-1 LIQUID DISCHARGE DEVICE AND LIQUID DISCHARGE METHOD BACKGROUND OF THE
INVENTION 1. Field of the Invention The present invention relates to a liquid discharge "device and
liquid discharge method for discharging liquid droplets, and more particularly to a liquid discharge
device and liquid discharge method for providing improved image 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. With
such ink jet printers, minute liquid droplets (ink draoplets) are discharged onto a recording medium
such as a printing paper sheet or the like, disposed so as to face the nozzle face, from each ink
discharge po'rtion of the head, so as to form generally-round-shaped dots on the recording medium,
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BACKGROUND OF THE INVENTION

l;. Field of the Invention

fhe present invention relates to a liguid discharge
device and liguid discharge method for discharging liquid
droplets, 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, conventicnal ink jet printers, which are a
kind of liguid 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
so 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 multipie dots. Furthermore, the image
pixels are two-dimensionally arrayed, thereby forming images
Or characters.

On the other hend, with the ink jet printers, ligquid
droplets are discharged with some irregularity due to the

configuration therecf. With regard to the dot array on the



recording medium, formed of ink droplets discharged thereon, random irregularities are less
* conspicuous due to the irregularities being evened out. However, directional irregularities due to
positioning of the liquid discharge portions (head) are markedly conspicuous, even in the event the
amount of the irregularities 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 Iﬂg.‘Zl, 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 array is printed with the directional irregularities of around 20% or more, the irregularities are
markedly E6¥spicics, apdingenérl MsichtifregularfissParetrecégpizbd zudsking defattive. Note that
whether or not_the irregularities, in dot pitch aée conspicuoys depends upon the color of the ink, as

t

well. For e%?awg, fh%fr ﬁ?éﬁﬁifh?éjsﬁﬁ dot pitclF iy S5 Bre retdtively o8 pdvmissible than with
OmerCdoﬁ%@é@dbgfg@gwénggigg evened out. However, directional

irregularities due to positioning of the liguid discharge
portions (head) are markedlykconspicuous, even in the event
the amount of the irregularities 1s 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. 1In
the event that a dot array is 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 color 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 less than with other colors). Conventionally, two methods, which will be
"described below, are known for solving the above-described problem of irregularities in dot pitch for a
liquid discharge device employing a serial method wherein the head is linearly and 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 (i.e., the direction
for transporting a recording medium) will be reférréd o as "sub-scanning direction hereafter, in the
present specification. A first method is to overlap the adjacent dots such that undesirable unprinted
portions do not occur, even in the event that printing is performed with some irregularities in dot pitch.
That is to &y 1thélsize 6f @achHoP {the tigmetet of Hhié 2arh 8ot)3¢ lcfeasedd ©dtresponding to the

dot pitch. With an arrangéementjg%jfng this methgd g/herei'_p, th}(]a dot d;ameter is determined to be equal
to or greater thah ™3 Sie< iha dof pitch (18" eftiaf to 8 greatetthan e dREGTcE5&ween the center

posmons9@%@ﬁ#ag9%mbﬁ%mﬁc%gfkggﬂggﬁéa&&ﬂabove—described problem of
irregularities in dot pitch for a liquid discharge device
employving a serial method wherein the head is linearly and
reciprocally moved in the horizontal direction as to the
recording medium, as well as the recording medium being
transported in the direction generally wvertical to the
aforementioned reciprocal movement., Note that, with the
serial methed, the direction of the reciprocal movement of
the head will be referred ftc¢ as "main scanning direction®,
and the direction generally vertical to the main direction
(i.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 tec overlap the adjacent dots such
that undesirable unprinted portions do not occur, even in
the event that printing is performed with some
irregularities in dot pitch. That is to say, the size of
each dot (the 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 ¥ 2 times the dot pitch (i.e.,
equal to or greater than the distance between the center

positions of the diagonally-adjacent dots) under an



assumption that dots are formed in a round shape, the gap between the adjacent dots does not occur
"as long as normal printing is performed, and furthermore, even in the event that printing is performed
with some irregularities in dot pitch, the irregularities are less conspicuous, thereby preventing
undesirable white streaks on an image. 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 g 2 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 performet 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
performe?§6 48RS fPtheNiprittecPgaps Figros i adiayramWhichshofs phiftiNg Fesults obtained
with the dgu%lgé)rintigg method WhjCchdisJ_ﬁrefe(__ri'red to here as the secogd method. In Fig 23, different
hatching pai’ztternée denofe dots 16imied af different “times of main s%gnnicr}lrd?ora f%rrlﬁ%lamwi%h different

heads. The, double-printingsmethad s applied POLORYIRPABINGIY i1 the event
that printing is performed with some idrregularities in dot
pitech, the irregularities are less consplcuous, thereby
preventing undesirable white streaks ¢n an image.

Fig. 22 is a diagram which shows an example of the
printing results in a case of the same positional
irregularitles in a det column as in Fig. 21, with an
ovérall 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 filrst method are not emploved, 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 whicﬁ shows
printing results obtained with the double printing method
which is referred to here as the second methoed. 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-scanning direction as well,
'thereby forming an image with small-sized dots. On the other hand, a line method is known as
another printing method other than 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 stationary 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 tive Rguid dischafgiAg pertions: and - ffe Fkey Howvevier lih @étdat practice, it is
almost impassible to manufacture a head having such a confi%éjratioqldueé% var{)ous kinds of

r

problemsPSuch ad tharfadtarifg mEHoa 'shallyisfding Peftentage: ovarheat Costs, and the like.
Accordingly, 3, jne head for.mounting anink et 8; sea dots.

On the other hand, a line method is known as ancther
printing method other than the aforementioned serial method,
wherein a liguid 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
directicn of the serial method). In general, the liguid
discharging apparatus includes a statioﬁary head, and only
the recording mediuﬁ 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, i1t can be easily understocd 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 liguid discharging portions, and
the like. However, in actual practice, it 1s almost
impossible to manufacture a head having such a configuration
due to various kinds of problems, such as manufacturing
method, a small vielding percentage, overheat, costs, and
the like.

Accerdingly, a line head for mounting an ink Jet



printer is known, wherein multiple small-sized head chips are arrayed with the adjacent ends being
'into contact with each other, and each head chip is driven according to predetermined signals so as
to print on a recording medium, thereby performing printing over the entire length of the recording
medium in the step of printing on the recording medium (see Japanese Unexamined Patent
Application 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 6ro’blems 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 roughness due to an
increase aFth& HBEsizE. KEcordinghy: Svith priftihgt iages Feduiritg Frteérmédidte-tohes, such as
photographs, a _problem occuts in that tcrlle sensation of i age rou,grtmess increases. On the other
hand, witt'the saercro%e:get‘%a or the %e?iglcr%%o%n(%o%fee fﬁ%ti‘hg},oth%?)éﬂ 35 nééd o employ

kﬂgesuegégﬁ&d%wgg}h%ﬁgﬂgggwﬁggg@ﬁgﬂ{@ﬁmgddziven according to
predetermined signals so as to print on a recording medium,
thereby performing printing over the entire length of the
recording medium in the step of printing on the recording
medium (see Japanese Unexamined Patent Application
Publication No. 2002-36522, for example). Note that
manufacturing of the aforementioned head chip also has
various kinds cf limitations, and the length therecf in the
direction of the liguid discharge pcortion 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 folliows.

First, the first method for the serial method (the
technigue wherein the deot size is increased) has an
advantage with regard to ilrregularities in dot positions,
but leads to a probhlem of conspicuous dot roughness due to
an increase of the dot size. Accordingly, with printing
images reguiring intermediate tones, such as photographs, a
problem cccurs in that the sensatidﬂ of image roughness
increases.

On the other hand, with the second method for the
serial method (double printing}, there is no need to empioy

large-sized dots, unlike the aforementioned first method,



and accordingly, the sensation of image roughness is reduced over the entire image, thereby
"improving printing image quality, and the like. However, there is the need to form a great number of
dots in both the main scanning direction and the sub-scanning direction, leading to a problem of low
recording speed. In order to solve this problem, a great number of the liquid 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 liquitl discharge portions, the same problem occurs as
with the aforementioned serial method arrangement employing the first method. Furthermore, with
the line method arrangement, multiple head chips are connected one to another, often leading to a
problem ofthé marginof egdyin thecarsapintervals. Farthermerer therkris aproblensifnthat the
thickness and the like these multiple head chips is not always uniform. The influence of such margins

of error ofteRGEathes §1ével SsevBrgltimés 88 Freat SPtheYinfileme sr inr8guiafii@Sin the discharge
angle of Ii%lggfia{%%}?tsa%%?u{%neg Eni%gi‘ngl%ohm?g\gecrh,ip'{h%re is the need te form a

great number of dots in both the main scanning direction and

the sub-scanning direction, leading to a problem of low

recording speed. In order to sclve this problem, a great

number of the liguid discharge portions must be moved at a

speed as high as possible, often leading toc a problem of

reduction of reliakility 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 ligquid
discharge portions, the same problem occurs as with the
aforementioned serial method arrangement employving the first
methed.

Furthermore, with the line method arrangement, multiple
head chips are connected one tc another, often leading to a
preblem of the margin of error in the array intervals.
Furthermore, there 1s 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 tTimes as great as the influence of irregularities in
the discharge angle of liguid dreplets cccurring in a single

head chip.



Note that the line method arrangement includes a stationary head, and accordingly, double printing,

"~ wheréein a second print is made over the region where first print has been made, cannot be
performed. That is to say, the line method arrangement cannot employ the second method, unlike the
aforementioned serial method arrangement employing the second method. However, with a special
modification of the parallel method arrangement, wherein 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 isdiffictlt to move the head only in the horizontal
direction (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 redjgires sdrae perodloftimenfortrding thendcts erfayed Ohiesregording medium (ink
dots which have landed on the recording med.iumi; and accordingly, the operation wherein the single

recording iéditiATRTEd T aRd 8is FepEdted Sevdral firiEd \ithdutamy/ rotdbtish pridrto the ink
dots be?"é“e@%&”@%%@ﬂé’ dlrg, Irge?gésa t%\?er}:SktIQgsg]&?ggg' %here first print has

been made, cannot be performed. That is to say, the line

method arfangement cannot employ the second method, unlike

the aforementioned serial method arrangement employing the

second method.

However, with a special modification of the parallel
method arrangement, wherein 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
obiject of printing is a photocgraph (as with a sublimation
printer or the like). However, it is difficult to move the
head only in the horizontal diiection (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 someVperiod cf time for dryving
the dots arrayved 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.



Furthermore, in this case, the available recording medium is restricted to a special one, i.e., a general
‘recording medium such as a normal paper sheet, or the like, cannot be used. Furthermore, a general
line-method arrangement has the advantage of high-speed recording. 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 medin, 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 imagertonel: buthas no iadvantage af fevelifig of thelihfitéifce 866 ¥otirFsgularities in
discharge. As described above, the ink dots in a si‘ng{e line in the main scanningflirection are formed

by dischdPgingdrorha Sfigie Gt didchatgé Boftion; afd Accordirgly “the® distance between the
center positions of the adjacent ink dots in the main scanning dirpction exhibits high precision. 10
cannot be used. Furthermore, a general line-method
arrangement has the advantage of high-speed recording.
However, in the event that the line-method arrangement
employs the aforementioned second method, the recording
speed is reduced, leading to reducticn 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 liguid discharge portion, and accordingly, the
distance between the center positions of the adjacent ink

dots in the main scanning direction exhibits high precision.



~On the other hand, each of the ink dots in the sub-scanning direction are formed by discharging from
different liquid discharge portions, leading to great irregularities in the distance between the center
positions of the adjacent ink dots in the sub-scanning 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 liquid
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

Iine-mgth@affﬁﬁg%@‘ﬁ?cm e rfpIoY tﬂg a’?Bf;erﬁélﬁ?io%%HssécBna}iﬁetﬁﬂﬁ_a%cﬂfgﬁfbgd above.
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due to theqmalfynctioning, -direstly leading 10 deteyioration inimage.quality due tan ldire

distance between the center positions of the adjacent ink

dots in the sub-scanning direction.

From the reasons described above, the line-method
arraﬁgement 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, tThe 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 ligquid discharge portions of the head, such as
malfunctioning wherein ink cannot be discharged, or the like,
the second methed (double printing) is performed, whereby
defects on the recording medium due to malfunctioning of
discharge or the like becomes less conspicuocus.

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
neon—-discharge or the like, occurs in a small number of
liguid discharge portions, correction cannot be performed
for the defects occurring due to the malfunctioning,

directly leading to deterioration in image guality due to



malfunctioning of the head. SUMMARY OF THE INVENTION Embodiments of the present invention
seek to provide a liquid discharge device having the advantage of 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
Applicationa]ggblq% t:iLonnli\lr(I). 28 2-3}%(3)81§Zhgﬂd Japanese Unexamined Patent Application Publication
No. 2003-3 % Which ‘arelundiscloSed te¢ iniques, have relation to the present invention, and are
not conventional techniques). Further embodiments provide a liquid discharge device having the
advantage of the fact that even in the event of malfunctioning such as non-discharge or the like
occurs in supantf therliquid dischenge purtions, occurrence of streaks or the like is prevented, as well
as the positional irregularities in - 12 landing positions of liquid droplets becoming less conspicuous.
Embodiments of the present invention seek to provide a
liquid discharge device having the advantage of reduction of
positional irregularities in dot columns, and in particular,
with the serial-method arrangement, to provide a liguid
discharge device having the advantage of preventing
occurrence of streaks between dot cclumns 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 conventicnal techniques).
Further embodiments provide a liquid discharge device
“having the advantage of the fact that even in the event of
malfunctioning such as non-discharge or the like occurs in
a part of the liguid discharge porticns, occurrence of

streaks or the like is prevented, as well as the

positional irregularities in



Description will be made below regarding a liquid discharge device for solving the above-described
problems. In a first aspect of the present invention, there is provided a liquid discharge device
comprising a head wherein deviation of the discharge direction of a liquid droplet, discharged from a
'Liquid discharge portion having a liquid chamber and a nozzle, is controllable so as to be selected
from a plurality of directions along a predetermined, direction; the liquid discharge device further
comprising, a plurality of energy generating devices for generating energy for discharging liquid
stored in the liquid chamber via the nozzle, wherein said plurality of energy generating devices are
arrayed iqé%e liguid chamber in sai ﬁ;}ledeterm' ed direction; a discharge control unit for controlling

i
the dischargsora IR dropist Vid t H&fﬂﬁ%,%%%%?&%@@%mfb% it €Bntrols a difference in

energy bg%g@@itggog@_rality of_energy generating devices in the _quuid qhamber; ar_ld whergin a
plurality of liquid droplets are discharged so as to land on each pixel region for forming a pixel
corresponding tbesaddpixel regian; Whereinna &ayget landing pesitionpfa liguid droplet which is to be
discharged on each pixel region is determined at random; and wherein the discharge direction of said
liquid droPletWHE R @5 discivarged froh saiehifuié disthdege poktion isconirelied 12a such that
Smd"qumc”om%£@£d§fg§€kggggggwggtgggﬁpresent invention, there is
provided a ligquid discharge device comprising a head wherein
deviation of the discharge direction of a liguid droplet,
discharged from a liguid discharge portion having a liguid
chamber and a nozzle, is controllable so as to be selected
from a plurality of directions along a predetermined direction;
the liquid discharge device further comprising, a plurality of
energy generating devices for generating energy for
discharging liquid stored in the liguid chamber via the
nozzle, wherein said plurality of energy generating devices
are arrayed in the liquid chamber in said predetermined
direction; a discharge control unit for controlling the
discharge of a liquid droplet via the nozzle, the discharge
control unit controls a difference in energy between the
plurality of energy generating devices in the liquid
chamber; and wherein a plurality of liquid droplets are
discharged so as to land on each pixel region for forming a
pixel corresponding to said pixel region; wherein a target
landing position of a liguid dreoplet which is to be discharged
on each pixel region is determined at random; and wherein the

discharge direction of said ligquid droplet which is to be

discharged from sald ligquid discharge portion is controlled



landing position. With the above-described aspect, each liquid discharge portion of the head has a
configuration wherein a liquid droplet can be discharged in a direction selected from multiple
discharge direction candidates. Furthermore, with each pixel region, an M number of - 13 target
landing position candidates of a liquid droplet are determined along a predetermined direction. Note
that at least a part of the landing liquid droplet region corresponding to each landing position
candidate is included within the pixel region. At1be 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 t ixel region such .that at least a part of the landing liquid
droplet resglllgri iécqllr?éluagé wi%ﬁﬁlfﬁgd pclif(ﬁé]e%%n?%t Srahdon devidtion'as 16 the Hhed region. This
reduces thermaldistibytiongf the landing positions of liquid droplets due to irregularities in the
properties of the liquid discharge portions or the like, whereby overall arrays thereof follow an uniform

and isotropic digttibbtiaindnzrseeontbaspech ofithespresent iaxention;, dhere i9ischarge
portion of the head has a configuration wherein a ligquid
droplet can be discharged in a direction selected from
multiple discharge direction candidates.

Furthermore, with each pixel region, an M number of



provided a liquid discharge device comprising: a head including liquid discharge portions, each having.
a liquid chamber and a nozzle, a plurality of energy generating devices for generating energy for
discharging liquid stored in the liquid chamber via the nozzle, wherein said plurality of energy
generating devices are arrayed in the liquid chamber in a predetermined direction; a discharge control
unit for - I3a controlling the discharge of a liquid digplet via the nozzle, the discharge control unit
controls a difference in energy between the plurality of energy generating devices in the liquid
chamber; 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 %gﬁg?%e%j?gn& nsgaig %Seéé,lfﬁnsacf& fg?‘ét e éregriﬁin%% (1‘:‘i‘re£g8{r"l1 ,]fgr fjdgﬁﬁgﬁ a B'&%I
corresponding.to.9aid pixel segion, apd wbersin M. IM depqtes aninteger of 2.qr.more) different
landing position candidates forming an array in a direction generally vertical to said predetermined
direction aresdetemmipedisuch thatat? least agpaitiefithe landing bquid<aiophet region corresponding to
each landing position candidate is included within said pixel region, and wherein a target landing
position of a1ifERPArdPlatds seletfst atddRtfdP@ath iquigarspiéahichds iBewdischarged from

said quuidwg{srlcggrgc%@o%ifgéqorge%rllCI\)/Inrjumber of said liquid landing

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

Thus, the ligquid droplet lands at the pixel region such
that at least a part of the landing liquid 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 liguid 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.

In a second aspect of the present invention, there is
provided a liquid discharge device comprising: a head including
tiquid discharge portions, each having a liguid chamber and a
nozzle, a plurality of energy generating devices for
generating energy for discharging liguid stcored in the
liguid chamber via the nozzle, wherein said plurality of
energy generating devices are arrayed in the liguid chamber

in a predetermined direction; a discharge control unit for



position candidates, 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, and wherein in the event that two or more liquid droplets are
discharged onto a pixel region, said two or more liquid 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 5aid —-13b predetermined direction, for forming a
pixel corresponding to said pixel region. In a third aspect of the present invention, there is provided a
'Liquid discharge device comprising: a head including a plurality of liquid discharge portions, each

having a liguid chamber and a npzzle, arrayed in a predetermjned direction, a plurality of energy
generatina% g\ﬁ%@? fb?%e%%ereatlc‘r%secgjéarjg:)? %érocﬁs&agréﬁﬁﬁ%ru%rﬁg%eecf il tHie I[diid chamber via the

nozzle, wherein said: plirafity, of energygenerating.devices, arer-arrayed inithe liquid chamber in said
predetermined direction; a discharge control unit for controlling the discharge of a liquid droplet via

the nozzlethe gisdharge:eonttdlainitlcontrols: v differenee dry energyrativegndbe plurality of energy

generating devices in the liquid chamber; and wherein a maximum of N (N denotes a positive integer)

liquid dro&llétstélr’% liquid chamber; 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 said predetermined direction, for forming a
pixel cerresponding to said pixel region, and wherein M (M
denotes an integer of 2 or more) different landing pesition
candidates forming an array in a directicn generally vertical
to said predetermined direction are determined such that at
least a part of the landing liQuid droplet region
corresponding te each landing position candidate is included
within said pixel region, and wherein a target landing
position of a liguid droplet 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, and wherein the discharge direction of said
liquid droplet which is to be discharged from said liquid
discharge portion is contrclled such that said liquid droplet
lands at said determined target landing position, and wherein
in the event that twe cor more liguid 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



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 said
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 said
predetermined direction are determined such that at least a part of the landing liquid droplet region
corresponding to each landing position candidatedg 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 liquid discharge portion, from an M number - 13c of said liquid landing position
candidates, and wherein the discharge direction of said liquid droplet which is to be discharged from

(0]
said liquiddRCRERFE pBRDASontoted §6Eh tRAFSdld |iﬁu@&%ﬁ|€ﬂ5ﬁ%§%@%}%e‘f&mined target

landing pasition I%iogé@%;gect of the present invention, there is provided a liquid discharge
method, the mei%od comprising, providing a plurality of energy generating devices for generating

energy for dischqrzgirgg ligyid yia gpré%ztglgfs_%ige pﬁrggté(nocf %r}]e‘;(gng&%ra@?k% QéavEces being grrayed in

a liquid chamber in a predetermined direction; controlling the discharge o aﬂqwdsdroplet via the

nozzle byworrioflin 2 1igquid discharge device comprising: a head
including a plurality of liguid discharge portions, each
having a liquid chamber and a nozzle, arrayed in a
predetermined direction, a plurality of energy generating
devices for generating energy for discharging ligquid stored
in the liguid chamber via the nozzle, wherein said
plurality of energy generating devices are arraved in the
iliguid chamber in said predetermined direction; a discharge
control unit for controlling the discharge of a liquid
droplet via the nozzle, the discharge control unit controls
a difference in energy between the plurality of energy
generating devices in the liguid chamber; and wherein a
maximum of N (N denotes a positive integer) liguid droplets are
discharged so as to land within each pixel region while
relatively moving a recording medium where said liguid
droplets are to be discharged, and said head, in a direction
generally vertical to said 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 said predetermined
direction are determined such that at least a part of the
landing liguid 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 ligquid droplet which is to be

discharged from said liguid discharge portion, from an M number



a difference in energy between the plurality of energy generating devices; wherein a plurality of liquid
droplets are discharged so as to land on each pixel region for forming a pixel corresponding to said
pixel region, wherein a target landing position of a liquid droplet which is to be discharged on each
pixel region is determined at random, and wherein the discharge direction of said liquid droplet is
controlled such that said liquid droplet lands at said determined target landing position. In a fifth
aspect of the present invention, there is provide&%cliquid discharge device comprising a head
including a plurality of liquid discharge portions, each having a liquid chamber and a nozzle, arrayed
in a predetermined direction, the liquid discharge device further comprising, a plurality of. energy
generatin%glevic.e for generating energy for 13d discharging liquid stored in the liquid chamber via

the nozzIs-wharain'said plurafif o enérdy deridtating & arérras/efsR the trfid chamber in

said predetesminad.diraction: adisehargeicontiol unit forcontrollipg:the discharge of a liquid droplet

via the nozzle, the discharge control unit controls a difference in energy between the plurality of

energy gehetatiig devicesan tha liduid: S es Wirsrem apltrality 6liquid dropletsiare discharged

S0 8s atfgfgmn%c@ RixeLregion.for farming.a pixel;corresponding to said pixel region, wherein the
landing position.

