24 Novenber 2006 - 1 LIQUI D EJECTING DEVI CE AND LI QUI B HoveapeN8ORETHOD
BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
relates to a liquid ejecting device including a head in which a plurality
of liquid ejecting portions each having nozzles are arranged in parallel,
and a liquid ejecting nmethod using a head in which a plurality of liquid

ej ecting portions having nozzles are arranged in parallel. The present

i nvention also relates to a technology that forns a pixel colum or a

pi xel by deflecting droplets ejected fromthe nozzle of each Iiquid

ej ecting portion, and using a plurality of different liquid ejecting
portions in adjacent positions. 2. Description of the Related Art A nethod
that uses an. area ratio gray-scale nethod to represent an i nage has been

~known as a typirrputml frtemiNg pEECEOANDN 1RDOURD REECESRROMRENop! N the area
rati o gray-scale nethod, an image is deconposed into pixels of the
mnimzed size and'is represented by points of colors. A halftone
gradation method and a dithering pattern gradation nmethod are known as

types of BAGKGROEZND adF OTHE agNvEMNIINTEt hod. In the fornmer, the dianeters of
dots having constant thickness are changed, while in the latter, dot

density ih- a Risltd ayeathe sTroeamtgedh, wWith the dot d| aneter nai ntal ned to be
constant. 24 Novenber 2006
The present invention relates to a ligquid ejecting
~device including a head in which a pluraiity of liquid
ejecting portions each having nozzles are arranged in
parallel, and a liquid ejecting method using a head in which
& pluraiity of liguid ejecting portions having nozzles are
arranged in parallel. The present invention also relates to
a technology £hat forms a pixel column or a pixel by
deflecting droplets ejected from the nozzle ef each liquid
ejecting portion, and using a plurality of different liquid
ejecting portions in adjacent positions,
2. Description of the Related Art
A method that uses an area ratio gray-scale method to
fepresent an ilmage has been known as a typical halfwtening.
method in printing technology. In the area ratio gray~scale
‘method, an image is decomposed into pixels of the minimized
Vsize and is represented by points of colors. A halftone
'gfadation method and a dithering pattern gradation method
are known as types of the area ratio gray—sdale method. In .
the former, the diameters of dots having constant thickness
. are changed, while in tﬁe latter, dot density in a unit area.

. /is changed, with the dot diameter maintained to be constant.




2 Inkjet printers also use a method sinilar to the abo¢&Nowgmbsr 2096 o
gray-scale nethod. The nethod is divided into the followi ng three types
depending on the head structure of each inkjet printer. Fig. 18
illustrates a nethod by superinposition, which is a first exanple of the
related art. In Fig. 18, a head fornms dots onto printing paper by ejecting
droplets while noving in the arrow direction (the direction fromleft to
right). At first, in the first novenent (indicated by the dotted |ine in
Fig. 18) of the head, the head forns dots al and a2 by ejecting droplets
so that regions in which the dots al-ahd s2 are forned can overlap with
each other. In the second novenent (indicated by the solid line in Fig.
18) of the head, the head forns dots a3 and a4 by ejecting droplets so
that the dots mdcpsd sk fa GIR6CUSKCLY nALBLARsntALE getggt aﬁsbﬁand a2

fornmed in the first novenent an that the dots are

adj acent anes heahegdgrapvi dil didRadON, TﬁE’d@ﬁﬂ%?aﬁswﬂﬁQléé hxﬂ%

descri bed above, one pixel conmposed of the four and a4 S

formed. Thhe fOLI®Winy ShranepiceldeddRitdden e @k%a @ltrh%t%&eca@

express five gradations, including the case of no dot. Also, by increasing
the precestlonoksébepttiitdzor med positions in the first and second
novenents, a high quality imge can be obtained. Fig. 19 illustrates a

met hod by drojfligt. ddodltnswhaess24 hevrobeby28Q@ferimposition, which
| is a first example of the related art. in Fig. 18, a head
forms dots onto printing paper by ejecting droplets while
moving in the arrow direction (the direction from left to
right)., At first, in the first movement (indicated by the
dotted line in Fig. 18) of the head, the head forms dots al
and a2 by ejectihg droplets so that regions in which the
dots al and 82 are formed can overlap with each other. 1In
the second movement (indicated by the solid line in Fig. 18)
of the head, the head forms dots a3 and a4 by ejecting
'droplets 80 that the dots éa and a4 can respectively Qﬁerlap
with the dots al and a2 formed in the first movement and so
that the dots 43 and a4, which are adjacent in the head
moving direction, can overlap with each other.
As described above, one pixel composed of the four dots
~al, a2, a3, and a4 is formed. This formation of one pixel
" ffom the four dots al to a4 can express five gradations,
ineluding the case of no dot. Also, by increasing the
precision of.the dot-formed positions in the first and
second movements, a high guality irﬁage can be obtained.

Fig. 19'illustrates a method by droplet amount, which




3 is a second exanple of the related art. In the second*Neweshst €055 head
can switch the anount of droplets for ejection to three |levels. The head
forms a pixel by using any of a small dot bl, an internediate dot b2, and
a large dot b3. It is said that this nmethod can increase printing speed.
Fig. 20 illustrates a nmethod by the nunmber of dots, whichis a third
exanple of the related art. In this nmethod, dots cl, c2,,.., whose
dianeters are smaller than a dot pitch are consecutively ejected. In
addition, before a first formed dot is absorbed by (infiltrates) printing
paper, the next dot is forned so asmtg,uat | east, overlap with the first
delivered dot. In the exanple in Fig. 20, after the dot ci is first
formed, dots c2, c3, and c4 are sequentially formed before the dot cl is
absorbed by (infiltrates) the printing paper. This forns a | arger dot c5
(in this thde, 5oyl EadBrlresforilie relonedphxsl ). Ifhthabevecrdanpl es of the
related art have th follow ng problens. In the first exanple, the dots al
to a4 rmsetx%@alfeor r?eg“eaidn Cofte EpikER HePnamPBAtr e§i dnorlptar &brnunber of

times (four tineg in.the first exanple) Thus, a photograph or the |ike
whi ch has™fiity gy i&attﬁl&‘?? L&Y Fes Eﬁﬁo%@éﬁ perme | agpiked, bycenibaged with
t he case q; %&igting g ao%uggnt. Al so, although sonme nunber of gradations
can be oftdi fed® FRer& P8 NoFBnHBFeDPpEiate dot b2, and a large

dot b3. It is gaid that this method can increase printing
speed.

Fig. 20 illustrates a method by the number of dots,
which is a third example of the related art. In this method,
dots ¢l, ¢2Z,..., whose diameters are smaller than a dot
pitch are consecutively ejected. In addition, before a
first formed dot is absorbed by (infiltrates) printing paper,
the next dot is formed so as to, at least, overlap with the
first delivered dot, In the example in Fig. 20, after the
dot ¢l is first formed, dots c2, ¢3, and c4d are sequentially
formed before the dot cl is absorbed by (infiltrates) the
printing paper. This forms a larger dot ¢5 (in this case,
dot ¢35 corresponds to one pixel).

The above examples of the related art have the

. following problems.

In the first example, the dots al to ad must be formed

in one pixel formation region a plural number of times (four
ltiﬁes in the first example). Thus, a photograph or the like

which has many gradations requires a longer printing time,
“compared with the case of printing a document. Also,

although some number of gradations can be obtained, there is .




4 alimtation in increasing the nunber of gradations. 2% Noe®@es8Bnd
exanple, it is difficult to accurately control the quantities of ejected
droplets. This causes variations in the quantities of ejected droplets,
and it is difficult to obtain stable imge quality. Al so, in order that
plural types of droplet quantities may be ejected, the head structure
becones conplicated, thus causing a high cost. Moreover, if droplet
guantity can be changed, the nunber of types is |limted to about three. In
addi ti on, when the head has an ink ejecting portion that does not eject
droplets, or an ink ejecting portion- tthat ejects droplets of insufficient
quantities, image quality deteriorates. Accordingly, printing using
superinposition as in the first exanple nust also be used. This causes a

probl em f i PAS B i Nehdd BBl die A SEagpLAe caLher droplets are

ejected once, atinme is require the i'nk“ejecting portions with

ink for the ejmpctee %%%othE§am§l§?r5%i'saHPEPic9¥tt£8Eagéur§€§ﬂfd unti |

re-ejection of droplets. Specifically, tor exanple, a certaln ahount of

time is reswiiell fHOGRIRGHIAE oFf oagtduopkep1tes forkigdchijgedot cl to
ejection of the droplet for formng the dot ¢c2. As a result, during a

nmovenent wiridigideadn nheNeguante ticd arSelkakeAElReg1 k8, 0R8dPE Xe) s
formation region, it is difficult to formthe dots c2, c3, and c4 by
deI[verir@ﬁﬁﬁﬁdﬂiﬂambembiﬁﬂﬁ stable image quality. Also, in order
that plural types of droplet quantities ﬁay be ejected, the
head structure becomes complicated, thus causing a high cost.
Moreover, if droplet guantity can be changed, the number of
types is limited to about three.
In addition, when the head has an ink ejecting portion
that does not eject droplets, or an ink ejecting portion
“that ejects droplets of insufficient quantities, image
_quality deteriorates. Accordingly, printing using
superimposition as in the first example must also be used.
This causes a problem of a long printing time.
In the third example, after droplets are ejected once,
a time is required to fill the ink ejecting portions with
ink for the ejected ink. Thus, a certain amount of time is
needed until re—ejection of droplets. Speéifically, for
example, a certain amount of time is reguired from ejection
) of the droplet for forming the dot ¢l to ejection of the
droplét for forming the dot e2.
As a result, during a movement of the head in onme line
in a serial method, in one pixel formaﬁion.region, it is

difficult to form the dots c2, ¢3, and c4 by delivering




5 droplets before the fornmed dot cl is absorbed by (i nffNpYeaPes3006t he
printing paper. Also, the novenent speed of the head is very small when
the head is noved so that, after the ink ejecting portions are filled with
ink, in one pixel formation region, the dots c2, ¢3, and c4 can be forned
before the formed dot cl is absorbed by (infiltrates) the printing paper.
Accordingly, this case is not practical. As described in the first exanple
and the third exanple, a nmethod that forns one dot a5 so that the dots al
to a4 overlap with one another, and @ nethod that forns one dot c5 so

that the dots cl to c4 overlap with one another are characteristic in a
serial method in which the head ejects ink droplets whi | e novi ng back and

forth in lin irecti ( ul t he travellng
directi or?aopl?ﬁedbeptrecirr?t EE?}S : %‘éefdo ccé ﬁgﬁ?rg CL? a(lélg%et]fﬁ te%M i ne head
whose heatheppilihOing apek . rrwlesd nth@&ndve‘ﬂ%n‘ﬂl EB&dd T $hBCE=adNqsZl €s are
arranged in parallel in a. MAdth direction, a nmethod such as the first

exanpl e oreWhéMehl rdedx &hp| keachiforoved isst éh@tal@%ﬁade thapiwyed. This is
pecause, Sjdcenthsold e beadsdaes nots e 1R LRE M08 GLERENIQN. L he

first andthird” ‘exanpl es cannot cope mn ‘a”si tuat
nozzl es Meguena def eottssath s Aod ej4 ¢ianohe of oxitsapbefsre SE!HMVBRMneﬁ: THE
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Accordingly, this case is not practical.
2s described in the first example and the third example,
a method that forms one dot a5 so that the dots al to a4
overlap with one anofher, and a method that forms one dot cb5 so
that the dots ¢l to c4 overlap with one another are
‘characteristic in a serial method in which the head ejects ink
droplets while moving back and feorth in a line direction (the
direction perpendicular to the traveling direction of the
printing paper). Accordingly, in the case of a line head
whose head portion cannot move in the line direction since
nozzles are arranged in parallel in a width direction, a
method such as the first example or the third example cannot
substantielly be employed. This is because, since the line
-head does not move in the line direction, the first and third

“examples cannot cope with a situation in which some nozzles

have a defect such as no ejection of droplets.

SUMMARY OF THE INVENTION

Embodiments of the present invention perform




printing of a high definition inmage having an increased?4 Newepwer 206
gradations without conplicating a head structure and to provide a
structure adapted for a line head. According to an aspect of the present
invention, there is provided a liquid ejecting device having at |east one
head including a plurality of liquid ejecting portions each having a
nozzle said |liquid ejecting device conprising: an ejection deflector for
ejecting a droplet with deflection fromthe nozzle of each of the
plurality of liquid ejecting portionsg in a plurality of directions, and an
ejection controller for <controlling ejection so that, by ejecting droplets
in different directions fromat least two different liquid ejecting

portions j.n.adjace pEsi.ti apong the urality .of liquid ejecting
portions gﬁ%ﬁghﬁéfﬁéatﬁ%g%fggﬁpéggogéFF%%f%?YL?%é%HﬁBSF%?%‘%re delivered in
a single aohben 40 grhastchPiwi €hoeoldsmplieatihe adneph edswatardebiyered in a

single pixel region to forma pixel., According to enbodi nents of the
present i h7eRE?OHe By St Engleh syt €08 enling férent directions from at

L?iZf ngung'%éﬁgﬁg%%LFgﬁﬁgf§?2351&%J$Q£§E§%?%% iﬁgg?ggg%Hg&§%$g§PZisafrom
adj acent birquidbdjeedtmid porectong deaimk (hvihg att Headtophetseagan be
ol ver e PRt B8 PRl Ty BRI TR SO
a nozzle said liquid ejecting device comprising: an ejection
deflector for ejecting a droplet with deflection from the
nozzle of each of the plurality of liquid ejecting portions
~in a plurality of directions, and an ejection controller for
controlling ejection so that, by ejecting droplets in
different directions from at least two different liquid
ejecting portions in adjacent positions among the plurality
of liquid ejecting portions while using the ejection
deflector, the droplets are delivered in a single column to
form a pixel column, or the droplets are delivered in a
single pixel region to form a pixel.
According to embodiments of the present invention, by
"ejecting droplets in different directions from at least two
: differenﬁ liquid ejecting portions in adjacent positions, a
pixel column or a pixel is formed. For example, by ejecting
droplets from adjacent liquid ejecting portions N and (N+1),
the droplets can be delivered in a single pixel region or a
single pixel-region column. |

Therefore, a pixel or a pixel column can be formed by




using different liquid ejecting portions. According to &hbeyeaverdféct of
the present invention, there is provided a |iquid ejecting device having
at | east one head including a plurality of liquid ejecting portions each
having a nozzle said liquid ejecting device conprising: an ejection

defl ector for ejecting a droplet wth deflection from the nozzle of each
of the plurality of liquid ejecting portions so that the droplets are
delivered to positions to which droplets ejected fromthe nozzle of either
adj acent liquid ejecting portion are; delivered without being deflected,

or the vicinity thereof, and an ejection controller in which, when a pixel
colum or a pixel is fornmed by delivering droplets so that at |east two

regi ons H%'%higf;&ﬂ%n rgfl%kf .aégideliv red can overlap with each other
by using at Peast 't TfHer EAFHHLIFY &1 88%1 ng portions in adjacent
positions amaegrihey Poubabihdr Afsdebgubtl Bjce b BEhPAieadsodnd by usi ng

the ejection deflector to eject droplets wth deflection from at |east one
of the two'HS f&rBRtVidedupdl ¥feit isI§Chore idvdce haeing saél lessuRior the

pi xel can,hey fioeBg: nACCRRdLRY; £ ﬁp@ ' S, of esent _Lpvention
from the noz%le ofnggchgog ??bd? ejgg??ﬁg%%ggéﬁgEg?Pgﬁﬁﬁegg%ﬁone dr opl et
can be ejlrtied wi hboite Iseidgl dpficeetedtirandethee dmpplieisgcam be del i vered
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the nozzle of each of the plurality of liquid ejecting
portions so that the droplets are delivered to positions to
which droplets ejected from the nozzle of either adjacent
liquid ejecting portion are delivered without being defiected,
or the vicinity thereof, and an ejection controller in which,
when a pixel column or a pixel is formed by delivering
droplets so that at least two regions to which the droplets
are delivered can overlap with each other, by using at least
two different liquid ejecting portions in adjacent positions
among the plurality of liquid ejecting portions and by using
the ejection deflector to eject droplets with deflection from
at least one of the two different liquid ejecting portions,
the pixel column or the pixel can be formed.

