahRe tReZ8o0RCHEY c PEPBE hi PE-dEYhEES: By de enpl oyed
in the sane way as with the first enbodinent. (5) In the present

enbodi neatnindesoki pubpnyhag kbeencordentegarding the-aivangenment wherein the
deviation of the - 114 discharge direction of the ink liquid droplets is
control kedistors 13 is controlled.

(3) In the present embodiment, description has been
made regarding the arrangement wherein each ink liquid
chamber 12 includes two divided heating resistors 13 arrayed
in parallel. 1In this case, it has been confirmed that the
above-described arrangement has sufficient endurance.
Furthermore, this arrangement has a simple configuration.
However, an arrangement accordihg to the present invention
is not restricted to this arrangement, rather an arrangement
may be made wherein each ink liquid chamber 12 includes
three or more heating resistors 13 (energy generating
devices) in parallel.

(4) In the present embodiment, while description has
been made regarding the configuration emploving the heating
resistors 13 serving as energy generating devices as an
example, energy generating devices using other energy
generating methods, such as electrostatic-discharge energy
generatiné devices or the plezo energy generating devices
may be employed in the same way as with the first embodiment.

(3) In the present embodiment, description has been

made regarding the arrangement wherein the deviation of the



along the direction of the array of the nozzles 18. The reason is that the
‘t wo-di vided heating resistors 13 are arrayed in the direction of the array
of the nozzles. 18. However, there is no need for the direction of the
array of the nozzles 18 to conpletely match the deviation direction of

t he di scharge direction of the ink liquid. droplets, and an arrangenent
wherein these two directions generally match each other has generally the
sanme advantages. Thus, an arrangenent nay be made wherein these two
directions generally match each other. (6) Wth the second di scharge
control neans according to the presert enbodi ment, while nultiple ink
liquid droplets are discharged so as to |land at portions selected fromM
di vided target |anding position candidates at random the nunber M may be

any of pesthhY¥gel AiegetsoRfc? BFe NDEE, 1igd i Sréwletesid i @dred-diq el
particul ar one enployed in the present enbodinent. In the sanme way, the
nunber BKNlwhAgchhesditbethonber ohietherd@ansi nghé nkozines diglropitet s within
each pixel region along the transporting direction for the printing sheet
paper (tbhesdhr ésttbhatgeneravbydiretdéedahedving heesisents A8 afrd he array of
the liquid discharge portions) may be determned to any positive integer.
That isatoagey, inMhaydbeecegiah ¢ theorrdyeyf behalifderleag ¥&.om N
Furthernore, with the present invention, the maximal - 115 nunber of the

| andi ngHeHRvEroptbesewishinp eaeh peRetheedlppction of the array of

the nozzles 18 to completely match the deviation direction
of the discharge direction of the ink liquid droplets, and
an arrangement wherein these two directions generally match
each other has generally the same advantages. Thus, an
arrangement may be made wherein these two directions
generally match each other.

{(6) With the second discharge control means according
to the present embodiment, while multiple ink liquid
droplets are discharged so as to land at portions selected
from M divided target landing position candidates at random,
the number M may be any of positive integers of 2 or more,
and is not restricted to a particular one employed in the
present embodiment. In the same way, the number N which is
the number of the landing ink ligquid droplets within each
pixel region along the transporting direction for the
printing sheet paper (the direction generally vertical to
the direction of the array of the liguid discharge portions)
may be determined to any positive integer. That is to say,
M may be egual to N, or M may be different from N.

Furthermore, with the present invention, the maximal



is not restricted to a particular one. (7) Wile with the second di scharge
‘control neans according to the present enbodinent, the ink liquid droplets
are di scharged such that the center of each landing ink liquid droplet is
included within the corresponding pixel region, the present invention is
not restricted to the above-described arrangenent, rather an arrangenent
may be made wherein the ink liquid droplets are discharged such that at

l east a part of each landing ink liquid droplet is included within the
correspondi ng pi xel region, thereby obtaining a random dot pattern for
each pixel region over a wider regild® than with the present enbodinent.
(8) Wiile with the second discharge control neans according to the present
enbodi ment, the target landing position of the ink liquid droplet is

sel ect efuRbefafdofhe USARG: By I 2iMd o spindes Wgetieratddith ¢iel treg@yn Met hod
may be enpl oyed for selecting the target |anding position of the ink

| i qui d gsopbet rastrantdem tasal pag:bsulde @ig¢ay of the selected |anding
positions exhibits a random dot pattern w thout a particular pattern

Furt her nor e, (&s Whet hodsl florthgessratd ng scrdoga momieod, mehasm ddl e square
met hod, the congruent nethod, shift-register nethod, and the like, are
known. Eoctheéinpree bkeapsesentiemgpodimeut ottier irdanidve d whtdrddtsher ei n
selection is made at random an arrangenent - 116 nmy be nade for a nethod
wher ei nasecohbiharved stchhehat the center of each landing ink

liguid droplet is included within the corresponding pixel
region, the present invention is not restricted to the
above—-described arrangement, rather an arrangement may be
made wherein the ink liquid droplets are discharged such
that at least a part of each landing ink liquid droplet is
included within the corresponding pixel region, thereby
obtaining a random dot pattern for each pixel region over a
wider region than with the present embodiment.