In a fourth aspect of the present invention, there is
provided a liguid discharge method, the method comprising,
providing a plurality of energy generating devices for
generating energy for discharging liquid via & nozzle, said
plurality of energy generating devices being arrayed in a
liquid chamber in a predetermined direction; controlling the
discharge of a liquid droplet via the nozzle by controlling
a difference in energy between the plurality of energy
generating devices; wherein a plurality of liguid droplets
are discharged so asg to land on each pixel region for forming a
pixel corresponding to said pixel region, wherein a target
landing position of a liguid droplet 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 liquid droplet lands at said determined target

landing position.

In a fifth aspect of the present invention, there is
provided a liquid discharge device comprising a head including
a plurality of liquid discharge portions, each having a liquid
chamber and a nozzle, arrayed in a predetermined direction,
the liquid discharge device further comprising, a plurality of

energy generating devices for generating energy for



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 liquid droplet which is to be
discharged on a pixel region is selected fromlaRdipg 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. - 14 In a sixth-
aspect of the present invention, there is provided a liquid discharge device comprising a head

including i plurality; of iquid glischasge, pedions, each hawng @ ligwigdshampes anda nozzle, arrayed
in a predetermined direction, wherein a maximum of N (N.denotes a positive integer) liquid droplets

are discharged so,asiteclandronseach pixekiegionfos fosming.a, pixehearsespending,to-said pixel
region, comprising: a plurality of energy generating devices for generating energy for discharging
liquid storedén the-liquid chambes viadhe nozzlexwberein saig:pluralityiet epgrgy-generating devices
are arrayed in the liquid chamber in said
direction; a discharge control unit for controlling the
discharge of a liquid droplet via the nozzle, the discharge
control unit controls a difference in energy between the
plurality of energy generating devices in the liguid
chamber; wherein a plurality of ligquid droplets are discharged
so as to land on each pixel region for forming a pixel
porresponding 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 from a plurality of discharge directions such that
deviation of the landing position occurs in said predetermined
direction, and wherein at least two different liguid 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 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 position.



predetermined direction; a discharge control unit for controlling the discharge of a liquid droplet via the
nozzle, the discharge control unit controls a difference in energy between the plurality of energy
generating devices in the liquid chamber; discharge direction varying means for controlling the
discharge direction of a liquid droplet discharged from said nozzle of each liquid 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 14a a pixel; and

second dischargg, cantrol g%ggrgsfgé Bgr_fgrim_lgg @dei[%%ég %(letcoinﬁr‘% %%{1 d?%a;i%gischar%e direction

varying means such that a landing position is sel r eac 8@%h§rge from said
liquid disghesge pedion, fiam:an M {M-denelegan integenef2 of mpre) AUmperof different landing

position candidates forming.an array in said predetermined direction, determined such that at least a
part of thé landing Lilguiddropletvégionicorresppnding td each |arding position zahilidsite is included
witin said e relon, and ! ropltis dscharged o 25 toland e determined anding
r

wherein a maximum of N (N denotes a positive integer} liquid

droplets are discharged sc as to land on each pixel region for

forming a pixel corresponding to said pixel region, comprising:

a piurality of energy generating devices for generating

energy for discharging liguid stored in the liguid chamber

via the nozzle, wherein said plurality of energy generating

devices are arrayed in the liguid chamber in said

predetermined direction; a discharge contrcl unit for

controlling the discharge of a liquid droplet via the

nozzle, the discharge control unit controls a difference in

energy between the plurality of energy generating devices

in the liquid chamber; discharge direction varying means for

contrelling the discharge direction of a liquid droplet

discharged from said nozzle cof each liquid discharge portion

such that deviation of the landing position cccurs in said

predetermined directiocn; first discharge control means for

performing discharge control using said discharge direction

varying means such that ink liguid droplets are discharged from

‘at least sald two different liguid diécharge 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



position. With the above-describedembodiments, at least two different liquid discharge portions
positioned close to one another can discharge liquid droplets with different 15 deviation of the
discharge angle, for forming a single pixel column or a single pixel. For example adjacent liquid
discharge portions N and (N + 1) can each discharge liquid droplets so as to land at the same pixel
region or the same pixel region column. Thus, a pixel or pixel column can be formed using multiple
different liquid discharge portions. Furthermote, aitarget landing position of a liquid 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 liquid droplet region corresponding to each landing
position candidate is included within the pixel region. At the time of discharging a liquid droplet onto

the pixe[‘?‘e@bﬁ?é‘ta@é‘? I_Wﬁ@%&%ﬁ&?@%eﬁ%ﬁ@% Wia%&ﬁgeq(ﬁﬁuﬁ? ﬁ“&%‘ésit@qn candidates,
and the Ilgglgcgggglgt Oglggg?rqgsdig%ﬁéﬁgt agg 2 111%% ggt%{jr_nlngg j_ta;get Iandlr(lag osition. Thus, the

liquid droplet lands at the pixel region at at leasta partro(? thecfén&%“ic:j}if‘qrﬂ d ?gfﬂ%t region is

included within thezixel regien.with positional 1 s selected for each liquid-
dreplet discharge from said liguid discharge portion, from an M
(M 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.

With the above-describedembodiments, at least two

different liquid discharge portions positioned close to one

another can discharge liguid droplets with different



_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 - 16 follow an uniform and isotropic distribution. BRIEF DESCRIPTION OF THE
DRAWINGS Fig. 1 is a disassembling perspective 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. 5@ vshowstheaglation bEtwebs findf cf1he diffefence inreunents Fowitiden Medivided

heating resistors (deviation current) and the amount of deviation, obtained from measured data;
column cr a single pixel. TFor example adjacent liguid

discharge portions N and (N + 1) can each discharge liguid
droplets so as to land at the same pixel reglon or the same
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 ligquid 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 position. |

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

discharge'portions or the like, whereby overall dot columns



_Fig. 6. shows a discharge control circuit according to the embodiment for controlling the time
difference in bubble generation between the two divided heating resistors; 17 Fig. 7 is a plan view
which shows a state example wherein ink liquid droplets are discharged so as to land at any of an M
number of different target landing position candidates for a single pixel region; Fig. 8 is a plan view
which shows a state example wherein a maximum of N ink liquid 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 liquid droplets are
discharged so as to land at predetermined pixel }égiEn 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 isTPdibgjfarniwhieh SReWs IRE whirg 6Ptheqink *disehdtgé Poftions 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;

BREEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a disassembling perspective view which
illustrates a head of an ink Jjet printer to which a liguid
discharge device according tc the present invention is
applied; |

Fig. 2 1s a plan view which illustrates a line head
according tc 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 directlion of ink;

Figs. 52 and 5B show relation between time difference
in ink bubble generation and ink discharge angle cbtained
from simulation results in a case of the ink discharge
portion having two-divided heating resistecrs, 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 circult according to
the embodiment for controlling the time difference in bubble

generation between the two divided heating resistors;



.Fig. 13 is a diagram which shows a state example wherein the adjacent liquid discharge portions
discharge ink liquid droplets so as to land at a single pixel, wherein the - 18 number of discharge
direction candidates for each ink discharge portion is an even number; Fig. 14 is a diagram which
shows a state example wherein each ink discharge portion discharges an ink liquid 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 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 dii%gram which shows a process for

forming each piXei%n 4 prifitiflg Paper $hédt By thelliquitPdiScharge® bortiohedetrding to discharge
gxecution ﬁgenaés gl a g%sel .lof &h{gea(%ig%vqgg%sdigq’éargg é_%l?a'}l&@B?fs%f _(Q@Chﬂgg Q}{gcgc&n canqiidates
is an odd numf)e%), Fig. 17 isA cjﬁagram ich shows a discharge direction control circuit including
discharge dirgction yarying mesws, dirstdischarge contebmeansnand geganekdiselarge control
candidates for a single pixel region;
Fig. B is a plan view which shows a state example
wheréin a maximum of N ink liguid 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 & predetermined pixel region wiﬁh random
deviation;
Fig. 11 is a diagram which shows the wiring of the ink
discharge portions in thé 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 liguid discharge portions discharge ink

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



“means; Fig. 7.8 shows a table which shows the relation between the on/off states of the polarity
conversion switch and - 19 first discharge control switch, and the landing position of the dot along the
direction of an array of nozzles; Fig. 19 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 even number; Fig. 20 shows the discharge direction
candidates of an ink liquid droplet, and the dlstrlb ion of the dot landing position candidates, in a
case of performing control with the first dlscharge ontrol 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 printifgFEstftsih aCaselGrine sgﬁféeﬁﬁt?éh&al?@bﬁﬁa?ﬁés & dof EBlunikias in Fig. 21, with an
overall dot 5|ze A Ilttle reater tha 2 times _as great. as_the dot pitch; and Fig. 23 is a diagram which

ok qp g an evengnuﬁber,
shows prlntmg res s

Fig. 14 is & diagram which shows a state example
wherein edch ink discharge poriicn discharges an ink ligquid
droplet with deviaticon in left-right symmetric directions,
and discharges an ink liguid 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 liguid 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 liguid discharge
portions according to discharge execution signals in a case
0of three-directicn discharge (the number of discharge
direction candidates is an odd number) ;

FPig. 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



. obtained with the double printing method. DESCRIPTION OF THE PREFERRED EMBODIMENTS 20
- (First embodiment) Description will be made regarding an first embodiment of the present invention
with reference to the drawings and the like. The first embodiment has been made generally in order
to achieve the first object of the present invention. 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 liquid 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 Qriritg')ngmpaper 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 liquid droplets (0, 1, or more) are
discharged onto each pixel region, whereby a pixel with a predetermined tone level (tone level, 1, 2,

3, or more)i& fornted’ 6 &ERh pikdl TEGionSTRAGE 10?34l bhE phtdt PeGiBn hasYet6 "o or more dots
correspon‘girilréqlggotpeéggg evel éh%@??& Jﬁg}grg@r%,na aquﬁ%”%'@b?ﬁo%fﬁé%lﬁ? are arrayed on the
recording medium, whereby an image is formed thereon. Note that the dot is hot always completely
included Fig. 19 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 dischaxge control means and the second discharge
contrel means, with The number of the discharge direction
candidates belng an even number;
Fig. 20 shows the discharge direction candidates of an
ink liguid droplet, and the distribution cof the dot landing
position candidates, in a case of performing control with
the first discharge ceontrol 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 & case of the same positional
irregularities in a dot column as in Fig. 21, with an
overall dot size a little greater than v 2 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



_within the corresponding pixel region, but may deviate out of the corresponding pixel region. 21
Description will be made below regarding a liquid discharge device according to the first embodiment
of the present invention. The liquid discharge device comprises a liquid chamber for storing liquid
which is to be discharged, an energy generating device for energizing the liquid stored in the
aforementioned liquid chamber, and a discharge opening for discharging the liquid stored in the
aforementioned liquid chamber due to the energy generated by the aforementioned energy generating
device. With the liquid discharge device, deviation of the discharge direction can be controlled by
adjusting the energy, which is generated by the eﬂ@rg‘y generating device, for being provided to the
liquid. For example, the aforementioned energy generating device forms one face of the
aforementioned liquid chamber, and controls the energy distribution on the face of the liquid chamber,
thereby céRtrolfing HevrfiBhstthe discharge direction of the liquid discharged from the
aforementioned ggghatgﬁftg%%nin : f\s an eéaénple, the li _L_Jid discharge device according to the

present embodimantincligeSmiifiple Heatg HeviceSEening a8endroy yereraihd d&vices, with
these multiple heating.devices beingdisposed.sp as te.farmthe aforementioned face gf the liquid
chamber, and supply of energy is adjusted for
the like. The first embodiment has been made generally in
order to achieve the first object of the present invention.
Note that the term "ink droplet" used here means a small
amount (e.g., several plcoliters) of ink (liguid) 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 1s 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 liguid droplets
{0, 1, or more) are discharged onto 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 thereof. 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 cut

of the corresponding pixel region.



_each heating device so as to control the energy distribution on the aforementioned face. Note that it is
needless to say 22 that the liquid discharge device is not restricted to the embodiments described
below. (Configuration of head) Fig. 1 is a disassembling perspective view which shows a head 11 of
an ink jet printer (which will be simply 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 Si or the like, and heating resistors 13 ?sjer\ﬂng 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 s&@icondbEio? BUBSEatelEs @R the6ther hakrd ahe bagriér layertelis formed of
photosensitive cyclized rubber resist or Iight—harde%&gg gr_y-film resist, and is formed by a process

a

wherein tife" BaMEFRYEF Y6 FEfotmed over $he 8nt & b thE " SEmitBRGbCBr sibstrate 15, on

Whmhtheg@@ggg{e§ﬁggﬁtion. The liguid discharge device comprises a

liguid chamber for storing liguid which is tc¢ be discharged,
an energy generating device for energlzing the liguid stored
in the aforementioned liguid chamber, and a discharge
opening for discharging the liquid stered in the
aforementioned liguid chamber due to the energy generated by
the aforementioned energy generating device. With the
liqgquid discharge device, deviation of the discharge
direction can be controlled by adijusting the energy, which
is generated by the energy generating device, for being
provided to the liguid. For example, the aforementioned
energy generating device forms one face of the
aforementioned iiquid chamber, and Contrbls the energy
distribution on the face of the liguid chamber, thereby
controlling deviation of the discharge direction of the
liquid discharged from the aforementioned discharge openihg.
Ls 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 liguid chamber, and supply ¢f energy 1s adjusted for
each heating device so as to control the energy distributiocn

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



.13 have been formed, following which unnecessary portions thereof are removed by photolithography,
for example. 23 On the other hand, the nozzle sheet 17 includes multiple nozzles 18 formed thereon,
formed of nickel using electroforming, for example. The nozzle sheet 17 is bonded onto the barrier
layer 16 such that the position of each nozzle 18 matches the position of the corresponding heating
resistor 13, i.e., each nozzle 18 faces the corresponding heating resistor 13. Each ink liquid 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,_th792b5rrier 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, ofleeddl £l stk a8 déserbed dhowe Tidides artihd ‘Griethtisdred ofthé ik chambers 12,
and the hea%in(g1 resistors 53, each diép seld in the corresponding ink liquid chamber 12. Each heating
resistor 1378 gonjt%‘?lréasac@osraﬁlbk}% inStructions from a control unit of the printer, whereby ink can be

dischargedfram desired ink liqid ;chambers 12 corresponding to the heating resistor 13 through

Fig. 1 is a disassembling perspective view which shows
a head 11 of an ink jet printer ({(which will be =zimply
referred to as "printer" hereafter) to which the liguid
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 31 or the like, and
heating resistors 13 (serving as energy generating devices
in the present inﬁenﬁion) formed on one face of the
semiconductor substrate 15 by deposition. The heat
resistors 13 are electrically connected Lo an external
circuit through electric-conductive porticns (noct shown)
formed on the semiconductor substrate 15.

Cn the other hand, the barrier layer 16 is formed of
photosensitive cyclized rubber resist or light-hardening
dry-film resist, and is formed by & prccess 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, follcowing which unnecessary portions

therecf are removed by photolithography, for example.



‘the nozzles 18 disposed facing the ink liquid chambers 12. More specifically, ink is supplied to the ink
liquid 24 chambers 12 from an ink tank (not shown) connected to the head 11. Pulse currents are
applied to the desired heating resistors 13 for a short period of time, e.g., for 1 to 3 sec, so as to
perform rapid heating of the corresponding heating resistors 13, and accordingly, a vapor-phase 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 liquid droplet from
the nozzle 18. The amount of ink discharged theréffom 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 liquid chamber 12, the heating resistor 13
disposed within fhe inkdiquidrchanizerdl2, and thezndzzle 18 eispbseddnitaéaipper portion will be
referred to as an "ink discharge portion (liquid discharge partion)" hereafter. That is to say, the head

11 is formBH of Hat &ria§ of Mitittipl8 iMCaReargeSotions. FurfhefmBfe, Wit -fie pYesBAt embodiment,

aline head,is formed of multiple heads 11 arrayedinthe Width, sheet 17 is bonded
onto the barrier laver 16 such that the position of each
nozzle 18 matches the position of the correspending heating
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 layver 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 liguid 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 contrel unit of the printer,
whereby ink can be discharged from desired ink liguid
chambers 12 corresponding to the heating resistor 13 through
the nozzles 18 disposed facing the ink ligquid chambers 12,

More specifically, ink is supplied to the ink liguid



direction of the recording medium. Fig. 2 is a plan view which shows a line head 10 according to the
"present 25 embodiment. Fig. 2 shows four heads 11 (N- 1, N, N+ 1, and N + 2). In the
manufacturing process for the line head 10, multiple heads (head chips) without the nozzle sheets 17,
shown in Fig. 1, are arrayed. 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 single head 11. (Discharge direction varying means) The head 11 includes discharge
direction varyingemeans. Therdischargeditegtion Varyingimedrns accorditigetd the priesent
- embodiment enable the discharge direction of the ink _liquid droplets discharged from the nozzle 18 to

be changb@3f a'predefétmitfed nge siSng e @RECLR oftRe HrtaybiSthesibZ e 18 Biquid

diSCharger%oer%r%%?x’sa%haiso% %Onglggrragiogedrefggbg% bg_lL%, e.g., for 1 to 3
Usec, so as to perform rapid heating of the corresponding
heating resistors 13, and accerdingly, a vapor-phase 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). 2As a
result, ink in centact with the nozzle 18 is discharged as
an ink liguid droplet from the nozzle 18. The amount of ink
discharged therefrom 1s eguivalent to that of toc 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
combinaticn of the single ink liguid chamber 12, the heating
resistor 13 disposed within the ink liguid chamber 12, and
the nozzle 18 disposed on the upper portion will be referred
to as an "ink discharge portion (liguid discharge pertion)”

"hereafter. That is to say, the head 11 is formed cf 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 & plan view

which shows a line head 10 according to the present



_Fig. 3 shows a plan view which illustrates the ink discharge portion of the head 11, and a
cross-sectional view 26 of the side thereof, in more detail. In the plan view in Fig. 3, the position of
the nozzle 18 is denoted by alternate long and short dashed lines. As shown in Fig. 3, the head 11
according to the present embodiment includes two divided heating resistors 13 arrayed within the
single ink liquid 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). Each of the two divided
heating resistor 13, wherein a single heating resistor in a conventional arrangement is divided in the
direction orthogonal to the nozzle-array directionshas 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 resistoisd3rare conhected intserial. Anthistcasésa Lircuifis-fotmetl, wherein the heating
resistors 13 having a resistance two times as great as with the single heating resistor in a

conventigrigl Arrangeémenttare connBaledSEriany Lasd BECOTERMYE te heuit Had 4 fssistance four
times as great as,with the single hegling resistorin a conventional arandement, s 17,
shown in Fig. 1, are arraved.

Subseguently, 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 ﬁhat 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 neozzle 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
single head 11.

(Discharge direction varying means)

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

Fig. 3 shows & plan view which illustrates the ink

discharge porticn of the head 11, and a cross—-sectional view



. Now, in order to boil the ink stored within the ink liquid chamber 12, there is the need to heat the
heating 27 resistor 13 by supplying a predetermined amount of electric power to the heating resistor
13. The ink is discharged due to the energy generated at the time of boiling. Note that while the
heating resistor 13 with a small resistance requires a large current, the heating resistors 13 with a
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
heating 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 réduciifthelihickrBsE SR brdertolifcrease Hie fesistafice 16t the Fealin§ fedistor 13. As
describedFabove ea%qqink qugjjq&chamb%r %%E inclu%esléwdc_aéjiviide%geggén%r%sistors 13. Now, in the
event that Crrent suppﬁ')y R ontrofied Such that thé Two divided hea{%lngere3|s¥ors 13 require the same

period of ime(bubhle gg@l%raggg time) for reaching the hubbling temperature of

As shown in Fig. 2, the head 11 according to the
present embodiment includes two divided heating resistors 13
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).

Fach of the two divided heating resistor 13, wherein a
single heating resistor in a conventional arrangement is
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
gsay 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 tlmes as great as with the
single heating resistor in a conventional arrangement.

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

liguid chamber 12, there 1s the need to heat the heating



_the ink, the ink bubbles at the same time on the two divided heating resistors, whereby the ink liquid
droplets are 28 discharged in the direction of the center axis of the nozzle 18. On the other hand, in
the event that current supply is controlled such that the two divided heating resistors 13 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 liquid 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 deviatibn 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 i is discharged in the direction vertical to the discharge face of the ink liquid droplet i, the
ink liquid deeplettids disthaygedwithobitdeviatiore deheted sethesdushiet drfow SA6WAGA Fig. 4. On
the other hand, in the event that the ink liquid droplet i is discharged with deviation, i.e., with a

discharg®BEREIGP ahde SFBm-he nozsiecétiieraxis (i the dedton or A6 2351 Fg2a), the hit

p05m0”(¥o the energy generated at the time of boiling. Note that

while the heating resistor 13 with a small resistance
requires a large current, the heating resistors 13 with a
high resistance reguire only a small current for bolling.

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 porﬁions without
reducing the thickness, in order to increase the resistance
0f the heating resistor 13.

As described above, each ink ligquid chamber 12 includes
two divided heating resistors 13. ©Now, in the event that
current supply ig controlled such that the two divided
heating resistors 13 require the same period of time (bubkle
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 liguid droplets are



‘the ink liquid droplet i is represented by the following expression. 29 - AL = H x tan 8 where H denotes
"the distance between the discharge face and the face (hit face of the ink liquid droplet i) of a printing
paper sheet P serving as a recording medium. Note 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 liquid
droplet i is discharged with a discharge deviation angle 8 from the 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 P is around 1 mm to 2 mm.
Now, let us say that the distance H is generally-n&éntained 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 liquid droplet i

is discharged ento-theprintingpaper sheet BArass the: direstior verticak theretorthrough the nozzle 18,
some change in the distance H does not causes change in the hit position of the ink liquid droplet i.
On the otAér-hand, in

On the other hand, in the event that current supply is
controlled such that the two divided heating resistors 13
have different bubble generating times, the ink bubbles with
predetermined time difference on the two divided heating
resistors. As & result, the discharge direction of the ink
liguid droplets is deviated from the center axis of the
nozzle 18, whereby the ink is discharged with a
predetermined deviation. Thus, the ink liguid droplets can
hit a portion with a predetermined deviation from the hit
portion in a case of the ink liguid droplets being
discharged without deviation control.

Fig. 4 is a diagram for describing the deviation along
the discharge direction of the ink liguid droplets. In Fig.
4, in the event that an ink liquid droplet i is discharged
in the direction vertical to the discharge face of the ink
liguid droplet i, the ink liquid dreoplet i is discharged
without deviation dencted by the dashed arrow shown in Fig.
4. On the other hand, in the event that the ink liguid
droplet 1 1s discharged with deviation, i.e., with a
discharge deviation angle 0 from the nozzle center axis (in
the direction of Z1 or Z2 in Fig. 4), the hit position of
the ink liguid droplet i is represented by the following

expression.