According to embodiments of the present invention, from
the nozzle of each of liquid ejecting portions, at least one
‘droplet can be ejected without being deflected, and the
droplets can be delivered so that the droplets are delivered
to positions to which droplets ejected from the nozzle of

another adjacent




liquid ejecting portion are delivered without being dePfbeteater 2906t he
vicinity thereof. For exanple, in a case in which droplets are ejected
fromadjacent liquid ejecting portions N and (N+1), when positions to
which droplets ejected fromthe liquid ejecting portions N and (N+1) are
delivered wi thout being deflected are respectively represented by
positions N and (N+1), the liquid ejecting portion N can eject and deliver
the droplet to the position N without deflecting the droplet, and can
eject and deliver the droplet to the position (N+1) by deflecting the
droplet. Simlarly, the liquid ejecting portion (N+l1) can eject and
deliver the droplet to the position (N+1) wi thout deflecting the droplet,
and can eject and deliver the droplet to the position N by deflecting the
droplet. Wen a pixel colum is formed by delivering droplets in colum,
or a pi xebiqwid FIREL BT ded i i i &yl lsteresb Wikl utabelisgst two regi ons
to which the droplets are delivered overlap with each other, ejection is
control | SPEFIIRA., ¥y TheiHE i@l teddhenars di Fogr 6¥aMPLEui dNeReERFRg
portions jn _adjacent positions and by deflecting droplets ejected from at
| east one'b* T I9RARP Y &S ﬁgeﬁﬁrﬁg diem add aserdl 1igeidnAlBFTiAG pi xel
is fornmed, Far exgﬁple ﬁgt%r a droplet, is ejected and delivered fromthe
liquid efSHT0FSHM B%h W o PHEYFORLTERTR WOt HBAERHEFABLAEE| ected, a

dropl et i.3,c 8l ted, 2 I8N AT e kb § S84 Q8. ppriLen (WD) 24

delivered without being deflected are respectively

represented by positions N and (N+1), the ligquid ejecting

portion N can eject and deliver the droplet to the position

N without deflecting the droplet, and can eject and deliver

the droplet to the position (N+1l) by deflecting the droplet.
-Similarly, the liquid ejecting portion (N+1) can eject and

deliver the droplet to the position (N+1) without deflecting

the droplet, and can eject and deliver the droplet to the

position N by deflecting the droplet.

When a pixel column is formed by delivering droplets in
column, or a pixel is formed by delivering droplets so that
at least two regions to which the droplets are delivered
overlap with each other, ejection is controlled so that, by
using at least two different liquid ejecting portions in
adjaceht positions and by deflecting droplets ejected from
at least one of the liquid ejecting portions, the pixel
célumn or the pixel is‘formed. For example, after a droplet
is ejected and_délivered from the liquid ejecting portion N
to the position N without being deflected, a droplet is

~ ejected and delivered from the liquid ejecting portion (N+1)




to. the position N, with it deflected. Therefore, by uséhijornibre?®ht |iquid
ejecting portions, a pixel colum or a pixel can be forned. According to
anot her aspect of the present invention, there is provided a liquid
ejecting nmethod using at | east one head including a plurality of liquid

ej ecting portions each having a nozzle is provided. Droplets are ejected
fromthe nozzle of each of the plurality of liquid ejecting portions wth
deflection in a plurality of directions, and by ejecting droplets in
different directions fromat |east twg different Iliquid ejecting portions
in adj acent positions anong the plurality of liquid ejecting portions, the
droplets are delivered in a single columm to forma pixel colum, or the
dropl ets el ed i.n a.singl i xel region to forma pixel. According
to anothé%;gggeé§¥%¢“% g’pW%@Eﬁ%‘%ﬁg ?é%%ﬁ{ there is provided a Iiquid

ej ecting net hatdeusidg,abyl eaitly anefet@ad 1ol 4d REGtanglpordliohy, of 1iquid
ejectingzgortions each having a nozzle wherein: |east one droplet is

ej ect ed fHGHt AELUMbAA & Bix¥aditoPetHmsidurality of liquid ejecting
portions wt et k-gn t..J | i 0 a position

to which a drEﬁ?ﬁ%igﬁiggeﬁ§$¥%%?%ﬁ%gﬁbggfghgfp%%%?ﬁéﬁxgéjaé%ﬁt liquid

ej ecti ngtperei bn micvhded ddilngidetectied mstded ivemegdat bradtheneicinity

t her eof , and wh pi xel . col-.um i ormed or when a pixel is formed by
o 1 ver | Ra08 ST B A RLE AT 48 LTS 3 T e RiPER oifnovenber 3006

having a nozzle is provided. Droplets are ejected from the

nozzle of each of the plurality of liquid ejecting portions
with deflection in a plurality of directions, and by ejecting
droplets ih different directions from at least two different
liquid ejecting portions in adjacent ﬁositions among the
plurality of liquid ejecting portions, the droplets are
delivered in a single column to form a pixel column, or the
droplets are delivered in a single pixel region to form a
pixel. |
According to another aspect of the present invention,
there is provided a liquid ejecting method using at least one
head including a plurality of liquid ejecting portions each
having a nozzle wherein: least one droplet is ejected from the
nozzle of each of the plurality of liquid ejecting portions
with deflection so that the droplet is delivered to a position
to which a droplet ejected from the nozzle of another adjacent
liquid ejecting portion without being deflected is delivered,
or the vicinity thereof, and when a pixel column is formed or
- when a pixel is formed by delivering droplets so that at least

two regions in which




- 10 the droplets are delivered can overlap with each &t Newembp200§sing at
|l east two different liquid ejecting portions in adjacent positions anong
the plurality of liquid ejecting portions, and by deflecting droplets
ejected fromat least one of the two different liquid ejecting portions,
the pixel colum or the pixel is forned. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. | i1s an expl oded perspective view showing a head of an inkjet printer
to which a liquid ejecting device of the present invention is applied;
Fig. 2 consists of a detailed plan view and side sectional view show ng
the arrangenent of heating resistors; 1¢{g. 3 consi sts of graphs show ng
the relationship obtained in the case 'of each separate heating resistor 13
as in this enbodi nent between a difference in bubble producing tine of

i nk and the %Lgction angle of ink droplets; Fig. 4 is a side sectional view
" showi ng tthe drepadeitensmep dedivesrdnozrl eveahap pvith i eaclpapeier Fitly 5 is a
conceptual circuit diagramshowing a circuit in which the difference in
bubbl e pP&daei Af LerstoftWoprdEEraankedi HRGdr es¢ct G REtINSEn Fig. 6 iS
a table illustrating,two nmethods (Method 1 and Method 2) for an ejection
controlI@FJPﬁePﬁePBgé§éﬁP5 EROBHL FBA BAUrehety ephitkiawed Rk cEnMovenber

2006 - 11 ..
. portions, and by deflecting dreplets ejected from at least
. one of the two different liquid ejecting portions, the pixel

column or the pixel is formed.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1'is an exploded perspective view showing a head
6f an inkjet printer to which a liquid ejecting device of
the present invention is applied;

Fig. 2 consists of a detailed plan view and side
sectional view showing the arrangemeﬁt of heating resistors;
Fig. 3 consists of graphs showing the relationship
obtained in the case of each separate heating resistor 13 as
in this embodiment between a difference in bubble producing
time of ink and the ejection angle of ink droplets; |

Fig. 4 is g side seétianal view showing the
relationship between nozzles and printing paper;

Fig. 5 is a conceptual circuit diagram showing a
circuit in which the difference in bubble producing time of
bisected heating resistoxs can be set; | _

Pig. 6 ié a table illustrating two methods (Method 1
.an'cl Methed 2) for an ejection controller in _the.pre'se‘nt

invention and the related method;




Fig. 7 is an illustration of the nunber of tinmes (the &fNevembgu?d0€d f or
dot formation in each pixel position) which is required to formdots in
pi xel positions; Figs. BA, BE, and BC are illustrations of a "preset
format” for controlling the ejection selector and a "format conformng to
the preset format for the ejection selector” for controlling the ejection
determner; Fig. 9 is an illustration of the formati on based on the above
format of dots on printing paper; Fig. 10 is an illustration consisting of
pl an views showi ng an exanple of a line head; Fig. 11 is a circuit diagram
showi ng an ejection controlling circu@i including an ejection deflector in
a second enbodi nent of the present invenfion; Fig. 12 is an illustration
of an exanple in which ink droplets are delivered fromink ejecting
portions adjacent to a pixel; Fig. 13 is a front view showi ng directions -
in which ink Hi¥®dpletis are deistersad oy @f atiicacembelkeads tinean (ghéer nat e
pattern arrangement; Fig. 14 is an illustration of an exanple of setting an
odd nunbekimg vegetrednfof odor) Botnatridy irsicegidefiadt edbsiejieadi on of ink
droplets in right and |eft symmetric directions and directly-bel ow
ej ecti on Wri¢hid 3 repaet sed Fig. famm idotan din Indstedatposi tifona ;pr ocess of
. form ng 24 Novenmber 2006 12
. Figs. 8A, 8B, and 8C are illustrations of a "preset
format" for controlling the ejection selector and a “"format
conforming to the preset format for the ejection selector"
for controlling the ejection determiner;
Fig, 9 is an illustration of the formation based on the
above format of dots on printing paper;
Fig. 10 is an illustration consisting of plan views
‘showing an example of a line head:
Fig. 1l is a circuit diagram showing an ejection
controlling circuit including an ejection deflector in a
second embodiment of the present invention;
Fig. 12 is an illustration of an example in which ink
droplets are delivered from ink ejecting portions adjacent
to a pixel; |
Fig. 13 is a front view showing directions in which ink
droplets are delivered from adjacent heads in an alternate
.. pattern arrangement;
Fig. 14 is an illustration of an example of setting an
odd number of directions for ejeétion by using deflected
ejection of ink droplets in right and left symmetric

directions angd directly-below ejection of ink droplets;

Fig. 15 is an illustration of a process of forming




pi xel s on printing paper by ink ejecting portions basedZ2#hovember 2006

ej ection-executing signals in the case of two-directional ejection (the
nunber of directions for ejection is even) Fig. 16 is an illustration of a
process of formng pixels on printing paper by ink ejecting portions based
on ejection-executing signals in the case of three-directional ejection
(the nunber of directions for ejection is odd) Fig. 17 is a circuit diagram
showi ng an ejection- control circuit in a third enbodi nent of the present
invention; Fig. .18 is an illustration of a nethod by superinposition,
which is a first exanple of a related lfﬁlhod; Fig. 19 is an illustration
of a nethod by droplet anmount, which TS a second exanple of the rel ated
met hod; and Fig. 20 is an illustration of a nmethod by the nunmber of dots,
which is a third exanple of the related nethod. DESCRIPTION OF THE
PREFERREDM EMBCDIVWENTSLFE %Y IBtsadibye dinkA effiesctiingnpoditieons basefieopr esent
invention is described below with reference to the acconpanyi ng draw ngs.
in this SPERTFIVMGHAFVRINY | HgnRlgpliey thies case @dt vqudareeyleeal. , several
picoliters) of, ink (Iiggid) ej ected 24 Novenber 2006, 13 froma nozzle 18
(descri b §chian (e dpimdes of digectiongedosuedechapnohe FHRNYFopl et is
del i vered ontg. rigtin% . . .
- 18. 6 1% an illustration of a process of forming
pixels on printing paper by ink ejecting portions based on
ejection-executing signals in the case of three-directional
ejection (the number of directions for ejection is odd);

Fig. 17 is a circuit diagram showing an ejection-
contrel cixcuit in a third embodiment of the present
invention;

Fig. 18 is an illustration of a method by
superimposition, which is a first example of a related
-method;

FPig. 19 is an illustration of & method by droplet
amount, which is a second example of the related method; and

Fig. 20 is an illustration of a method by the number of

dots, which is a third example of the related method.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

First Embodiment
| A first embodiment of the present invention is
‘described below with reference t¢ the accompanying drawings.
| In thls Specification, an "ink droplet! is a minute

-qﬁantity (e.g., several bicoliters) of inkI(liquid) ejected




paper or the like. A "pixel" is the smallest unit of an?4Neggwer 006pj xel
region" is aregion in which a dot is forned. By delivering a

pr edet er mi ned nunber of (zero, one, or plural) droplets to a pixel region,
a pixel (with one gradation) having no dot, a pixel (with two gradations)
conposed of one dot, or a pixel (wth three or nore gradations) conposed
of plural dots is fornmed. In other words, one pixel region corresponds to
one, or zero or plural dots. An inage is forned by arranging, on a
recordi ng nmedium a great nunber of pixels as described. Each dot
corresponding to a pixel may protrude fromthe  pixel region wthout
conpletely falling in the pixel regiT)n.3 Head Structure Fig. 1 is an

expl oded perspective view showing a head 11 of an inkjet printer
(hereinafter referred to sinply as a“ "printer”) to which a liquid ejecting
devi ce offxdre presmate iSwaiddowibes] aplered. hn"Gogr 1s a BP&El e sheet 17
is bonded to a barrier layer 16, and the nozzle sheet 17 is shown in an
expl oded Formed |suathethaackl irk sidogtieat d smeaheretddi pakudpsiating

sem conductor substrate 15 conposed of silicon or the |ike, 24 Novenber

2006 14 haRPpheut itde rlddisst ods "t3xeddr nespbrdsngllesenenfiy genenating
el ements or heating elements in the present invention) formed on one
surface offadfe sdm cordlcrediondsticatersésion in which a dot is

formed.

By delivering a predetermined number of (zero, one, or
Plural) droplets to a pixel region, a pixel (with one
gradatiOn) having no dot, a pixel (with two gradations)
composzed of one dot, or a pixel (with three or more
gradations) composed of plural dots is formed. In other
ﬁords, one pixel region corresponds to one, or zero or
plural dots. BAn image is formed by arranging, on.a
recording medium, a great number of pixels as described.

Each dot corresponding to a pixel may protrude from the

bixel region without completely falling in the pixel region.