(8} While with the seéond discharge control means
according to the present embodiment, the target landing
position of the ink liquid droplet is selected at random
using a random number generating circuit, any method may be
employed for selecting the target landing position of the
ink liguid droplet at random, as long as the array of the
selected landing positicns exhibits a random dot pattern
without a particular pattern. Furthermore, as methods for
generating random numbers, the middle sgquare method, the
congruent method, shift-register method, and the like, are
known. Furthermore, as a selecting method other than the

method wherein selection is made at random, an arrangement



mul tiple values is determ ned based upon a specified table. Wile

‘descri ption has been made regarding the arrangenents wherein the head 11
is applied to a printer, in the above-described first and second

enbodi nent, the head 11 according to the present invention is not
restricted to a printer, rather the head 11 may be applied to various
kinds of liquid discharge devices. For exanple, the head 11 may be
applied to an apparatus for discharging a DNA-containing solution for
detecting biol ogical sanples. As described above, with the present
invention, liquid droplets mﬁthiﬁ‘é%%%'bixel region are positioned at
random thereby reducing the irregularities in an array of dots (1). 1In
particular, the |ine-nmethod arrangenment according to the present invention
prevent sagcbdr neaeerot stheaksdbehseein £ototmsnofi@otsr dilee to
irregularities in an array of the |Iliquid discharge portions. Thus, the
arrangenentipteordings ie tbeepnisedtbaswentpan 4 edheoeist idelitatbdlen of the

| anding positions of the liquid droplets and the Iike due to

irregul aritisile ddecprompent itess dedrhenddequiediadidsiclyartgpe porti ons, thereby
formng a uniformoverall dot array wthout a particular pattern, and

t her ebyapravgdnagtanvheghinqulat i bgad nbyelis Rprheedore,a tthal arangerent
according to the present invention has the advantage of reduction of the

i nfl uen€Beopbovetrdescribgdl Birsteand nse¢rend | ipeR Hreipt etths

properties of , ) , ,
according to the present invention is not restricted to a

printer, rather the head 11 may be applied to various kinds
of liguid discharge devices. For example, the head 11 may
be applied to an apparatus for discharging a DNA-containing
solution for detecting bioclogical samples. -

As described above, with the present invention, liquid
droplets within each pixel region are positioned at random,
thereby reducing the irrégularities in an array of dots (1).
In particular, the line-method arrangement according to the
present invention prevents occurrence of streaks between
columns of dots due to ilrregularitles in an array of the
ligquid discharge portions. Thus, the arrangement according
to the present invention reduces deviation of the landing
positions of the liquid droplets and the like due to
irregularities in the properiies of the liguid discharge
portions, thereby forming a uniform overall dot array
without a particular pattern, and thereby providing an high-
guality image.

Furthermore, the arrangement according to the present

invention has the advantage ¢of reduction of the influence of



the liquid discharge portions (2). That is to say, even in the event that
hon-di scharge occurs in a part of the liquid discharge portions, the

i nfluence due to the liquid discharge portions where -non-di scharge occurs
i.s reduced, whereby irregularities in an inmge due to the non-di scharge
becone | ess conspi cuous. Furthernore, the arrangenent according to the

"present invention has the advantage of preventing occurrence of noire (3).

tn particular, color- printing arrangenent according to the present
invention has the marked advantage of preventing occurrence of noire.
Furthernore, the arrangenent accordihy’t® the present invention has the
advant age of inproved tone' properties due to the advantages (1) through
(3). Furthernore, with the present invention, each pixel or each pixel

col umm damebelbetinmedsusnngheuligpie-dirbpeeentistharge shi-Sshar e por tions,
and accordingly, the arrangenent according to the present invention

suppr essbds flhquidf Hihentergef portigukanii esThatthe b sedhar gevanuiunt of a
liquid droplet for each pixel to a mnimm thereby preventing

det eri oithei smeot ithagenquallisghaFget hecnpseineveparn ¢hethevenjuidat

i nsuf ficient-discharge or non-discharge occurs in a part of the liquid
discharééSSBﬁFH§n§0§gé0ﬂ§fdﬁbﬁsibflﬂﬁécelﬁk@,twh%h%rlhmgbﬁent according to
the present invention suppresses the influence thereof to a mninum Wth
the - 193schega@eRPréAarsarPangentRrdistherdecorrentel vfredeeddi ci ent -

whereby irregularities in an image due to the non-discharge
become less conspicuous. Furthermore, the arrangement
according to the present invention has the advantage of
preventing occurrence of moire (3). In particular, color-
printing arrangement according to the present invention has
the marked advantage of preventing occurrence of moire.
Furthermore, the arrangement according to the present
invention has the advantage of improved tone properties due
to the advantages (1) through (3).

Furthermore, with the present invention, each pixel or
each pixel column can be formed using multiple different
liquid discharge portions, and accordingly, the arrangement
according to the present invention suppresses the influence
of irregularities in the discharge amount of a liquid
droplet for each pixel to a minimum, thereby preventing
deterioration of image quality. Furthermore, even in the
event that insufficient-discharge or non-discharge occurs in
a part of the liquid discharge portions due to dusts or the
like, the arrangement according to the present invention