.the event that the ink liquid droplet i is discharged with deviation, the change in the distance H causes
the change in 30 the hit position of the ink liquid droplet i. Note that with the head 11 having the
resolution of 600 DPI, the interval between the adjacent nozzles 18 is determined to approximately
42.3 (um) by the expression 25.40 x 1000/600. Figs. 5A and 5B are charts which show the relation
between the time difference in ink bubble generation between the two-divided heating resistors 13
and ink discharge angle, which is obtained by computer simulation. In these charts, the X direction (X
direction denoted by 8X of the vertical axis of the chart, note that this does not denote the horizontal
direction of the chart) denotes the direction of the2array of the nozzles 18 (the direction of the array of
the heating resistors 13). On the other hand, the Y direction (Y. direction denoted by By of the vertical
axis of the chart, note that this does not denote the horizontal direction of the chart) denotes the
direction (transporting directign of a printing sheet) orthogonal to the X direction. On the other hand,
Fig. 5C shows the measured data relation between the deviation current represented by the horizontal
axis, and the deviation dmclamtof¢ise ikeladdingarosition: tepresented kil thehvertieal faxiss wherein the

deviation currentis represented b%( the half of the current difference
and the face (hit face of the ink liquid droplet i} of a

printing paper sheet P serving as a recording medium. Note
that the distance B is generally uniform over the entire
line head.

As can be understood from the above expression, in the
event that the ink liquid droplet i is discharged with a
discharge deviation angle 8 from the nozzle center axils, a
position offset AL of the hit position of the ink liguid
dropiet cccurs.

In general, with conventional ink jet printers, the
distance H between the tip of the nozzle 18 and the printing
paper sheet P is arocund 1 mm to Z 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 liguid 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 dlscharged 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 liquid droplet i. On the other hand, in
the event that the ink liguid droplet i1 is discharged with

deviaticn, the change in the distance H causes the change in



. between the two divided heating resistors 13, causing the time difference in ink bubble generation
between two divided 31 heating resistors 13, and the deviation amount (which is measured in a case
of H of approximately 2 mm) is caused due to the ink discharge angle (X direction). Note that the data
shown in Fig. 5C was obtained by the measurement of ink discharging with deviation under the
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 8X (which
represents the igeviationifromthe Aozzle cenkerlaxis) ahdicarresponds 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 inchiglés niigievink Bisthardepertibhs 'éach halitg tSdividbd Heatihg $e8istors 13,

wherein supplied current is controlled for each heating resistor 13 tliereb¥ cantrolling occurrence of
. . : ) T 2 871 .
Ume(mﬁeéﬁﬁe”$Bﬁb&8terva{0between {he é%%cen nozZzies 3

determined to approximately 42.3 (Mm) by the expression
25.40 x 1000/600.

Figs. 5A and 5B are charts which show 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 68X 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 Y
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.
On the other hand, Fig. 5C shows the measured data relation
between the deviation current represented by the.horizontal
axis, and the deviation amocunt 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

+ime difference in ink bubble generation between two divided



_generation on the two heating resistors 13. Thus, deviation of the ink discharge direction can be
controlled by 32 - adjusting the time difference. Next, specific description will be made regarding a
method for controlling the deviation of the discharge direction of the ink liquid droplet. Fig. 6 shows a
circuit configuration example according to the present embodiment for controlling the time difference
in bubble generation between the two divided heating resistors 13. In 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 deviationofthe ~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 andnhRbB 4 disehargescantid cireuid S0rconirels thieideviatiorn: of thevdiseharge direction of the
ink liquid droplet by adjusting the difference between the currents supplied to the resistors Rh-A and

Rh-B, andieRitesdransistosde tirbufh M2 PR ARG Sy VA, T8, M6, 197 “0iAd, ’18, M9,

to the ink discharge angle (X direction). Note that the
data shown in Fig. 5C was obtained by the measurement of ink
discharging with deviation under the 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 0x (ﬁhich represents the
deviation from the nozzle center axis, and corresponds to 0
shown in Fig. 4) along the direction cf the array of the
nozzles 18.

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

of the ink discharge direction can be controlled by



,and M21 are P-MOS transistors, and the others are N-MOS transistors. The pair of the transistors M4
and M6, the 33 pair of the transistors M9 and M11, the pair of the transistors M14 and M16, and the
pair of the transistors M19 and M21, each form a current mirror circuit (which will be referred to as
"CM circuit" hereafter). Thus, the discharge control circuit 50 includes four CM circuits. Now,
description will be made regarding the CM circuit formed of the transistors M4 and M6, as an
example. The gate and the drain of the transistor M6 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, &hd—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 refetréd4oasd'secend switching £ device’=hereafter) for the CM circuit formed of the transistors
M4 and M6. In this case, the second switching device performs operation such that a current flows
into the node b¥fwden tHeerekisiorsFaR-AARFRAB HroligR the'€lf diRIRTGr-aufrent flows from the
node between the resistors RsA and Risb: Qnthe other hand. the coupls, of the transistors M8 and

direction of the ink liguid droplet. Fig. 6 shows a circuilt

configuration example according to the present embodiment

for controlling the time difference in bubble generation

between the two divided heating resistors 13. In this

example, deviation of the discharge direction of the ink

liguid 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 te any of sight

predetermined levels, 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 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 liguid droplet by

adjusting the difference between the currents supplied to

the resistors Rh-A and Rh-B, and includes transistors Ml

through M21. The transistcrs M4, M6, M%, MI11, M14, Mle, M19,

and M2l are P-MOS transistors, and the others are N-MOS

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



. M10, the couple of the transistors M13 and M15, and the couple of the transistors M18 and M20,
serve as the second 34 switching devices for the CM circuits formed of the couple of the transistors
M9 and Mil, the couple of the transistors M14 and M16, and the couple of the transistors M19 and
M21, respectively. With regard to the CM circuit formed of the transistors M4 and M6, and the second
switching device formed of the transistors M3 and MS, 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, M9,3M14, and M19, forming a part of the CM circuits,
and 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, M12, and M17, serve as
constant girent seurges fortheseerrespondngs &M wircyits: Hdhesgrainsoaf these transistors are
connected to the sources of the transistors M3, M8, M13, and M18, and the back gates thereof.
Furthermoreatheldischargd controtici¥ouit-hasd darfigbratiorowhétein theaarahsoba srafsistor Ml is

connected to the resistor Rh-B serially, and upon a, , ) _ )
and M21, each form a current mirror c¢ircuit {which will be

referred to as Y"CM circuit" hereafter). Thus, the discharge
control circuit 50 includes four CM circuits.

Now, description will be made regarding the CM circuit
formed of the transistors M4 and M&, 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 tiansistors 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 conflguration.

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 "gsecond 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-RB.

On the other hand, the couple of the transistors M& and
M10, the couple of the transistors M13 and M15, and the

couple of the transistors Mi8 and MZ0, serve as the second



_discharge execution input switch being set to 111" (ON), the transistor Ml is turned on so as to apply a
current to the 35 resistors Rh-A and Rh-B. That is to say, the transistor Ml serves as a switching
device (which will be referred to as "first switching device" hereafter) for performing on/off switching
of current supply to the resistors Rh-A and Rh-B. Furthermore, output terminals of AND gates Xl
through X9 are connected to the gates of the corresponding transistors Ml, M3, M5, .... Note that
while two-input AND gates are employed for the AND gates X1 through X7, three- input AND gates
are employed for the AND gates X8 and X9. At least one of the input terminals of each of the AND
gates Xl through X9 are connected to the dischariye 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 switch C (deviation direction switching means) serves as a switch
for switching: the, deviatier direstian-ef thedissharge direetiont of-theginkrdigid deeplgtias to the
direction of the array of the nozzles 18. Upon the deviation direction switch-over switch being set to 1
(on), one of thehippbtsignalsiofthe XN @RAgHRIX 10 satcod L Orrthetdthethang idevdation control

switches J1 through J3 serve switches for controlling the amount of
M14 and M16, and the couple of tThe transistors M18 and M21,

respectively.

With regard to the CM circuit 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 ancther. The other second
switching devices are connected to the corresponding CM
clrcuits in the same way.

Furthermére, the drains of the transistors M4, M9, Ml4,
and M19, forming a part of the CM circults, and the drains
of the transistors M3, M8, M13, and M1B, are connected *to
the node between the resistors Rh-A and Rh-B.

On the other hand, each of transistors MZ, M7, MlZ, and
M17, serve as constant current sources for the corrésponding
CM circuits. The drains of these transistors are connected
to the sources of the transistors M3, MB, ML3, and M18, and
the back gates therecf.

Furthermore, the discharge contrel circuit has a
configuration wherein the drain of a transistor M1l is
connected to the resistor Rh-B serielly, and upon a
discharge execution input switch being set to "1I" (ON), the

transistor M1 is turned on s0 as to apply a current *to the



deviation of the discharge direction of the ink liquid droplet. For example, upon the input terminal J3

" being set 36 to 1 (on), one of the input signals of the XNOR gate X10 is set to 1. Furthermore, the
output terminals of the XNOR gates X10 through X16 are each connected to one of the input
terminals of the AND gates X2, X4, ..., as well as being each connected 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 is 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 aggonstant current sources for the corresponding CM
circuits, and are connected to the gates of the corresponding transistors M2, M7, .... Upon a
predetermined voltage (Vx) being applied to the deviation amplitude control terminal B, the voltage

Vgs (gate-seyicesioltage) is appliegitothe gates.ofithe transistors Y2, M7, and accordingly, currents

flow in the transistors M2, M7, .... Here, each of the transistors M2, M7, can be represented by an
equivalent eircuitformes ofisUbetransistaesscernected irhparallel, aad the sumbers ef sub-transistors
of the equivalent circuits corresponding to the transistors M2, M7, ..., are different one to another.
"first switching device" hereafter) for performing on/off
switching of current supply to the resistors Rh—A and Rh-B.
Furthermore, output terminals of AND gates X1 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 employed 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 exescution 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 directicn 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}), one 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 liquid

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



_Accordingly, the currents proportional to the numbers (which corresponds to the numbers of the
aforementioned sub 37 transistors) in parentheses shown in Fig. 6 flow in the transistors M3 through
M20, and the transistors M8, M7, .... Furthermore, the source of the transistor M2 of which drain is
connected to the resistor Rh-B, and the sources of 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; 8XI* (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.
In the same way,or¥N" denotes that ¢he aerrespdngirg equifalent ckeuiRhgs: thexiuimber N of
sub-transistors connected in parallel. With the circuit configuration according to the present
embodimeat, the thansistors M2, M7, M12, and M17, are represented by the aforementioned
equivalent circuits having the four, two, one, and one, suq-stgragis:is%c%]rg, r)S?ggctivel . At)?fBrdingly, upon

apredetermin'eﬁ%ﬁ§§§%8ﬁ%'aﬁﬂh%dwtput terminal Gatts

through X16 are each connected to one of the input terminals
of the AND gates X2, X4, .., as well as being each connected
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 X% is 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 correéponding transistors M2,
M7, ... Upon a predetermined voltage (Vx) being applied to
the deviation aﬁplitude control terminal B, the voltage Vgs
(gate-source voltage) 1s applied to the gates of the
transistors M2, M7, .., and accordingly, currents flow in the
transistors M2, M7, ... Here, each of the tTransistors Mz, M7,
.., can be represented by an eguivalent circuit formed of
sub-transistors connected in parallel, and the numbers of
sub~transistors of the equivalent circuits corresponding to
the fransistors M2, M7, .., are different one to another.
Accordingly, the currents proportional to the numbers (which

corresponds to the numbers of the aforementioned sub-



between the gates of these transistors and the ground, the drain currents flow in the transistors with
“the ratio of 38 - 4:2:1:1. Next, description will be made regarding the operation of the discharge
control circuit 50. First, as a representative example, description will be made only the operation of the
combination of the CM circuit formed of the transistors M4 and M6, and the switching device thereof
formed of the transistors M3 and M5. The discharge execution input switch A is setto 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 liquid droplet being discharged from the nozzle 18, the discharge execution input
switch A is set to 1 (on) only during the period of 3.5 sec (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 execution
input switch A is set to 0 (off) during the other period of 94.5 sec (63/64), and ink supply is performed
during this. periedSferthe,inkliquic-chamberck? eftherink discharges pertian whickhhkas discharged an
ink liquid droplet. For example, upon A, B, C, and 3J, being set to 1, Vx (analog voltage), 1, and 1,
respectively;ahe XNORgaié XI0r output$! 1 Dandadcaraindly ane otigeatsl HAd th¥ input signal 1 from

A are input to the AND gate X2, and thus, the : , .
Furthérmore, the source of the transistor M2 of which

drain is connected to the resistor Rh-B, and the sources of
+he 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 afcrementioned sub-transistors,
connected in parallel, which form an corresponding
equivalent circuit. For example, "x1" (M12 through MZ1})
denotes that the corresponding equivalent circuit has a
single sub~-transistor. On the other hand, "x2" (M7 through
M11l) dencotes that the corresponding equivalent circuit has
two sub-transistors connected in parallel. In the same way,
"xN" denotes that the corresponding equivélent circuit has
the number N of sub-transistors connected in parallel.

With the circuit configuratlon according to the present
embodiment, the transistors M2, M7, M12, and M1l7, 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 Fflow in the transistors with the ratio of



AND gate X2 outputs 1. Accordingly, the transistor M3 is turned on. 39 Furthermore, in the event the
" output from the XNOR gate X10 outputs 1, the NOT gate XI1 outputs 0, and accordingly, this output O
and the input signal 1 from A are input to the AND gate X3. Accordingly, the AND gate X3 outputs 0,
and thus, the 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&he 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 MG, and a current flows in the resistor Rh-A. Here, the transistor M3
is on, and accord#wly, tHe earrent-owing Lfémithertedistor FRIF-AGS HWIFEE int® aréUriert which flows

of the discharge control cirvcuit 50.

First, as a representative example, description will be
made only the operation of the combination of the CM circuit
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 1s set to 1 (on)
only at the time of the ink liguid 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 execution
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, Cc, 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 the transistor M3 and a current which flows in the resistor Rh-B. The current flowing in the transistor
M3 - 40 flows in the transistor M2 for controlling the current, following which the current flows into the
ground. On the other hand, the current flowing the resistor Rh-B flows the transistor Ml 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 I(**) 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 setto 0, i.e., in the
event that only the input of the deviation directiors $witch-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 (frem-ANaradnput te the: ANDR: gateX2 nandaceordimglyntherANRigate g¢2-eutputs 0.
Accordingly, the transistor M3 is turned off. On the other hand, the NOT gate Xll outputs 1 due to the
output of HXNORgate X100f0, HAd acedrdindgly, thetiripbe signafkn@, A(FrontANErE input to the

AND gate X3, _ ) )
this output 0 and the input signal 1 from A are input to the

AND gate X3. Accordingly, the AND gate X3 outputs 0, and
thus, tée transistor M5 is turned off.

In this case, the drains of the transistor M4 and M3
are connected cne to another, and the drains of the
transistors M6 and M5 are connected one to ancther.
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 fTransistor 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 scurce Vh being applied
in this state, no current flows in the transistors M4 and M€,
and a current flows in the resistor Rh-A. Here, the
transistor M3 is on, and accordingly, the current flowing
from the resistor Rh—2A ig 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



_and accordingly, the transistor M5 is turned on. While in the event that the transistor M5 is on, a 41
current flows in the transistor M6, a current flows in the transistor M4, as well, due to the nature of the
CM circuit. As a result, currents flow in the resistor Rh-A, and the transistors M4 and M6 from the
power source 4h. In this case, all the current flowing from the resistor Rh-A flows into the resistor
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 MS. As described abave,-while upon C being set to 1, the current flowing
from the resistor Rh-A is divided into the resistor Rh-B and the transistor M3, upon C being set to 0,
the current flowing from the Rh-A and the current flowing from the transistor M4 flow into the resistor

Rh-B. As g, [gsult; the.gelation betweep the surrent flowing the sesistor RhsA.andithe 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 f@ 1lissymimeiricalliothat tha ease of Cobaing:settocGeAg deseribed above;¢he liquid

discharge device _
other hand, the current flowing the resistor Rh-B flows the
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 I(**) denotes the current flcoewing the resistor " ¢,

Description has been made in a case of C beling 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 swiitch-over switech 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 1s 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 XQ outputs 0. Accordingly, the
transistor M3 is turned off.

On the ofher hand, the NOT gate X11 ocutputs 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 transistcr M5 is on, a



,according to the present embodiment generates the time difference in ink bubble generation between
the two divided 42 heating resistors 13 by adjusting the currents supplied to the resistors Rh-A and
Rh-B, thereby controlling deviation of the discharge direction of an ink liquid droplet. Furthermore, with
the liquid discharge device according to the present embodiment, the deviation direction of the
discharge direction of the ink liquid 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 O 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 embodimerit, 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 tessay, while:the currents appliedvs the transistars Masand M6 gansbe controlled

by the deviation control switch J3, the currents applied to the transistors M9 and Mil can be controlled
by the deviatiar contsel switch: s)2vnthe sdme way.fFuthermaore, thé ctirreni®applieditot the
transistors M14 and M16 can be controlled by the deviation control switch JI in the same way.

As a result, currents flow in the resistor Rh-A, and
the transistors M4 and M6 from the power source Vh. In this
case, all the current flowing from the resistor Rh-A flows
into *he resistor 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
transisior Mb.

As describéd above, while upon C being set to 1, the
current flowing from the resistor Rh~A is divided into the
resistor Rh~B and the transistor M3, upon C being set to 0,
the current flowing from the Rh—-A and the current fliowing
from the transistor M4 flow inte the resistor Rh~-B. As 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 & case of C being set to 1 is symmetrical to that
in a case of C being set to G. |

As described above, the liquid discharge device

according to the presént embodiment generates the time

difference in ink bubble generation between the two divided



As described above, the drain currents flow in the couple of the transistors M4 and M6, the couple of
"the 43 transistors M9 and Mil, and the couple of the transistors M14 and M16, with the ratio of 4:2:1,
respectively. Accordingly, the deviation of the discharge direction of the ink liquid droplet can be
controlled by controlling the deviation control switches J1 through J3 using 3-bit signals with a
deviation level from eight levels of (J1, J2,J3) _ (0O, 0, 0), (O, O, 1), (0, 1, 0), (O, 1, 1), (1, O, 0), (1, O,
1), (1, 1, 0), and (1, 1, 1). Furthermore, with the present embodiment, the voltage supplied to the
deviation amplitude control terminal B is applied between each gate of the transistors M2, M7, M12,
and M17, and the ground, and accordingly, the-chgnhge 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 ratio of the drain currents flowing the
transistors 4@ 4i2:4;. Thus, with-thejpresentembediment tthe deviatian:ef thepgdischargeddirection of the
ink liquid droplet can be controlled, thereby controlling landing position of the ink liquid droplet on a
recordingtthedingg esg.o tre kk-uid: drépleBeartbe distharged with & geviaror 6/ B°predetermined

side as to the array of the ink discharge ) L
of the discharge direction of an ink liguid droplet.

Furthermore, with the liguid discharge device according
to the present embodiment, the deviation direction of 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 1s not
controlled only by adjusting the deviation contrel 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 controliled 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 M11 can be controlled by the deviation control switch
JZ in the same way. Furthermore, the currents applied to
the transistors Ml4 and M1é can be controlled by the
deviation control switch J1 in the same way.

As described above, the drain currents flow in the

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



portions, and furthermore, the ink liquid droplet can be discharged with a deviation on the reverse
‘side, not to 44 mention the fact that the ink liquid droplet can be discharged from the nozzle 18 with
no deviation (in the direction vertical to the face of a recording medium for the ink liquid droplets such
as a printing paper sheet or the like). With a circuit example shown in Fig. 6, the landing position of
the ink liquid droplet is controlled with a positional level from eight levels on a predetermined side.
Furthermore, with the present embodiment, the deviation direction of the discharge direction of the ink
liquid 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/affsswitching for the deviation direction switch-over
switch C between C = 1 and C = 0. Furthermore, the landing position of the ink liquid droplet is
controlled with a positional level from the eight levels corresponding to the input values of the J1, J2,

and J3, as. desaribed.abque. Whiledescriptign-has besn-mads regarding-am examples wherein the

deviation of the discharge direction of the ink liquid droplet is controlled with a deviation level from
eight levels usingi3-hit &pniroksignals wittieferehce 1 : Eig. 6caparrangeirent may be made wherein
the deviation of the discharge direction of the ink liquid droplet is

Accordingly, the deviation of the discharge directicn of the

ink liguid droplet can be contreclled by controlling the

deviation control switches J1 through J3 using 3-bit signals

with a deviation level from eight levels of (J1, J2, J3) =

(¢, 0, 0y, (0, 0, 1), (0O, 1, 0), (0, 1, 1y, (1, 0, Oy, (i, O,

1y, (i, 1, 0), and (1, 1, 1).

Furthermore, with the present embodiment, the voltage
suppiied +o the deviation amplitude control terminal B is
applied between each gate of the transistors M2, M7, MI1Z,
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 ratio 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 liguid droplet can be
controlled, thereby controlling landing position of the ink
liguid droplet con a recording medium, e.g., the ink liquid
droplet can be discharged with a deviation on a
predetermined side as tc the array of the ink discharge

portions, and furthermore, the ink liguid droplet can be

discharged with & deviation on the reverse side, not to



_controlled with a deviation level from M levels using application circuit of the circuit example shown in
Fig. 6. 45 With the liquid discharge device having the above- described configuration according to the
present embodiment, the target landing position is set to a position selected from M (M is an integer
of 2 or more) portions divided from 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-pasition candidates are determined for each pixel
region, a target landing position is selected from the M target landing position candidates, and the ink
liquid droplet is discharged with a deviation such that the ink liquid droplet lands at the target landing

position opdhe ; tecording mediumm, Note-that with the present.embadiment, the aforementioned M

target landing position candidates are determined for each pixel region on the recording medium with
the intervalicf &fMrofdttie pitch ontherecarting. nedium carrespohding-to therarrayepitch of the ink
discharge portions.
direction vertical to the face of a recording medium for the
ink liguid droplets such as a printing paper sheet or the
like). With a circuit example shown in Fig. 6, the landing
position of the ink liquid droplet is controlled with a
positional level from eight 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 liguid droplet
is controlled with a positional level from the sight 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
liguid droplet is controliled 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 liguid droplet is
controlled with a deviation level from M levels using

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



With the present embodiment, the target landing position is determined from the aforementioned M
landing 46 target position candidates at random (in an irregular manner, or without pattern). While
various methods are known wherein aforementioned selection is performed at random, with the
present embodiment, a target landing position is 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 liquid droplet from the M tagget landing position candidates, and the ink liquid
droplet is discharged with a deviation such that the ink liquid 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

liquid droplet hag;landed at pesitions selesteghiramdbe i Medivided target langing.pesition candidates
for a single pixel region, wherein the state of the landing positions with the present embodiment is

shown ondibedight side i fhierdraatingywhitesthredState therddfavith thecconventionalngirdngement is

shown on the left side as a comparative o
the target landing position is set to a position selected
from M (M is an integer of 2 or more}) portions divided from
the corresponding pixel region along the direction cof the
nozzles 18 of the array (deviation direction in the present
invention, i.e., the direction generally vertical tc 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 regicn, a target landing position 1s selected 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 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 aforementicned M landing



example. In Fig. 7, the square regions enclosed by dashed lines denote the pixel regions. On the
"other hand, the 47 circular regions denote the ink liquid droplets which have landed on the recording
medium. First, description will be made regarding an example wherein the number of the discharge
command signals is one for each pixel region, i.e., two-tone printing is performed. 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 liquid 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 embédiment, the ink liquid 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 liquid droplet has landed &t @ pesition selectedhirorrthe M (=-8)kdivided tasgetdanding
position candidates (in actual practice, one of the eight target landing position candidates corresponds
to the state whetein thepimkdiguid dropltét hbs notdisoharged; sodsig 27 ssHovis'seven divided target
landing positions). Note that in the drawing, the solid circles denote the positions where

wherein aforementioned selection 1s performed at random,

with the present embodiment, a target landing position is

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 1iquid 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 liguid droplet 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 determined target landing position on the

recording medium.