Head Structure
Fig. 1 is an exploded perspective view showing a head
11 of an inkjet printer (hereinaftér referred to simply as a
_"printer“) to which a liquid ejecting device of the present
invention is applied. In Fig. 1, a nozzle sheet 17 is
'bonded to a barrier layer 16, and the nozzle sheet 17 is
shcwn in an exploded form,
 In the head 11, a substrate member 14 includes a

semiconductor substrate 15 composed of silicon or the like,




The heating resistors 13 are electrically connected to hNoerber208F circuit
by a conductor portion (not shown) fornmed on the sem conductor substrate
- 15. The barrier layer 16 is fornmed by, for exanple, an exposure-hardening
dry filmresist, and is fornmed by stacking the resist on the entirety of
the surface of the sem conductor substrate 15 on which the heating
resistors 13 are forned, and subsequently renbving unnecessary portions
i n a photolithography process. The nozzle sheet 17 has a plurality of
nozzles 18 therein, and is forned by, for exanple, electroformng
t echnol ogy using nickel. The nozzle shget 17 is bonded onto the barrier
| ayer 16 so that the positions of the nozzles 18 can correspond to the
positions of the heating resistors 13, that is, the nozzles 18 can oppose
the heating resistors 13. Ink cells 12 are constituted so as to surround
the heatify He8diidgoresistpyst pé Japsrrarendmbeto leneTdle deneiadring ayer
16, and the nozzle sheet 17. SpecificaII%, the substrate menber 14 forns
the bott SmSRER"S GOF PRETIAR €dpmentsoing hle present |iyeentudomlorns the side
wal | s offth i,nk cells 12, and_the nozzle sheet 17 forns the top walls of
the ink odMed 92 SFR PHFEACE: At the, SeReconiuGy ssubms trake A6 .Novenber
2006 15Th%pﬁégﬁﬁﬁ regionﬁ I n # e frong r%g{t of Fig. 1. The aperture
regions are connected to° ke f wﬁﬁﬁtﬁ%ef caddginpPnrRfdathdive 3ead 11 -
nornallyEkegEHgESCEPSUiQbeeglgoéguéébr portion (not shown) formed
on the semiconductor substrate 15.
The barrier layer 16 is formed by, for example, an
eéxposure-hardening dry film resist, and is formed by
stacking the resist on the entirety of the surface of the
semiconductor substrate 15 on which the heating resistors 13
are formed, and subsequently removing unnecessary portions
in a photolithography process.
The nozzle sheet 17 has a plurality of nozzles 18
therein, and is formed by, for example; electroforming
technology using nickel. The nozzle sheet 17 is bonded onto
the barrier layer 16 so that the positions of the nozzles 18
can correspond to the positions of the heating resistors 13,
that is, the nozzles 18 can oppose the heating resistors 13,
Ink cells 12 are constituted so as to surround the
heating resistors 13 by the substrate member 14, the barrier
layer 16, and the nozzle sheet 17. Specifically, the
substrate member 14 formg the bottom walls of the ink cells
12, the barrier layer 16 forms the side walls of the ink
- cells 12, and the nozzle sheet 17 forms the top walls of the

ink cells 12. In this structure, the ink cells 12 have




units of hundreds, and the heating resistors 13, which &fboveibspe¥8d in the
ink cells 12. In response to a conmand from the control unit of the
printer, each heating resistor 13 is uniquely selected, and the ink of the
ink cell 12 corresponding to the heating resistor 13 can be ejected from
the nozzl e 18 opposing the ink cell 12. In other words, the ink cell 12 is
filled wwth ink supplied froman ink container (not shown) joined to the
head 11, By allowing a pulse current to flow through the heating resistor
13 in a short tinme, for exanple, 1 to 3 mcroseconds, the heating resistor
13 is rapidly heated. As a result, a gas-phase ink bubble is produced in a
portion in contact with the heating resistor 13, and the expansion of the
i nk bubbl e di sl odges i nk of some volune (the ink boils). In this nmanner,
ink of a volune equal to that of the dislodged ink in the portion touching
t he nozzl @réstise xg@ons s the ifrordr oplostt ofoMighelnozZhe dBertmdei s
delivered onto the printing paper, thus formng a dot. In this

Speci fi caFESFONSH Pk teumasnnsd itatied-th conpaithle (sekl skeywnl he heating
resistor 13 disposed in the ink cell 12, ~and the nozzle 18 di sposed
thereon is refd¥ épove Mesd dd aprmalpy épebvdey postivh ¢23kmild directing
portion)". 24 Novenber 2006 - 16 Specifically, the head 11 has a

phural it yFES fE dfBdEeds - 561G ithes heatdngederasparal Ld) . v ektaem

Def | ector : :
T disposed in the ink cells 12. In response to a command from

the control unit of the printer, each heating resistor 13 is
uniquely selected, and the ink of the ink cell 12
corresponding to the heating resistor 13 can be ejected from
the nozzle 18 opposing the ink cell 12.

In other words, the ink cell 12 is filled with ink
supplied from an ink container {(not shown) joined to the
head 11, By allowing a pulse current to flow through the
heating resistor 13 in a short time, for example, 1 to 3
Imicroseconds, the heating resistor 13 is rapidly heated. As
a result, a gas-phase ink-bubblé'is produced in a portion in
contact with the heating resistor 13, and the expansion of
the ink bubble dislodges ink of zome volume (the ink boils).
In this manner, ink of a volume equal to that of the
'dislodged ink in the portion touching the nozzle 18 is
ejected as an ink droplet from the nozzle 18, and is
delivered onto the printing paper, thus forming a dot.

| In this Specification, a portion constituted by one ink
cell 12, the heating resistor 13 disposed in the ink cell 12,
and the nozzle 18 disposed thereon is referred to also as an

' Fink ejecting portion (liquid'ejecting portion)".




The head 11 includes an ejection deflector. In this enBbipyasier 2Q0fe

ej ection deflector deflects an ink droplet ejected fromone nozzle 18 so
that the ink droplet can be delivered to a position to which an ink
dropl et from another adjacent nozzle 18 can be delivered w thout being
deflected, or the vicinity thereof. The head 11 has the foll ow ng
structure. Fig, 2 consists of a detailed plan view and side sectional view
showi ng the arrangenent of the heating resistors 13 in the head 11. In the
plan viewin Fig. 2, the position of the nozzle 18 is indicated by the
chain lines. As shown in Fig. 2, in_tfg head 11 in this enbodinent, one
ink cell 12 includes bisected heating Tésistors 13 arranged in parallel.
The direction in which the heating resistors 13 are arranged is a
direction (the horizontal direction in Fig. 2) in which the nozzles 18 are
arranged. Spaciitnadlyi sthe dbad/gd iheavs ol womed iHgabifngnkesjstoingl3 has

| ongi tudi nal |y bisected portions, each separated heating resistor 13 has

t he sanme Perfianangrearegd 4 d@rallpdus, the resistance of the bisected
heating resistors 13 is 24 Novenber 2006 17 double that of the original
heating resistor 13. By connecting the bisected heating resistors 13 in
series, the separated heating resistors 13 having the doubl e resistances
‘are conné%l%ﬁt+&“s%§f¥ﬁﬁtgﬁ)thaI the total resistance is

The head 1l includes an ejection deflector. In this
embodiment, the ejection deflector deflects an ink droplet
ejected from one nozzle 18 so that the ink droplet can be
delivered to a position to which an ink droplet from another
adjacent nozzle 18 can be delivered without being deflected,
or the viecinity thereof. The head 11 has the following

~structuré.

Fig, 2 consists of a detailed plan view and side
sectional view showing the arrangement of the heating

- resistors 13 in the head 1l1. In the plan view in Fig; 2,
“the poéition of the nozzle 18 is indicated by the chain
lines.

As shown in Fig.'2, in the head 11 in this embodiment,

- one ink cell 12 inéludes bisected heating resistors 13
arranged in parallel. The direction in which the heating
resistors 13 are arrangéd is5 a direction {the horizontal
_diréction in Pig. 2} in which the nozzles 1B are arranged.
| In such a bisected type in which one heating resistor
13 has longitudinally bisected portions, each separated
heating resistor 13 has the Same length and a half width.

Thus, the resistance of the bisected heating resistors 13 is -




four tines that of the original heating resistor 13. HeR&November#08f t hat

the ink in the ink cell 12 may boil, the heating resistor 13 nust be
heated by supplying a certain anount of power to it. This is because
energy generated at the boil is used to eject the ink. \Wen the

resistance is small, a current to flow nust be increased. However, by

I ncreasing the resistance of the heating resistor 13, the ink can be
brought to a boil with a small current. This can al so reduce the size of a
transistor or the |ike for passing the current, thus achieving a reduction

In occupied space. By reducing the_}&épkpess of the heating resistor 13,
the resistance can be increased. However, when considering materi al
selected for the heating resistor 13 and its strength (durability), there
isalimtation in reducing the thickness of the heating resistor 13.
Accor di ngloybley tdearce ithe bhégheali hgatéapgskesidBomi 1houtByreducing its

t hi ckness, its resistance is increased. when one ink cell 12 includes the
bi sect ed deds g ng ddiestedissctdd hkathegt raeiébobdl B3 piwdeeringp tithe
required for each heating resistor 13 to reach a tenperature for 24
Novenber sEg@@ated) deagdnki ngsihborakldshseingotive doplale tdwisteksedzoi | on
two heating resistors 13 and an ink droplet is ejected in the central
axi s di r &€ &oroectied Abzepties, eontbatetls teal tirgistance disf f erence

bet ween t he ) oo
four times that of the original heating resistor 13.

| Here, in order that the ink in the ink cell 12 may boil,
the heating resistor 13 must be heated by supplying a
certain amecunt of power to it. This is because energy
generated at the boil is used.to eject the ink. When the
resistance is small, a current to flow must be increased.
However, by increasing the resistance of the heating
resistor 13, the ink can be brought to a boil with a small
current.

This can also reduce the size of a transistor or the
like for passing the current, thus achieving a reduction in
occupied space, By reducing the thickness of the heating
5fesistor 13, the resistance can be increased. However, when
considering materiél selected for the heating resistor 13
and its strength (durability), there is a limitation in
rgduciﬁg the thickness of the heating resistor 13.
Accordingly, by separating the heating resistor 13 without
reducing its thicknessr its resistance is increased.

When one ink cell 12 includes the bisected heating
resistors 13, if the time {bubble producing time} required

for each heating resistor 13 to reach a temperature for




bubbl e producing tinmes of the bisected heating resistord4Ngvembgo?00fons of
the ink do not boil on the bisected heating resistors 13 at the sane tine.
This shifts the direction of the ink droplet fromthe central axis
direction of the nozzle 18, and the ink droplet is ejected and defl ected.

- This delivers the ink droplet off a position to which the ejected ink
dropl et can be delivered without being deflected. Figs. 3A and 3B are
graphs showi ng the relationship obtained in the case of each separate
heating resistor 13 in this enbodi nent between a difference in bubble
producing time of ink and-the ejectlog angle of ink droplet. The val ues
shown in the graphs are conputer-siml fed results. In Fig. 3A, the
X-direction (the direction indicated by vertical axis Ox of the graph)
(note that the X-direction does not nean the horizontal axis of the graph)
i ndi cat esballihg etité oinkthe skt eot iten wefustihe theatinkg besilstorswd3 arranged
in parallel) in which the nozzles 18 are arranged. The Y--direction (the
di rect i onh R RGeS bytars tiTaAndyars ik doforlied. i3Bpjented ihathé he
Y-direction does not nean the vertical axis of the graph) indicates a

di r ect i on“eReFple it Brreetiate of diheediczade Whi.ch is a direction in 24
Novenber 2006 _ 19 which the printing paper is carried. In both the X-
directi on and “CRYC¥SEL¥eciI6R, tAARTENGF e ol fifpEene® beffewctileon occurs is

representei)%y zero, degrees, and a _shift fromthe zero degrees is
: cpu ble producing times of the bisected heating resistors 13,

I ndi cate
portions of the ink do not boil on the bisected heating
resistors 13 at the same time. This shifts the direction of
the ink droplet from the central axis direction of the
nozzle 18, and the ink droplet is ejected aﬁd deflected.
This delivers the ink droplet off a position to which the
ejected ink droplet can be delivered without being deflected.
Figs. 3A and 3B are graphs showing the relationship
-obtained in the case of each sepérate heating resistor 13 in
this embodiment between a difference in bubble producing
time of ink and the ejection angle of ink droplet. The
values shown in the graphs are computer-simulated results.
In Fig. 3A, the X-direction (the direction indicated by
"vertical axis Ox of the graph) (note that the X~direction
does not mean the horizontal axis of the graph) indicates a
d;rection (the direction of the heating resistors 13
;rranged in parallel) in which the nozzles 18 are arranged.
'The Y-~direction (the direction indicated by vertical axis Oy
of Fig. 3B) (note that the Y-direction does not mean the
vertical axis of the graph) indidates a direction

-perpendicular te the x—direction, which is a direction in




Fig. 3Cis a graph showing actually neasured data. A défNewriben2d®ar r ent
(We use a half of a difference current between the bisected heating
resistors 13 in Fig. 3C) is indicated as difference in bubble producing
time between the bisected heating resistors 13 by the horizontal axis, and
an anount of deflection (actually nmeasured when the di stance between the
nozzle and a position to which ink is delivered was set at approximtely 2
nm in the position to which ink is delivered is indicated as the angle
(X-direction) of ejection of ink by the vertical axis. Fig. 3C also shows
a case in which, with the main current of the heating resistors 13 set to
80 mA, the deflection current was sUpéPiﬁposed on one of the heating
resistors 13 and the ink was ejected and defl ected. Wen there is a tine
di fference in production of bubbles by the heating resistors 13 bisected
in the dwhéchi bhei prahidhgnpagéesidosre: & r angedhotdharangle of ejection
of ink is not perpendicular, and the angle 8x of ejection of ink in the
di recti ondiinemhich &hd hbeziedifdciien, air algfik iAACHRATAS nbN Proportion to
the difference in. bubble producing tinme. 24 Novenber 2006 -20
Accor di ngi§fleation soenbodi hentepiysamiat) Wyhise e aledrees ,t Batl kS, by
providing the bisected heating resistors 13, and supplying different
currents EBlfhelFTpmecthedzéreatdegyrawsiist drslik®teni.di fference is set in
bubbl e producing tine .
: Fig. 3C is a graph showing actually measured data. A
deflection current (We use a half of a difference current
between the bisected heating resistors 13 in Fig. 3C) is
indicated as difference in bubble producing time between the
bisected heating resistors 13 by the horizontal axis, and an
amount of deflection (actually measured when the distance
between the nozzle and a position to which ink is delivered
was set at approximately 2 mm) in the position to which ink
is delivered is indicated as the angle (¥-direction) of
ejection of ink by the vertical axis. Fig. 3C also shows a
~case in which, with the main current of the heating
resistors 13 set to 80 mA, the deflection current was
superimposed on one of the heatihg resistors 13 and the ink
was ejected and deflected,
When there is a time difference in production of
‘bgbbles by the heating registors 13.bisected in the
direction in which nozzles 18 are arranged, the angle of
ejection of ink is not perpendicular; and the angle 8x of
ejection of ink in the direction in which the nozzles 18 are
arranged increases in proportion to the difference in bubble

' produding time.




of the heating resistors 13, whereby the direction in wh devembak2008 ej ect ed
I s changed. Wen the resistances of the bisected heating resistors 13 are
not equal to each other due to, for exanple, a production error or the

| i ke, the heating resistors 13 have a difference in bubble producing tineg,
Thus, the angle of ejection of ink is not perpendicular, so that the
position to which the ink is delivered is off fromthe correct position.
However, by supplying different currents to the heating resistors 13 for
controlling the bubble producing tine of each heating resistor 13 to be
equal, the angle of ejection of ink_c$ﬁ be set at perpendicularity.
Accordingly, in this enbodi nent, by usfng this feature an angle at which
an ink droplet is ejected can be changed by setting the bisected heating
resistors 13 to have a difference in bubble producing tinme. Next, how nmuch
t he angl e of tHArescejdbotcddr,i ik dhipl embodimehanged usisgsthibefedmiay with
reference to Fig. 4. Fig. 4 is a side sectional view show ng the

rel ati onshhat bkt ween prdweldiory |tdee 18 serdegr hehitdggpapelsPorénlFj gandl,

al t hough the distance H between the tips of 24 Novenber 2006 - 21 the

nozzl es 1BURIHNEY i@ Grffrtent papwents Soafbeobigattbd Beatdn@ nmin the case
of an ordinary inkjet printer, it is here assuned that H = 2 mm That the

di st ance FFHEECHE Whi it difdenesase 15l wost in bubble producing time

of the heating resistors 13, whereby the direction in which
ink is ejected is changed.

When the resistances of the bisected heating resistors
13 are not egual to cach other due to, for example, a
production error or the like, the heating resistors 13 have
a difference in bubble producing time., Thus, the angle of
ejection of ink is not perpendicular, so that the position
to which the ink is delivered is off from the correct
position. However, by supplying different currents to the
heating resistors 13 for contrelling the bubble producing
time of each heating resistor 13 to be equal, the angle of
ejection of ink can be set at perpendicularity.

Accordingly, in this embodiment, by using this feature:
an angle at which an ink droplet is ejeécted can be changed
by setting the bisected heating resistors 13 to héve a

7 difference in bubble producing time.

Next, how much the angle of the ejected ink droplet is
changed is described below with reference to Fig. 41 Fig. 4
is a side sectioﬁal view showing the reiationship between
the nozzles 18 and printing paper P,

In Fig. 4, although the distance H between the tips of




constant is because a change in the distance H causes a24Ubeemyer 3086t he
position to which each ink droplet is delivered. In other words, when one
nozzle 18 ejects an ink droplet perpendicularly to the surface of the
printing paper P, the position to which the ink droplet is delivered does
not change, even if the distance His slightly changed. Conversely, in the
case of performng deflected ejection of an ink droplet, as described
above, the position to which the ink droplet is delivered differs in
accordance with a change in the distance H Wen the resolution of the.
head 11 is set to 600 DPl, - the interval between adjacent nozzles 18 is
25.40 x 1000/600 z 42,3 (gm Here, in e present invention, the direction
in which ink droplets are ejected fromthe nozzles 18 is changed to 2
different directions by using a control signal represented by J bits
(where J theprmesmites d Bpegidt ithe pmindédeg) paped P hes dagpemcendetiyedn f art hest
positions of two delivered ink droplets anong the 2 directions is set so
as 24 Novientemmp@g@es the2 case lod @2 ordiparyniskiée pnimteml betiseen two

adj acent nozzles 18. Wien ink droplets are ejected fromthe nozzles 18,
any one dis&EEsevesd sdpscHed £rom-the 2' directions. For exanple, when a
signal in which J =2 (bits) is wused as the control signal, the nunber of

types of the TEahtFof digkahcestfppt hhaaintaingd ¢p, BeoalEpst(1, 0), and

constant is because a change in the distance H causes a
change in the position to which each ink dropiet is
delivered. In other words, when one nozzle 18 ejects an ink
droplet perpendicularly to the surface of the printing paper
P, the position to which the ink droplet is delivered does
nbt change, even if the dist&nce H is slightly changed.