suppresses the influence thereof to a minimum. With the



di scharge or non-discharge in a part of the liquid discharge portions of
the head directly leads to mal functioning of the head. However, the
arrangenent according to the present invention provides an imge with
image quality within a normal range, even if such mal functioning occurs in
the head. Furthernore, the arrangenent according to the present invention
requires no particular back-up head for conpensating for such
fmal functioning. That is to say, even in the event that non-di scharge
occurs in a part of the |I|iquid discharge portions, another normal |iquid
di scharge portion near the nal functibhing di scharge portion discharges an
liquid droplet instead thereof. Furthernore, with the present. invention,
each pixel can be formed of overlaid nultiple Iiquid droplets without
nmovi ng thaveaadonult hRkenbbABaLtEW LhOUb-86RPEM Y &heihaagri duddipl e tines),
thereby inproving the printing speed. - 119 CLAIMS: 1. A liquid discharge
devi ce gasphbashyBgo@ headdwsenerfe drvihaphop of the THeehardiesslidlgdi on of a
liquid droplet, discharged froma liquid discharge portion having a
nozzl e, poecathohe odnthel heddsaiasctbybeesets etd atalfwmadi pbia@lof yriod
directions along a predeterm ned direction; wherein a plurality of liquid
dr opl et beade dHswhaergedthsoaasatgehant anceadhnpi kel theghoesdror form ng a
pi xel corresponding to said pixel region;.

invention provides an image with image quality within a

normal range, even i1f such malfunctioning occurs in the head.

Furthermore, the arrangement according to the present
invention requires no particular back-up head for
compensating for such malfunctioning. That is to say, even
in the event that non-discharge occurs in a part of the
liquid discharge portions, another normal liquid discharge
portion near the malfunctioning discharge porticon discharges
an liguid droplet instead therecf.

Furthermore, with the present invention, each pixel can
be formed of overlaid multiple liquid dreoplets without
moving the head multiple times (without scanning the head

multiple times), thereby improving the printing speed.



wherein a target |anding position of a liquid droplet whichis to be

di scharged on each pixel region is determned at random -and wherein the
di scharge direction of said liquid droplet which is to be discharged from
said liquid discharge portion is controlled such that said Iiquid dropl et
| ands at said determ ned target |anding position. 2. A liquid discharge
devi ce according to claim1l1l, wherein a maxi nrum of N (N denotes a positive
integer) liquid droplets are discharged so as to |land on each pixel - 120
region for formng a pixel corresponding to said pixel region; wherein M
(M denotes an integer of 2 or nore) 11di £ferent | andi ng position candi dates
formng an array in said predetermned direction are determ ned such that
at least a part of the landing liquid droplet region corresponding to
each | | fig posi tion candidate is included wthin said pixel region; and
wherein the target landing position of a liquid droplet is selected at
random for each liquid droplet which is to be discharged fromsaid liquid
di scharge portion, from an M nunber of said |iquid | anding position

candi dates. 13. A hijgukd ggggggggg_gg¥kgg ggﬁgégégggtg ﬁég&n@ﬁé5?¥£§r$Lnaan

N nunber of different landing pdsition can formng
di rectidyvidiffal & fHOMiSRirge direction of a liguid droplet,

discharged from a liquid discharge portion having a nozzle,
can be controlled so as to be selected from a prlurality of
directions along a predetermined direction;
wherein a plurality of liquid droplets are discharged

so as to laqd on each pixel region for forming a pixel
corresponding to said pixel region;

wherein a target landing position of a ligquid
droplet which is to be discharged on each pixel region is
determined at random; and

wherein the discharge direction of said liquid
droplet which is to be discharged from said liquid discharge
portion is controlled such that said liquid droplet lands at

said determined target landing position.

2. A liquid discharge device according to claim 1,

wherein a maximum of N (N denotes a positive integer)

liquid droplets are discharged so as to land on each pixel



predeterm ned direction are determ ned such that at |least a part of the
| anding |iquid droplet region corresponding to each |anding position
candidate is included within said pixel region, and wherein in the event
that the nunmber -of the liquid - 121 droplets which are to be di scharged
onto a pixel regionis equal to or greater than 1, and is less than N, a
target landing position is selected at randomfromsaid liquid |anding
position candi dates, and wherein a liquid droplet is discharged so as to

| and at said determ ned | anding position. 4. A liquid discharge device
according to Gaim2 or 3, whereinggntrol of said M nunber of target

| anding position candidates is perfornmed using nulti-bits signals, and
wherein said control systemhas a configuration 'wherein ternmnals of al
said ink djscharge-portions for controlling the sane bit are connected one
to anoth&9*PoriotoheFaity my E%?éehi%ﬁ@“diglr%t‘qooﬁadﬁ &ieteli nk di scharge
portion, or has a configuration wherein the discharge directions of al

sai d | mke¥Stharge portions are controlled using the serialized signals.

wher ei n sl d hedd HaSra Fechy (BAPREFoR® dREFEFA 421 Paardnarshl ot can be
dLocoararfel 1N A Y pSL R R LA AP P00 e P

said predetermined direction are determined such that at

least a part of the landing liquid droplet region

corresponding to each landing position candidate is included

within said pixel region; and

wherein the target landing position of a liquid
udroplet is selected at random for each liquid droplet which

‘is to be discharged from said liguid discharge portion, from

an M number of said liguid landing position candidates.