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

ink liguid 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 i1s shown on the left side as a comparative

example. 1In Fig. 7, the square regions enclosed by dashed -

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



the ink liquid droplet has landed on the recording medium, and on the other hand, the dashed-line
"circles denote the 48 position of the other target landing position candidates. In this example, the
target landing position is determined at the second position from the left side, and the drawing shows
the state wherein the ink liquid droplet has landed at the selected position 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 ling aswith the. firstanding positiopyn the, drawing {an e, samedingn Jthedirection parallel
to the transporting direction of the recording medium) (without deviation in the horizontal direction).
On the otheshand, withihe present emlpdimentras described above, the first ink liquid droplet is
discharged so as to land at a position selected at random. In the same
First, description will be made regarding an example

wherein the number of the discharge command signals is one

for each pixel regicn, i.e., two-tone printing ls performed.

With the conventlconal arrangement, the ink liguid droplet

lands on the recording medium such that the ink liguid

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

circie of the pixel regions).

On the other hand, with the present embodiment, the ink

ligquid droplet is discharged sc as to land at a position

selected from the M divided target landing position

candidates arrayed along the direction of the arrayv of the

nczzles 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 liquild 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



way, the target landing position of the second ink liquid droplet is selected at random regardless of the
first target 49 landing position (there is no relation between the first and second ink liquid droplets),
and the second ink liquid droplet is discharged so as to land at the selected target landing position on
the recording medium. In the example shown in Fig. 7, the drawing shows an example wherein the
second ink liquid has landed at the center position in the horizontal direction within the pixel region.
Furthermore, in the event that the number of the discharge 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 aboue. 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 targnggQ@g o oggor%ggth&li}ggg i@?tl'%%ig ?g%hlgﬁé%seg}%cg%% at z}raggf:lglré:llirgg1@_1£3dsless of the first

and second target landing positions, and the thi id"droplet is discharged so "as to land at the
selected targetrlanding pesition amthe: tecprdingmedinm indbe same way dsvuththe-second ink

liquid droplet. With the present embodiment, the ink liquid droplets
at the second position from the left side, and the drawing
shows the state wherein the ink liguid droplet has landed at
the selected position cocn the recording mediwum.

On the other hand, in the event that the number of the
discharge command signals is two, a ink liguid 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 liguid 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
so as to land at a position selected at random. In the same

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

droplet is selected at random regardless of the first target



are discharged for forming an image formed of an array of dots with the above-described method,
‘thereby preventing 50 occurrence of streaks due to irregularities in the discharge properties of the ink
discharge portions, whereby the irregularities in the image become less conspicuous. That is to say,
with the present embodiment, there is no relation between the landing positions of the 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 liquid dischagge-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 Jthe-ink liquid;droplets;arenot 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 issmorenconispicudiiguliypaticlas weith, regardiba detdmage mirereintieicolor tone is
manifested by the ratio of the area of the dots as to the area of the unprinted region (the portion
where théldeizl®Enétcovepeharyed so as to land at the selected target

landing position on the recording medium. In the example

shown in ¥ig. 7, the drawing shows an example wherein the

second ink liguid has landed at the center position in the
horizontal direction within the pixel region.

Furthermore, in the event that the number of the
discharge command signals is three, the ink liguid 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 liguid 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 liguid 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
ligquid droplet.

With the present embodiment, the ink ligquid droplets
are discharged for forming an image formed of an array of

dots with the above-described method, thereby preventing



the printing paper sheet), the more regular the pattern of the unprinted region is, the more
‘conspicuous the portion 51 - deviating from the regular pattern is. On the other hand, with the present
embodiment, the dots are arrayed at random without regularity, a small deviation of the array is less
conspicuous. Furthermore, the liquid 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 mong-tone arrangement for preventing occurrence of
moire. On the other hand, with the present embodiment, the ink liquid droplets are arrayed at random
for each pixel region, thereby preventing occurrence of moire, and thereby suppressing the

imegularifies in the dot landing positions fo a simple problem of;the ireguladties dn.golor, Thus, the

liquid discﬁgr%}érﬁewce according to the present embodiment prevents deterioration in an image due
to occurrgpeg of maire. Y¥patticularwhilesthesserial-method asrangement,y whegein the head is

repeatedly driven in the main scanning
irregularities in the image become less conspilcuous.

That is to say, with the present embodiment, there is
no relation between the landing positions of the ink liguid
dropiets within a single pixel regicn, and each ink ;iquid
droplet is arrayed at random for a single pixel region. As
a result, each array of the ink liguid 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 reducticn of the
irregqularities in an image due to irregularities in the ink-
liguid-droplet discharge properties of the ink discharge
portions. With the conventional method arrangement wherein
the ink ligquid 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 area of the
unprinted region (the portion where the dots do not cover on
the printing paper sheet), the more regular the pattern of

the unprinted region 1is, the more conspicuous the portion



direction so as to discharge the ink liquid droplets such that the dots are overlapped each other, has

" little problem 52 of moire, the line-method arrangement has the problem of moire. On the other hand,
the line-method arrangement employing the method according to the present embodiment wherein
the ink liquid droplets are discharged at random prevents occurrence of moire. That is to say, the
present embodiment has the advantage with regard to line-method ink jet printers. Furthermore, with
the present embodiment, the ink liquid 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 landegd 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 advanta ggl%gh%ts{pgeg JﬁiﬂiQQ (}:s)g%r{ printing.time) as compared with the serial-method
[ as

arrangement. Description een made regarding the arrangements wherein ink liquid droplets are
discharged on the re¢ording, medivmaf random with gevdation-aleng she directjorpbthe array of the

nozzles 18. However, the present invention is not restricted to the above-described arrangements,
rather, dots are arrayed at random without regularity, a small
deviation of the array is less conspicuous.

Furthermore, the liguid discharge device according to
the present embodiment including a coior line head formed of
the above-described multiple line heads 10, wherein each
iine head 10 provides different color dots has the
advantages as foilows.

The conventional coleor ink jet printers, wherein
multiple ink ligquid droplets are superimposed so as to form
a single dot, reqguires higher precision of the landing
positions than with a mono-tone arrangement for preventing
occurrence of moire. On the other hand, with the present
embodiment, the ink liguid droplets are arrayed at random
for each pixel fegion, thereby preventing occurrence of
moire, and thereby suppressing the irregularities in the dot
landing positions to a simple prebiem of the irregularities
in color. Thus, the liguid discharge device according to
the present embodiment prevents deterioration in an image
due to cccurrence of moire.

In particular, while the serial-method arrangement,
wherein the head 1s repeatedly driven in the main scanning
direction so as to dischaige the ink liguid droplets such

that the dots are overlapped each other, has little problem



an arrangement may be made wherein the ink liquid droplets are discharged at random with deviation
" along the 53 transporting direction for the printing paper sheet (the direction generally vertical to the
direction of the array of the nozzles 18). Fig. 8 is a plan view which shows an example wherein a
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. ¥z In-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) , i the sa/me way-asin-figs /o MNate thatwth the presgntembediment, the ink
liquid droplets can be discharged N times for each pixel region along the main scanning direction.

First, withrih&:conveationalartangemeninid the event theatthe invwn er of thedischarge command
signals is one for
emploving the method according to the present embodiment
wherein the ink liguid droplets are discharged at random
prevents cccurrence 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
liquid droplets lands for each pixel on the recording medium
at random, and the ﬁotal.amount of the ink is spread cn a
wide region, thereby reducing the drying period of time for
the ink liguid droplets which have landed on the recording
medium as compared with a conventional arrangement using the
same amount of the ink. In particular, the methced according
to the present embodiment has the marked advantage with
regard to the line-method arrangement having the advantage
of high-gpeed printing (short printing time) as compared
with the serial-method arrangement.

Description has been made regarding the arrangements
wherein ink liguid droplets are discharged on the recording
medium at random with deviaticn 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 liguid droplets

are discharged at random with deviation along the



each pixel region, the ink liquid droplet is discharged in the same way as described above. On the

- other hand, with 54 the present embodiment, a maximum of N target landing position candidates of
the ink liquid droplet are determined for each pixel along the vertical direction (the 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 therefrom at random, and the
ink liquid 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 a5 described aboye Js natireguired fon caysing.deviation ghthes discharge.direction, rather,

the discharge command signals should be input to the head 11 at a predetermined timing
corresponding-toitransperting.ofithe psinting papen sheet. Horeaxample cifi Fige8 detray say that the
center of the pixel region generally matching the center of the ink liquid

of the nozzles 18).

Fig. 8 is a plan view which shows an example wherein a
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
+he conventional arrangement is shown on the left side as a2
comparative example, in the same way as in Pig. 7. In this
example, the state is shown wherein the ink liqguid 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 liquid
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 licguid droplet is discharged in

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



droplet will be referred to as "reference point" hereafter, and the discharge-time difference

- corresponding to the 55 landing-position deviation of one division will be referred to as AT. In the
example according to the present embodiment shown in Fig. 8, wherein the number of the discharge
command signals is one, the ink liquid droplet has landed at a position upward from the reference
position by two divisions. Accordingly, the ink liquid droplet should be discharged at an earlier 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 pasition downward from the reference position by
three divisions. Accordingly, the ink liquid droplet should be discharged at a later timing than the
reference discharge timing by 3 x A. In the same way, with the conventional method arrangement with
the numb%%f the disch%r%e gg@rgiandcsiggal aﬁit},{/ygmt%efi% liguid dr@piegs are discharged in the

same way as in JIE%SQF the other 1and, with the second disE%E?gee acconrglﬁl%g[o the present

embodimepls the:targel - lradingeasitian is-selacted fropnthe candidates at sandor regasdless of the
discharge of the first ink liquid droplet, and the ink liquid droplet is discharged so as to land the

for each pixel along the vertical direction (the

transporting directicn for the printing paper sheet, main

scanning direction, ¢r the direction vertical to the

direction of the array of the nozzles 18), the target

landing position is selected therefrom at random, and the

ink liguid droplet 1s 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 liguid droplet is discharged so0 as to land
at the second target landing position from the top.

Note that with the.present embcdiment, the ink liguid
droplets are discharged so as to land on the recording
medium at random along the tranéporting direction for thes
printing paper sheet, and accordingly, such a circuit as
described above iz not required for causing deviation of the
discharge direction, rather, the discharge command 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 ligquid
droplet will be referred to as '"reference point" hereafter,

and the discharge-time difference corresponding to the



selected position. In the example shown in Fig. 8, the drawing shows the state wherein with the
‘method arrangement 56 with the number of the discharge commands of two, the ink liquid droplet
has landed at a position deviating downward from the reference position. The number of the pattern
combinations with a discharge command signal number of O to N, and the number of discharge times
of K is the number of the combinations of K taken from N, and accordingly, the aforementioned
number of the pattern combinations is represented by the following expression. NCK = NPK/K!
Accordingly, the probability of occurrence of the same random pattern for the same discharge
command signal is represented by 1/NCK. As desgribed above, with the present embodiment, the ink
liquid 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 ehthefact thattha iegulariies ip the image is less conspicuous. With the

thermal-method arrangement as with the present embodiment, wherein the ink Imuuﬂiroplets are
discharged by deating 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
In the example according te the present embodiment

shown in Fig. 8, wherein the number of the discharge command

signals is one, the ink liguid droplet has landed at a

position upward from the reference positicn by two divisions.

Accordingly, the ink liguid droplet should be discharged at

an earlier timing than the reference discharge timing by 2 x

A. Conversely, in the event that the ink Tigquid dreplet ﬁs

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

liguid droplet should be discharged at a later timing than

the reference discharge timing by 3 x A.

In the same way, with the conventional methoed

arrangement with the number of the discharge command signals

is two, the ink liquid 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 liguid droplet,
and the ink liguid droplet is discharged so as to land the

selected position. In the example shown in Fig. 8, the

drawing shows the state wherein with the method arrangement



required for each ink discharge portion. With the conventional arrangement, the line head 10 has a 57
“configuration wherein the multiple heads 11 having such properties are arrayed, and power
consumption occurs at the same timing for discharging the ink, and accordingly, the load on the
power source is extremely high. On the other hand, with the present embodiment, the ink liquid
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
point which is true with regard to both the thermat method and the piezo-method, is that the higher
the printing speed is, 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 rchanaels isyeducad, oftendeading o a prohlem ot aceurrgpce of bubbles in the ink. The

problem of the occurrence of the bubbles leads to a problem of the change in the meniscus, further
leading toia problemmfithe thhage liathieanount of thel discharged-ink liguiddbopkes rAccordingly, the
movement of the ink within the ink channels is preferably performed with a low and uniform speed
overa from the reference position.

The number of the pattern combinations with a discharge
command signal number of 0 to N, and the number of discharge
times of K ig the number of the combinations of XK taken from
N, and accordingly, the aforementioned number of the pattern
combinations is represented by the following expression.

§Cx = yPx/K!

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

As described above, with the present embodiment, the
ink liguid dropliets 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 liquid droplets are discharged
by heating the ink using the heating resistors 13, guite an
amount of energy is required for discharging the ink liguid
droplet. For example, the energy of around 0.7 to 0.8 W is

reguired for each ink discharge portion. With the

conventional arrangement, the line head 10 has a



_ period for ink supply. With the present embodiment, the ink liquid droplets are discharged at random
timing, thereby 58 improving the uniformity of the ink supply from the ink channels. Furthermore, with
the liquid discharge device employing both the method wherein the ink liquid droplets are discharged
'so as to land 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 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 liquid droplets land-witRin-a wider region at random for each pixel region,
thereby improving the advantages 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 example, wherein a

conventioral Methodw@rangenent iis stiownen theteft side,andia methed arangement according to
the present embodiment is shown on the right side. With the conventional method arrangement, the
ink liquidP8fspETafds ars target epdingpositien witheansumption occurs at the

same timing for discharging the ink, and accordingly, the
locad on the power scurce is extremely high. On the other
hand, with the present embodiment, the ink liguid droplets
are discharged at a random timing, and accerdingly, the
number of the ink discharge portions, which i1s 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 point which is true with regard to
both the thermal method and the piezo-method, is that the
higher the printing speed is, 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 1s 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 of the change
in the meniscus, further leading to a pxoblem 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



deviating in the direction of the array of the nozzles 18, or in the direction vertical to the

- aforementioned direction. 59 On the other hand, with the present embodiment, the ink liquid droplets
are discharged so as to land with deviation in the direction of the array of the nozzles 18 (in the
-horizontal direction in the drawing), and in the direction 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 pixel 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 dots. 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 genfigrration attheconyahwith a, £opventional mgthad arapgement agja comparative
example. In Fig. 10, a recording signal generating map 21 is used for determining a position, at which
the ink liquidzdregdlet.is discharged so as to land, along the transporting direction for the printing paper
sheet. For example, in the event that two ink liquid droplets are discharged for each
Furthermore, with the ligquid discharge device emploving
both the methcd wherein the ink liquid droplets are
discharged so as to land at random at a position along the
transporting direction for the printing paper sheet (the
directicn generally vertical to the direction of the array
of the nozzles 18) within each pixel region as shown in Fig.
&, and the method wherein the ink liguid droplets are
discharged with deviation sc¢ as to land at random at a
position along the direction of the array of the nozzles 18
as described with reference fto Fig. 7, the ink liguid
droplets land within a wider region at random for each pixel
reglon, 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 & 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 vertical to the aforementioned direction.



pixel region, two positions are selected from N target landing position candidates shown in Fig. 8. The
* discharge 60 timing corresponding to the transporting direction for the printing paper sheet is
controlled according to the recording signal generating map 21. With the conventional method
arrangement, discharge command signals are transmitted to the 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 (takgetlanding position of the ink liquid 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 timingfor the ink-liquiddraplet discharge with reference o he,rgcording signal generating map

21, and the determined discharge command signals are transmitted to the head 11. Thus, the ink
liquid dropletisidisecharged o8 the pixel sepionwith agandomsdedation.dnhothdhe gdirestion of the

array of the nozzles 18, and the direction (main scanning direction) generally vertical to the

aforementionedre direction of the array of the nozzles 18 (in the
horizontal direction in the drawing), and in the direction
vertical to the aforementioned direction (in the vertical
direction in the drawing). Thus, the ink liguid droplet
lands at a position with a deviation at random in both the
vertical and horizontal directions. With the present
embodiment, the ink ligquid droplets are discharged sc as to
land at random within the pixel 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 dots.

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 & schematic configuraticn of the contrel 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 liguid
droplet is discharged so as to land, along the transporting
direction for the printing paper sheet. For example, in the
event that twe ink liquid droplets are discharged for each
pixel region, two positions are selected from N target

landing position candidates shown in Fig. 8. The discharge



~direction. Thus, the ink liquid droplet lands at a position for each pixel region with random deviation in
“both the 61 direction of the array of the nozzles 18, and the direction vertical to the aforementioned
direction, as shown in Fig. 9. Next, description will be made regarding a configuration for providing the
deviation command 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, requires signals of loge M bit. For example, in the event
that M = 8 as described above, 3- bit signals are rgguired. 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

dlscharga:ggmgasg@gygg@g\ﬂ%g} rthe gﬁeeat*_%rggé‘l r.of data signals, and a cord ly, the size of
the head 11 is extremely increased. Accordingly, it Is pos&b?e manufacl%u §narrangement

-in actual ypracticenAcearshnglynuaith: thespresant-embediment .a ;@rfangement has a configuration
wherein the terminals of all the ink discharge portions for controlling the same bit are
recording signal generating map 21.

With the conventional method arrangement, discharge
command signals are transmitted to the 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 deviatibn in the
direction of the array of the nozzles 18, deviation
direction (target landing position of the ink liguid
droplet) is determined at random based upocn 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 +o the
recording signal generating map 21, and the determined
discharge command signals are transmitted to the head 11.
Thus, the ink liguid 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 positicn

for each pixel region with randem deviation in both the



connected one to another for controlling the discharge direction for each ink discharge portion, or an
“arrangement 62 has a configuration wherein the discharge direction is controlled for all the ink
discharge portions using the serialized signals. Fig. 11 is a diagram for describing a connection
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 "J1", "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 pertidns-for the same bit are connected one to another
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

regardingdhe seasens that the:adjaeent ink dischasge podions dischange rhednk ligyid droplet so as
to form different random dot patterns even in a case of employing the above-described method
wherein theetermidals tPaltiie ink aisoherdgd ortiors for g samedit arb@onnéctetiane t.another in

Next, description will be made regarding a
configuration for providing the deviation command signals
Vfor controlling the deviation of the discharge direction of
the ink liguid droplet. 1In principle, the deviation command
signals are preferably provided to each ink discharge
portion. In this case, the arrangement, wherein the ink
liguid droplets are discharged onto M divided positions from
each ink discharge portion, requires signals of log; M bit.
For example, in the event that M = 8 as described above, 3-
bit signals are reguired.

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 porticns, requires wiring for the great
number of data signals, and accordingly, the size of the
head 11 is extremely increased. Accordingly, it is
impossible to manufacture such an arrangement in actual
practice. Accordingly, with the present embodiment, an
arfangement has a configuration wherein the terminals of all
the ink discharge portions for centrolling the same bit are
connected one to another for controlling the discharge

direction for each ink discharge portion, or an arrangement



parallel for each bit. The first reason is that all the ink discharge portions 63 connected in parallel are
. hot driven so as to discharge the ink liquid droplets at the same time. Furthermore, while multiple ink
discharge portions are driven at the same time, the adjacent ink discharge portions are not driven at
the same 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 exaﬁ?ple in the event that an ink liquid 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 portion is
influenced'by tie diseharer aperationh Spesificalls tHé ehangain themmeniseus {the position of the
ink level Wlthln the no(zjzl%) occulrs in the adjacent ink discharge 1|E)ort|on due to the discharge
operation ﬁp rolle or a the ink discharge portions using the ‘
serialized signals.
Fig. 11 is a diagram for describing a connection
coenfiguraticn for each ink discharge portion according *o
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 "J1v, "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 configuraticn 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 liguid droplet so as to form different random dot
patterns even in a case of employving the above-described
method wherein the terminals of all the ink discharge
portions for the same bit are connected one to another in

parallel for each bit.

The first reason is that all the ink discharge portions



the event that the ink liquid droplet is discharged from the ink discharge portion with, irregularities of
_the meniscus, 64 the dot which has landed on the recording medium has irregularities in the size
thereof, and accordingly, the ink discharge portions close one to another are not driven at the same
time. Accordingly, ink discharge control is performed such that upon an ink liquid droplet being
discharged from an ink discharge portion, the adjacent ink discharge portions 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 liquid
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 adj&cent ink discharge portions are not driven so as to
discharge the ink liquid droplets at the same time, whereby no serious problem occurs. Note that in
the event that a problem may occurs that the same signals are input to the adjacent ink discharge
portions duertoggrinted datay @1 ] pieiure wata ot thixlikes nar arrangement say=heymagdeawvherein the
multiple recording generating maps 21 are included, the adjacent ink discharge portions are driven
based updr HiffetdRtirdcBiting §efieriting tiassEurthefnore FAr Al angement may e made wherein

in the even he n rs of times, which th
the e %m£ﬂ¥§£f% Egﬁgfigckaggé pé%éigns are driven at the same time,

the adjacent ink discharge portions are not driven at the
same time. With the present embodiment, such a
countermeasure l1ls 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
liguid 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
adijacent 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 liguid
chamber or the ink channels, and furthermore, the adjacent
ink discharge portion is influenced by the dischargse
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 cperation. 1In
the event that the ink liguid droPlet is discharged from the

ink discharge portion with irregularities of the meniscus,



adjacent ink discharge portions are to be driven so as to discharge the ink liquid droplets, are the

_same, different 65 command signals are input to the adjacent ink discharge portions. Furthermore, in
this case, an arrangement may be made wherein different deviation command signals are input to the
adjacent ink discharge portions so as to form 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 confighiration 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 erefativerinbyement isipetfosmedrsuchethat therprintingrpaperrsheeat is maintained
stationary, as well as the head 11 being moved in the width direction of the printing paper sheet. Fig.
12 is a didgrafvordeseiiBmgid séris-nséthed L PRFGRS arraRgeme ApacEording to the pedent

Invennondascharge portions close cne to ancother are not driven at
the same time. Accordingly, ink discharge control is
performed such that upon an ink ligquid droplet being
discharged from an ink discharge portion, the adjacent ink
discharge portions 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 liquid droplets at
the same time, whereby nc sericus 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.qg., 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. Furthermcre, 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 liquid droplets, are the same, different



a conventional serial-method printing arrangement as a comparative example. 66 In the following

. description, let us say that four ink liquid droplets are discharged so as to land within a single pixel
region, whereby a single pixel is formed. In this case, with the conventional 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 &&turning 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
configurationwwhereis thehéad d14s digposed such¢hatdhe dengitudinabdirectioncof the head 11
matches the sub- scanning direction (transporting direction for the printing paper sheet). That is to
Sa%theh888%39§§ﬁ$xE%aWﬁﬂ?more' in this case, an arrangement may be

macde wherein different deviation command signals are input
to the adjacent ink discharge porticns so as to form
different random dot patterns, at a timing pricr 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 cf 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. Nocite that in general, the
relative movement is performed such that the printing paper
sheet is maintained staticnary, 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-methed printiﬁg arrangement as a

comparative example.



an attitude rotated by 90 as compared with the parallel- method arrangement including a line head 10.
67 With the serial-method printing arrangement according to the present invention, at the time of
performing printing while scanning the head 11 in the main scanning direction, the ink liquid droplets
are discharged with a deviation of 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 900 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 regioh® 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 inventiolrreguite$ @ scanhing periodrinrtinmie fouritames as sgreat as withcthe camventional
method arrangement. That is to say, a single scanning period in time in the main scanning direction

according to $e PreSetR iifehtivh SmaicheRaRE €anP6f thie bl searhing pBiBdS instmelfer

pixel reglon, whereby a single pixel is formed.