- Conversely, in the case of performing deflected ejection of
an ink droplef, as described'above, the position teo which
the ink droplet is delivered differs in accordance with a
change in the distance H.

When the resolution of the head 11 is set to 600 DPI,

the interval between adjacent nozzles 18 is
25.40 x 1000/600 = 42,3 (um)

Here, in the present invention, the direction in which
ink droplets are ejected from the nozzles 18 iz changed to
2? different directions by using a control signal
-represented by J bits (where J represents a positive
ihteger), and the'distance between farthest positions of two

delivered ink droplets améng the 2° directions is set so as




(1, 1). Thus, the direction of an ejected ink droplet i &4November2008| so, the
di stance between two farthest dots when deflection occurs is ((2'" - 1) =)
3 times the interval between two adjacent nozzles 18. Wenever the control
signal changes to (0, 0), (0, 1), (1, 0), and (1, 1), the position of a
delivered ink droplet can be noved by the interval between adjacent
nozzles 18. In the above exanple, assumng that the triple of the interval
(42.3 m between adjacent nozzles 18, that is, 126.9 mis the distance
between two farthest dots when deflection occurs, a maxinmum defl ection
angle 28 (deg) is tan28 = 126.9/2000 .z, 0.0635 Thus, 20 x 3.6 (deg) Next,
the nmethod that deflects the ejected i droplet is nore specifically
descri bed bel ow. 24 Novenber 2006 23 Fig. 5 is a schematic circuit diagram
showing a circuit in which the difference in bubble producing tinme of the
bi sect ed tedte ntRY esilyt dimed3 thanibeesesl bHetwdes wxanpdceryy using a
control signal in which J =2 (bits) so that the difference in current
flowi ng imcFsbestlds Rheh dimk RlvdPleds abe spectedf fuemt yhestoihkeej ect ed
ink droplet can be set to have four directions for gjection, In Fig. 5,

t he resi sifor mMh-Re i ReIB dorksesigdedted friae thei 8t ghigwroom®he bi sect ed

heating resistors 13, )
. For example, when a signal in which J = 2 (bits) is

used as the control signal, the number of types of the
qontrol signal is four, that ie, (0, 0), (0, 1), (I, 0), and
(1, 1). Thus, the direction of an ejected ink droplet is 27
= 4. Alsc, the distance between two farthest dots when
deflection occurs is ((27 = 1) =) 3 times the interval
.between two adjacent nozzles 18.

Whenever the control signal changes to (0, 0), (0, 1),
(1, 0), and (1, 1), the position of a delivered ink droplet
can be moved by the interval between adjacent nozzles 18.

In the above example, assuming that the triple of the
intexrval (42.3 Hm) between adjacent nozzles 18, that is,
126.9 nm ie ﬁhé distance between two farthest dots when

deflection occurs, a maximum deflection angle 20 (deg) is
tan20 = 126.9/2000 = 0.0635

Thus,
20 = 3.6 (deg)

Next, the method that deflects the ejected ink droplet

is more specifically described belo#.__-




respectively. In this enbodi nent, the resistance of the24Nexwmbeo200Rh-A is
set to be less than that of the resistor Rh-B. The resistors Rh--A and
Rh-B have a junction (intermediate point) therebetween fromwhich a
deflection current can flow Three resistors Rd are used to deflect an
ejected ink droplet. Also, transistors QL, @, and @@ function as sw tches
for the resistors Rh-A, Rh-B, and Rds. The circuit in Fig. 5 includes an
i nput portion C for a binary control input signal (whose state is "1" only
when a current flows). It includes binary-input AND gates Li and L2, and
I nput portions Bl and B2 for binary sigpals ("0" or "1") for the AND gates
Li and L2. In this case, when the input” portion is supplied with "1", and
both input portions Bl and B2 are supplied with "O's, only the transistor
Q operates and the transistors 2 and (B do not operate (no currents flow
in the three X4MNovermser 20bemazic cérividrdifyan Ahawing t3 e rovidn
current flows in-the resistors Rh-A and Rh-B, the currents flowing in the
resi st or sSHTRHAL G dtIeh - B THerensgudn Yabbde. predugsegt hitme refi E'dnce of the
resistor Rh-A is |less than that of the resistor Rh-B, the heat val ue of
the resi RTeq¥rR haatiggs resigtorsail Soraphber 88F st of R LY $%ATMN 2
condition, the ejected ink droplet is delivered to the nost left in this
enbodi medtY (URiPY B conFredditdoBal dhe PSPt Yol €oRdFeh $hethat eBt®d ink
r opl [ | iver ' i tion
dropl et Ic?ifdreel'le\{necee%.nl scusr?ctentto fggw?.n O%‘zt Is':gsistors Rh-A and Rh—-B can
be set to four types, the ejected ink droplet can be set to
have four directions for ejection,
In Fig. 5, the resistors Rh-A and Rh-B correspond to
the resistances of the bisected heating resistors 13,
respectively. In this embodiment, the resistance of the
resistor Rh-A is set to be less than that of the resistor
Rh—-B. The resistors Rh~A and Rh-B have a junction
(intermediate point) therebetween from which a deflection
current can flow. Three resistors Rd are used to deflect an
ejected ink droplet. Also, transistors Ql, 02, and Q3
function as switches for the resistors Rh-A, Rh-B, and Rds.
The circuit in Fig. 5 includes an input portion C for a
binary contrel input gignal (whose state is "1" only when a
current flows). It includes binary-input AND gates L1 and
L2, and input portions Bl and B2 for binary signals ("0" or
"1"} for the AND gates Ll and L2.
In this case, when the input portion is supplied with
"in, 'al.'l'd both input portions Bl and B2 are supplied with
"0“5,_¢nly the transistor 0Ol oﬁerates and the transistors Q2

and Q3 do not operate (nﬁ currents flow in the three




(including its vicinity) to which an ink droplet ejected4Npyesbea2dfbzzl e 18
(ink ejecting portion) left froma reference position with one nozzle 18

t herebetween is delivered without being deflected (Fig. BB). In this case,
when the input portion Cis supplied with "1", and the input portions Bl
and B2 are supplied wwth inputs "1" and "0", a current flows also in two
resistors Rd connected in series to the transistor B (no current flows

in the resistor Rd connected to the transistor 2). As a result, a current
that flows in the resistor Rh-B is less than that obtained when the input
portions Bl and B2 are supplied wth up[s. However, also in this case, the
resistor Rh-A is set to have a heat vglue | ess than that of the resistor -
Rh-B. In this case, the position to which ejected ink droplets are
delivered is set to be a position to which ink 24 Novenber 2006 25

dropl et s gd&tay s Fohh.t hdtadpaseninkef vhapzeherdst ailowaleln vidreed wi t hout
bei ng defl ected. Next, when the input portion Cis supplied with "1", and
t he i nputt&Foriticsis RBr-AaaadpihaBe §BBpFPé§eD¢$ hfteringhdin "de a current
flows in the resistor Rd connected to the transistor @ (no _currents flow
in the t®E¥édiodSoR8-RdandoRRaBt Baveneganl exdlvps he BeHISE® 03). As a
result, the, value of the current that flows in the resistor Rh-B is

further MESSSRATS RAt *8Bt BPREATARRNTAEL? npRs Joian dietgiof the

resistor Rh-B, the heat value of the resistor Rh-A i1s less
‘than that of the resistor Rh~B. In this condition, the
ejected ink droplet is delivered to the most left in this
embodiment (Fig. 5). In addition, the position to which the
ejected ink droplet is delivered is set to be a position
(including its vicinity) to which an ink droplet ejected
from a nozzle 18 (ink ejecting portion) left from a
reference position with one nozzle 18 therebetween is
delivered without being deflected (Fig. BB).
In this case, when the input portion C is supplied with

"l", and the input portions Bl and B2 are supplied with |
inputs."l“ and "0", a current flows also in two resistors Rd

connected in series to the transistor 03 (no current flows

in the resistor Rd connected to the transistor Q2). As a

result, a current that flows in the resistor Rh-B is less-
than that obtained when the input portions Bl and B2 are
supplied with "0"s, However, als¢o in this case, the
resistor Rh-3 is set to have a heat value less than that of
the resistor Rh-B.

o In this case, the posiftion to which ejected ink '

drdpléts.are delivered is set to be a position to which ink




and B2 are supplied with "1" and 110". In this case, th&4Npesibst 20§ Rh- A
and Rh-B can be set to have identical heat values. This ejects the ink
dropl ets w thout deflection. Wien the input portion Cis supplied with "1",
and both input portions Bl and B2 are supplied with "1" and "0", «currents
flowin the three transistors Rd connected to the transistors 2 and (®B.
As a result, the value of the current that flows in the resistor Rh-B is
further | ess than that obtained when the input portions Bl and B2 are
supplied with "0" and "1". In this case, the resistor Rh-Ais set to have
a heat value nore than that of the re5|stor Rh-B. In this case, the
position to which ejected ink droplet% are delivered is set to be a
position to which ink droplets ejected fromthe adjacent right nozzle 16
as an ink ejecting portion are delivered w thout being deflected. As
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heating condition, Rd may be set so that, whenever the inputs to the input

portions 8e¢livdred whbngettle{®y d¥fledtkedl), (0, 1), and (1, 1), the
position to which the ejected ink droplets are delivered can nove at each
i nterval bet wdgkt i hharoAdlcednp8t PhirsicanCchangepbheedosith otiit o which the
ejected ink droplet is delivered to four positions, that is, in addition
to the pod3idibhetbupit arrttieonmiBldemd &2s agicesuppl iffewpehdl gul anfly to the

-surface of ,an obj ect, such as
"1%, & current flows in the resistor Rd connected to the-

transistor Q2 (no currents flow in the two resistors Rd
connected in series to the transistor Q3). As a result, the
value of the current that flows in the resistor Rh-B is
further less than that obtained when the input portions Bl
and B2 are supplied with "1" and "0". In this case, the
resistors Rh-A and Rh-B can be set to have identical heat
values. This ejects the ink droplets without deflection.
When the input portien € ig supplied with "1", and both
input portions Bl and B2 are supplied with "1" and "0",
currents flow in the three transistors Rd connected to the
transistors Q2 and Q3. As a result, the value of the
current that flows in the resistor Rh-B is further less than
that obtained when the input portions Bl and B2 are supplied
with "0" and "1". 1In this case,,the resistor Rh-A is set to
_ have a heat value more than that of the resistor Rh-B.

In this case, the pbsition to which ejected ink
droplets are delivered is set to be a position to which ink
-_droplets ejected from the adjacent right nozzle,ls‘as an ink

- ejecting portion are delivered withoﬁt being deflected.

As described above, given the resistances Rh-A, Rh-B by




printing paper, onto which an ink droplet is delivered) 2fNgrambendl0fozzl e 18
w t hout being deflected can be delivered, a position (including its
vicinity) to which an ink droplet ejected fromthe nozzle 18 (ink ejecting
portion) left from a reference position with one nozzle 18 therebetween is
delivered wi thout being deflected, a position to which an ink droplet
ejected fromthe adjacent |eft nozzle 18 can be delivered w thout being
defl ected, and a position to which an ink droplet ejected fromthe

adj acent right nozzle 18 as an ink ejecting portion can be delivered

w t hout being deflected (Fig. 8B). | ée§ponse to the input values to the
i nput portions Bl and B2, the ink dn*} t can be delivered to an arbitrary
position anmong the above four positions (Fig. 8B). Ej ection Controller 24
Novenber 2006 27 The enbodi ment described thus far also includes an

ej ecti on beatimy| eondThior| &d imay dentuyed Iser thedwt r ghenewer EBemati on of ink
droplets (dots) in such a manner that, by wusing the ejection deflector,
when i nk tnpptetso aklee rpit qraxdiions| Ble angl Bdschpngehéosafe Pbw) to forma
dot colum, or ink droplets are delivered to formone dot in a formin
which at Kka@k, stPe tegiams Of. ddli daee@odisirat §o Bhérhaphei eheehe® ot her,
at least two different ink gégfting portions adjacently positioned are

used and }mk CFeplets axg daldyereshcap PEXE: adn&a6h LRECFHRLFEEVRRRY

portions are
: the nozzles 18.

'This can change the position to which the ejected ink.
droplet is delivered to four positions, that is, in addition
to the position to which the ink droplets ejected
{perpendicularly to the surface of an object, such as
printing paper, onto which an ink droplet is dellivered) from
the nozzle 18 without being deflected can be delivered, a
position (including its vicinity) to which an ink droplet
ejected from the nozzle. 18 (ink ejecting portion) left from

" a reference positien with oae.nozzle 18 therebetween is
delivered without being deflected, a position to which an
ink drbplet ejected from the adjacent left nozzle 18 can be
delivered without being deflected, and a poszsition to which
én ink droplet ejected from the adjacent'right nozzle 18 as
an ink ejecting portion can be delivered without being
defleéted (Fig. 8B). In response to the input values to the
input portions Bl and B2, the ink droplet can be delivered
to an arbitrary position among the above four positions (Fig.

8B) .

" Ejection Controller




deflected by the ejection deflector to forma pixel col &htovegbep0R8| , Fig.
6 is atable illustrating two nethods (Method 1 and Method 2) for the
ejection controller in the present invention and a nethod of the rel ated
‘method. Fig. 6 also shows the case of form ng one pixel by arranging ink
droplets in colum so that at |east some regions of delivered droplets
overlap with each other. At first, Method 2 is an exanple in which the
position to which ink droplets ejected fromeach ink ejecting portion are
delivered can be selected fromanong four positions, as described above.
In other words, by using J = 2 (bits)2tto- control the position to which ink
droplets are delivered, each ink ejecting portion can deliver the ink
droplets to any one of (2T _) 4 positions of delivery. in Methods 1 and 24
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(Ej ecting portions —are not r1ndrca
delivered in line (almost in the same row) to form a dot

column, or ink droplets are delivered to form one dot in a
form in which at least some regions of delivered droplets
overlap with each other, at least two @different ink ejecting
portions adjacently positioned are used and ink drxoplets
ejected from at least one of the ink ejecting portions are
deflected by the ejection deflector to form a pixel column
or pixel.

Pig. 6 is a table illustrating two methods (Method 1
and Method 2) for the éjeatioh controller in the present
invention and a method of the related method. Fig. 6 also
shows the case of forming one pixel by arranging ink
droplets in column so that at least some regions of

- delivered droplets overlap with each other.
At first, Method 2 is an example in which the position
to which ink droplets ejected from each ink ejecting portion
7 afe delivered can be selected from among four positioﬁs, as
described above. In othex words, by using J = 2 (bits) to
control the position ﬁo which ink dropleﬁs are delivered,
each ink ejecting portion can deliver the ink droplets to

any one of (27 =) 4 positions of delivery. In Methods 1 and




When the nunber of gradations is 2, ink droplets are epRébdoeber20§6t he i nk
ejecting portions N, (N+1), (N+2), and (N+3) w thout being deflected, and
are delivered to pixel nunbers N, (N+1), (N+2) , and (N+3) to formdots
corresponding to pixels. A case in which no ink droplets are ejected
corresponds to a case in which the nunber of gradations is 1. Wen the
nunber of gradations is 3, in addition to the 1ink droplets ejected when

t he nunber of gradations is 2, to pixel nunber N, an ink droplet is
ejected and delivered from the ink ejecting portion (N-1) which is
positioned at left of Nin Fig. 6 t{(d1) is not indicated in Fig. 6,

Ej ecting portion which is positioned at left of (N1) is (N2),..., and
so on), with it deflected. To pixel nunber (N+1), an ink droplet is

ej ected gnggdfﬁévegedt EOHEEQﬁgéﬁg £i 65t 1| O 24 NoVEeHheEnh PR 6s tr2Byhtporti on
e

N, with it cted 0 pI xe er (N+2), an ink droplet is ejected and

del | ver egntLoBhble Lok ke dogs £ td %ﬁewﬂmmmat plidradafiyectednkTo pi xel

nunber droplet 1Is ejected and delivered fromthe ink

ej ectinge Q@Eib&ﬂg&ﬁ%@%ms“‘th it deflected. In other words, when the nunber
of gradatlons 'S In each pixel, a dot having a di amet er | arger than
that obtai negh whign tene umnemumheg@adattBESdLseatnsnfoanUk When t he

nunber of gradations is 4 in addition to the ink droplets when the nunber
of gradabiepsih§ PortDodéxethe nozzles 18) are indicated by N, (N+l},

(N+2), and (N+3). BAlso, ink ejecting portions from which

ejected ink droplets are delivered to pixel numbers N, (N+1),

(N+2)}, and (N+3) without being deflected are referred to as

N, (N+#1)}, (N+2), and (N+3), respectively {Ejecting portions

are not indicated in Fig. 6).