3. A liquid discharge device according to Claim 2,
wherein an N number of different landing position candidates
forming an array in a direcfion different from said
predetermined direction are determined such that at least a
part of the landing liquid droplet region corresponding to
each landing position candidate is included within said
pixel region,

and wherein in the event that the number of the liquid



corresponding to the target |anding position in a case of discharge being
performed w thout deviation, fromanother |iquid discharge portion near
said liquid discharge portion, - 122 and wherein in the event that two or
nore liquid droplets are discharged onto a pixel region, said ink liquid
droplets are discharged fromat |east said two different |iquid discharge
portions positioned close one to another, and wherein at |east one of said
| i quid di scharge portions discharge a liquid droplet with deviation. 6. A
| i qui d di scharge device conprising: a head including |iquid discharge
portions, each having a nozzle, whergina nmaxi rumof N (N denotes a :
positive.integer) |liquid droplets are discharged so as to | and w thin each
pi xel region while relatively noving a recording nedium where said liquid
dropletg_ar 0 bhe,djscharged, and said head, in a predeterm ned

| 8rB0FstR: ghnf PRebe Hor

directi 6h°F g*4%piRe FR3FSRdi Pte @ sei¥ehi xe¥icrgidn, and

wher ei n notes_an,integer of 2 or, nore ifferent | andi ng position
candida?géggggniﬁﬁ gﬁeﬁF?ﬁy%ﬁﬁna?'d??gc%?oLeé%ng?%?l§fv%r??%%ﬁtto sai d
pr edet eg 13 dj i e erm.ned such that at |easf, a rt of the
Iandingig*?gﬁdeégg%%éﬁ_?égf%gggg??eg oﬁﬁ?aﬁmt r%%cﬁa}iﬁﬁfﬁﬁagosition
FZRS:ﬁgiﬁggﬁ??gﬁgggggo¥1E%ngagkgspler,reglon, and wherein a target

and wherein a liquid droplet is discharged so as to

land at said determined landing position.

4, A liquid discharge device according to Claim 2 or
3, wherein control of said M number of target landing

position candidates is performed using multi-bits signals,
and wherein said control system has a configuration
‘wherein terminals of all said ink discharge portions for
controlling the same bit aré connected one to another for
céntrolling the discharge direction of each ink discharge
portion, or has a configuration wherein the discharge
directions of all said ink discharge pbrtions are controlled

using the serialized signals.

5. A liquid discharge device according to any one of
the preceding Claims, wherein said head has a configuration
wherein a liquid droplet can be discharged from a liquid
discharge portion so as to land on the pixel region
corresponding to the target landing position in a case of
discharge being performed without deviation, from another

liquid discharge portion near said liquid discharge portion,



droplet is selected at random for each liquid droplet which is to be

di scharged fromsaid liquid discharge portion, from- 123 an M nunber of
said liquid | andi ng position candi dates, and wherein the discharge
direction of said liquid droplet which is to be discharged from said

i quid discharge portion is controlled such that said |iquid droplet |ands
at said determ ned target |anding position, and wherein in the event that
two or nore liquid droplets are discharged onto a pixel region, said two
or nore liquid droplets are discharged so as to land on two or nore
positions selected fromsaid M nurb@220f target |anding position

candi dates while relatively noving said recording nediumand said head in
said predeterm ned direction, for formng a pixel corresponding to said

bixel 1 egi O yidldiquisd dhSchatae dRxkoe.coBp h5i0gisduhgad including a

plurality of liquid discharge portions, eac aving a ray
predet eragiec s A FECii ha MIRT &It A ST BN Qg N Ndgroties 8 iRRSidi ve

integer) liquid droplets are discharged so as to land within each pixel
regi on o etLlatd ol eI ) 18- G didad tTRdi; WM e Wi e redicthd i qui d
droplets are to be discharged, and said head, in a direction generally
verti caliduidbaiihchyegetmyyiingt doaadicnrd Qb skofiend o apicteler,
corresponding to said pixel region,

and wherein at least one of said liquid discharge:

portions discharge a liquid droplet with deviation.

6. A liquid discharge device comprising:

a head including liquid discharge portions, each having
a nozzle,

wherein a maximum of N (N denotes a positive integer)
liquid droplets are disdharged s0 as to land within each
pixel region while relatively moving a recording medium
where saild liquid droplets are to be discharged, and said
head, in a predetermined direction, for forming a pixel
corresponding to said pixel region,

and wherein M (M denotes an integer of 2 or more)
different landing position candidates forming an array in a
direction generally vertical to said predetermined direction
are determined such that at least a part of the landing
ligquid droplet region corresponding to each landing position
candidate is included within said pixel region,

and wherein a target landing position of a liquid
droplet is selected at random for each liquid droplet which

is to be discharged from said liguid discharge portion, from

ozzle, arrayed in a



position candidates formng an array in said predeterm ned direction are
determ ned such that at |east a part of the landing liquid. droplet region
correspondi ng to each landing position candidate is included wthin said
pi xel region, and wherein.a target |anding position of a liquid droplet is
sel ected at random for each liquid droplet which is to be discharged from
said liquid discharge portion, from an M nunber of said liquid |anding
position candi dates., and wherein the discharge direction of said liquid
droplet which is to be discharged frpomsaid |iquid discharge portion is
controlled such that said liquid droplet lands at said determ ned target

| andi ng position. 8 A liquid discharge device according to any one of the

ol urali by o PeBg e R R O ARaFRE cPent Tl puF #RAIREESBppI | od (o each
i scharge por 1 onePer . Hid, s % S B el B 4 ' on edon
i Qi o 4 Sohar e ner nh ey el e RHEFER TR Pea g ERAE dfeen ™ *
portion is controlled such that said liguid droplet lands at
said determined target landing position,
and wherein in the event that two or more ligquid
droplets are discharged onto a pixel region, said two or
more liguid droplets are discharged so as to land on two or
more positions selected from said M number of target landing
position candidates while relatively moving said recording

medium and said head. in said predetermined direction, for

forming a pixel corresponding to said pixel region.