In this case, with the conventional printing
arrangement, printing four times by scanning along the main
gcanning directlon are required for forming a pixel. For
example, a first ink liguid droplet is discharged so as to
land within a single pixel region along the main scanning
directicn, 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
liguid 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, thé 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 iﬁvention 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.



print in the main scanning direction with the conventional method arrangement. 68 However, in order
to complete print of the pixel regions arrayed on a single line along the main scanning direction, the
conventional printing arrangement requires four periods in time for printing with scanning along the
main scanning 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 liquid 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 liquid droplets to be discharged within a single pixel region. 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 inventioh: mulﬂ%piinﬁagmmbeemrcﬁ@rmﬁdihytpﬁtjcﬁfﬂiﬂgrpjigﬁj@gtyvigb@Ostiaglﬁgscanning along
the main scanning direction. Thus, with the printing arrangement according to the present invention,
thenumbéPoﬁ%@tﬁﬁ&?@ﬂmGQRﬁﬁPtlon at the time of performing printing

while scanning the head 11 in the main scanning direction,
the ink liquid droplets are discharged with a deviation of
the discharge direction determined at random. Note that
with the serial-method printing arrangement according teo the
present invention, the head 11 is disposed with an a+ttitude
rotated by 90° as compared with the parallel-method
arrangement, and accordingly, the deviation direction of the
discharge direction of the ink liguid 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.



returning operations is reduced to one, and accordingly, the print time is reduced by the period
required for three times 69 of head-returning operations, as compared with the conventional printing
~arrangements. Furthermore, with the conventional serial-method printing arrangement, 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-method arrangement according to the present invention,
the ink liquid droplets are discharged with random deviation in the sub-scanning direction, whereby
the irregularities in the image due to irregularities ffan array of the landing ink liquid 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 nitdlifications hrayobel frradecas dolioves: €1 pwithtthefartdrgamientlaccording to the
present embodiment, while multlple ink I|qU|d droplets are discharged so as to land at portions

selected ffond MPHRideFayed of & single Line along the main scanning

direction, the ceonventional printing arrangement requires
four pericds in time for printing with scanning along the
main scanning direction, and four periods in +time for
returning the head. That is to say, with the conventional
method arrangement, the ink ligquid droplets cahnot be
discharged with deviation, and accordingly, in the event
that multiple ink liquid droplets are discharged for each
pixel regicn, there is the need to repeat printing with
scanning along the main scanning direction as many times as
the number of the ink liquid droplets to be discharged
within a single pixel regién.

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 cof the head-
returning operaticns is reduced to one, and accordingly, the

print time is reduced by the period required for three times



target landing position candidates at random for each pixel region, the number M may be any of
positive integers of 2 or 70 more, and is not restricted to a particular one employed in the first
embodiment. In the same way, the number N which is the number of the landing 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 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 corresponds to the maximum number of tones) is not restricted to a particular one. (2) While
with the present embodiment, the ink liquid droplet§ are discharged 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 arrangement, rather an arrangement may be made wherein the ink
liquid drophets e disehbrgedl sucho tivataat ieast a part obeaehr laiding:ink diguid droplet is included
within the corresponding pixel region, thereby obtaining a random dot pattern for each pixel region
over a widErTEGIom-hRR-With tHe praSe AtémBEEaTRTEHt S(3) While with the arrangement according to

the present Furthermore, with the conventional serial-method

printing arrangement, a problem often cccurs that streaks
occur along the width direction of the printing paper sheet
due to irregularities in an array of the landing ink ligquid
droplets along the subwscanningrdirection (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
te the present invention, the ink liguid droplets are
discharged with random deviation in the sub~-scanning
di;ection, whereby the irregularities in the image due to
irregularities in an array of the landing ink liguid
droplets are less conspicucus.

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
embpdiment, rather, various modifications may be made as
folliows.

{1} With the arrangement according fo the present
embodiment, while multiple ink liguid 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 bé any of positive integers of 2 or



embodiment, the target landing position of the ink liquid droplet is selected at random using the
“random number 71 generating circuit 22, any method may be employed for selecting the target
‘landing position of the ink liquid droplet at random, as long as the array of the selected landing
positions exhibits a random dot pattern without a particular pattern. Furthermore, 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 control 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 heaﬁnfj Cresistors 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 requiring for boiling the ink (bubble generating time) between these two divided heating
resistors 1®14owevet, the present srivartionds hot reshictdéd o heralsove-descriticeld embodiment,
rather an arrangement may be made wherein the timing for supplying the currents to the two-divided

resistors £3'% dorftrofie@ R Mahtaining the SuppRES clitent o the W aRidbdesiHors 13 the

Same'Foﬁs the number of the landing ink liguid droplets within each

pixel region along the transporting direction for the
printing sheet paper (the directicn generally vertical to
the direction of the array of the ink discharge portions)
may be determined tc 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 maximumn
number of the ianding ink droplets within each pigel region
{which cgg:esponds to the maximum number of tones) is not
restricted to a particular one.

(2) While with the present embodiment, the ink liguid
droplets are discharged such that the center of each landing
ink liguid droplet is included within the corresponding
pixel region, the present invention 1s not restricted to the
above~described arrangement,‘rather an arrangement may be
made wherein the ink liguid 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.

{3) While with the arrangement according to the present
embodiment, the target landing position of the ink liguid

droplet is. selected at random using the random numbsr



example, an arrangement may be made wherein the two-divided heating resistors 13 include
independent switches, and the 72 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 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 liquid chamber 12 includes two divided heating resistors
13 arrayed in parallel. In this case, it has been conflrmed 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
arrangemertn maythe maderwhéreik ackunk houidhchamiber 12 inclpdesy dldreecar more heating
resistors 13 in parallel. (7) In the present embodiment, while description has been made regarding the
arrangeméRt\iRéren¥ eall irié H@s%ﬁaﬂg?élﬁéﬁﬁ@nﬁﬁcﬁwéﬂhé)ﬁeém@ resistersABifdr performing

dISChargeaNlth t.he thg%m%larrpgthod ége ggggar s the array of the selected

landing positions exhibits a random dot pattern without a
particular pattern. Furthermore, 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 control
signal of Jl 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, itwo-divided heating
resistors 13 are disposed in parallel, and ithe currents
supplied tc 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 resistois 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



method according to the present invention is not restricted to this method, rather,
“electrostatic-discharge method or 73 - the piezo method may be employed. An electrostatic-discharge
“energy generating device (which corresponds to the heat resistor 13) has a configuration wherein two
electrodes are disposed on the bottom face of a vibrating plate arrayed so as to introduce an air
chamber therebetween. With the aforementioned electrostatic-discharge energy generating device, a
voltage is applied 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 returned 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
(releasingttheglectedstatic’ péWer by taing offthe anltage)iiativeen the twe ehkrgy generating
devices is controlled, or each of the voltages supplied to the two energy generating devices are

controlled® ®ntthe Gther Rand, € pié26 Ererdy Gendrding devicediiration time

between these two divided heating resistors 13. Furthermore,
an arrangement according to the present invention may employ
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, descriﬁtion has been
made regarding the arrangement wherein each ink liquid
chamber 12 includes two divided heating resistors 13 arrayed
in paralliel., In 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 resisteors 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



a layered configuration formed of a piezo device having electrodes on both face thereof, and a
vibrating plate. In 74 this case, upon a voltage being applied between both the electrodes of the piezo

"device, bending moment occurs as to the vibrating plate due to the piezoelectric effect, deviation of
the vibrating plate occurs. With this arrangement, 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 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 dischartye direction of the ink liquid 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 arrayed in the direction of the array of the ink discharge portions.
Howevertthereisen@ need-fod thexgirectiosrgf the atray of the ink discharge portions to completely
match the deviation direction of the discharge direction of the ink liquid droplets, rather, an
arrangement wHetem thesE b alreeticis §eicrafy Afelyy generating device

(which corresponds to the heat resistor 13) has a
configuration wherein two electrodes are disposed on the
bottom face of a vibkbrating plate arraved so as to introduce
an air chamber therebetween. With the aforementicned
electrostatic~discharge energy generating device, a voltages
is applied between both the electrcdes so as Lo 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 vikrating plate is
returned 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 employving the aforementicned 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 configuraticn formed of a piezo device having

electrodes on both face therecf, and a vibrating plate. In



each other has generally the same advantages. Thus, an arrangement may be made wherein these
two directions 75 - generally match each other. (9) In the present embodiment, while description has
'been made regarding the arrangement wherein the ink liquid droplet is discharged from the
corresponding ink discharge portion, i.e., the ink discharge portion at a position generally directly
above the pixel region, so 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 liquid droplets are discharged from the adjacent ink discharge portions "X" and "X
+ 1", and the pixel regions corresponding to theink4drscharge portions "X" and "X + 1" are the pixel
region "Y" and "Y + 111, respectively. In this case, the ink discharge portion "X" can discharge an ink
liquid droplet on the adjacent pixel region "Y + 111, as well as on the corresponding pixel region "Y".
In the saméwaycthesinkaisoharge’ portions Xoke 11 gan paischatge d¢her indeliquid draplet on the adjacent
pixel region "Y", as well as on the corresponding pixel region "Y +1".

electrodes of the piezo device, bending moment occurs as to

the vibrating plate due to the piezoelectric effect,

deviation of the vibrating plate occurs. With this

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

pilezo 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 liquid‘droplets is controlled

along the direction of the array of the ink discharge

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

heating resistors 13 are arrayed in the direction of the

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

need for the direction of the array of the ink discharge

porticns 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



Note that in this case, in the event that the ink discharge portion "X" discharges an ink liquid droplet
on 76 the pixel region "Y + 1", adjacent to the corresponding pixel region, for example, the target
landing position is selected from the M target landing position candidates for the pixel region "Y + 1"
described above. The same operation is performed in each case. Thus, in the event that an ink liquid
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" so 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 - 111, 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 dropkstenzaany pixetreyie®abacthesgorresponding pixel region, such as the pixel regions "Y -
2" or"Y + 2", for example. Thus, with the above-described arrangement, multiple igl&(léiquid droplets

are discharged &R eathi phitt rgiGA $fom embodiment, while description

been made regarding the arrangement wherein the ink liquid
droplet is discharged from the corresponding ink discharge
portion, i.e., the ink discharge portion at a position
generally directly above the pixel region, so as to land on
the pixel region, the present invention is not restricted %o
this arrangement, rather, an arrangement may be made wherein
the ink liguid 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 4+ 1", and the pixel regions corresponding to the ink
discharge portions "X" and "X + 1" are the pixel region "Y*
and "¥Y 4 1", respectively.

In this case, the ink discharge portion "X" can
discharge an ink liguid 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 "V
+ 1M,

Nete that in this case, in the event that the ink

discharge portion "X" discharges an ink liguid droplet on



multiple ink discharge portions for forming a single dot, whereby the irregularities in the image due to
77 irregularities of an array of the ink discharge portions are even less conspicuous (detailed
description will be made in a second embodiment regarding the advantage). Furthermore, an
arrangement may be made wherein while ink liquid 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 arran@ément 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 dischargeipartionsFurtherihotre lit is attherobjeco(sebendarywbjectndhergof to provide an
arrangement wherein the irregularities in an array of landing fosmons of the liquid droplets are
pixel regiocon, for example, thé target landing position is
selected from the M target landing position candidates for
the pixel regilon "Y + 1" described above. The same
operation is performed in each case.
Thus, in the event that an ink liguid 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', Furthermcre, an ink liguid droplet can bhe discharged
from the ink discharge portion "X + 1" so as to land on the
pixel region ™Y",
Note that the present invention is not restricted to
the arrangement wherein the ink discharge portion "XY can
discharge an ink liguid droplet on the pixel region "Y - 17,
or "Y + 1%, adjacent to the corresponding pixel region, for
example, an arrangement may be made wherein tThe ink
discharge portion "X'" can discharge an ink liquid droplet on
any pixel regicon near the corresponding pixel region, such
as the pixel regions "Y - 2" or "Y + 2%, for example.
Thus, with the above-described arrangement, multiple
ink liquid droplets are discharged on each pixel region from

multiplie ink discharge portions for forming a single dot,

whereby the irregularities in the image due to



less conspicuous. Accordingly, the arrangement according to the present 78 embodiment includes the
“head 11 employing the discharge direction varying means described in the first embodiment, first
discharge control means, second discharge control means, and third discharge control means,
described below, so as to perform discharge control described below. (First discharge control means)
‘The first discharge control means performs discharge control such that multiple ink liquid droplets are
discharged with deviation on each pixel column from at least two liquid discharge portions positioned
close 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 liquid 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 2J (J denotes a
positive integerl:ofthe differentdirectionsaysing JtbiecontrolSigrals il thethagmral diistance
between the landing positions corresponding to the aforementioned 2J different directions is
determinBd g8 thESS conspicuous (detailed description will ke made 1n
a second embodiment regarding the advantage) .
Furthermore, an arrangement may be made wherein while
ink liguid droplets are discharged on a certain pixel region
from a single ink discharge porticn, 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 seccnd embodiment according toc 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
défects 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 liguid
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 liguid droplets are

less conspicuous.

Accordingly, the arrangement according to the present



value wherein the interval between the adjacent nozzles 18 is multiplied by (2J - 1). With this
arrangement, an ink 79 liquid droplet is discharged from the nozzle 18 in a direction selected from the
"aforementioned 2J directions. A second 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 odd number (2J + 1) (J denotes a positive integer) of the
different directions using (J + 1)-bit control signals, and the maximal distance between the landing
positions corresponding to the aforementioned (2J + 1) different directions is determined to the value
wherein the interval between the adjacent nozzles 18 is multiplied by 2J. With this arrangement, an
ink liquid droplet is discharged from the nozzle-18 i a direction selected from the aforementioned (2J
+ 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:direstionds: 2J =4, whieh isar eveninumberQrthenether badd sittieapgximal distance
between the landing positions corresponding to the aforementioned 2J directions is the value wherein
the intervai betweermthesadjdcentnezriesdssis mditgliedibyhe first embodiment,

first discharge control means, seccnd discharge control
means, and third discharge control means, described below,
so as to perform discharge control described below.

{First discharge control means)

The first discharge control means performs discharge
control such that multiple ink ligquid droplets are
discharged with deviation on each pixel column from at least
two liguid discharge portions positioned ciose cne to
ancther so as to form each pixel column, or multiple ink
liguid 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
celumn 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 liguid droplet
from each nozzle 18 can be selected from the even number 27
(J denctes a positive integer) of the different directicns
using J-kit control signals, and the maximal distance
between the landing positions corresponding to the
aforementioned 27 different directions is determined to the
value whereln the interval between the adjacent nozzles 18

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



((23 - 1) = 3) . In this case, with the head 11 having the resolution of - 80 600 DPI, the aforementioned
value, wherein the interval between the adjacent nozzles 18 is multiplied by 3, is equal to (42.3 m

" (the interval between the adjacent nozzles) x 3) = 126.9 m. As described above, the maximal distance
between the aforementioned landing position candidates is set to this value, i.e., 126.9 pm. Note that
the distance H between the tip of the nozzle 18 and the printing paper sheet P is maintained to 2 mm
(= 2000 m). Accordingly, in this case, the deviation angle 8 (deg) is represented by tan 28 =
.126.9/2000, which is approximately equal to 0.0635. Accordingly, the deviation angle O is obtained,
which is approximately equal to 1.8 (deg). On the other hand, for example, with the above- described
second arrangement employing the control sigﬁalg Swith the bit number of J = 2 + 1, the number of the
discharge direction candidates for selecting the discharge direction is 2J + 1 =5, which is an odd
number. On the other hand, the maximal distance between the landing positions corresponding to the
aforementiéaed R J+ a4y lditectivnsl issthieaztizs whesgin the imesal betWeelhthe adjacent nozzles 18
is multiplied by (2J = 4). Fig. 13 is a diagram for describingt%more sggcifi_c example wherein with the

above-deScrised first affGngé&mert ~wom the atoremefitioned directicns.

A second arrangement of the first discharge contrel
means according to the present invention has a configuration
wherein the discharge direction of the ink ligquid 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 control signals, and the
maximal distance between the landing pesitions corresponding
to the aforementioned (27 + 1) different directions is
determined to the wvalue wherein the interval between the
adjacent nozzles 18 is multiplied by 2°. With this
arrangement, an ink liguid droplet is discharged from the
nozzle 18 in a dirsction 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 27 = 4, which is an
even number. On the cther 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



employing the control signals with the bit number of (J = 1), the ink liquid droplets are discharged with
deviation. With 81 the above-described first arrangement, the range of the discharge direction of the
ink liquid droplets can be determined in a shape left-right symmetrical along the direction of an array
of the nozzles 18. With the present arrangement, the distance between the two (2J = 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 (2J - 1 = 1), and
accordingly, ink liquid droplets can be discharged onto each pixel region from both the nozzles 18 of
the adjacent liquid discharge portions, as shown in Fig. 13. That is to say, as shown in Fig. 13, with
the interval between the adjacent nozzles 18 as )%,Oth_e distance between the adjacent pixel regions is
represented by (2J - 1) x X (in the example shown in Fig. 13, (2J - 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, Figé 24 98 Hiagram fof destsiidg 0a atbréspetific'8xanmie wheteiniti telabove-described

second aprangement erloyingthe contol sigpels,wif) e HiLIRer o 05 1.1), fhe ik i

to (42.3 um (the interval between the adjacent nczzles) %X 3)
= 126.9 wm. As described above, the maximal distance
between the aforementicned landing position candidates is
set to this value, i.e., 126.9 pm. Note that the distance H
between the tip of the nozzle 18 and the printing paper
sheet P is maintained to 2 mm (= 2000 pm). Accerdingly, in
this case, the deviation angle © (deg) is represented by tan
28 = 126.9/2000, which is approximately equal to 0.0635.
Accordingly, the deviation angle O is obtained, which is
approximately egual to 1.8 (deg).

On the cther hand, for examplie, with the above-
described second arrangement employing the control signals
with the bit 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 tce the aforementiloned (27 + 1)
directions is the value wherein.the interval between the
adjacent nozzles 18 is multiplied by (27 = 4y .

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

the ink ligquid droplets are discharged with deviation. With



discharged with deviation. With the above-described second arrangement, the number of the
_discharge direction 82 candidates of the liquid droplets from the nozzle 18 is an odd number. That is
to say, while with the first arrangement, an even number of the discharge directions of the ink liquid
droplets can be determined in a shape horizontally symmetrical along the direction of an array of the
nozzles 18, with the second arrangement employing the control 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 droplet straight down. Thus, with the second arrangement, the ink liquid 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 8dliscfharge direction denoted 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 signalis2 (J =1 + 1), and
the numbéhef thecdischagerdifdioh cafdidatesiis BRIk 1) tRarthermere? thelmaximal distance
between the Ianding ositions corresponding to the aforementioned 3 (= 2J + 1) discharge directions

is determited $5 M&Valla {72338 RiFig 1) WheraiTiHE iftéRRI Betiveet the%djacent nozzles 18

(Xin determined in a shape left-right symmetrical along the
direction of an array of the nozzles 18.

With the present arrangement, the distance between the
two (27 = 2) target landing position candidates, serving as
the aforementioned maximal distance, is determined fto the
value wherein the distance beiween the two adjacent nozzles
18 is multiplied by 1 (27 - 1 = 1), and accordingly, ink
1iguid 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 is to say, as shown in
Fig. 13, with the interval between the adjacent nozzles 18
as X, the distance between the adjacent pixel regiocns is
represented by {2° - 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
i8.

On the other hand, Fig. 14 is a diagram for describing
a more specific example wherein with the above-described
gsecond arrangement emploving the conirol signals with the
bit number of (J = 1 + 1), the ink liguid droplets are
discharged with deviation. With the above~described second

arrangement, the number of the discharge direction



Fig. 14) is multiplied by 2 (= 2J) , and an ink liquid droplet is discharged in any direction selected from
the 83 three (= 2 + 1) discharge direction candidates. Thus, an ink liquid droplet can be discharged
not only on a pixel region N immediately underneath an nozzle N, but also on a pixel regions N - 1
and N + 1, positioned on both sides thereof. Furthermore, each landing position of the ink liquid
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 control signal, ink
liquid 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 liquid
discharge portions in the array direction as "X" as®hown 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 ( (1/2 x X) x F) (P is a positive integer). Fig. 15 is a
diagram feredesedibirgsthe ikél forning 1 hetiotP fwbdidcliargé diredioris) @ct8rdifg & the above-
described first arrangementI(an ink I|qU|d dro[))]Iet-can be dischar ged ina dlrectlon selected from an
evennum%ggopum er to say, while with first

arrangement, an even number of the discharge directions of
the ink liguid droplets can be determined in a shape
horizontally symmetrical aiong the direction of an array of
the nozzles 18, with the second arrangement employing the
control 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 liguid droplet straight
down. Thus, with the second arrangement, the ink liguid
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 denoted by "c¢' in Fig. 14), whereby the
discharge direction can be selected from an odd nunmber of
discharge direction candidates.

| In the example shown in Fig. 14, the bit number of the
contrel signal is 2 (J = 1 + 1), and the number of the
discharge direction candidates is 3 (29 + 1) . Furthermore,
the maximal distance between the landing positions
corresponding to the aforementioned 3 (= 27 + 1) discharge
directions is determined to the value ((2° x X) in Fig. 14)
wherein the interval between the adjacent nozzles 18 (X in
Fig. 14} is multiplied by 2 (= 27y, and an ink liguid

droplet is discharged in any direction selected from the



discharge direction candidates) employing the control signal with the bit number J of 1. 84 Fig. 15
-shows a process wherein each pixel is formed on the printing paper sheet by the liquid discharge
portions according to the discharge execution signals transmitted to the head 11 in parallel. The
discharge execution signals 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" is 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 Iiééid"droplet at a timing and in a direction,
corresponding to the aforementioned cycle in the order of "direction 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 nidltigte dbts Zortespondingrieathetons namiberof trediseharge. execution signals are
formed within each pixel region for each cycle of "a" and "b". For example at the cycle "a", the

discharge execttion sighRl fof the prBEN S5 WA mitted P helischarged not” only

on a pixel region N immediately underneath an nozzle N, but
also on a pixel regions N - 1 and N + 1, positioned on both
sides thereof.