When the number of gradations is 2, ink droplets are
ejected from the ink ejecting portions N, (N+1), (N+2), and
(N+3) without being deflected, and are delivered to pizel
nurbers N, (N+1), (N+2), and (N+3) to form dots
corresponding to pixels. A case in which no ink droplets
are ejected corresponds to a case in which the number of
gradations is 1.

When the number of gradatiens is 3, in addition to the
ink droplets ejected when the number of gradétions is 2, to
pixel number N, an ink droplet is ejected and delivered from

— the ink ejecting portion (N-1) which is positicned at left
of N in Fig. 6 ((N-1) is not indicated in Fig. 6, Ejecting
portion whlch is p051t10ned at left of (N- ) is (N-2),....
and so on), with it deflected. To plxel number (N+1), an

ink droplet is ejected and delivered from the ink ejecting




nunmber N, an ink droplet is ejected fromthe ink ejecti AfNoysdrber J96(N- 2) ,
wth it deflected, and is delivered. To pixel nunmber (N+1), an ink dropl et
"is ejected fromthe ink ejecting portion (N1), with it deflected, and is
delivered. To pixel number (N+2), an ink droplet is ejected fromthe ink
ejecting portion N, with it deflected, and is delivered. To pixel nunber
(N+3).,, an ink droplet is ejected fromthe ink e ecting portion (N+1), with
it deflected, and is delivered. In other words, when the nunber of
gradations is 4, an area in the pixel region which is occupied by the dots
Is larger than that obtained when the nunber of gradations is 3. \Wen the
nunber of gradation is 5, in addition £d The ink dropl ets delivered when
t he nunber of gradations is 4, 1ink droplets ejected fromthe ink ejecting
portion (N-3) are 24 Novenber 2006 30 deflected and delivered to pixel
nunber N. p@otpowxell, mubtierit (dd)ectierk drepkakelemeeded finemt hgni DKk
ejecting portion (N-2) are deflected and delivered. To pixel nunber (N+2),
i nk dropl @repkgeciedefevied hend nieldjvectsidn g ripar tthen iGN &) eatengdef | ected and
delivered. To pixel number (N+3), ink droplets ejected fromthe ink
ej ecting portieom iakle, el dot edbfdedted.i vapegixkdl auhBerwords), wmen the
nunber of gradations is 5, an area occupied by dots in the pixel region is
| ar ger tH&%‘ ARl bl ek aitesh anide deddberedf fgpmadabieonaki ejdcting
portion (N+2), with it deflected.
In other words, when the number of gradations is 3, in
each pixel, a dot having a diameter larger than that
obtained when the number of gradations is 2 is formed.
When the number of gradations is 4, in addition to the
ink droplets when the number of gradations is 3, to pixel
number N, an ink droplet is ejected from the ink ejecting
portion (N-2), with it deflected, and is delivered. To
pixellnumber (N+1), an ink droplet is ejected from the ink
gjecting portion (N-1), with it deflected, and is delivered.
To pixel number (N+2), an ink droplet is ejected from the
ink ejecting portion N, with it déflected, and is delivered.
To pixel number (N+3), an ink droplet is ejected from the
ink ejecting portion (N+1), with it deflected, and is -
delivered.
In other words, when the number of gradations is 4, an
area in the pixel region which is occupied by the dots is
larger than that obtained when the number of gradations is 3,
When the number of gradation is %, in addition to the
ink droplets delivered when the number of gradations is 4,

" -ink droplets ejected from the ink ejecting portion (N-3) are




By using the above technique, in any of cases in which 2¢HNevambehel06of
gradations is 3, 4, and 5, ink droplets ejected consecutively froma
single ink ejecting portion are prevented frombeing delivered in the

pi xel region of a single pixel nunber. Thus, if the quantity of ink
droplets fromany ink ejecting portion is insufficient, a difference in

t he areas occupied by dots can be reduced. Method 1 shows a 1-bit exanple.
In other words, by wusing J =1 (bit) to control the position to which ink
ej ecting portions are delivered, each ink ejecting portion can deliver the
ink droplets to (2 =) 2 positions of 3fetivered droplet. In this case, each
I nk ejecting portion can eject ink droplets w thout deflection, and can
deliver the ink droplets to a position to which an ejected ink droplet

can be d%ﬁ'eirf‘it%rﬁ.ﬁgd‘;%;g@ &Ql%?%?&&”{oi %’F% ! W 4. NoNELEhele 2GR eil

porti on. odi e an In IS ejectedfrom the ink

ej ecting Rl onkl WELBPULLS DEY08: 87 A6 Sthe AL BecldgidMarad to a

position to Wi ropfet 1s e]ected I vered fromthe ink

ej ecting (pakhi QRe( AEFlectid NONE B€1 NEeAed | eoiethi@iimd el t @uid)e above,

pixel nunbers in a direction in which the ink ejecting portions (the
nozzles 18k Elrsg&éag e%%@?@nﬁr%%mtiﬂm%j@ﬁ%g bditdod) (1Y aeanged

are indicated by N an Al so, ink ejecting portions that deliver ink ’
dropl et sdeglBioxel aydbessiMNepddl. (N )peED numbex (N+3), ink

droplets ejected from the ink ejecting pdrtion N are

deflected and delivered.

In other words, when the number of gradations is 5, an

area occupied by dots in the pixel region is larger than
that obtained when the number of gradations is 4.
| By using the above technigue, in any of cases in whiqh
the number of gradations is 3, 4, and 5, ink droplets
ejected consecutively from a single ink ejecting portion are
prevented from being delivered in the pixel region of a
single pixel number. Thus, if the quantity of ink droplets
from any ink ejecting portion is insufficient, a difference
 in the areas occupied by dots can be reduced.

Method 1 shows a 1-bit example. 1In other words, by
using § = 1 (bit) to contfol the position to which ink
ejecting portions are delivered, each ink ejecting portion

7 cén deliver the ink droplets to (27 =) 2 positions of
delivered droplet. In this case, each ink ejecting portion
can eject ink dropleté without deflection, and can deliver
the ink droplets to a position fo ﬁhich an ejected ink.-

_droplet can be delivered from an adjacent ink ejéctiﬁg




ejecting the ink droplets w thout deflection are referr@iNewwmbas20R and
(N+1), respectively. Wien the nunber of gradations is 2, ink droplets are
ejected fromthe ink ejecting portions N and (N+1) w thout being

defl ected, and are delivered to pixel nunbers N and N+1 to form a pixe
(dot) corresponding to the gradation nunber 2. \Wien the nunber of
gradations is 3 in addition to the ink droplets delivered when the nunber
of gradations is 2, .to the pixel nunber N, ink droplets ejected fromthe
ink ejecting portion (N-1) are deflected and is delivered. Also, to the
pi xel nunber (N+1), ink droplets are gjected fromthe 1ink ejecting portion
N and are delivered. when the nunber of gradations is 4 in addition to the
i nk dropl ets delivered when the nunber of gradations is 3, 24 Novenber 2006
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without being deflected.

Similarly to the above, pixel numberé in a direction in
which the ink ejecting portions (the:hozzles 18, Ejecting
portions are not indicated in Fig. 6) are arranged are
indicated by N and N+1. Also, ink ejecting portions that
deliver ink droplets to pixel numbers N and (N+1) when
ejecting the ink droplets without deflection are referred to
as N and (N+1), respectively.

When the number of gradations is 2, ink droplets are
ejected from the ink ejecting portions N and (N+1) without
being deflected, and are delivered to pixel numbers W and
N+l to form a pixel {(dot) corresponding to the gradation

"number 2. |

When the number of gradations is 3 in addition to the
ink droplets delivered when the number of gradations is 2,
to the pixel number N, ink droplets ejected from the ink

—éjecting portion (N-1) are deflected and is delivered. Also,
to the pixel number (N+1), ink dropletes are ejected from the
ink ejecting portion N.and are delivered.

Wﬁen.the number of gradations is 4 in addition to the

ink droplets'delivefed when the number of gradations is 3,




fromthe ink ejecting portion Nis deflected and is deP4 NMeeader 3996 usi ng

t he above techni que, for the nunber of gradations required, in the pixel
corresponding to one pixel nunber, a dot can be fornmed such that the sane
ink ejecting portion does not deliver ink droplets consecutively
(sequentially two tines). Thus, a change in the dot for each ink ejecting
portion can be reduced. Al so, even if the quantity of an ink droplet from
any of the ink ejecting portions is insufficient, a variation in the areas
occupi ed by dots of pixels can be reduced. Conversely, in the related art,
in any one of pixel nunbers N and Ntk i_f the nunber of gradations

I ncreases, ink droplets ejected fromthe sane ink ejecting portion are

al ways delivered (each pixel is formed by dots froma single 24 Novenber
2006 - 33 ink ejecting portion). Accordingly, when the quantity of an

i nk dropltet theomisxey. ofumbke Nakivkedrpngepsr arensl peted nBrgn i Hiennk a
change in droplet quantity increases whenever the nunber of gradations

i ncr eases]eding Rentiege It orifiheytnbeioq Cafdrdited -a 3ok as VETER i n

| mage printing and ink-droplet-eiection executing timng |s_descr.ibed

bel ow. | FoFitge Pixehe nuaPercAN+H] r ctRkoATPRPPESATE BFCCERD FTOW VF1S e
domain, and the horizontal direction, represents gn frbitéeugwgistance. The
arbitrar}nﬁiﬁée&G%ﬁﬁnportlon (N+1) without belng eflected, dnd is

delivered,

Moreover, when the number of gradations is 5 in
addition to the ink droplets delivered when the number of
gradations is 4, to the pixel number N, ink droplets ejected
from the ink ejecting portion (N-1) are deflected and
delivered. To the pixel number (N+1), ink droplets ejected
from the ink ejecting portion N is deflected and is
delivered.

By using the above technique, for the number of
gradations required, in the pixel corresponding to one pixel
number, a dot can be formed such that the same ink ejecting
portioﬁ does not deliver jink droplets consecutively
(sequentially two times). Thus, a change in the dot for
each ink.ejecting portion can be reduced. Also, even_if the
quantity of an ink droplet from any of the ink ejecting
pértions is insufficient, & variation in the areas occupied
by dots of pixels can be reduced.

| Conversely, in the related art, in any one of pixel
numbers N and N+1, if the number of gradations increases,
ink droﬁlets.ejected from the same ink éjecting portion'are

‘always delivered (each pixel is formed by dots from a single




" a dot fof FﬁgvﬁFx

corresponds to timing with which the ejection of ink d?oleembei2906
accordance with the nunber of gradations is executed, and the arbitrary
di stance corresponds to a pixel position corresponding to the direction of
arranged nozzles 18. In other words, Fig, 7 shows the nunber of tines
(i.e., the tine required for dot formation in each pixel) an ink droplet
is ejected which is required for formng a dot in each pixel position. In
Fig. 7, lines (which are formed during a first (the sane) scanning term
in the direction of arranged nozzles 18 for the pixels are defined as
pi xel lines. Anong the pixel lines_ agg Mline and an (Mtl) line are
vertically shown. For each pixel, a maxi mumof, for exanple, P ink
dropl ets can be ejected. Thus, each pixel has ink-droplet-ejection timng
1 to ink-droplet-ejection timng P, and these are indicated by tinme slots.
In ot her iRk RIGENDES POBEIO0R4 \WHPERTAIRIEACHfK dihe AHRLILY dr #8d by a
maxi mum Qf P ink_ dragplets (i t he HBX|nun1nunber of gradations is P + 1
|nclud|ndnﬁodHPBbPEthQWh%nfl?Etﬁh% Nk PSRN RTINS e hori zontal |y
i ndi cated_in 7, Accordin nunber of the nozzles 18 in the
afrangenﬁﬁ?“éfﬁg&FPBn ?sCh%T%% ib #FPE#%F G WACTRAS 1 in the Mth
l'ine, an hnk drog# IS Lec}ed f%ur times and the four ink droplets form
S BIBRPT 19F R HINRITHMRE S in the (M+l)-th line,

an ink dropl g5 €l ectedd 'Fo‘?;%itn'gm?n thod regarding a pixel

position in image printing and ink-droplet-ejection
executing timing is described below.

In Fig. 7, the vertical direction represents an
arbitrary time domain, and the horizontal directicn
represants an arbitrary distance. The arbitrary time domain
corresponds to timing with which the ejection of ink
droplets in accordance with the number of gradations is
executed, and the arbitrary distance corresponds to a pixel
position corresponding to the direction of arranged nozzles
18. In other words, Fig, 7 shows the number of times (i.e.,
‘the time required for dot formationm in each pixel) an ink
droplet is ejected which is required for forming a dot in
each pixél position, 1In Fig. 7, lines {which are formed
during a first (the same) scanning term) in the direction of
arranged nozzles 18 for the pixels are defined as pixel
lines. Among the pixel lines, an M line and an (M+1) line
'are vertically shown. For each pixel, a maximum of, fqr
example, P ink droplets can be eje;ted. Thus, each pixel
has ink-droplet-ejection timing 1 to ink-droplet—ejection

timing P, and these are indicated by time slots. In other




wher eby three regions occupied by the dots are fornmed i# Newembgi308$ region
corresponding to the pixel nunber 1 in the (Mtl) line. Here, the pixel
nunber 1 in the Mth line and the pixel nunmber 1 in the (M1l)-th line are
delivered alnost in the sane (pixel) colum. Pixels in other pixel nunbers
are also in a simlar situation. As described above, a pixel forned at

pi xel (colum) nunber 1, and the Mth pixel line by one or nore ink
droplets, and a pixel forned at the pixel colum nunber 1 and the
(Mt1l)-tine by one or nore ink droplets are delivered alnobst in the sane
colum, in this enbodinent: In this-cd$e;- one of ink ejecting portions for
ejecting the first ink droplet to formthe pixel in the Mth |line, and one
of the ink ejecting portions for ejecting the first ink droplet to 24
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to differ fromeac er. By using this technique, for exanple, in the

case of gkgpMRg iPeXelthy RALiMAK MLRRLLlor dpfadardiRd iy et heisame i nk
ejecting portion are not delivered in consecutive positions in the same

col um. ShALLALKY, nbNdtd®1 £85E Ofhef HLAI VR Wi ptLlpiREUTIIG td cew (0dd)
nunber of ink droplets, the sane ink ejecting portion which is first used

to form atbendpisostollyl Haiisetedl 1@rmas ely. Wadbaidigig whittle can deliver
dots to the sane pixel columm,

number of the nozzles 18 in the arrangement direction is

also N. |

In Fig. 7, to pixel number 1 in the M—th line, an ink
droplet is ejected four times and the four ink droplets form
a dot for the pixel number 1, To the pixel number 1 in the
{M+1l)-th line, an ink droplet is ejected three times,
whereby three regions occupied by the dots are formed in the

- pixel region corresponding to the pixel number 1 in the
{M+1)} line.

Here, the pixel number 1 in the M-th line and the pixel
number 1 in the (M+l)-th line are delivered almost in the
same (pixel) column. Pixels in other pixel numbers are also
in a similar gituation.

as described above, a pixel formed at pixel (colqmn)
number 1, and the M-th pixel line by one or mere ink
droplets, and a pixel fo;med at the pixel column number 1

"and the (M+1)-line by one or more ink droplets are delivered
almost in the same column, in this embodiment. In this case,
one of ink ejecting portions for ejecting the first ink

~ droplet to form the pixel in the M-th line, and one of the

- ink ejecting portions for ejecting the first ink droplet to .