7. A liquid discharge device comprising:

a head including a plurality of liguid discharge
portions, each having a nozzle, arrayed in a predetermined
direction,

wherein a maximum of N (N denotes a positive integer)
liquid droplets are discharged so as to land within each
pixel region while relatively moving a recording medium
where said liquid droplets are to be discharged, and said
head, in a direction generally vertical to saia
predetermined direction, for forming a pixel corresponding
to said pixel reéion,

and wherein M (M denotes an integer of 2 or more)



| i quid droplets are discharged so as to |and on each pixel region for
formng-a pixel corresponding to said pixel region, wherein a target

| andi ng position of a liquid droplet which is to be discharged on each

pi xel region is determned at random and wherein the discharge direction
of said liquid droplet is controlled such that said |iquid droplet |ands
at said determ ned target |anding position. 10. A liquid discharge nethod
according to claim9 wherein a maxi numof N (N denotes a positive integer)
liquid droplets are discharged so as to | and on each pixel region for
form ng a pixel corresponding to saiigspixel region;, wherein M (M denotes an
integer of 2 or nore) different |[|anding position candidates form ng an
array in a first predeternined direction are determ ned such that at |east
a part DE t he | diégh ui . d dropl et on corresponding to each |anding
posi ti oH* CaTih Hat K torﬁ”ﬁiléié’l S poraintegitokrrad Wwherein the

t ar get %ﬁﬂg dPoleon .a liquid - 126 draoplet is selected at random
for eac (fUlE d?o’ﬁ‘fjé"t R CHION ¢ 95 IGtSERANGEY suFtortat Mthunber of
said |i t|on candldates 11. A | i quid di scharge mnet hod
accordfﬂ%ito claln1fﬁpq: DR SFoRiEY dét¥s a positive

'ntegeﬂiaﬂféﬁﬂdkdlng to each landlng position candidate is included

within said pixel region,

and wherein a target landing position of a liguid
'droplet is selected at random for each liguid droplet which
is to be discharged from said liguid discharge portion, from
an M number of said liquid landing position candidates,

and wherein the discharge direction of said liguid
droplet which is to be discharged from said liquid discharge
portion is controlled such that said liquid droplet lands at

said determined target landing pesition.

8. A liquid discharge device according to any one of

the preceding claims, wherein said liquid discharge device
includes a plurality of said heads;

and wherein different liquids are supplied to each of
said heads,

a plurality of droplets are discharged from said ligquid
discharge portions of a plurality of said heads so as to
land on each pixel region for forming a pixel corresponding

to said pixel region.

9. A liquid discharge method wherein a plurality of



droplets are discharged so as to land within each pixel region while
relatively noving a head including liquid discharge portions, each having
a nozzle and a recording nmediumwhere said liquid droplets are to be
di scharged, in a second predetermned direction, for form ng the pixel
corresponding to said pixel region; wherein the first predeterm ned
direction is generally vertical to said second predeterm ned direction;
and - 127 wherein in the event that two or nore liquid droplets are
di scharged onto a pixel region, said two or nore liquid droplets are
di scharged so as to land on two or 1g§rg positions selected fromsaid M
nunber of target |anding position candidates while relatively noving said
recording nediumand said head in said predeterm ned direction, for
form ng a pixel corresponding to said pixel region. 12. A liquid discharge
met hod%abfwfaic}@nlcﬁi@ﬁ #NA I sakiergsich s@ mexitourbaaid Nn( Nag@netiesla positive
integer%ﬁéjquid droplets are discharged so as to land w thin each pixe
regi on 1 QL ieringeyiniged meadssponddingg ta pladdalpiitel of i quid
di scharge portions, each having a nozzle, arrayed in the first
predet e TH & direction, and a recording medium where said |iquid droplets
are to be discharged, .in a_ direction generall% vertical to said first

o]

d . : T
pr edet er mi n&d =& ebt tBR9StoraPERRENGOEI B RBI OEofr biFBAdI AGoPdetai d pi xel
reg'on'which is to be discharged on each pixel region is determined

at random,

and wherein the discharge direction of said ligquid
droplet is controlled such that said liguid droplet lands at

said determined target landing position.

10. A liquid discharge method according to claim 9
wherein a maximum of N (N denotes a positive integer) ligquid
droplets are discharged so as to land on each pixel region
for forming a pixel corresponding to said pixel region;

wherein M (M denotes an integer of 2 or more) different

landing position candidates forming an array in a first

predetermined direction are determined such that at least a
part of the landing liquid droplet region corresponding to
each landing position candidate is included within said
pixel region; and

wherein the target landing position of a liquid



- 128 .13. A liquid discharge device conprising a head including a
plurality of liquid discharge portions, each having a nozzle, arrayed in a
predeterm ned direction, wherein a plurality of liquid droplets are

di scharged so as to |land on each pixel region for formng a pixel
corresponding to said pixel region, wherein the discharge direction of a

| iquid droplet discharged fromsaid nozzle of said |liquid discharge
portion is controlled so as to be selected froma plurality of discharge
directions such that deviation of the landing position occurs in said
predeterm ned direction, and wherei pygt_least two different liquid

di scharge portions discharge liquid droplets in directions different one
from anot her such that a plurality of liquid droplets |and on said one