Furthermore, each landing position of the ink liqguid
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 control signal, ink liguid droplets
can be discharged onto each pixel region from at least two
liguid discharge porticons (nozzles 18) positioned close one
to another. Specifically, with the pitch of an array of the
liguid discharge portions in the array direction as "X" as
shown in Figs. 13 and 14, each liguid discharge porticn can
discharge an ink liquid droplet so as to land at a position
deviating from the position directly underneath the liguid
discharge portion by (£ (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 £o the above-
described first arrangement (an ink liquid droplet can bke
discharged in a direction selected from an even number of
discharge direction candidates) employing the control signal

with the bit number J of 1.



liquid discharge portion "N - 1", and the discharge execution signal for the pixel "N + 2" is transmitted

, to the 85 - liquid discharge portion "N + 1". As a result, the liquid discharge portion "N - i" discharges
an ink liquid droplet in the direction a, whereby the ink liquid droplet lands at a position on the pixel
"N" on the printing paper sheet. In the same 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 pixel "N +
2" on the printing paper sheet. Thus, an ink liquid droplet corresponding to 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 opera’fio%sberformed for the timeslot b. As a result,
formation of the pixel "N" is completed, wherein 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 consecutivehd dischafge Bitoa Bigie pixel tegibhtor@spoRditigto Bssifglanpisel Fumber for

forminga%ixel regardless of the tone numbher th%reoi,.ther%by r,educinrg the influence of irregularities
inthe '@ Printing paper sheet Dy the liquid discharge portions

according to the discharge execution signals transmitted to
the head 11 in paralliel. The discharge execution signals
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 fone
number of the discharge execution signal for the pixel "W +
1* is 1, and the tone number of the discharge execution
signal for the pixel "N + 2" i1s 2.

The discharge signals for each pixel are transmitted to
the corresponding liguid discharge portion with a cycle in
the order of "discharge direction a" and "discharge
direction b", and each liQuid discharge portion discharges
an ink Iiguid droplet at a timing and in a direction,
corresponding to the aforementioned cycle in the order of
"direction a" and "direction b". Here, the cyvcle of the
discharge directicon 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" ig transmitted to the
liquid discharge portion "N - 1", and the discharge

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



liquid discharge portions. Furthermore, this method reduces irregularities in the areas formed of the
_dots of the pixels, 86 even in the event that the discharge amount of the ink liquid droplets from a part
of the liquid discharge portions is small. Furthermore, in the event that the pixel formed of one, 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, is different from the liquid discharge portion used for forming the pixel (M +
1), or the liquid 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 im gse)Tfor example, all the pixels in the same column
are formed by different liquid 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
liquid dischafiiel porticrs aviEretHeoedriventioNalfarfangements, all the pixels in generally the same
column are formed by a single liquid dischar ortion, for example, and accordingly, in the
As g'res lt,qtge fgquggléisc%arge poPtion "N l”gy
discharges an ink liguid droplet in the direction é, whereby
the ink liquid droplet lands at a position on the pixel "N
on the printing paper sheet. In the same way, the liguid
discharge portion "N + 1" discharges an ink liguid droplet
in the direction a, whereby the ink liguid droplet lands at
a position on the pixel "N + 2" on the printing paper sheet.
Thus, an ink liquid droplet corresponding to 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,
wherein the number (two) of the dots forming the pixel
corresponds to the tone number 3 thereof.
Thus, each liguid 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,



event that an ink liquid droplet is not discharged from any liquid discharge portion due to clogging or
. the like, all 87 the pixels in the corresponding pixel column are not formed. On the other hand, the
above-described method arrangement solves such a problem. Furthermore, as a method
arrangement other than the above-described method 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 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, is different from the liquid discharge portion used
for forming the pixel (M + 1), or the liquid disch_arg(g 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
liquid droplet can be discharged in a direction selected from an odd number of  discharge direction

candidate®y Bhptdyifg thé ¥antrolSigital Wifth tHed 6t AtiAfber ot +°5). The Fik&l formation process

shown in Fig, 16s dhe, sarme a jn kg, 15, 59 descrption thereof will be.amitted, With th

above-secon arranger?lent, discharge of liquid droglets canbe control?ehgp\ bé %iéb irst dlsc%arge control
is small.

Furthermore, in the event that the pixel formed of one,
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 contrcolled such that the liquid discharge portion
used for forming the pixel M, or the ligquid 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 peortion used for
forming the first dot of the pixel (M + 1}.

Thus, in the event that each pixel is formed ¢of ons dot
(two—tone image), for example, all the pixels in the same
coclumn are formed by different ligquid discharge portions.
Furthermore, in the event that each pixel i1s 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 conventiconal 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 liguid droplet is not discharged from any

liguid discharge portion due to clogging or the like, all



means such that a single pixel column or a single pixel is formed by at least two different liquid

. discharge portions 88 positioned close one to another, in the same way as with the first arrangement.
(Second discharge means) Furthermore, with the present embodiment, discharge 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 isog]erformed such that the landing position of an ink
liquid droplet within the corresponding pixel regi /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 denotes an integer of
2 or more) target landing position candidates for the corresponding pixel region, for each discharge of
an ink liqabelrppiee fform tha liguidadiscHarga poribrc iwtfereiprdtiaast ar Fark °OF the ¥8§idn of each

target landing position candidatde is inclucgd Wigrgn the cgrrgs%orgn%pixel region, aq:d the target
landing poSiti&h SaRdidafes AR arrayed MRS S Cescribsd methouarramyemen

solves such a problem.

Furthermore, as a method arrangement other than the
above~described method.axrangement, an arrangementit may be
made wherein the liguid discharge portion is selected at
random. In this case, the system is preferably controlled
such that the liquid discharge portion used for forming the
pixel M, or the liguid 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), cr 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 directicns) according to the above-
described second arrangement {an ink liguid droplet can bhe
discharged in a direction selected from an odd number of
discharge direction candidates) emploving 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 abcve-second arrangement, discharge of liguid
droplets can be controlled by the first discharge control
means such that & single pixel column or a single pixel is

formed by at least two different liguid discharge portions



direction of an array of the nozzles 18 (deviation direction in the present invention). Subsequently,

_discharge of the 89 liquid droplet is controlled by the discharge direction varying means such that the
liquid droplet lands at the selected target landing position. Furthermore, with the present embodiment,
the second 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. Various 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 ”énggrr“éy 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 dBSaré sFrsy/edaritE dveRapped 36516 Yorni Badh pix@t Withvatoécurtenide 6f2streaks or
the like d%e to ijéregularities of the properties of the liquid discharge portions, whereby the irregularities
in the imag:é]:osecomr_e‘%alzelgg%gﬁspicuous, as described in the

{Second discharge means)

Furthermore, with the present embodiment, discharge
control of the ink ligquid 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-
deécribed first discharge contrcl means.

The second discharge means performs the séme 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 liguid droplet within the corresponding
pixel region is selected along the direction of an array of
the nozzles 18. That 1is to say, the target landing position
is selected from the M (M denotes an integer of 2 or more)
target landing position candidates for the corresponding
pixel region, for each discharge of an ink liguid 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 regiecn, 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



first embodiment. That is to say, an array of the landing positions of the ink liquid droplets is
.determined without - 90 regularity, and accordingly, the array of the ink liquid droplets (dots) exhibits
a random pattern. 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. 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 aééording 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 moire, as with the first embodiment. Thus, the present embodiment
is advantagesislagtompated fo lveinkgét pinters, dsawith thé dirsyemnbodinentrFurthermore, an
arrangement according to the second embodiment has the advantage of reduction of drying time for

the landingIAR iGGd rdpets e with the fireg 1iquid droplet lands at the

selected target landing position.

Furthermore, with the present embodiment, the second
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 firstlembodiment. Various methceds 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
liguid discharge portions (nozzles 18).

With the second discharge control means, the ink liguid
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

pesitions of the ink liguid droplets is determined without



embodiment. (Third discharge control means) 91 Furthermore, with the present embodiment,
~discharge control of ink liquid droplets is performed using third discharge control means described
below, as well as the above-described first discharge control means and second discharge control
means. 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 @reater than 1 and less than N, the target landing
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 caf@idafesiars arfayedawitifindhadgivel regfonsinthe diréctiore diffekentifeoradhe direction of

an array oJ the Pozzles 18 (deV|at|on direction in the present |nvent|on) partlcularly, Wlth the present
ets (dots) exhibits a random pattern. a resu

each array of the ink liguid droplets has a random pattern,
but rather overall arrays thereof follow an uniform and
isotropic distribution, whereby the irregularities in the
image becomes less conspicucus. 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 liguild discharge portions, as with the
first embodiment.

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

Furthermore, an arrangement according to the seccond
embodiment has the advantage cf reduction of drying time for
the landing ink liguid droplets, as with the first
embodiment.

(Third discharge control means)



embodiment, in the direction generally vertical to the direction of an array of the nozzles 18.
~Subsequently, 92 discharge of the liquid droplet is controlled such that the liquid droplet lands at the
selected target landing position. This has been described in the first embodiment, so detailed
description thereof will be omitted. 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/NCK. 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 [Bss ‘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 eMBUdHAETHE enplByiRy Dot thie seécad ¢istRalgessohtrof rfeams el third discharge
control means, the ink liquid droplets land within a wider region at randpm for_ each pixel region,

thereby RIpYolitg fRe advantayss dueto e Taiding posiioRE BT the Ink figuid drEplets being
dae”nmsg§%H§¥g¥nc%%%@@fhﬁeans described below, as well as the

above-described first discharge control means and second
discharge ccntrol means.

The third discharge means performs the same control as
described in the first embodiment {contrcl performed by the
recording signal generating map 21, the random number
generating circuit 22, and the like, in Fig. 10), wherein
discharge contrcl is performed such that the landing
position of an ink liquid droplet within the corresponding
pizxel region is selected along the transporting direction
for the printing paper sheet. That is to say, in the event
that the number of liguid droplets which are to be
discharged within a pixel region is egual 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. Subseqguently,



first embodiment. Next, description will be made regarding a discharge 93 control circuit serving as

. the above-described discharge direction varying means, first discharge control means, and second
discharge control means. Fig. 17 is a diagram which shows a discharge control 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-connééted 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 resistorsat3eWith thealischange compol citcuitsb1; ¢he codrértfloning fromtordiocthe node

between the heating resistors 13 is_controlled through the CM circuit so as to control the current
ﬂoww@in%éﬁﬁ%%a.ﬁ@?éﬁ%m&%é?ﬁeﬁﬁthe selected target landing position.

This has been described in the first embodiment, sc detailed
description thereof will be omitted.

Thué, 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/xCxk.

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 conspicucus, 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 liguid droplets land within
a wider region at random for each pixel region, thereby
improving the advantages due to the landing positions of the
ink liquid droplets bheing determined at random, as with the
first embodiment.

Next, description will be made regarding & discharge



controlling the discharge direction of the ink liquid droplet discharged from the nozzle 18 so as to
select the 94 discharge direction from multiple directions in a predetermined range along the direction
of an array of the nozzles (liquid discharge portions) 18. On the other hand, a power source Vh
supplies a voltage to the resistors Rh-A and Rh-B. Furthermore, the discharge control circuit 51
includes transistors Ml 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 Ml 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 drdin ofthe 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 embotimeénts ihecdischargpev éxacitivpntinpueswivch-Foperdtesdn thesndgatiie logic mode in
convenience of IC layout, and accordingly, at the time of drlvmg (only at the time of dlscharglng ink

liquid dropletS); te Bighar $F6% Mpattothe dischargs charae tontrol means, “and

second discharge control means.

Fig. 17 is a diagram which shows a discharge control
circuit 51 including the discharge direction varying means,
first discharge control meaﬁs, and second discharge control
means. The discharge control circuit 51 is a simplification
of the discharge control cilrcuit 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 liguid chamber 12, and are connected
gserially. Note that these two divided heating resistors 13
have generally the same electric resistance. Accordingly,
upon applyving a constant current to these serially~connected
heating resistors 13, an ink ligquid 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 twe serially-connected heating resistors 13.
With the discharge control circuit 51, the current flowing
from or to the node between the heating resistors 13 is
controlled through the CM clrcuit so as to contrel the
current flowing in each heating resistor 13, thereby
controlling the discharge directicon of the ink liguid

droplet discharged from the nozzle 18 so as to select the



execution input switch F. In this case, upon the signal O is input to the switch F, the input signals of an
'NOR-gate 95 Xl are (0, 0), and accordingly, the NOR-gate Xl outputs 1, whereby the transistor Ml is
turned on. Note that with the present embodiment, at the time of the ink liquid droplet being
discharged from the nozzle 18, the discharge execution input switch F is 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 from the
power source Vh (around 9V). On the other hand, the discharge execution input switch Fis setto 1
(off) during the other period of 94.5 sec (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 & 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
dischargeddantiol switchés &4, tD2nanfd-D3, rseivs as switthes fdradetermining the amount of deviation
of the discharge direction of the ink liquid droplet. The transistors M2, M4, M12, and M13, serve as

operationkifRsiiie? (§AREIng HevR ed) 6ftHe €M Grctf forfed ot the tahsRkYors M3 BRd M5. That is

tosa%th%ozzles (liguid discharge portions) 18.

On the other hand, a power source Vh supplies a voltage
to the resistors Rh-A and Rh-B. Furthermore, the discharge
control circuit 51 includes transistors MI through M19.

Note that the reference character "X N (N = 1, 2, 4, B. or
50" shown on the side of each transistor in the drawing
denotes the number of sub-transistors connected in parallel
inciuded in an equivalent circuilt corresponding to the
transistor.

The transistor Ml 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 %o 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 sc as to apply & current to the resistors Rh-A and
RH-B. Note that with the presenti 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 liguid
droplets), the signal of 0 is input to the discharge
execution input switch ¥. In this case, upon the signal 0

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



transistors M2; M4, M12, and M13, perform control of the current flowing in or from the node between
the resistors 96 - Rh-A and Rh-B through the CM circuit. Furthermore, the transistors M7, M9, M11,
‘M14, M15, and M16, are devices serving as constant current sources for the CM circuit. The drains of
the transistors M7, M9, and M11, are connected to the sources and the back-gates of the transistors
M2 and M4. In the same way, the drains of the transistors M14, M15, and M16, are connected to the
sources and the back-gates of the transistors M12 and M13. 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 M9 serves as a current S@uree device having the current capacity "x4"
(which is represented by an equivalent circuit including four sub- transistors connected in parallel), and
the transistor M11 serves as a current source device having the current capacity "x2" (which is

representgd by,an eguivalent gircuits including dwo subHransistotscennertedingparallel). The three
transistors M7, M9, and MIl, are connected in parallel, and form a current source device group. In the
same wayylibe tfansister M14 serfvescas a tulrentwsouece device having the current capacity "x4", the

Note that with the present embodiment, at the time of
the ink liquid droplet being discharged from the nozzle 18,
the discharge execution input switch F is set to 0 {on} only
during the period of 1.5 usec (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 psec (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 liguid droplet.

The polarity conversion switches Dpx and Dpy serve as
switches for determining the deviation of the discharge
direction of the ink ligquid droplet along the direction of
an array of the nozzles 18 (horizontal directionj .

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 ligquid droplet.

The transistors MZ, M4, MlZ2, and M13, serve as
cperation 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 contreol of the

current flowing in or from the node between the resistors



transistor M15 serves as a current source device having the current capacity "x2", and the transistor
M16 serves as a 97 current source device having the current capacity "xI". The three transistors M14,
M15, and M16, are connected in parallel, and form a current source device group. Furthermore, the
transistors (transistors M6, M8, M10, M17, M18, and M19) having the same current capacities as with
the corresponding transistor are connected to the transistors M7, M9, Mll, M14, M15, and M16,
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 DI, are connected to the gates of the
transistors M6, M8, M10, M17, M18, and M19, respectively. Accordingly, for example, upon turning on
the first discharge control switch D6, as well as a4fredetermined voltage Vx being applied between
an amplitude control terminal Z and the ground, the transistor M6 is turned on, and accordingly, a
current corresponding to the voltage Vx flows in the transistor M7. As described above, on/off
switching kaniecontraled for the:transistorsie:through Mil, and M14 through M19, by controlling
on/off switching of the first discharge control switches D6, D5, and D4, and the second discharge
control switche¥ DBLDermaddl, the transistors M7, M%, M1l, M14, MI5, and

M16, are devices serving as constant current sources for the

CM circuit. The drains of the transistors M7, M9, and MI1,

are connected to the scurces and the kack-gates of the

transistors MZ and M4. In the same way, the drains of the

transistors Mi4, M15, and Mlé, are connected to the socurces

and the back-gates ©f the transistors M1l2Z and M13.

Of these transistors serving as constant current socurce

devices, the transistor M7 serves as a current source device

having the current capacity "X8" (which is represented by an

equivalent circult including eight sub-transistors connected

in parailel), the transistor MY serves &8 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 eqguivalent circuit

including two sub-transistors connected 1n parallel). The

three transistors M7, M%, and M1l1l, 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 MI15 serves as a current source device having the

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



While each of the transistors M7, M9, Mil, M14, M15, and M16, are represented by equivalent circuits
including a 98 predetermined number of sub-transistors connected in parallel. Note that the number
‘of the 'sub-transistors is different for each transistor, and accordingly, upon turning on the transistors,
currents flow from M2 to M7, from M2 to M9, from M2 to M11, from M12 to M14, from M12 to M15,
and from M12 to M16, with the ratio of the numbers denoted in parentheses on the sides of the
transistors in the drawing. In this case, the current capacities of the transistors M7, M9, and M11, are
"x8", "x4", and "x2", respectively, and accordingly, the drain currents Id thereof flow with the ratio of
8:4:2. In the same way, the current capacities of the transistors M14, M15, and M16, are "x4", "x2",
and "xI", respectively, and accordingly, the drain drrents Id thereof flow with the ratio 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 inputnaluesolithedNQRvgate Xaare(0, @) anchaccerdinglyp thel NOR-gate X1utputs 1,
whereby the transistor Ml is turned on. Furthermore, the input values of the NOR-gate X2 are (0, 0),
and accordiifly, theNORSGREX M dtputsl 3, and M16, are connected in

parallel, and form a current source device group.

Furthermore, the transistors (transistors M6, ME, M10,
M17, M18, and M19) having the same current capacitlies as
with the correspconding transister are connected to the
transistors M7, M9, Mil, M14, M15, and M16, respectively,
which serves as current source devices. The flrst dischazge
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, ME&, M10, M17, Ml8, and M19,
respectively.

Accordingly, for example, upon turning on the first
discharge control switch D6, as well as a predetermined
voltage Vx being appliled between an amplitude control
terminal Z and the ground, the fransistor M& 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 controlled
for the transistors M6 through M11l, and M14 through M19, by
controlling on/off switching of the first discharge control
switches D&, D5, and D4, and the second discharge control
switches D3, DZ, and D1,

While each of the transistors M7, MY, M1l, Ml4, Ml5,

and M16é, are represented by eguivalent cilrcuits including a



whereby the transistor M2 is turned on. Furthermore, in the above-described case (F = 0 and Dpx =
0), the input values - 99 of the NOR-gate X3 are (1, 0) (one is due to F = 0, the other is due to "I" from
the output of NOT-gate X4 wherein Dpx = 0 is input). Accordingly, the output of the NOR-gate X3
becomes 0, and the transistor M4 is turned off. In this case, while a current flows from the transistor
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 inte 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-Ais divided into a current flowing the transistor M2 and a current flowing the resistor Rh-B,
whereby a patt=afdhe i eureent dlawsrndhie transisterM2 slidhe eventthatali the first discharge control

switches D6 through D4 are turned off, no current flows in the transistors M7, M9, and Mll, and
accordingh® otedrtent fwsnthe trapBistaraviR e Acebrdifigly salbthereursdnt flowing. from the resistor
Rh-A different for each transistor, and accordingly, upon turning

on the transistors, currents flow from M2 to M7, from M2 to

M9, from M2 to M11l, from M12 toc M14, from M12 to M15, and

from Mi2 tc M16, with the ratio of the numbers denocted in

parentheses on the sides of the transistors in the drawing.

In this case, the current capacities of the transistors

M7, M9, and M1l, are "x8", "x4", and "X2", respectively, and
accordingly, the drain currents Id therecf flow with the
ratio of 8:4:2. In the same way, the current capacities of
the transistors MIl4, M15, and M16, are “x4", "x2", and "x1",
respectively, and accordingly, the drain currents Id thereof
flow with the ratio 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.
17y .

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 M1 is
turned on. Furthermore, the input values of the NOR-gate X2
are (G, 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



flows in the resistor Rh-B. Furthermore, the current flowing from the resistor Rh-B flows in the
transistor Ml 100 which is on, following which the current is sent to the ground. On the other hand,
‘upon turning on at least one of the first discharge control switches D6 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 MIl, connected to the on-state transistors, are
turned on. Accordingly, in the above-described case, upon turning on the first discharge control switch
D6, 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 transisté®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 flowsdnitie resistor XRh-Ar éollowing whichtheicurdent diveded to urrents flowing in the
transistor M2 and the resistor Rh-B. Thus, the relation between the currents | flowing the resistors
Rh-A and RHBYs képréaented Dy theffofewipge output of NOT-gate X4 wherein

Dpx = 0 is input). Accerdingly, the output of the NOR-gate
X3 becomes 0, and the transistor M4 is turned off.

In this case, while a current flows from the transistor
M3 to M2 {(due to the transistor MZ being on), nc 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 belng off, no current flows into
the transistor M3 or M5, and all the current fiow 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 cf the
current flows in the transistor M2Z. In the event that ail
the first discharge control switches D6 through D4 are
turned off, no current flows in the transistors M?, M9, and
M11, and accordingly, no current flows in the transistor M2.
Agcordingly, all the current flowing from the resistor Rh-A
flows in the resisteor Rh-B. Furthermcre, the current

flowing from the resistor Rh-B flows in the transister ML



expression. I(Rh-A) > I(Rh-B) - 101 On the other hand, upon inputting F = 0, and Dpx = 1, the input
values of the NOR-gate Xl are (0, 0) in the same way as described above, and accordingly, the
NOR-gate XI outputs "1", whereby the transistor Ml is turned on. 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", whereby 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, no current flowing from the resistor Rh-A flows in the transistor M2). On the other hand,
all the curmritdflowing from fhiel tramsistor¥i3 dlowshia the resistor Rh-B «ue tedhe Heansistor M2 being
off. Accordingly, the sum of the current flowing from the
ground.
On the other hand, upon turning on at least one of the
first discharge control switches D6 through D4, the
transisters M6, M8, and Mi0, corresponding to *he con-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, upon turning
on the first discharge control switch D6, for example, the
current flowing from the resistance Rh-A divided to currents
flowing in the transistor MZ 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 M§.
That is to say, upon setting F = 0, and Dpx = 0, as
well as at least one of the first discharge control switch
D6 thrcugh D4 being on, no current flows into the
transistors M3 and M5, all the current flows in the resistor
Rh-A, following which the current divided to currents
flowing in the transistor M2 and the resistor Rh-RB.
Thus, the relation between the currents I flowing the
resistors Rh-A and Rh-B is represented by the following

expression,

I(Rh~A} > I{(Rh-B)



resistor Rh-A and the current flowing from the transistor M3 flows in the resistor Rh-B. As a result, the
relation 102 between the currents | flowing in the resistors Rh-A and Rh- B is represented by I(Rh-A)
< I(Rh-B). Note that while in the above-described case, the transistor M4 needs to be on so that a
current flows in the 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 M11, 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®éf 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, andCaccordinglyhan ink ligquidotepletiisydischarged without geviation. Asdescribed above,
the current flowing into and from the node between the resistors Rh-A and Rh-B can be controlled by
controllin§ o/ &witchifid of the folbkiy NOR—gate X1 are (0, 0) in the same

way as described above, and accordingly, the NOR-gate X1
ocutputs "1", whereby ftThe transistor M1l is turned on.