Accordingly, for exanple, when a pixel is formed, and EhboventberR08f| et
cannot be ejected due to clogging or the like in the ink ejecting portion,
the use -of the sane ink ejecting portion continuously nmakes it inmpossible
to form dots in that particular pixel colum. However, by using the above
techni que, such asituation can be avoided. In addition, ink ejecting
portions may randomy be selected other than the above techni que. One of
an ink ejecting portion for formng the dot in the Mth line and an ink
ejecting portion for ejecting the first ink droplet for formng the dot in
the Mth line, and one of an ink ejecdsng portion for formng the dot in
the (MHl)-line and an ink ejecting' portion for ejecting the first ink
droplet for formng the dot in the (N%? ) th line my be controlled so as

b h . .
Sel ector Ea IS RTERE dF T BT ol T ar] dtrorT bt e e hes "
enbodlnegtfdépeffgﬁm%égﬂ 899é£oller |ncludes an ink-ejecting-portion

sel ect or an eJec fon-direction controller. Based on a preset fornmat '
~(manner or Pahf éﬁié'ﬂ%cﬁﬂiﬂﬂé ngbgoggh%@l§elggt@hesggggtéfone or nore

i nk ejecting port| gjecting’ink droplets fromanong a plurality of
ik ejecking ROTd 1905=1 THE Sh&Ciiionn A RAL | biGOHdralddebydeher gmas an i nk-

ink ejecting portion‘are not delivered in consecutive

positions in the same column. Similarly; in the case of

forming a pixel by using a few {odd) number of ink droplets,

the same ink ejecting pertion which is first used to form

the dots should be used glternately with others which can

deliver dots to the same pixel column.

Accordingly, for example, when a pixel is formed, and
the ink droplet cannot be ejected due to clogging or the
like in the ink ejecting portion, the use of the same ink
ejecting portidn continuously makes it impossible to form
dots in that particular pixel column. However, by using.the
above technigque, such aisituation can bhe avoided.

In addition, ink ejecting portions may randomly be
selected other than the above technigue. One of an ink
ejecting portion'for'forming the dot in the M-th line and an
ink ejecting portion for ejecting the first ink d;oplet for.

mférming the dot in the M-th line, and one of an ink ejecting
portion for forming the dot in the (M+1)~lihe and an ink
ejecting portion for ejectlng the first ink droplet for

formlng the dot in the (M+1)—th llne may be controlled so as

not to be always the same.




droplet ejecting direction based on a format conform ng24 Bovetiper 2096ve
format set for ink-ejecting-portion selection by the ink-ejecting-portion
selector. The "preset format" for controlling the ink-ejecting- portion
selector and the "format conformng to the format set for

i nk-ej ecting-portion selection by the ink--ejecting- portion selector” for
controlling the ejection-direction controller are described below wth
reference to Figs. SA, 8B, and 8C. Fig. 8A illustrates how an i nage signal
as an ejection executing signal is sent to ink ejecting portions. For
exanpl e, as shown in Fig. 8A, an ejection executing signal for formng a
dot for pixel Nis supplied to ink =®j¥tttng portion N (an ink ejecting
portion that ejects an ink droplet to pixel N when the ejection is not
defl ected) 24 Novenber 2006 37 and ink ejecting portions (N-1), (N+1),
and (N+2) which are adjacent to ink ejecting portion Nin the cycle of a,
b, ¢, and d. In the cycle of a, b, ¢, and d, a dot for one pixel 1is

formed. HmkbhgeexamgkgommlﬁnQSe&éctb&eaﬂﬁeﬁﬁb@ﬂl@ﬁe§y§é8ﬂ1§ﬁgna|
corresponds to an i mage signal in which the maxi num nunber of gradations

is 5 O (dedlsetivhiscontertiler can forma different maxi num nunber of

gradations. For exanple, 2 cycles of a, b, ¢, d can forma maxi nrum nunber

of gradationsIin9thls Semiyofitmechn theraj actbon montrwollesr dnoQratat isans 7.

0.5 cycles can form a maxi num nunber of gradations 3 , etc.
ink-ejecting-portion selector and an ejection-direction
contreller.

Based on a preset format (manner or pattern), tﬁe ink-
ejecting-portion selector selects one or more ink ejecting
portions for ejecting ink droplets from among a plurality of
ink ejecting portions,

The ejection-direction controller determines an ink-
droplet ejecting direction based on a format conforming to
the above format set for ink-ejecting-portion selection by
the ink-ejecting-portion selector.

The "preset format" for contreolling the ink-ejecting-
portion selector and the “format conforming to the format
set for ink-ejecting-portion selection by the ink-ejecting-

 portion selector" for controliing the ejection-direction
controller are described below with reference to Figs. B8A,

‘BB, and 8C, Fig. 8A illustrates how an image =signal as an
ejection executing signal is sent to ink ejecting portiohs.
For example, as shown in Fig. 8A, an ejection executing
.signal for forming a dot for pixel N is supplied to ink

-ejectlng portion N (an ink ejectlng portlon -that ejects an

' 1nk droplet to pixel N when the ejectlon is not deflected)




The above is the concept of the "preset format" for cortNevenibagiPhe

I nk-ej ecting-portion selector. Next, the "fornmat conformng to the formt
set for ink- ejecting-portion selection by the ink-ejecting-portion
selector” for controlling the ejection-direction controller is described
bel ow. As shown in Fig. 8B, in accordance with the cycle of a, b, ¢, and
d, the ejection-direction controller deflects the ejection in the cycle of
a, b, ¢, and d. Specifically, an ejection executing signal inputted with
timng "a" in the cycle of a, b, ¢, and d is sent to the ink ejecting
portion (N1). in Fig. 8A and fromthe 4+nk ejecting portion (N-1), an
ink droplet is ejected and deflected to the direction a targeted to the
pi xel position Nin Fig. 8B. Thus, fromthe -- --- -------- 24 Novenber

0 . ST OOt TR e g0

defl ecte egl on of pi xe t'ro j ectron i

ber f or e, dAsat<ORd heusignakedy Ui 82, w Car ErsPapdences betyeen signals

Bl and B2 ds 2-bit signals, the cycle of a, b,”c, an are shown in
Fig. 8C i, Firey thd Tye88d d0 adescr kbeshhed! Oé”&BtOEoPaéﬁé’f;_?t ef he above
e

format of dots on printing paper. Fig. shows the process o
formations EReeRdn aneelicorRxex@ad 1RIFigi 9pal Stﬁ@n&?'(é@tpaﬁal lel to the

head 11, of dots for pixels on printing paper by ink ejecting portions.
The ej ectdxmruting signal corresponds to an image signal in which the
maximum number of gradations is 5,

Of course, this invention can form a different maximum
number of gradations. For example, 2 cycles of a, 5, c, d
can form a maximum number of gradations 9. 1.5 cycles can
form a maximum number of gradations 7. 0.5 cycles can form
a maximum number of‘gradations 3, etc.

The above is the concept of the "preset format" for
contrelling the ink-ejecting-portion selector.

Next, the "format conforming to the format set for ink-
ejecting-portion selection by the ink-ejecting-portion

“selector” for controlling the ejection-direction controllex
is described below.

As shown in Fig. 8B, in accordance with the cycle of a,
b, ¢, and d, the ejection-direction controller deflects the
ejection in the cycle of a, b, ¢, and d. Specifically, an

_ eﬁection executing signal inputted with timing "a&" in the
cycle of a, b, ¢, and d is sent to the ink ejecting portion
(N-1). in Fig. 8a, and from the ink ejecting portion (N-1),

~an ink droplet is ejected and deflected to the'direction a

'targetéd to the pixel position N‘in Fig. 8B. Thus, from the




executing signals correspond to the image signals. In tB&Nesembp1006n Fig.
9, the nunber of gradations of the ejection executing signal for the pixel
Nis set to 5, the nunber of gradations of the ejection executing signal
for the pixel (N+l) is set to 2, the nunber of gradations of the ejection
executing signal for the pixel (N+2) is set to 4, and the nunber of
gradations of the ejection executing signal for the pixel (N+3) is set to
3. As described above, the ejection signal for each pixel 1is sent to each
predeterm ned ink ejecting portion in the cycle of a, b, ¢, and d, and in
the sane cycle, each ink ejecting poggi-on ejects deflected ink droplets
having the <cycle of a, b, ¢, and d. The periods a, b, ¢, and d correspond.
totime slots a, b, ¢, and d, respectively, and one cycle of a, b, ¢, and

d forms one dot for one pixel. 24 Novenber 20 - ;39 -1ERkaBXaprl e, in the
peri od ainknebpeein@rrexeteRi By Sigrfdt * ordzrto%geﬂﬁ )%%I engi s sent to the ink

ejecting portion (N1 an ejection execyfin i | ok nichenpi xel (N+Hl) is
sent to defiteshid eb@cEHifigt %‘Jf‘?’?o Np %5 gl}t'ec%'loo%r?g%%eguti ng signal for the

pi xel (N+2) is sent to the ink ejectin or L. <ARG an ejection
_executi n§iSFERar $%HrPEH Om‘%:&’i‘%\ﬁ%)‘gﬁ %}%engtlgq{é&(s{\?? K ej ecting portion

the & di FETPBROTFTRCBErPEERTER, SR T B e S por i on of the
pixel Non.the prLiniingzpapes. & Sgha d are shown in Fig. 8C.

Next, Fig. 9 is used to describe the-formation based on
the above format of dots on printing paper. Fig. 9 shows
the process of the formation, based on ejection executing
signals sent in parallel to the head 11, of dots for pixels
on printing paper by ink ejecting portions. The ejection
executing signals correspond to the image signals.

In the example in Fig. 9, the number of gradations of
the ejection executing signal for the pixel N is set to 5,
the number of gradations of the ejection executing signal
for the pixel (N+l) is set to 2, the number of gradations of
the ejection executing signal-for the pixel (W+2) is set to
4, and the number of gradations of the ejection executing
signal for the pixel (N+3) is set to 3.

As described above, the ejectibn signal for each pixel
is sent to each predetermined ink ejecting portion in the
éycle of a, b, ¢, and d, and in the same cyclg, gach ink
ejecting portion ejects deflected ink dropiets having the
eyele of a2, b, ¢, and d. The periods a, b, ¢, and d
correspond to time slots a, b, ¢, and @&, respectively, and

one cyele of a, b, ¢, and d forms one dot for one pixel.




fromthe ink ejecting portion N, the ink droplet is ejeét¥evember 2068
a-direction with deflection, and is delivered to the position of the pixel
(N+1) on the printing paper. Also, fromthe ink ejecting portion (N+1),
the ink droplet is ejected in the a-direction with deflection, and is
delivered to the position of the pixel (N+2) on the printing paper. Al so,
fromthe ink ejecting portion (N+2), the ink droplet 1is ejected in the
a-direction with deflection, and is delivered to the position of the pixel
(N+3) on the printing paper. This delivers, to pixel positions on the
printing paper, ink droplets corresponding to two gradations. This fornms a
dot in the pixel (N+l1) since the numbeyg of gradations is 2 in the ejection
executing signal of the pixel (N+1). A simlar process is subsequently
repeat ed for the tine slots 24 Novenber 2006 40 a, b, c, and d. As a

e e
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the ink ejecting portion N, an ejection executing signal forx
the pixel (N+2) is sent to the ink ejecting portion (N+1l),
and an ejection executing signal for the pixel (N+3) is sent
to the ink ejecting portion (N+2).
From the ink ejecting portion (N-1), the ink droplet is
ejected in the a-direction with deflection, and is delivered
to the position of the pixel N on the printing paper. Also,
from the ink ejecting perticon N, the ink droplet is ejected
in the a-direction with deflection, and is delivered to the
position of the pixel (N+1) on the printing paper. Aalso,
from the ink ejecting peortion (N+l), the ink droplet is
ejected in the a-direction with deflection, and is delivered
to the poéition of the pixel (N+2) on the printing paper,
Also, from the ink ejecting portion (N+2), the ink droplet
is ejected in the a-direction with deflection, and is
delivered to the position of the pixel (N+3) on the printing
_ paper.
This delivers, to pixél positions on the printing paper,
ink droplets corresponding to two gradations. This forms a
dot in the pixel (N+1) since the number of gradations is 2
in the ejection executing signal of the pixel (N+1). A

- similar process is subsequently repeated for the time slots




defl ection controller that determ nes whet her the ejectPbNovetbet 296 or
deflects the ink droplets ejected fromthe nozzles 18. In other words,
instead of controlling the ink ejecting portions to always eject ink
droplets with deflection, based on printing conditions such as an object
to be printed and printing speed, it can be determ ned whether the ejected
ink droplets are deflected. For exanple, by providing a printer operation
unit or the like with a deflection controller, a printer user can switch
bet ween operati on nodes depending on a purpose of use. By way of exanple,
in a case in which, when both a docunent portion and a photograph (i nage)
portion are printed, black ink is onl40 used to print the docunent 24
Novenber 2006 41 portion without gradation, and in the case of requiring
hi gh speed even for printing a photograph, the normal node;is set as the
oper ati o ,mde,c anghd K droplets are ejected as usual so that positions to
which the ink droplets are delivered respectively correspond to ink

ej ecting portRena fkseit,the thakpdeoplgts ' i 4 h.0g
defl ected). Conversely, in the phot ogrlgiohel %ﬁ%%cglg} sd(ﬁcf%%gtﬁcﬁ%?% S
enbodi nemumba@rplodr airatin tabngi beehgnt LBKFELAEH NUrPOFRd QiSke BT ﬁqﬁ%ed to

fprnmone pi xel , and at |east one ink ejecting portion i's contro €d to
ej ect ané deftl eotrraspbnkidgopbethéonuike M 8f Pixfdations being 2 is
formed. In the pixel (N+2), a dot corresponding to the
number of gradations being 4 is formed. 1In the pixel (N+3),

a2 dot corresponding to the number of gradations being 3 is

formed.

Deflection controller

In this embodiment, the ejection controller includes a
deflection controller that determines whether the ejection
deflector deflects the ink droplets ejected from the nozzles
18.

In other words, instead of controlling the ink ejecting
portions to always eject ink droplets with deflection, bhased
en printing conditions such as an ohjecﬁ to be printed and.

- printing speed, iﬁ can be determined wﬁether the ejected ink
_droplets are deflected. For example, by providing a printer
~operation unit or the like with a deflection controllex, a
printer user can switch between operation modes depending on
a purpose of use,

By way of example, in a case in which, when both a
document.portion and a photograph (image) portion are

.printed, black ink is only uéed'tq print the document




The above printing control enables efficient printing. 24Nevepbes0q6

I nvention can be applied to a serial head which includes a single head 11
and in which the head 11 perforns printing while noving in the line
direction, and also to a line head in which heads 11 are arranged in
parallel in the direction of the ink ejecting portions. Fig. 10 consists of
~plan views showi ng an exanple of a line head 10. Fig. 10 shows four heads
11 (N1, N, N1, and N+2). To formthe line head 10, a plurality of heads
11 are arranged each of which is fornmed by the portion (chip) of the head
11 in Fig. 1 excluding the nozzle shegy 17. By bonding, onto the top of the
heads 11, a nozzle sheet 17 in which nozzles 18 are formed in positions
corresponding to the ink ejecting portions of the heads 11, 24 November
2006 - 42 the line head 11 is forned. In the case o ﬁﬁ%'fl‘a'% @% 10,

each heagalk ieanndtthowiy griadathion, i ABAdiR eEBE 0RESTHEE, dot “conposed

of a plurality of gradations is fornmed, the related q&g; a dot
by ej ect ismpddleviaroricr ginigitdngnR EP@EPQ'H@P poﬂ’?o’ﬁor %\erg@#él J'b&{/ appl yi ng

the present invention, a plurality L.Lf gj&ahi ng
port i ons, e etheysgrenas oy m@%mﬁ%ﬁﬁ&%%? g?ug’éﬁa &3 Eg%%c_:l orgr%s Al'so, in

the case of the Iine head 10, whe o] n sf&eded or there
is an |rﬂGQﬂhhﬁﬁlﬂysﬁiﬂqq%n¥QIﬂﬁFcJ FslPﬁ ﬁ%gﬁzfg%tQ?%kQ@%n a pixel colum

respectively correspond to ink ejecting portlons (i.e., the
ink droplets are ejected without being deflected).
Conversely, in the photograph mode, as described in this
embodiment, a plurality of different ink ejecting portions
are used to form one pixel, and at least one ink ejecting
portion is controlled to eject and deflect an ink droplet to
form a pixel. 7

The above printing control enables efficient printing.