pi xel rggign, and a_ target landing position of a liquid droplet
whi ch i tpCol e *di \g]r 3&5‘1 is &aafiﬁg‘l ffi%gfféﬁR diguidgdreplett €Biekom | andi ng

ositi ndi d tes at nd wherein the discharge direction of a
Piquidq%r% % W?ﬂ¥£% %EgmH?ECNangﬁeFr8§1§8P§ FF&H%G 4pEEhBP ge

portio t ch that said liquid droplet |lands at said
detern?hé%ﬁigggé{qi C%ﬁng ‘position. 14. A liquid discharge device

conprising a head including a plurality of liquid discharge portions, each

11. A liquid discharge method according to claim 10
wherein a maximum of N (N denotes a positive integer) liquid
droplets are discharged so as to land within each pixel
region while relatively moving a head including liquid
discharge portions, each having a nozzle and a recording
medium where said liquid droplets are to be discharged, in a
second predetermined direction, for forming the pixel
corresponding to said pixel region;

wherein the first predetermined direction is generally

vertical to said second predetermined direction; and



havi ng a nozzle, arrayed in a predetermned direction, wherein a nmaxi mum
of N (N denotes a positive integer) liquid droplets are discharged so as
to land on each pixel region for form ng a pixel corresponding to said

pi xel region, conprising: discharge direction varying neans for
controlling the discharge direction of a liquid droplet discharged from
said nozzle of each liquid discharge portion such that deviation of the

| andi ng position occurs in said predeterm ned direction; first discharge
control neans for perform ng discharge control using said discharge
direction varying nmeans such that Bk Liquid droplets are discharged from
at least said, tw different quui& i scharge portions positioned close
one to another, in the discharge directions different one from another,
so as to land at the sanme pixel colum or the sane pixel region for
formng a pixel colum or a pixel; and - 130 second di scharge contro
nmeans for perform ng discharge control using said discharge direction
varyi ng neans such that a landing position is selected for each

| i qui d-droplet discharge fromsaid liquid discharge portion, froman M (M
denotes an integer of 2 or nore) number of different |anding position

candi dat es fornigg an array.in sal %hfggternlned dlrectl det er m ned
such that at |ed8F*§'Bart &P R¥SH q i d RS p Y %glon

corres%%lfggcg %r%a%ﬂs %dz_!ge% onto a pixel region, said two or

more liguid droﬁlets are dlscharged so as to land on two or
more positions selected from said M number of target landing
position candidates while relatively moving said recording
medium and said head in said predétermined direction, for

forming a pixel corresponding to said pixel region.

12. A liguid discharge method according to claim 10
wherein a maximum of N (N denotes a positive integer) liquid
droplets are discharged so as to land within each pixel
region while relatively moving a head including a plurality
of liquid discharge portions, each having a nozzle, arrayed
in the first predetermined direction, and a recording medium
where said liquid droplets are to be discharged, in a
direction generally vertical to said first predetermined
direction, for forming a pixel corresponding to said pixel

region.



position candidate is included within said pixel region, and a liquid
droplet is discharged.so as to land at said determ ned | andi ng position.
15- A liquid discharge device according to Claim14, wherein said

di scharge direction varying neans controls the |iquid-droplet discharge
direction fromsaid nozzle using control signals with the bit nunber of J
(J denotes a positive integer) so as to select a discharge direction from
an even nunber 2J of different discharge direction candidates, and wherein
t he maxi mal di stance between the |anding positions corresponding to the
said 2J different direction candidatgs are determned to the value wherein
the interval between the adjacent nozzles 18 is multiplied by (2J - 1) ,
and wherein said first discharge control neans selects one direction from
said 2J different direction candidates at - 131 the time of |iquid-droplet
di scharge from said nozzle of said liquid discharge portion. 16. Aliquid
di scharge device according to Caim14, wherein said discharge direction
varying neans controls the |iquid-droplet discharge direction fromsaid
nozzle using control signals with the bit nunber of J + 1 (J denotes a
positive integer) so as to select a discharge direction from an odd nunber
(2 + 1) of different discharge direction candi dates,

13. A liguid discharge device comprising a head
including a plurality of liquid discharge portions, each
having a nozzle, arrayed in a predetermined direction,
wherein a plurality of liquid droplets are discharged S0 as
to land on each pixel region for. forming a plxel
correspondlng to said pixel region,

wherein the discharge direction of a liquid droplet
discharged from said nozzle of said liquid discharge portion
is controlled so as to be selected frém a plurality of
discharge directions such that deviation of the landing
position occurs in said predetermined direction,

and wherein at least two different liquid discharge
portions discharge liguid droplets in directions different
one from another such that a plurality of liquid droplets
land on said one pixel region,

and wherein a target landing position of a liquid

droplet which is to be discharged on a pixel region is



and wherein the maxi mal di stance between the | anding positions

corresponding to the said (2J + 1) different

direction candi dates are

determ ned to the value wherein the interval between the adjacent nozzles
18 is multiplied by 2J, and wherein said first discharge control neans

selects one direction fromsaid (2T + 1) different direction candi dates

at the tinme of liquid-droplet discharge fromsaid nozzle of said liquid

di scharge portion

or

17. A liquid discharge device according to C aim 14,
16, wherein said second discharge control neans selects a |anding

15

position fromsaid Mdifferent |andingy position candi dates at random 18.
A |liquid discharge device according to any one of Clains 14 to 17,
further conprising third discharge control neans for performng contro

| i qui d- dirsch e.such that, said N different |anding position
candida?%gg%géd'k ﬁig%?
predet er m neg
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| anding position is selected from sa

erent ng

determined target landing position.