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", whereby the transistor M4 is turned
Ccn. In the event that the transistor M4 is turned on, a
current flows in the transistor M5, and accordingly, a
current flcws in the transistor M3, as well, due to the
nature cof the CM circuit.

Accordingly, upon a veoltage beiﬁg applied from the
power source Vh, currents flow in the resistor Rh-A, and the
transistors M3 and M5. Subseqguently, all the current
flowing from the resistor Rh-A flows in the resistor Rh-B
{since the transistor M2 is off, and accordingly, no current
flowing freom the resistor Rh-A flows in the transistor M2).
On the other hand, all the current flowing from the
transistor M3 flows 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 1in the resistor Rh-E. As a result, the relation



conversion switch Dpx and the first discharge control switches D6 through D4, as well as turning on
‘the discharge 103 - execution switch F. Furthermore, the transistors M7, M9, and M11, serving as
current source devices, have different current capacities, and accordingly, the amount of current
flowing from the 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 directionof &2 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
amplitudeisentrekterntinal 4 anerthe groumdWwutthetmota,dhe @sicuint of deuiatioabhetween the
adjacent target landing position candidates can be controlled by adjusting the voltage Vx applied to
the B is represented by I(Rh-A) < I(Rh-B).
Note that while in the above-described case, the
transister M4 needs to be on so that a current flows in the
transistor M3, upcn 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 M1l1l, is needed to be turned on so that a current flows
in the transister 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 eveht that
all the first discharge conirol switches D6 through D4 are
off, the current state under setting of ¥ = 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 Eh-B. Here, the
resistors Rh-A and Rh-~B have generally the same resistance,
and accordingly, an ink ligquid droplet 1s discharged without
deviation.
As described above, the current flowing into 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



amplitude control terminal Z while maintaining the ratio of the drain currents, which can flow in the
transistors M7 and 104 M6, and M9 and M8, and M11 and M10, to the ratio of 8:4:2. Fig. 18 shows
tables which show the relation between the on/off states of the polarity conversion switch Dpx and

the first discharge control switches D6 through D4, and the landing 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 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 al€ase-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=sa-as;t0; be selected.frem the seven target landing position candidates including the landing
position without deviation. This agrees with the fact that the discharge direction can be selected from
an odd number &fu thehdischarge ditection zandicfatessadiShowid in &igd 1411, serving

as current source devices, have different current capacities,
and accordingly, the amount of current flowing from the
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 ratic 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 emboediment, the landing position of an
ink liguid droplet can be controlled éo 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 swiiching 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 Z
and the ground.

rurthermorse, the amount of deviation hetween the
adjacent target landing position candidates can be
controlled by adijusting the voltage Vx applied to the
amplitude contrel terminal 7Z while maintaining the ratioc of

+he drain currents, which can flow in the transistors M7 and



Note that with an arrangement wherein the first discharge control switch D4 is not fixed to O, but is -
105 controlled to be 110" or 111", as well as the other first discharge control switches D6 and D5, the
dot landing position can be controlled so as to be selected from the fifteen target landing position
candidates, not from the 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 #ife 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
therebetwieen. Asddestribed abdye cdnd céske effikingl the first discharge contfolswitch.D4 to 1, the
dot landing position candidates does not include the landing position directly underneath the

corresponding rfozdle 16 (CorFspoRaing 36 tHe “discih§¥ dirééticrFWithaGrd&RAGHn this case, the

the on/off states of the peolarity conversion switch Dpx and
the first discharge control switches DS through D4, and the
landing position of a dot (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, G}, match the
det landing position without deviation (directly underneath
the corresponding nozzle 18). Note that descripticn 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 ccnversion
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 including 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



number of the ink-liquid-droplet discharge direction candidates is determined to an even number, as
shown in Fig. 106 - 13. While description has been made regarding the first discharge control means,
the second discharge control means can be controlled in the same way. As shown in Fig. 17, with the
second discharge control 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. Furthermore, the transistors M14 through M19, serving as current source
devices of the second discharge control means correspond to the transistors M6 through M11 of the
first discharge control means, respectively. Fuarthéfmore, 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.seeqric: dlischarge means antithe fizst disdHarge mdansdisitkat théredrrent capacities of

the transistor M14 and the like, which serve as current source devices. The current capacities of the
transistord M ¢4 ardahe fika, Whick $eie as cifeapd D5, the dot landing

position can be controlled so as to be selected from the
fifteen target landing position candidates, not from the
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 deviatioh of zerc therebstween.

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.



source devices of the second discharge control means, are determined to the half of those of the
.corresponding 107 transistors M7 and the like, which serve as current source devices of the first
discharge control means. The other configuration of the second discharge control means is the same
as with the first discharge control means. 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 switches D3 through DI, as well as the polarity 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 determih&§ a5 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. Acdardingly, with the second discharge control means, switching is preferably controlled as
shown in the table or. the lower side in Fig. 18, from the_point of practice. That is to say, with the

second dischard&'coritrd Fe&nsE i BRy. T8° th€ BBIaRR Comveribh SidtchiSpxX &drfésponds to the

discharge control means, the second discharge contrcl means
can be controlled in the same way.

As shown in Fig. 17, with the second discharge control
means, the transistors MiZ 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 contrcl means corresponds to the
polarity conversion switch Dpx of the first discharge
controllmeans. Furthermore, the transistors M1l4 through M19,
serving as current source devices of the second discharge
control means correspond to the transistors M6 through MI11
of the first discharge control means, respecitively.
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 differencé 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 ¢f those of the corresponding



polarity conversion switch Dpy, the first discharge control switch D6 corresponds to the second
_discharge control switch 108 D3, the first discharge control switch D5 corresponds to the second
discharge control switch D2, and the first discharge control switch D4 corresponds to the second
discharge control switch DI. Accordingly, with the second discharge control means, switching
operation is preferably controlled with the second discharge control switch DI 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 Z should be adjusted such that the maximal distance between the two
ink-liquid-droplet landing position candidates is” th€ 5ame 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
amplitudetcontrol ternrrallZ’ based tipenlthé €alcutation esults wath regardetotthesecond discharge
control means, the ink-liquid droplet landing position candidates for the first discharge control means

are deter@iiedcftthe Safectirhé ZAScSHfRA With e fresénfSiRbsdimentsthe'SR_tem is

configuration of the second discharge control means is the
same as with the first discharge controcl means.

Thus, the ratio of the current flowing in the resistor
Rh-2A as to the current flowing in the resistor Rh-B can be
controlled by controlling on/cff switching of the second
discharge control switches D3 through D1, as well as the
polarity 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.
Furthefmore, with the second discharge control means, the
variable pitch of an array of the ink-ligquid-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



adjusted such that the ink-liquid-droplet discharge control by the first discharge control means and the
ink-liquid 109 droplet discharge control by the second discharge control means have a predetermined
relation. Accordingly, upon determining the ink-liquid-droplet discharge control (the pitch of an array
of the ink-liquid-droplet landing position candidates) by the second discharge control means, the ink-
liquid-droplet discharge control (the pitch of an array of the ink-liquid-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 liquid droplet landing position candidates with the first
discharge control means is two times as great-asWith 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 MII, for the first discharge control means, and
by the transistors M1z M15,aEng-Md 6gtor the, seeands dischiarges centraldneansiFurthermere, with the
present embodiment, the current capacities of the aforementioned transistors for the first discharge
control meéarsark settchwalues ava titifes dsgreal ad withéthé seeend dischafge dontiet means.

control switch D4 corresponds to the second discharge
control switch D1. Accordingly, with the second discharge
control means, switching cperation is preferably controlled
with the seceond discharge controel switch D1 being fixed to 1
{note that it is needless tTo say that switching operation
corresponding to the table on the upper side in Fig. 18 may
be performed).

Note that wlith the second discharge control means, the
voltage Vx applied to the amplitude control terminal Z
should be adjusted such that the maximal distance between
the two ink-liguid-droplet landing position candidates 1is
the same as the pitch of an array of the nozzles 18.

Note that the amplitude control terminal 2 of the
second discharge control means is the same as with the Ffirst
discharge control means. Accordingly, upon determining the
voltage Vx applied to the amplitude control terminal Z based
upon the calculation results with regard to the second
discharge control means, the ink-liguid dreplet landing
position candidates for the first discharge conitrol means
are determined at the =same time.

Accordingly, with the present embodiment, the system is
adiusted such that the ink-liguid-dropliet discharge control

by the first discharge contrcol means and the ink-liquid-



Note that the discharge control circuit 51 shown in Fig. 17 is provided to each liquid-droplet discharge
portion, and 110 the above-described control is performed for each liquid discharge portion, or for
each head 11. Note that each transistor requires eight terminals for the drain, the source, and the like,
S0 as to be disposed in 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 céfftolcircuit 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 liquid discharge portion on the head 11, even in a case of the
head 11 having lae resoiuficnr 6@ dpithie pichbk arncarcayi ofithediquidyeischargediortions is
approximately 42.3 m). Figs. 19 and 20 show the discharge directions of the ink liquid droplets, and
the distribiitfcirstatesvst thefegdetermined relaticon. Accordingly, upon

determining the ink-liquid-droplet discharge control (the
pitch of an array of the ink-liguid-droplet landing position
caﬁdidates) by the second discharge control means, the ink-
liguid-dreplet 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 is two times as great as with the
second discharge control means. The reason is as follows.
That is to say, the amcunt of deviation of the ink-liguid-
droplet discharge direction is determined by the transistors
M7, M9, and M1l, for the first discharge control means, and
by the transistors M14, Mi5, and'M16, 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 seit 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 liguid-droplet discharge portion, and



landing positions at the time of performing discharge control by the first discharge control means and
the second - 111 - discharge control means. Fig. 19 shows a case wherein the number of the ink-
liquid-droplet discharge direction candidates determined by the first discharge control means is an
even number, i.e., each nozzle 18 is 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 Whereln"‘thélﬁ)umber of the ink-liquid-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 liguidelreplet eanl dsecdisbltaygediviitie deviation bf drofatie Pixel pitch alory tde direction of an
array of the nozzles 18 under the control by the first dlscharge control means. That is to say, the

arrangem&ht SREWH $n BRY 269Rcludés fivd séésru -

Note that each transistor regquires eight terminals for
the drain, the source, and the like, so as to be disposed in
a circuit. RAccordingly, 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 c¢ircuit configuration wherein a
number of small-sized transistors are disposed with eight
wiriﬁg 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 reducin§ the total size
of the discharge control circuiit 50C.

Thus, the discharge control circult 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
liguid 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



discharge control means, as well as the configuration shown in Fig. 14. 112 While description has
been made regarding the second embodiment according to the present invention, the present
invention is not restricted to the above-described embodiments, various modification may be made as
follows. (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 disposed 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- deséribed 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 AlasEmade Wisdreitethiestwo-divided heating resistors include independent switches,

and the timing of on/off swﬂchmg of each SWItCh is controlled so as to control the difference in bubble
generation time i showg a case wherein the number of the ink-

ligquid-droplet discharge direction candidates determined by
the first discharge control means is an even number, i.e.,
each nozzle 18 is positioned directly above the boundary
between the corresponding adjacent pixel regions. Fig. 19
shows an example wherein an ink liguid 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 contrcl means. That is to
say, the arrangement shown in Fig. 19 includes the seccond
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
candidateé determined by the first discharge control means
is an odd number, 1.e., each nozzle 18 is5 positioned
directly above center ¢f 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 tc
say, the arrangement shown in Fig. 20 includes the second
discharge control means, as well as the configuration shown

in Fig. 14.



between these two divided heating resistors 13. Furthermore, an arrangement according to the
Jpresent invention may employ 113 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. (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. In 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-arédrifgement 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 employing the
heating resistorshlil sewving-as energy dgeneratiwgnderides as@nr éxampls) eneegypgednerating devices
using other energy generating methods, such as electrostatic-discharge energy generating devices or

the piezo @Hefrgli gendrating Yedices riay bE enipl6yed in tHe'Sdhhé Way d<\%ith TR€ first embodiment.

invention is not restricted to the above-described
embodiments, various modification may be made as follows.

{1} The bit number J of the control signal according to
the present invention is not restricted to a particular one,
rather the contrel signal with any bit number may be
emnployed.

(2) With the present embodiment, two-divided heating
resistors 13 are disposéd in paralliel, and the currents
supplied to the two-divided heating resistors 13 are
adjusted so as to control the difference in time reqguliring
for boiling the ink (bubble generating time) between these
two divided heating resistors. However, the present
invention 1s 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 inventlon may employ



(5) In the present embodiment, description has been made regarding the arrangement wherein the
deviation of the - 114 discharge direction of the ink liquid droplets is controlled along the direction of
the array of the nozzles 18. The reason is that the two-divided 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 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-aré Hischarged 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 ways ke nonibenMbwhichds thesumberssfdbe tandirgl inkdiguidi draplets withim each pixel
region along the transporting direction for the printing sheet paper (the direction generally vertical to
the directi®iof #re- arrayoP thiefguie disthaig®perivhsE & bé deterafinéd i@ Ry positive integer.
That is to say,

ar% adjusted, and the above-described method wherein the
timing for supplyving the currents to the two-~divided
resistors 13 is controlled.

(3) In the present embodiment, descripticn has been
made regarding the arrangement wherein each ink ligquid
chamber 12 includes two divided heating resistors 13 arrayed
in parallel. In 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 inventiocn
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 (energy generating
devices) in parallel.

(4) In the present embodiment, while description has
been made regarding the configuration employing 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
generating devices or the plezo energy generating devices
may be employed in the same way as with the first embodiment.

{5} In the present embodiment, description has been

made regarding the arrangement wherein the deviation of the



M may be equal to N, or M may be different from N. Furthermore, with the present invention, the
~maximal 115 number of the landing ink droplets within each pixel region is not restricted to a
particular one. (7) While with the second discharge control means according to the present
embodiment, the ink liquid droplets are discharged 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 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) Whitt*with the second 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 lan@intPesitch eftRC ieiguid didptetiatrahdeih! GsI61das tfe aftaf of i€ ‘sefécted landing
positions efgibits &rgngomeg%g %atter vgﬁ%o%rargartizglag{ﬁgttgglz. ZFlurthe{Eore, s methods for

generatin% random numbers, the middle square method, the congruenetsme od, s i?t-register method,

and the like, are, s that the two—divided heatlng resgistors 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 completely match the deviation direction
of the discharge direction of the ink ligquid 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 liguid
droplets are discharged sc as to land at portions selected
from M divided target landing positlon 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 liguid droplets within each
pixel reglon aleng 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 1s to szay,
M may be egual tec N, or M may be different from N.

Furthermore, with the present lnventlon, the maximal



known. Furthermore, as a selecting method other than the method wherein selection is made at
random, an arrangement 116 may be made for a method wherein a combination of the multiple
values is determined based upon a specified table. While description has been made regarding the
arrangements wherein the head 11 is applied to a printer, in the above-described first and second
embodiment, 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 example, the head 11 may
be applied to an apparatus for discharging a DNA-containing solution for detecting biological samples.

As described above, with the present invention, liquid droplets within each pixel region are positioned

at random, thereby reducing the irregularitiesqlnja 5arFay of dots (1). In particular, the line-method

arrangement according to the present invention prevents occurrence of streaks between columns of
dots due to irregularities in an array of the liquid discharge portions. Thus, the arrangement according

to the presenbinventfort Fedukes Heviatibhlofdie Paritlirty position st the R e dropeteand the like
due to irregularities in the, pr,ogerties of the Ii@uid is%h%rgg portions, thereby forming a uniform

overall dot arfsy - withbut 4 particulat FatetA, drid therelsy providing an high- quality image.

(7) While with the second discharge controcl means
according te the present embodiment, the ink liguid droplets
are discharged such that the center of each landing ink
liguid droplet is included within the corresponding pixel
region, the pregent 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 regiocn, thereby
obtaining a random dot pattern for each pixel region over a
wider region than with the present embodiment.

(8) While with the second discﬁarge control means
according to the present embodiment, the target landing
position of the ink liguid dreplet is selected at random
using a random number generating circult, 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 positions exhibits a random dot pattern
without a particular pattern. Furthermore, as methods for
generating random numbers, the middle square method, the
congruent method, shift-register method, and the like, are
known. Furthermore, as a selecting method cther than the

method wherein selection 1s made at random, an arrangement



Furthermore, the arrangement according to the present invention has the advantage of reduction of
the influence of 117 irregularities in the liquid-droplet-discharge properties of the liquid discharge
portions (2). That is to say, even in the event that non-discharge occurs in a part of the liquid
discharge portions, the influence due to the liquid discharge portions where non-discharge occurs is
reduced, 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 adVaﬂT%lgewa 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"®the prEset imentid N RigpTesSEERhE Rflencembf-frebufitites in e discharge amount

of a liquid, dranje.for eagh pixel to 3 minimum, thereby preventing deterioration of image gualty.
Furthermore, &VEN in the event tha msuﬁllrcl:lerﬁ-dlsc arge or non<dis arge occurs’in”a part of the
liquid dischargeyportionsdue-to dysts;ordbe peen made regarding the

arrangements wherein the head 11 is applied to a printer, in

the above-described first and second embodiment, the head 11‘

according to the present invention is not restricted to a

printer, rather the head 11 may be applied to wvariocus kinds

of liguid discharge devices. For example, tThe head 11 may

be applisd to an apparatus for discharging a DNA-containing

sclution for detecting biolcogical samples.

As described above, with the present invention, liguid
droplets within each pixel region are positioned at random,
thereby reducing the irrégularities in an array of dots (1}.
In particular, the line—methcd arrangement according to the
present lnvention prevents occurrence of streaks between
Colﬁmns of dots due to irregularities in an array of the
liguid discharge portions. Thus, the arrangement according
to the present invention reduces deviation of the landing
positions of the liguid droplets and the like due to
irregularities in the properties of the liquid discharge
portions, thereby forming a uniform overall dot array
without a particular pattern, and thereby providing an high-
gquality image.

Furthermore, the arrangement according to the present

invention has the advantage of reduction of the influence of



like, the arrangement according to the present invention suppresses the influence thereof to a
:minimum. With the - 118 conventional arrangements, the occurrence of insufficient- discharge or
non-discharge in a part of the liquid discharge portions of the head directly leads to malfunctioning of
the head. However, the arrangement according to the present invention provides an image with
image quality within a normal range, even if 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 portion discharges an liquid droplef"lnét]egld_thereof. Furthermore, with the present
invention, each pixel can be formed of overlaid multiple liquid droplets without moving the head
multiple times (without scanning the head multiple times), thereby improving the printing speed. - 119
- CLAIMSH 1¥ Adigibitr diseR&rgerdévice eafipiising zPRead ihersin 2de\iatidiP8Eheldisclidrge direction
of a liquid droplet, discharged from a liquid discharge porti aving a liquid chamber and a nozzle, is
conrollabld S0 AT T SIRAEd i Pore foe 0 ORI 3048, TNNRRr &

the event that non-discharge occurs in a part of the liguid
discharge portions, the influence due te the liguid
discharge portions where non-discharge occurs 1s reduced,
whereby irregularities in ar image due to the non-discharge
become less conspicucus. Furthermore, the arrangement
according to the present invention has the advantage of
preventing occurrence of moire {3). In particular, color-
printing arrangement accerding te the present invention has
the marked advantage of preventing occurrence of meire.
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
liguid discharge poritions, and accordingly, the arrangement
according to the present invention suppresses the influence
of irregularities in the discharge amount of a liguid
droplet for each pixel %o a minimum, thereby preventing
deterioration of image quality. Furthermeore, even in the
event that insufficient-discharge or non-discharge occurs in
a part of the ligquid discharge portions due to dusts or the
like, the arrangement according to the present invention

suppresses the influence thereof to a minimum. With the



a plurality of directions along a predetermined direction; the liquid discharge device further
~comprising, a plurality of energy generating devices for generating energy for discharging liquid stored
in the liquid chamber via the nozzle, wherein said plurality of energy generating devices are arrayed

in the liquid chamber in said predetermined direction; a discharge control unit for controlling the
discharge of a liquid droplet via the nozzle, the discharge control unit controls a difference in energy
between the plurality of energy generating devices in the liquid chamber; and wherein a plurality of
liquid droplets are discharged so as to land on each pixel region for forming a pixel corresponding to
said pixel region; wherein a target landing posjgiop %f a liquid droplet which is to be discharged on
each pixel region is determined at random; and Wllﬂerein 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. - 120 2. A liquid discharge device according to claim

1, whereii B THEXIMAMof N N RO 4 Positive ineGEn figuid drdpletire disdidiged so as to land
on each pixel Jsegion.fog formina a;nixgl corresponding.tp.said-pPXeLIegioN: 4 qischarge
portions of the head directly leads to malfunctioning of the
head. However, the arrangement according to the present
invention provides an image with image gquality within a
normal range, even 1f such malfunctioning occurs in the head.
Furthermore, the arrangement according to the present
invention reguires 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
liguid discharge portions, another normal liguid discharge
porticn near the malfunctioning discharge portion discharges
an liguid droplet instead thereof.
Furthermore, with the present inveniicn, each pixel can
be formed of overlaid multiple liquid droplets without
moving the head multiple times (without scanning the head

multiple times), thereby lmproving the printing speed.



wherein M (M denotes an integer of 2 or more) different landing position candidates forming an array
in 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 droplet is selected at random for each liquid droplet
which is to be discharged from said liquid discharge portion, from an M number of said liquid landing
position candidates. 3. A liquid discharge device according to Claim 2, wherein an N number of
different landing position candidates forming an,agray in a direction 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 cfthéMiduid - 121 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 at random from said liquid
landing position candidates, and wherein a liquid droplet is discharged so as to land at said

determined landlﬂg po%mcilaulé llgljllsgc '2%2%“9 e%%\clzlge 38&8@? ntg Ca!alkrpegdorwherein

deviation of the discharge direction of a liquid droplet,
discharged from a liguid discharge portion having a liquid
chamber and a nozzle, is controllable so as to be selected from
a plurality of directions along a predetermined direction; the
liquid discharge device further comprising,

a vlurality of enerqgy generating devices for
generating energy for discharging liguid stored in the
liquid chamber via the nozzle, wherein said plurality of
energy generating devices are arrayed in the liguid chamber
in said predetermined direction:

a discharge control unit for controlling the discharge
of a liguid droplet via the nozzle, the discharge control
unit controls a difference in energy betwsen the plurality
of energy generating devices in the liguid chamber; and

wherein a plurality of liquid droplets are discharged so
as to land on each pixel region for forming a pixel
corresponding to said pixel region;

wherein a target landing position of a liquid droplet
which is to be discharged on each pixel region is determined at
random; and

wherein the discharge direction of said liguid
droplet which is to be discharged from said liguid discharge
portion is contreolled such that said liguid droplet lands at

said determined target landing position.