The present invention can be applied to = serial head
which includes a single head 11 and in which the head 11
performs printing while moving in the line direction, and
also to a line head in which heads 11 are arranged in
parallel in the direction of the ink ejecting poxtions,

Fig. 10 consists of plan views showing an example of a
line head 10. Fig. 10 shows four heads 11 (N-1, N, N+l, and
N+2). To form the line head 10, a plurality of heads 11 are
arranged each of which is formed by the portion (chip) of
the head 11 in Fig. 1 excluding the nozzle sheet 17.

By bondlng, onto the top of the heads 11, a nozzle
'sﬁeet 17 in which nozzles 18 are formed in positions.

.'correspondmng to the ink ejectlng portzons of the heads 11,




corresponding to the ink ejecting portion, ink droplets2aNevempet208fect ed at
all, or the ink droplets are hardly ejected. Thus, no dot is forned to
appear as a vertical white stripe, thus deteriorating printed inmage
quality. However, by using the present invention, instead of the ink
ejecting portion that cannot eject sufficient ink, other adjacent ink

ej ecting portions can eject ink droplets. Accordingly, an advantage
obt ai ned by applying the present invention to the I|ine head 10 is |arger
than that of the serial head. Second Enbodi nent Next, a second enbodi nent
of the present invention is describeghhelow In a second enbodi nent of the
present invention, the 24 Novenber 2006 - 43 ejection deflector in the
first enbodinent is disclosed as a nore specific exanple, the direction of
an ink droplet ejected fromthe nozzle 18 can be nore variously set

conpar edthet hinaeheadstl eh®otP¥Rad- in other words, the first enbodi nent

has four directions in which an_ink dropl is ejected,fr nozzl e 18,
as shown in Fin.tle QQﬁﬁEVEﬁ,thqI%énﬁr§§éﬁt§bnv§ﬁ950 ng %%tgg%%gfed to the

directions of ejection shown in the first enbodi t. i pgl ¥, the
second efPBEi #RnELEesERe KL A mpI B 5 Wﬁ“%hqhgﬁﬁhf°ﬁ%§§%ﬁeggcgn be

G rect i PSR RALERCOH BRI DHN O T e Ay AoaA o8 75 o PR espect fo
the Cent%Sngxgsdot by ejecting ink from a single ink ejecting

portion. However, by applying the present invention, a

plurality of adjacent different ink ejecting portions are

used to form a dot composed of plural gradations.

Also, in the case of the line head 10, when -ink
droplets cannot be ejected or there is an ink ejecting
portion that ejects insufficient ink, in a pixel column
corresponding to the ink ejecting portion, ink droplets are
not ejected at all, or the ink droplets are hardly ejected.
Thus, no dot is formed to appear as a vertical white stripe,
thus deteriorating printed image quality. However, by using
the present invention, instead of the ink ejecting portion

| that cannot eject sufficient ink, other adjacent ink
ejecting portions can.eject ink droplets. Accordingly, an
advantage obtained by applying the present invention to the

1ine head 10 is larger than that of the serial head.

Second Embodiment

Next, a second embodiment of the present invention is

described below.

in a second embodiment of the present invention, the




of the nozzles 18 (ink ejecting portions), as described?4Nayeaber 2496 he
follow ng description of the second enbodi nent, descriptions of portions
identical to those of the first enbodinment are omtted. Fig. 11 shows an
ej ection-control circuit 50 including an ejection deflector in the second
enbodi ment. In the second enbodi nent, bisected resistors 13 (resistors
Rh-A and Rh -Bin Fig. 11) in the ink cell 12 are connected in series. The
resi stances of the resistors 13 are set to be al nbst equal to each other.
Thus, by supplying identical anmounts of current to the resistors 13
connected to each other in series, an4@gnk droplet can be 24 Novenber 2006
44 ejected fromthe nozzle 18 w thout being deflected. A current-mrror
circuit (hereinafter referred to as a "CMcircuit") is connected to (the

m dpoint of the) two heating resigtors 1 nneet ed, to A far ain
series. By eatsiongdefdectpei fButpet lﬁ?%oﬁﬁ%&%urrent to flowinto or to

flow out froma junction of the heatin L SLPrsn lihk adrappifdterence is set
in the anmmnﬁsﬁnﬁthﬁ}ﬂr@ﬁP@Pﬂﬁmwﬁﬁﬁ Fﬁr?ﬁé§§%e%?ing resistors 13. Based on

the difference, ejection is ontrol | ed, so thatyap duigropt et ej ected from
the nozzleyexg-ed Oﬁbt@@fPQEFgﬁ 'h Fﬁg aérg%?id% of the arranged nozzles 18

K e e et T e 3 -43° eboliBfieRROVeIR Stipéseords | hersecond

o . . . _ .
first embodiment has four directionsg 1n whlch an ink drople

] ] r .
is ejected from the nezzle 18, as shown in Fig. 8. Howeve

the present invention is not limited to the directions of

ejection shown in the first embodiment. Accordingly, the
second embodiment describes an example in which an lnk
droplet can be ejected in eight directions (composed of

equal numbers of right and left directions) in the direction

3 Wi es
of the arranged nozzles 18 with respect to the central ax

of the nozzles 18 (ink ejecting portions), as described

later.

Tn the following description of the second embodiment,

desﬁriptions of portions jdentical to those of the first

embodiment are omitted.

Fig. 11 shows an ejection~control circuit 50 including

an ejection deflector in the gsecond embodiment.

Iﬁ the second embodiment, bisected reslstors 13

{resistors Rh-2 and Rh-B in Fig. 11) in the ink cell 12 are

connected in series. The resistances of the resistors 13

. are set to be almost equal to each other, Thus, by

' resi 3
supplying identical amounts of current to the resistors 1

: : series; i : -an be
connected to each other in series, an ink dtpplet can




can nore flexibly set a direction in which an ink dropl &t Np¥embs &8 ed,
conpared with the first enbodinent. In Fig. 11, a power supply Vh is used
to apply a voltage to the resistors Rh-A and Rh-B. The ejection-control
circuit 50 in Fig. 11 includes transistors M through to M21. The
transistors M4, M5, MB, M1, M4, M6, M9, and M21 are PMOS transistors,
and the other transistors are NMOS transistors, Pairs of the transistors
M4 and M5 M@ and M|, M4 and M6, and ML9 and M1 constitute CM
circuits, respectively, The ejection- control circuit 50 includes four CM
circuits. For exanple, in the CMcircuit conposed of the transistors M4
and Mp, the gate and drain of the trangfstor 24 Novenber 2006 - 45 M are
connected to the gate of the transistor Mi. Thus, equal voltages are
constantly applied to the transistors M4 and M, and al nost equal currents

can flow efletbem Fidh stheinidAd Vi ARl By AEReEEMCi reuits. The
transistors MB and Mb function as a current swtch <circuit by which a

current (generfateat roy tMi)i rirprC @itk dhebiREELEL FdOM-+& Ond Ny TSI StOrs
Rh- A and Rh-B through the CMcircuit conposed of the transistors M4 and

M6, or to"€Mowirawittfrde tdeeridtteid @ qfthlehailpsistoss Blep epd Rh-B via
transistor M3, Simlarly, pairs of the transistors MB and MLO, ML3 and
ML5, and hastimg @0 shoesr dSpechineeityeds @0oRdcEWbtEBENYn series. By
ﬁsing the CM circuit teo allow a current to flow into or to
flow out from a junétion of the heating resistors 13, a
difference is set in the amounts of currents flowing in the
heating resistors 13. Based on the difference, ejection is
controlled so that an ink droplet ejected from the nozzle 18
can be deflected in the direction of the arranged nozzles 18
{ink ejecting portions). ‘

The use of the above structure in the second embodiment
can-more flexibly set a direction in which an ink droplet is
ejected, compared with the first embodiment.

In Fig. 11, a power supply Vh is used to apply a
voltage to.the resistors Rh-A and Rh-B. |

The ejection—contrel circuit 50 in Fig. 11 includes
transistors M1 through to M21. The transistors M4, M6, M9,
M11, M14, M16, M19, and M2} are PMOS transistors, and the |

_ other transistors are NMOS transistors, Pairs of the
transistors M4 and M6, M9 and Mil, M14 and M16, and M19 and
M21 constitute CM circuits, respectively, The ejection-

~control circuit 50 inecludes four CM circuits.

For example, in the CM cireuit composed of the

transistors M4_and M6, the gate and drain of the transistor |




el enents for the CMcircuits formed by the pairs of the?24Ne¥gidies2®fs M and
mML1, .M4 and ML6, and M9 and M21. In the CM conposed of the transistors
Mt and M5, and the switching elenent forned by the transistors M3 and M,
the drains of the transistors MA and MB are connected to each other, and
the drains of the transistors Mo and Mb are connected to each other. This
shape also applies to all other switching elenents (in this enbodi nent).
The drains of the transistors M4, MB, M4, and ML9 which are parts of the
current-mrror circuits, and the drains of the transistors M3, M, M3,
and ML8 are connected to the m dpoLngsok the resistors Rh-A and Rh-B. The
drain currents of the transistors M2, M/, ML2, and 24 Novenber 2006 46
ML7 are used as constant current sources for the CMcircuits, and their
drains are respectivelé connected to the sources . %?d %@Fkggbﬁ% of the
transi st ¥Ps3KB, CRBUCHESD SRITME 2SR TR Rt HE tWWansi'st i s
connected in. series wth the resisftor -B. It 0,5 tuyr . efpan
ejection?qgﬁécﬁPhﬁﬁg?ﬁpﬁFesﬁf?%F99¢ X ?ég;*ﬁgsﬁ%uéied#f%% ggoggdﬂ4alloms a
current to flaw in,the resistors Rh-A and - i.qultaneou . I'n other
wor ds, tﬁBdt&gns?EFo?EﬂPsge?g%%f %@FEF@%&t%gbfﬁ}éﬁﬁg¥gﬂ%%?reﬁbx%o t he
resistors.Rhs A and BT p r 433 nad f. AND gates Xl through to X9
BraAeT8 phaLbst obdofte iR e il Sy

are conid ransi stors , M3, Mb, etc. The AND
gates X1 thraomgh £0,.X/: &L SO ML RS a8"d current switch
circuit by which a current {generated by M2) is controlled
either to flow into the resistors Rh-A and Rh-B through the
CM circuit composed of the transistors M4 and MG; or to flow
out from the junction of the resistors Rh-A and Rh-B via
transistor M3,

Similarly, pairs of the transistors M8 and MO, M13 and

*'M15, and M18 and M20 are respectively second switching
elements for the CM circuits formed by the pairs of the
transistors M9 and M11, M14 and M16, and M1% and M21.

In the CM composed of the transistors M4 and MG, and
the switching element formed by the transistors M3 and M5,

the drains of the transistors M4 and M3:are connected to
each other, and the drains of the transistors M6 and M5 are
connected to each other. This shape also applies to all

|  other switching elements (in this embodiment).

The drains of the trangistors M4, M9, Mi4, and M19
which are parts of the current-mirror circuits, and the
drains of the transistors M3, M8, M13, and M18 are connected
to the midpoint of the resistors RﬁwA and Rh-B,

The drain currents of the transistors M2, M7, M1Z, and




the AND gates X8 and X9 are of a three-input type. At | EAoverghiee 208 ¢t he

I nput termnals of the AND gates X1 through to X9 is connected to the

ej ection-executing input switch AL XNOR gates X10, X12, X14, and X16 each
have an input termnal connected to a deflection-direction switch C, and
the other input termnals of the XNOR gates X10, X12, X14, and X16 are
connected to deflection-control switches J'1 through to J3 and a

defl ection-angle correcting switch S, respectively. The
deflection-direction switch Cis used to swtch the direction of

i nk-dropl et ejection in either directi¥h <for the sanme control signal) in
whi ch the nozzles 18 are arranged. Wien the deflection-direction switch C
changes 24 Novenber 2006 47 ts state ("0" to "1" or "1" to "0") input

logic (prgw dedh etk ths NOgkest abl tALROUGN: tohukdandiod) Wife UNe catrbed tenput s
of the XNOR gate X10, X12, X14, and X16 are inverted. The

def | ecti ofnfatd o Sviirhase) kdsheeudhally d3naeetedsed tie detergeme an
anount of deflection for changing the direction of ink-droplet ejection.

For exanpimi peeipdtes dMpiHe tteafisialodd MS,i M8, hE13fated ™MIB(QN), while
another input of the same gate connected to the switch Cis "I", the
out put of therkNOQr@ahe o¥1@hiesttadnFhetontpltis ecommadted ignclerslest he XNOR
gates X10,..., X16 is connected to one input term nal of each of the AND
with the resistor Rh-B. It is turned on when an ejection-
executing input switch A is in the state-"l" (ON) , and
allows a current to flow in the resistors Rh-A and Rh-B
(simultanecusly). In cther words, the transister M1l serves
_as a switeh to supply current to the resistors Rh-A and Rh-B.
The output terminals of AND gates X1 through to X9 are.
connected to the gates of the transistors M1, M3, M3, etc.
The AND gates X1 through to X7 are of a two-input type, and
the AND gates X8 and X9 are of a three-input type. At least
one of the input terminals of the AND gates X1 through to X2
is connected to the ejection-executing input switch A.
XNOR gates X10, X12, X14, and X16é each have an input
terminal connected to a deflection-direction switch ¢, and
the other input terminals of the XNOR gates X10, X12, X14,
and X16 are connected.to deflection—control switches J1
through to J3 and a deflection-angle correcting switch 8,
 £espectively.
The deflection-direction switch C is used to switch the
direction of ink-dropiet ejectién in either direction (for
the same control signal) in which the nozzles‘ls are

arranged. When the deflection-direction switch C changes




gates X2,..., X8 and i s connected by way of each of NOT2*§qYeRePesd®s = x17
to one input termnal of each of the AND gates X3,..., X9. One i nput

term nal of each of the AND gates X8 and X9 is connected to an

ej ection-angle correcting switch K A deflection-anplitude control

termnal Bis used to determne a current for the transistors M2,..., Nl
used as the constant current supplies for the CMcircuits, and is
connected to the gate of each of the transistors M2,..., ML7. Since the

application of an appropriate voltage (Vx) to the deflection-anplitude
control termnal B supplies a gate-_sagrce voltage (Vgs) to all the gates
of the transistors M,.. " M7, currents flowin each drain of the
transistors M,..., M7. 1 24 Novenber 2006 - 48 In the above

configuration, the parenthesized 2, "XN' (N = ot ravilidedch of the
transi st drse Mtate NPO"r&gr 838nPE alpakQl Ié” St%‘?%u%ﬁ'ce erresﬁ%. M21)  For

exanpl e, the representation "X1" 2, ....{¢€ t stafdaisd ofl enent. The
r epr esentwitihopodgs J@thwppﬁhréﬁréggﬂPg %L %#gﬁgﬁfﬁgﬁzivalent to one in

which two standard el enents _are ne i a 4, |l ement ot her
vor s, e e e RO - Y2 BfacBhisXL, €8 e

The deflection-control switches J1 through to J3 are

used to determine an amount of deflection for changing the

] ] he
direction of ink-dzoplet ejection. For example, when t

input terminal J3 is in the state "1" (oY) , whi;e anocther

. - t H
input of the same gate cornected to the switch ¢ is "1%, the

output of the XNOR gate X10 is "1".
The output terminal of each of the XNOR gates ¥10,...,

%16 is connected to one input rerminal of each of the AND

gates X2,..., X8 and is connected by way of each of NOT

gates X11,..., %17 to one input terminal of each of the AND

i i, f the AND
gates X3,..., X9. One input terminal of @ach ©

gates X8 and X9 is connected to an ejection-angle correcting
switch K.