14. A liquid discharge device comprising a head
including a plurality of liquid discharge portions, each
having a nozzle, arrayed in a predetermined direction,
wherein a maximum of N (N denotes a positive integer) ligquid
droplets are discharged so as to land on each pixel region
for forming a pixel corresponding to said pixel region,r
compfising:

discharge direction varying meansAfor controlling the
discharge direction of a liquid droplet discharged from said
nozzle of each ligquid discharge portion such that deviation
of the landing position occurs in said Predetermined
direction;

first discharge control means for performing discharge
control using said discharge direction varying means such
that ink liquid droplets are discharged from at least said,
two different liquid discharge portions positioned close one
to another, in the discharge directions different one from
another, so as to land at the same pixel column or the same

pixel region for forming a pixel column or a pixel; and



ition candidates, and a liquid droplet is discharged so as to |and at
gg?hthgternined | andi ng posit?on. 19. A liquid discharge device according
to Caim18, wherein the target landing position is selected at random
formsaid Ndifferent [iquid |anding position candidates. - 13 3 20. A
liquid discharge device according to any one of Caims 14 to 19, wherein
said liquid discharge portion conprises: a liquid chanber for storing
liquid which is to be discharged; and a plurality of energy generating
devices for generating energy for discharging said liquid stored within
said liquid chanber from said nozzlgspwherein said plurality of energy
generating devices are arrayed within said liquid chamber in said
predeterm ned direction; and wherein said discharge direction varying
means contrgl (%e.di charge direction of a liquid droplet discharged

t . . .
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from said nozzl'e | it f generating devices within said
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di scharge contTol neans
denotes an integer of 2 or more) number of different landing
position candidates forming an array in said predetermined
direction, determined such that at least a part of the
landing liquid droplet region corresponding to each landing
position candidate is included within said pixel region, and

a liquid droplet is discharged so as to land at said

determined landing position.

15. A liquid discharge device according to Claim 14,
wherein said discharge direction varying means controls the
liquid-droplet discharge direction from said nozzle using
control signals with the bit number of J (J denotes a
positive integer) so as to select a discharge direction from
an even number 27 of different discharge direction
candidates,

and wherein the maximal distance between the landing
positions corresponding to the said 27 different direction
candidates are determined to the value wherein the interval
between the adjacent nozzles 18 is multiplied by (27 - 1),

and wherein said first discharge control means selects

cne direction from said 2Y different direction candidates at



and said second di scharge control neans are disposed on said head or a
board for controlling or driving said head. 134 23. A liquid discharge

devi ce

di scharge control neans determ nes the deviation direction and the anount
of deviation, at the tine of determining the discharge direction of a

liquid

portion. 24. A liquid discharge device according to any one of Cains 14

to 23,

di scharge control neans and the |iqud-droplet discharge control by said
di scharge control neans have a predeterm ned relation, such that
either |iquid-droplet discharge control is determ ned, the other

e control is automatically determned. 25. Aliquid

second
upon
liquid

according to any one of Clains 14 to 22, wherein said first

droplet which is to be discharged from said |iquid discharge

wherein the |liquid-droplet discharge control by said first
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di schar ghglfecthgn yaﬁﬁiqg nmeans controls the discharge direction of a
|i qui d T opl et dED TS FHRELT R G- scharge direction froma plurality of

di scharge direction candi dates symmetrical as to a line generally vertical
to said predeterm ned direction passing

6.- A I1i6q.Ui (;x ciii%ﬁﬂ%lr Qﬁg@}aqrogde chervidcieSCahcacroq_jcﬂ%ga to Claim 14,
wherein said discharge direction varying means controls the
lignid-droplet discharge direction from said nozzle using
control signals with the bit number of J + 1 (J denotes a
positive linteger) so as to select a discharge direction from
an odd number - (27 + 1) of different discharge direction
candidates,

and wherein the maximal distance between the landing
positions corresponding to the said (27 + 1) different
direction candidates are determined to the value wherein the
interval between the adjacent nozzles 18 is multiplied by 27,

and wherein said first discharge control meané selects
one direction from said (27 + 1) different direction
candidates at the time of liquid-droplet discharge from said

nozzle of said liguid discharge portion.

17. A l1liquid discharge device according to Claim 14,
15 or 16, wherein said second discharge control means
selects a landing position from said M different landing

position candidates at random.

18. A liguid discharge device according to any one of

Claims 14 to 17,

t hrough the center of nozzle.



plurality of liquid droplets so as to |land on each pixel region for _
formng a pixel corresponding to said pixel region, using a head including
a plurality of liquid discharge portions, each having a nozzle, arrayed in
a predeterm ned direction, wherein the di'scharge direction of a |liquid
droplet discharged fromsaid nozzle of said |liquid discharge portion 1is
controlled so as to be selected froma plurality of discharge directions
such that deviation of the |anding position occurs in said predeterm ned
direction, and wherein at least two different liquid discharge portions

di scharge liquid droplets in directiigps.-different one from another such
that a plurality of liquid droplets I|and on said one pixel region, and
wherein a target |anding position of a liquid droplet which is to be

dlscha on a_pixel sel ected from |l andi ng position candi dates
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head i ncluding a
direction, are determined such that at least a part of the

landing liquid droplet regilon corresponding to each landing
position candidate is included within said pixel region, and
in the event that the number ofrthe liquid droplets which
are to be discharged onto a pixel region is equal to or
greater than 1, and is less than N, a target landing
position is selected from said N different ligquid landing
position candidates, and a liquid droplet is discharged so

as to land at said determined landing position.