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 are connected one to another for controlling the
discharge direction of each ink discharge portion, or has a configuration wherein the discharge
directions, of all said ink discharge portions 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 disgharged 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, -
122 and wherein in the event that two or more liquid droplets are discharged onto a pixel region, said

ink liquid dropless arepdischargedfiom 2 deagisaid wo differantiquid disgharge portions positioned

close one to another, and wherein at least one of said liquid discharge portions discharge a liquid
o s L U SRS 56108 SRCEDY 8 PR PN g yrre
liquid 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 said
predetermined direction are determined such that 'at least a
part.of the landing liquid droplet region corresponding to each
landing ﬁosition candidate 1s included within said pixel
region; and
wherein the target landing position of a liguid droplet
is selected at random for each liquid droplet which is to be
discharged from said'liquid discharge portion, from an M number

of said liquid landing position candidates,

3. A liguid discharge device according to Claim 2,
wherein an N number of different landing position candidates
forming an array in a direction different from said
predetermined direction are determined such that at least a
part of the landing liguid 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



a plurality of energy generating devices for generating energy for discharging liquid stored in the liquid
chamber via the nozzle, wherein said plurality of energy generating devices are arrayed in the liquid
chamber in a predetermined direction; a discharge control unit for controlling the discharge of a liquid
droplet via the nozzle, the discharge control unit controls a difference in energy. between the plurality
of energy generating devices in the liquid chamber; 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 tg be discharged, and said head, in said
predetermined direction, for forming a pixel corresponding to said pixel region, and wherein M (M
denotes an integer of 2 or more) - 123 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 landingdiguridedroplét regioareorrespending to-aaehdanding position gandidate; 4s,inglided within
said pixel region, and wherein a target landing position of a liquid droplet is selected at random for
each quuided?ﬁfﬁget whichYs to15é tdischargd from 32 lisiid ¢igehargerpoltionafromi@re™ number of

said liquid ﬂ&@'&%&os&oﬁ%ﬁgg'da{%& u e\e,\al:q:eergm g 3 random from said liquid
landing position candidates,

and wherein a ligquid droplet is discharged so as to

iland at said determined landing position.

4. A liguld discharge device according to Claim 2 or
3, wherein control of said M number of target landing.
"peosition 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 are connected one to ancother for
controlling the discharge direction of each ink discharge
portion, or has a configuration wherein the discharge
directions, of all said ink discharge portions are controlled

using the serialized signals.

5. A liquid discharge device according to any one of
the preceding Claims, whereiﬁ said head has élconfiguration
wherein a liquid droplet can be discharged from a liguid
discharge portion so as to land on the .pixel reglon
corresponding to the target landing position in a case of
discharge being performed without deviation, from another

liguid discharge portion near said ligquid discharge portiocn,



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, and wherein
in the event that two or more liquid droplets are discharged onto a pixel region, said two or more liquid
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 figuid discharge portions, each having a liquid
chamber and a nozzle, arrayed in a predetermined direction, a plurality of energy generating devices
for generating energy for discharging liquid stored in the liquid chamber via the nozzle, wherein said
plurality of energy generating devices are arrayed in the liquid chamber in said - 124 - predetermined

direction; a dlsc@{geﬁg&&ryngo E%ntéqjggg tf{elgjcscp‘%ge of I| ui droplgt via tl*f nozzle, the

discharge control unit controls a dlfference in energy between the p ural tyqoufl energ generatlng

devices indhe ligilsd ichagebersansg wheteisia maximum of N (N-denatgs aipesitivedateger). liquid
discharged from at least said two different liguid discharge
portions positioned close one to ancther,

and wherein at least cne of said liguid discharge

portions discharge a liguid droplet with deviation.

6. A liquid discharge device comprising:

& head including liguid discharge portions, each having a
liquid chamber and a nozzle,

a plurality of energy generating devices for generating
energy for discharging liquid stored in the liquid chamber
via the nozzle, wherein said plurality of energy generating
devices are arrayed in the liguid chamber in a predetermined
direction;

a discharge control unit for controlling the discharge
of a liguid droplet via the nozzle, the discharge contrel
unit controls a difference in energy between the plurality of

-energy generating devices iIn the liguid chamber:

wherein a maximum of N (N denotes a positive integer) liguid
droplets are discharged so as to land within each pixel region
while relatively moving a recording medium where said ligquid
droplets are to be discharged, and said head, in said
predetermined direction, for forming a pixel corresponding to
saild pixel region,

and wherein M (M denctes an integer of 2 or more)



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 said 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 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 a target landing position of a liquid drapletsis selected at random for each liquid droplet which
is to be discharged from said liquid discharge portion, from an M number of said liquid landing
position CANdiBATEE: andihErein B diskPrargeadifdciiviest saftiguid deopletwhich isto be
dischargedd fram said uid diseharae-partion isccantrallqd such Ihalsaid ligyid draplet lands at said
determined target landing position. 8. A liquid discharge device according to any oneé of the preceding
claims, wiereirsaigdiquit dischifge devicéeals?’s -dnclules aqdurality of saidiheads i gndavherein

10U iSha oS PORIDNS o1 & BLrally o SLil aads 2o e 8 Ao o3 e SaRAHERLEo o2

is included within said pixel region,

and wherein a target landing peosition of a liquid droplet
is selected at random for each ligquid droplet which is to be
discharged from said liquid 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 discharQe_portion is controlled such
that said liquid droplet lands at said determined target landing
position,

and wherein in the event that two or more liguid droplets
are discharged onto a pixel region, said twe or nmore liguid
droplets are discharged so as to land on twe 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 liquid discharge portions,
each having a ligquid chamber and a nozzle, arrayed in a
predetermined direction,

a plurality of energy generating devices for generating
energy for discharging liguid stored in the liquid chamber
via the nozzle, wherein said plurality of energy generating

devices are arrayed in the liguid chamber in said



each pixel region for forming a pixel corresponding to said pixel region. 9. A liquid discharge method,
the method comprising, providing a plurality of energy generating devices for generating energy for
discharging liquid via a nozzle, said plurality of energy generating devices being arrayed in a liquid
chamber in a predetermined direction; controlling the discharge of a liquid droplet via the nozzle by
controlling a difference in energy between the plurality of energy generating devices; wherein a
plurality of liquid droplets are discharged so as to land on each pixel region for forming a pixel
corresponding to said pixel region, wherein a targgt landing position of a liquid droplet which is to be
discharged on each pixel region is determined at random, and wherein the discharge direction of said
liquid droplet is controlled such that said liquid droplet lands at said determined target landing

position. 10 Achiquid;disgharge method according to claim 9 wherein a maximum of N (N denotes a
positive integer) liquid droplets are dlscharged so as to land on each pixel region - 126 for forming a

pixel corresponding e saithpixel regionpwhereirt M {bkdenates anjinteger-af2 erimera).djfferent
landing posmon candidates formlngcan array in a first predetermined direction are determined such
thatatmégia liguid droplet via "the nozzle, the discharge control
unit controls a difference in energy between the plurality of
energy generating devices in the liguid chamber; and
wherein a maximum of N (N denotes a positive integer) liguid
droplets are discharged so as to land within each pixel region
while relatively moving a recording medium where said Liguid
droplets are to be discharged, and said head, in a direction
generally vertical to said predetermined direction, for forming
a pixel correspending to said pixel region,
and wherein M (M denotes an integer of 2 or more) different
landing position candidates forming an array in said
predetermined direction are determined such that at least a part
of - the landing liquid droplet region .corresponding to  each
landing pesition candidate is included within said pixel region;
and wherein a target landing pesition 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 liguid 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 position.

8. A liquid discharge device according to any one of the

preceding claims, wherein said liquid discharge device



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 droplet is selected at
random for each liquid droplet which is to be discharged, from an M number of said liquid landing
position candidates. 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 disghgrged, 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 wherein in the event that two or more
liquid droplets are discharged onto a pixel region, said two or more liquid droplets are discharged so

as to land on twe or;more posijtions selected. from said M number of target landing position candidates
while relatively modiﬁg sai r&%rg?rsit& gs_ftqufmse%lllﬁi?n%gr?& 34id head in said predetermined direction,

for forming a pixeticeirespanding fdsaic pixel gegitn. 2= Adiguid discharge methed aggording to
claim 10
heads,
a plurality of droplets are discharged from said liquid
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 ligquid discharge method, the method comprising,

providing a plurality of energy generating devices for
generating energy for discharging liquid via a nozzle, said
plurality of energy generating devices being arraved in a
liquid chamber in a predetermined direction;

controlling the discharge of a liquid droplet wvia the
nozzle by dontroliing‘ a difference in energy between the
plurality of energy generating devices;

wherein a plurality of liquid droplets are discharged so as
to land on each pixel region for forming a pixel corresponding to
said pixel region,

whefein a target landing position of a liguid droplet which
is to be discharged on each pixel region is determined at random,

and wherein the discharge direction of said liquid droplet
is contrelled such that said liquid 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) liguid droplets

are discharged so as to land on each pixel region



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. 13. A liquid discharge
device comprising a head including a plurality of liquid discharge portions, each having a liquid
chamber and a nozzle, arrayed in a predetermingeghdirection, the liquid discharge device further
comprising, a plurality of energy generating devices for generating energy for discharging liquid stored
in the liquid chamber via the nozzle, wherein said plurality of energy generating devices are arrayed
in the liquid chamber in said predetermined direction; a discharge control unit for controlling the
dischargef of afliguid-droplet i@ thenozzke, the dischasge contenl -anit cegtrels a difference in energy

between the pIut[q%li%eofne%rg&gecperatinrg devices in the liquid - 12 8 - chamber; wherein a plurality of
liquid droplets are discharded S0 a5 18 1&id 8 edl pAG rétiortfoP Forfifiti h pivel Gorfasponding

landing position candidates forming an array in a first
predetermined direction are determined such that at least a
part of the.landing liguid droplet region corresponding to
each landing position candidate is included within said pixel
regicn; and

wherein the target landing position of a liquid droplet is
selected at random for each liquid droplet which is to be
discharged, from an M number of said liguid landing position

candidates.

11. A liquid . discharge method according to c¢laim 10
wherein a maximum of N (N denotes a positive integer) ligquid
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 fecording medium where said
liguid droplets are to be discharged, in a seceond 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

wherein in the event that two or more liquid droplets are
discharged onto a pixel region, said two or more liquid 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



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 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 dreplets 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 selected from
landing position candidates at random, and wherngin 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. 14. A liquid discharge device comprising a head including a

plurality of:keiidrdiseharge pogtions.seach having a ligiid ehamber and a nozzle, aHrayed jn a
predeterrPined direction, wherein a maximum of N (N denotes a positive integer) liquid droplets are
discharged ‘S8*88 16 1and"Bn SECH BePRSHiBH 6P Bftihg &i5ikeF&6rH€Sponding to said pixel region,
comprising: 129 a plurality of energy generating devices for generating energy for discharging liquid
stored in the liquid chamber
12, 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 a plurality of liguid
discharge portions, each having a nozzle, arrayved 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 =

pixel corresponding to said pixel region.

13. A liquid discharge device comprising a head including
a plurality of liguid discharge porticns, each having a liguid
chamber and a nozzle, arrayed in a predetermined direction, the

liquid discharge device further comprising,

a plurality of energy generating devices for generating
energy for discharging liquid stored in the liguid chamber
via the nozzle, wherein said plurality of energy generating
devices are arrayed in the liquid chamber in said
pradetermined direction;

a discharge control unit for controlling the discharge

of a liguid droplet via the nozzle, the discharge control
unit controls a difference in energy between the plurality of

energy generating devices in the liguid



via the nozzle, wherein said plurality of energy generating devices are arrayed in the liquid chamber in
said predetermined direction; a discharge control unit for controlling the discharge of a liquid droplet
via the nozzle, the discharge control unit controls a difference in energy between the plurality of
energy generating devices in the liquid chamber; discharge direction varying means for controlling the
discharge direction of a liquid droplet discharged from said nozzle-of each liquid discharge portion
such that deviation of the landing position occurs in said predetermined direction; first discharge
control means for performing discharge contral ysing 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 second
discharge controtmedasscfor performing discharge control using said discharge direction varying
means such that a landing position is selected for each liquid-droplet discharge from said liquid
discharge portioH>f6fi-BnMEM dendtes af ihtegecoti2 op edre)ansmbésohdifferdnttanding position
- candidates forming an array in said predetermined direction, determined such that at least a part of
the landifr lig@ d%bl&%@io?ﬁé@rfemg fesadieErdsy positien barditeronding

to said pixel region,

wherein the discharge direction of a liguid droplet
discharged from said nozzle of said liguid 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 liguid discharge
portions discharge liquid droplets in directions different one
from another such that a plurality of liquid droplets land on
sald one pixel region,

and wherein a target” landing position of a liquid
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 pesition.

14. A liquid discharge device comprising a head including
a plurality of ligquid discharge portions, sach having a liquid
chamber and a nozzle, arrayed in a predetermined direction,
wherein a maximum of N (N denotes a positive integer} liquid
cdroplets are discharged so as to land on each pixel region for

forming a pixel corresponding to said pixel region, comprising:



is included within said pixel region, and a liquid - 130 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 2J of different discharge direction candidates, and wherein
the maximal distance between the landing positions corresponding to the said 2J different direction
candidates are determined to the value wherein the interval between the adjacent nozzles 18 is
multiplied by (2J - 1), and wherein said first discharge control means selects one direction from said
2J different direcflof® tRdithtes SEthtREe Yof i§OREaTobIst discHerge frofF saianfozzie obisaid liquid

discharge poitien; 1604 liguid discharge deyicesaccarding to Glaim 14, wherein 58}9&%%8@3“99
direction varying means controls the liquid-droplet discharge direction from’said nozzle using control
signals wiffiithe BitthumitFer s Whegaddnotesia pesitive lintegef)fsocas tuselgetrae discharge direction

o an oS ST (E14 1 LM deghong st e e e el
predetermined direction;

a discharge contrel unit for controlling the discharge
of a liguid dfoplet via the nozzle, the discharge control
unit controlé a difference in energy between the plurality of
energy generating devices in the liquid chamber;

discharge direction varying means for controlling the
discharge direction of a liquid droplet discharged from said
nozzle of each liguid 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 #arying means such that
ink liguid droplets are discharged from at least said two:
differeﬁt liquid discbarge porticns positioned close one to
another, in the discharge directions different one from another,
$0 as to land at the same pixel ccolumn or the same pixel region
for forming a pixel column or a pixel; and

second discharge control means for performing discharge
control using said discharge direction varying means such that a
landing position is selected for each liquid-droplet discharge
from said liquid discharge portion, from an M (M denotes an
integer of 2 or more) number of different landing positicon
candidates forming an array in sald predetermined direction,
determined such that at least é part of the landing liguid
droplet region corresponding to each landing position candidate

is included within said pixel region, and a liquid



candidates are determined to the value wherein the interval between the adjacent nozzles 18 is
multiplied by 2J, 131 and wherein said first discharge control means selects one direction from said
(2" + i) different direction candidates at the time of liquid-droplet discharge from said nozzle of said
liquid discharge portion. 17. A liquid 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 liquid discharge device according to any one of Claims 14 to 17, further
comprising third discharge control means for perfarming control of liquid-droplet discharge such that
said N dig‘eregt landing position candidates formin? an array in a direction different from said

K84 Giredtiort HE GER&F Mins Sfchihat-aPReadta At Hse tardmediqlid dreplet region

predetermrlng
correspopgling tq,gach landing position candidate is included within said pixel region, and in the event
that the number of the 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 liquid
landing position candidates, and a liquid, droplet is discharged so as to land at said determined

landing position: 9. A I%ui&%ré@&@@%@%c%ﬁﬁ@% ClarAB, M herein S targétdanding
posmon'§H§¥@§%ﬁj@E%HKM§YScharge direction varying means controls the

liguid-droplet discharge direction from said nozzle using
control signals with the bit number of J (J denotes a poéitive
integer) so as to . select a discharge direction from an even
number 27 of different discharge direction candidates,

and wherein the maximal distance betweeﬁ the landing
pesitions corresponding to the said 2Y 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 one
direction from said 2V different direction candidates at the time
of liquid-droplet diécharge from said nozzle of said liquid

discharge portion.

16. A liguid discharge device according to Claim 14,
wherein said discharge direction varying means controls the
liguid-droplet discharge direction from =said nozzle using
control signals with the bit number of J + 1 (J denotes a positive
integer) so as to select a discharge direction from an odd
number (2° + 1) of different discharge direction candidates,

and wherein the maximal distance between the landing
positions corresponding to the said {2° + 1) different direction
candidates are determined to the value wherein the interval

between the adjacent nozzles 18 is multiplied by 27,



132 form said N different liquid landing position candidates. 20. A liquid discharge device according
to any one of Claims 14 to 19, 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, whereixsaid first discharge control means and said second
discharge control means are disposed on said head or a board for controlling or driving said head. -
133 23. A liquidsdischdrgresdevice eciding tdanyroneyef Claims 14nte22; waareit saishfirst
dischargedcq:ntr |.means determines the deviation direction and the amount of deviation, at the time

of determiniing the dischafyediréction &t &'liquid Taroplét WiaTis 5 he didérard fém=<ad liquid
discharge: padior: 244 liquisk dsebarge dvice.acoqidinala any oneiof Glaims 440 23 wherein the

liquid-droplet discharge control by said first discharge control means and t eﬁ%wd-ﬁ%g&}é discharge
control bysaidsstondodistharge control means have a

17. A liquid 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, further comprising third discharge control means
for performing control of liquid-droplat discharge such that
said N different landing positioﬁlcandidates forming an array in
a directioﬁ different from said predetermined direction, are
determined such that at least a part of the landing Iiguid
droplet region corresponding to each landing position candidate
is included withiﬁ said pixél region, and in the evént that the
nunber of the liguid 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 positicn is selected from said N different liquid
landing position candidates, and a liquid, droplet is discharged

s8¢ as to land at said determined landing position.

i9. A liquid discharge device according to Claim ig,

wherein the target landing position is selected at random



_predetermined relation, such that upon either liquid-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 so 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. 26. A liquid discharge method for discharging a plurality of liquid droplets so as
to land on each pixel 134 region for forming a_pixg} corresponding to said pixel region, using a head
including a plurality of liquid discharge portions, each having a liquid chamber and a nozzle, arrayed
in a predetermined direction, the method comprising, providing a plurality of energy generating
devices for generating energy for discharging liquid via the nozzle, said plurality of energy generating
devices being arrayed in the liquid chamber in the predetermined direction; controlling the discharge

of a liquid droplet,via e, fogzle by coalieling:p iffarence.lg anstay bewee g, plurality of energy

generating devices; wherein the discharge direction of a liquid drop

20. A liquid discharge device according to any one of
Claims 14 to 19, wherein sald 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 liguid 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
sald second discharge control means are disposed on said head or

a beoard for controlling or driving said head.



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 liquid 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 dischayged.from said liquid discharge portion is controlled
such that said liquid droplet lands at said determined target landing position. - 135 27. A liquid
discharge device for disaharging:a maxirouar o N{b-derotes-aqasitive integen Jiquiddraplets so as
to land on each pixel region for forming a pixel corresponding to. said pixel region, using a head
including @lpltslitylLéf liguid 28ischerge portions] @adh havingiadicuid-ghamber-and anezzle, arrayed
in a predetermined direction, the liquid discharge device further comprising, a plurality of energy
generatingdéVites sor Gérserating acaemyydor elischargimadiquiic: storediin thef liguidichaiher via the
nozzle, wherein said plurality of energy generating |

at the time of determining the discharge direction 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 14 to 23, wherein the'liquid—droplet dischafge control by
said first discharge control means and the ligquid-droplet
discharge control by said second discharge control means have a
predetermined relation, sﬁch that wupon either liquid-droplet
discharge control is determined, -the other liquid—droplét

discharge control is automatiéally determined.

25. A liquid discharge device .according to any oﬁe of
Claims 14 to 24, wherein said discharge direction varying means
controls the discharge direction éf a liguid droplet so as to
select a discharge direction from a plurality of discharge.
direction candidates symmetrical as to a line generally
vertical to said predetermined directioen passing through the

center of neozzle.

26, A liquid discharge method for discharging a

plurality of liguid droplets so as to land on each pixel



devices are arrayed in the liquid chamber in said predetermined direction; a discharge control unit for
controlling the discharge of a liquid droplet via the nozzle, the discharge control unit controls a
difference in energy between the plurality of energy generating devices in the liquid chamber; and
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 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 pixelFegiom foroforniipga pikelaolminedr a pixels apdnahereinidischarge centrellis performed,
using said ediscohnargeudsir%ction varying means such that a landing position 136 is selected for each
liquid-droplet discharge 1o said figaid diseRansEPertich, M (Mdendtes ahimtéger of 2 or more)
- different landing-pegitiop candidates forming an.array in sajd q;&r{-:‘cgletglg’g’mge(:irdirect(_:ion, determined
such that at least a part of the landing liquid droplet region corresponding to each an(?ing position
candidaterie #dladecrwithiresaid pixel regionjandaitiquid dioplet issgischarged.sa.-asdo land at said
determined .
' comprising,
providing a plurality of energy generating devices for
generating energy for discharging liquid via the nozzle, said
plurality of energy generating devices being arrayed in the
liquid chamber in the predetermined direction:
controlling the discharge of a liquid droplet wvia the
nozzle by controlling a difference in energy between the
plurality of energy generating devices;
wherein the discharge direction of a liquid droplet
discharged from said nozzle of said ligquid discharge portion is
controlled so as to be selected from a plurality of discharge
directions such that deviation of the landing position occurs in
- saild predetermined direction,
and wherein at least two different liguid discharge
‘portions discharge ligquid droplets in directions different one
from another such that a plurality of ligquid 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
selected from landing position candidates at random,
and wherein the discharge direction of a liguid droplet
which is to be discharged from said liguid discharge portion is

controlled such that said liguid droplet lands at said

determined target landing position.



landing position.

-~ 135 -
27, A liquid discharge device for discharging a

maximum of N (N denctes a positive integeﬁ) liquid droplets SO as
to land on each pixel region fo: forming a pixel corresponding to
said pixel region, using a head including a plurality_of liguid
discharge portions, each having a liquid chamber and a aozéle,
arrayed in a predetermined direction, the.liQuid dischérge device
further éomprising,
é plurality of energy generating devices for. generating

energyffor discharging liguid stored in the liquid chamber
via the nozzle, wherein said plurality of energy genérating

devices are arrayed in the liguid chamber in said

predetermined direction;

a discharge control unit for controlling the discharge of a
liguid droplet via the nozzle, the discharge control unit
controls a difference in energy between the plurality of energy

generating devices in the liquid chamber; and
wherein the discharge direction. of .a liguid droplet
discharged from said nozzle of each liquid discharge portion is
centrolled such that deviation of the 1anding position occurs
in saild predetermined direction;
and wherein discharge control is performed such that ink
liguid droplets are discharged from at least said two different
liguid discharge portions positioned close ocne 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



- 136 ~

.is selected for each liquid-droplet discharge from said liquid
discharge portion, from M (M denotes an integer of 2 or mofe)
different landing position candidates forming an array in said
predetermined direction, 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 a
liguid dropletlis discharged so as to land at said determined

landing position.