19. A liquid discharge device according to Claim 18,
wherein the target landing position is selected at random

form said N different liquid landing position candidates.



plurality of liquid discharge portions, each having a nozzle, arrayed in a
predeterm ned direction, wherein the discharge direction of a liquid
dropl et discharged fromsaid nozzle of each |iquid discharge portion is
controll ed such that deviation of the |landing position occurs in said
predeterm ned direction; and wherein discharge control is perfornmed such
that ink liquid droplets are discharged fromat |east said two different .
| i qui d di scharge portions positioned close one to another, in the

di scharge directions different one from another, so as to land at the sane
pi xel colum or the same pixel regia@s¥or formng a pixel colum or a

pi xel; and wherein discharge control is. perfornmed, using said discharge
direction varying nmeans such that a landing position is selected for each
| i qui d-dr opl2ét. dirsdhagnge flisohasg: didviqe dedibsdhaggeo paty ieng of om M (M
denotes an integer of 2 or nore) different |anding position candi dates
form nglaamsars ay iR, saherqimedet er M qeid diiseriiqn podet ennkagsk sS4t that at
| east a part of the landing liquid droplet region corresponding to each

| andi ng posat Logusandheaberi sokngtyded WithiA 97k dnPixel rggion, and a
liquid droplet is discharged so as toglang at @géghdgge%ﬁiﬁgd | andi ng
posi ti dmscharged; and

& plurality of energy generating devices for generating

energy for discharging said liguid stored within-said liguid

chamber from said nozzle;

wherein said plurality of energy denerating devices are
arrayed within said liquid .chamber in said rredetermined

direction;

and wherein said discharge direction varying means
controls the discharge direction of a liquid droplet
discharged from said nozzle by controlling the difference in
energy occurring between at least two of said plurality of

energy generating devices within said liquid chamber.

21. A liquid discharge device according to any one of
Claims 14 to 20, wherein a plurality of said heads are

arrayed in a particular direction so as to form a line head.

22. A liquid discharge device according to any one of
Claims 14 to 21, wherein said first discharge control means
and said second discharge control means are disposed on said

head or a board for controlling or driving said head.
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23. A liquid discharge device according to any one of
Claims 14 to 22, wherein said first discharge control means
determines the deviation direction and the amount of
deviation, at the time of determining the discharge
diréction of a liquid droplet which is to be discharged from

said liquid discharge portion.

24. A liquid discharge device according to any one of
Claims i4 to 23, wherein the liquid-droplet discharge
control by said first discharge control means and the
liquid-droplet discharge control by said second discharge
control means have a predetermined relation, such that upon
either liguid-droplet discharge control is determined, the
other liquid-droplet discharge control is automatically

determined.

25. A liquid discharge device according to any one of
Claims 14 to 24, wherein said discharge direction varying
means controls the discharge direction of a liquid droplet
80 as to select a discharge direction from a plurality of
discharge direction candidates symmetrical as to a line
generally vertical to said predetermined direction passing

through the center of nozzle.

S N,



- 135 -

26. A liguid discharge method for discharging a
Plurality of ligquid droplets so as to land on each pixel
region for forming a pixel corresponding to said pixel
region, using a head including a plurality of liquid
discharge portions, each having a nozzle, arrayed in a
Predetermined direction,

wherein the discharge direction of a liquid droplet
discharged.from said nozzle of said liquid discharge portion
is controlled so as to be selected from a plurality of
discharge directions such that deviation of the landing
position occurs in said predetermined direction,

and wherein at least two different liquid discharge
portions discharge liquid droplets in directions different
one from another such that a plurality of liquid droplets
land on said one pixel region, |

and wherein a target landing position of a liguid
droplet which is to be discharged on a pixel region is
"selected from landing position candidates at random,

and wherein the discharge direction of a liquid droplet
which is to be discharged from said liquid discharge portion
is controlled such that said liquid droplet lands at said

determined target landing position.

27. A liquid discharge device for discharging a
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maximum of N (N denotes a positive integer) liquid droplets
80 as to land on each pixel region for forming a pixel
corresponding to said pixel region, using a head inclﬁdiﬁg a
plurality of liquid discharge portions, each having a nozzle,
arrayed in a predetermined direction,

wherein the discharge direction of a liquid droplet
discharged from said nozzle of each liquid discharge portion
is controlled such that deviation of the landing position
occurs in said predetermined direction;

and wherein discharge control is performed such that
ink liguid droplets are discharged from at least said two
different liquid discharge portions positioned close one to
another, in the discharge directions different one from
another, so as to land at the same pixel column or the same
pixel region for forming a pixel column or a pixel;

and wherein discharge control is performed, using said
discharge direction varying means such that a landing
position is selected for each liguid-droplet discharge from
said liquid discharge portion, from M (M denotes an integer
of 2 or more) different landing position candidates forming
an array in said predetermined direction, determined such
that at least a part of the landing liquid droplet region
corresponding to each landing position candidate is inqluded
within said pixel region, and a liquid droplet is discharged

50 as to land at said determined landing position.