2 deflection-amplitude control terminal B is used to

3 . 5
determine a current for +he transistors MZ,..., M17 used 2

the constant current supplies for the CM circuits, and is

' - ., M17.
connected to the gate of each of the trangistors M2,...,

Since the application of an appropriate voltage (Vx) To the

deflection-amplitude control terminal B supplies a gate—

source voltage (Vgs) to all the gates of the transistors

M2,..., M17, currents flow in each drain of the transistors

MZ,..., M17.




equivalent to one in which N elenents are connected i n 2hNP¥MbeI200§he
transistors M2, M7, M2, and ML7 have the Xi" and "Xl " respectively.
representations "X4", "X2", e acro Thus, by applying an appropriate

vol tagss the gate and ground of each transistor, their drain currents are
in the ratio of 4:2:1:1. Thus, in Fig. 11, for the same gate-source
voltage (Vx) given to the deflection control node, the drain current of

each transistor M2,..., ML7, is proportional to those nunbers in the
par ent heses. The source of the transistor ML whose drain is connected to
the resistor Rh-B, and the sources of48he transistors M2,..., ML7 which

are used as constant current supplies for the CMcircuits are connected to

the ground (GND) . Next, regarding the operation of theﬁsjection-control

24 Novenber 2006 49 circuit,_ 50 : &d r $he bReeattheenge®irror circuit

conposed of Ineth¢eﬁh9¥ﬁcﬁ%?%kpgﬁé?ﬁﬁa' and the transistors and M6 used

as a switching el egljen'{3 Elggr,ef(@r___aie desgriheddieliow.ea@h P ff the

ej ect i onzempeesenfg tLABut *Swi tth A has'the state "1" (ON), an_i opl et
tate) el ety

is ejected. In this odi en Enkadadpeét S 2 one
nozz{e transistors Mingo gk E@ﬁ@@%@n@@ J b

i " .., M2l)
For example, the representation wyglt (M12,.

ion "H2"
represents a standerd element. The representatl

i+ e in
(M7 M11) represents an element equivalent to on

1 1lel. In
which two standard elements are connected in pard

o ! n el ement
ther words the representation B Gy represents a
r

' ected in
equivalent to one in which N elements are conn

parallel.

' he
The transistors M2, M7, M12, and M17 have t

' ively.
egentations ¥4, "X2", uxl", and nyl", respective
repr
u Y v v ate and
Thus, by appl ing an appropriate oltage acCross the @ :
)

e i re in the
ground of each transistor, their drain currents a

ratio of 4:2:1:1.

[

| i rrent of
given to the deflection control node, the drain Cu

r I "

numbers in the parentheszes.

i in is
vhe source of the transistor M1l whose draln

s of the
connected to the resistor Rh-B, and the source

+ current

i . an
transistors M2,.... M17 which are used as const

round
supplies for the CM circulits are connected to the ¢

(GND) .

; : ) jon—control
Next, regarding the operation of the ejection




18, the ejection-executing input switch Ais set to be PANOYH®ESEQPe 1"
(ON) during a period of 1.5 mcroseconds (1/64), and the power supply Vh
(approximately 9 V) supplies power to the resistors Rh-A and Rh-B. 94.5
m croseconds (63/64) are assigned to a period in which an ink cell 12
having ejected an ink droplet is refilled wwth ink, with the

ej ection-executing input switch A set to be in the state "0" (OFF). For
exanpl e, when the ejection-executing input switch A is in the state "1",
t he defl ection-anplitude control termnal B has the voltage Vx (anal og
voltage), the deflection-directionnssgtch Cis in the state "1", and the
defl ection-control switch J3 is in the state "1", the output of the output
of the XNOR gate is "1". Thus, this output "1" and the state "1" of the

ej ection-executing input swwtch A are input to the A&nhd the
out put ofixewitaNy. gut £est. the H@ﬁE??tfﬁérF?’éngi'g‘f%r |§°S>i%r ned on.

When the output of the X a s "1, the_out fuat gate XlI| is
"0". ThugﬁetFﬁ%P%ﬁﬁﬁﬂﬁs'ﬁiggﬁaj he 235 ﬁgseﬁﬁgPsﬁgﬁ%rg ? %@%?gﬂ"l" of the
ej ection-executing input., swtch A.are | AN , SO that
;\he og_t p‘&T_e%fai r?egsﬁ(f[ﬂép _ )%l%m?nthﬁﬁegggg%htgkgr&a%g?sﬁr@%@%%@t ur ned ?f 1;
ccordi ngly, since,the_drains h e tgennect e
575, nssfioheorbERERE, B ANh 2P 120

to each ot hePPa¥d*PRE § Fansi and Mb are connected to
each Otrﬁ%étéNhﬁn'tﬁgh), an ink droplet is ejectedf In this

embodiment, when an ink droplet is ejected from one nozzle.

18, the ejection-executing input switch A is set to be in

the state "1" (ON) during a period of 1.5 microseconds

(1/64), and the power supply Vh (approximately 9 V} supplies

ﬁower to the resistors Rh-a énd Rh-E. 94.5 microseconds

(63/64) are assigned to a period in which an ink cell 12

having ejected an ink droplet is refilled with ink, with the

ejection—executing input switch A set to be in the state "0

(OFF) .

For example, when the ejection-executing input switch A
is in the state "l1Y, the deflection-amplitude control
terminal B has the voltage Vx (analog voltage), the

deflection-direction switch € is in the state "1%, and the
deflection-control switch J3 is in the state “1ﬁ, the output
| of the output of the XNOR gate is win, Thus, this output
| “1" and the state "1" of the ejection—execuiing input switch.
Akare input to the AND gate X2, and the output of the AND
gate X2 is 1. Hence, the transistor M3 is turned on,
. When the output of the XNOR gate is "i“, the output of

the NOT gate X11 is "Qv". Thus, this output "0" and the




|

transistor M3 is in ON state and the transistor M is iR Oerembef 08 4
current flows fromthe resistor Rh-A to the transistor M3, but no current
flows to the transistor Mo due to the OFF state of the transistor M,

Al so, when no current flows to the transistor Mo, no current also flows to
the transistor Md due to the characteristics of the current- mrror
circuit. Since the transistor M2 is in ON state, in the above case, anong
the transistors M3, M4, Mb, and M5, a current only flows fromthe
transistor M3 to M. In this state, no current flows in the transistors M
and M6. Since a current can flow throwgh-the transistor M3, a current
passi ng through the resistor Rh-A branches off to the transistor M3 and
the resistor Rh-B. The current passing through the transistor M3 passes

through the transistor M2, which is in ON state, and
ground. Eimtwur'tlhtofads @g%ﬁﬁ-@ﬁgﬁxﬁﬁ&tf‘-ﬁgl %?B?t%wﬁ:érga%ses ?'hrﬂg)'ﬁ:gh t he

transistor MI, which is in ON stat gn IS %ed t xalhus, the
reI at i ongi prhien BN ate \Rﬁeréo H}F“Fe?:r ebBFﬁBE %St re5| st i's’ I (Rh-A) >
| (Rh-B), 24 Novenber 2006, - the re egen% tion "I(XX-X)" represents a

current f1BWianf ﬁhﬁwﬁﬁﬁﬂﬁ%ﬁtoﬁ gasés fr & deflection-control swtch

J3 is in the state has been descri,be £§9 i4 ize@s, a
case in whi chp‘tc‘iﬁ’é’r@éméé’t'l BIECBNEPDI TERF d?chg'ggéllléshfrn th\eéq:d;:%n

M3 are connected to each other and the d;alns of the
transistors Mé and M5 are comnected to each other, when the
transistor M3 is in ON state and the transistor M5 is in OFF
‘state, a current flows from the resistor Rh-A to the
:transistor'M3, but no current flows to the transistor M6 due
Vto the OFF state of the transistor M53. Also, when no
'éurrent flows to the transistor M6, no current also flows to
the transistor M4 due to the characteristics of the current-
mirror circuit. Since the transistor M2 is in ON state, in
the above case, among the transistors M3, MA, M5, and M6, a
current only flows from the transistor M3 to MZ.
| in this state, no cﬁrrent flows in the transistors M4
aﬁd M&. GSince a current can flow-thrOUgh the transistor M3,
a current passing through the resistor Rh-A branches off to
" the transistor M3 and the resistor Rh-B. The current
 passing through the transistor M3 passes through.the
transistor M2, which is in ON state, and ;s led to the
Qround. The current passing through the resistor Rh-B
':passes through the transistor M1, which is in ON state, and
is led to the ground Thus, the relatlonshlp in flow;ng

. current between both resistors 1s I(Rh*A) > I(Rh—B) where




state "0", that is, the deflection-control switch J3 hag*&ovemter &06nt i nput
(while switchesA and C are set to be in the state 1 simlarly to the
above), is as follows: In.this case, the output of the XNOR gate X10
becomes "0". This causes the AND gate X2 to have "0" and "1" as i nputs,
so that its output is "0". Thus, the transistor M3 is turned off. \Wen the
out put of the XNOR gate X10 is 11011, the output of the NOT gate Xl| is
"1". Thus, the inputs of the AND gate X3 are "1" and "1", thus turning on
the transistor Mb. During the ON state of the transistor Mb, a current
flows in the transistor M5, which causds-a current to flow also in the
transi stor M4 because of the characteristics of the CMcircuit. Thus, a
current is supplied and floms in the resistor Rh-A, the transistors M4 and

M6 fromthe power supply . he rr agSkhprtht opubwite resi stor
Rh- A f| ovkhe nceRFRSe Eﬁ?&?ﬂ Iixﬁg gbherb Fsgﬁbtga25|ng through the resistor

Rh- A does not branch off to the transistor M3 since it is in OFF state).
Al the cHr¥@MP p5Esing through the transistor 24 Novenber 2006 - 52 M4

flows into the reS|stor cqkhe Egaﬂsbgﬁ@foﬁ&%wfmcnrU1I¥Esmate The
current passi iy Gaioddh % g%t%%%sﬁggorc [ows into the transistor Nb.

Accord|ng QP &, AeTl &4l | A GOHP! %WH%th&a bBboviencohditiend! 1", the
current p |%€ %rg % e resistor
| a case in which the deflection-control switch J3 is in the
state 0", that is, the deflection-control switch J3 has 2
different input (while switches A and C are set to be in the
state 1 similarly to the above), is as follows:
Tn this case, the output of the XNOR gate X10 becomes
wgn. This causes the AND gate X2 to have ugr and "1V as
inputs, so that its output is "0". Thus, the_transistor M3
is turned off.
When thé putput of the XWOR gate ¥X10 is “0", the output
of the NOT gate X1l is "1". - Thus, the inputs of the AND
gate X3 are "1" and "1", thus turning on the transistor MS.
During the ON state of the transistor M5, a current
flows in the transistor M6, which causes a current to flow
_also in the transistor M4 because of the characteristics of
the CM circuit.
Thus, a current is supplied and flows in the resistor
Rh~A, the transistors M4 and M6 from the power supply Vh.
‘All the current passing through the resistor Rh-A flows in
the resistor Rh-B (ﬁhe current passing through the resistorxr

Rh-A does not branch off to the transistor M3 gince it is in

OFF state). All the current passing through the transistor




Rh- A branches off to the resistor Rh-B and the transi st &f NREMPERZOER t he
defl ection-control switch J3 is in the state "0", not only the current
passi ng through the resistor Rh-A but also the current passing through
the transistor M@ flowinto the resistor Rh-B. As a result, the

rel ati onship between the currents flowing in both resistors is represented
by < I(Rh-B). The ratio is symetrical in both cases | (Rh-A) (the

defl ection-control switch J3 is in states "1" and 11011) By setting the
anounts of currents flowwng in the resistors Rh-A and Rh-B to differ in

t he above manner, a difference is géﬁ%rated I n bubbl e producing tine

bet ween the bisected heating resistors 13. This can change a direction in
which an ink droplet is ejected. Between the cases in which the

defl ectigp- eoo4 Ointé\/\&ﬁéh:é&eﬁm RrsBalsdacelthantiraosishodiMeci¥ on in
which an ink droplet is deflected can be symetrically swtched |n

posi ti on;hopthes ght€ct i PR | dumbdeh g ingz theouyd she tappahgber M
Accordingly, by adjusting the voltage Vx of the deflection- anplltude
control EeskNghtB, thdetiaietsiadr M6 Novenber 2006 53 between t Wo
-positions to which an ink droplet is delivered, 3
def | ecti on- cdeald iswjltych Wi s:hiendeweestca@e—cqntr%dwh‘a?hd% t3e
~deflection-control switch J3 is in the state "0", 2 equgl to the
di st anceihetheentdvw” htlj aceatcirtent passing through Fhe Fes s
Rh-A branches off to the resistor Rh-B and the transistor M3.
When the deflection-control switch J3 is in the state “"0",
not only the current passing through the resistor Rh-24, but
also the current passing through the transistor M4 flow into
the resistor Rh-B. As a result, the relationship between
the currents Fflowing in both resistors is represented by
I (Rh-A) < I(Rh-B). The ratio is symmetrical in both cases
(the deflection-control switch J3 is in states "1" and "0").
By setting the amounts of currents flowing in the
resistore Rh~2A and Rh-B to differ in the above manner, a2
. difference is generated in bubble producing time between the

bisected heating resistors 13. This can change a direction

in which an ink droplet is ejected.

Between the cases in which the deflection—-control
switch J3 is in stateg "1" and “0", a direction in which an
ink droplet is deflected can be symmetrically gwitched in
position to the direction in which the nozzles 18 are
arranged. | |

Accordingly, by adjusting the voltage VX of the

deflection-amplitude control terminal B, the interval




ej ecting portions (the nozzles 18), and ink droplets cak*Neempsi?Pered in a
pi xel region fromthe nozzles 18 of adjacent ink ejecting portions, as
Fig. 12 shows. This case differs fromthat of the first enbodinent in that
the positions to which the ink droplets are delivered (position of pixel
colums) are becone the mdpoint of the nozzles 18. The above description
applies to a case in which the deflection-control switch J3 only is
switched on or off. If switches J2 and J1 are al so engaged mi xedly with
J3, the anounts of the currents flowing in the resistors Rh-A and Rh-B
can be set with a finer step. Mdre spagi f-cally, by using the

defl ection-control switch a3, the current flowng in the transistors M4
and M6 can be controlled. By using the deflection-control switch J2, the
current flowing in the transistors M. _and s@sbgeTOMEred ) ed.
Further, Bycwsemgtudaoasitiowns & gty 5 g&#tgggg%?kcurrents flowing in
the transistors M4 and ML6 can be control l-ad. deser khedeabble, drain
currents waen behas upefleetien-qHEHR ﬁ?ﬁ§ﬁ§rggwﬁsgﬁg M6, the transistors M

and M1, and 24 Novenber 2006 54 th ngi.atemhs SMl4sahd M6 Bhatfie ratio
of 4:2:1.andhehat o?®, thy @%f*ﬁf?%?%é:??%éﬁ'nanely, the deflection- contro

switches J1 to J3, the difectign. i i Wadih ticopbhgacestdénkect ed can
be changetdto éﬁ@h@es?ﬁbélivaéh%ﬂékégéﬂaé

ejecting portions (the nozzles 18),
om the nozzles 18 of adjacent

and ink droplets can be

delivered in a pixel region fr

ink ejecfing portions, as Fig. 12 shows.

i ] in
This case differs from that of the first embodiment

i ivered
that the positions to which the ink droplets are delive

i il he
(position of pixel columns) are become the midpoint of T
nozzles 18.

i i i the
The above description applies to a case ihb which tl

| i i off. 1If
deflection—-control switch J3 only 18 switched on oXx

i i 3, the
switches J2 and Jl are also engaged mixedly with J

; i i -3 and
amounts of the currents flowing in the resistors Rh

Rh-B can be set with a finer step.

More specifically} by using the deflection-control

e £1 i 3 nd Mé
switch J3, the current flowing in the transistors M4 a

can be controlled. BY using the deflection-control switch

' | i 3 11 c¢can
"~ J2. the current flowing in the transistors M2 and M

. : on—
also be controlled. Further, by using the deflectl

! i i s MLl4
contrbl switeh J1, currents flowing in the transistor

and M16 can be controlled.

. As described above, drain currents can be supplied to

' : ' M nd
the transistors M4 and M6, the translstors M9 and Ml;, a




(Jl-state, a2-state, J3-state) _ (0, 0, 0) , (0, 0, 1), 2¢pfovembergpo6 (o 1
1, (1, 0, 0), (1, 0, 1), (1, 1, 0, and (1, 1, 1). By changing the

vol tage applied between the gates of the transistors M2, M7, ML2, and ML7
and the ground, the anmounts of the currents can be changed. Thus, an
amount of deflection in one step can be changed by changing the drain
currents in those transistors while maintaining their ratio as 4:2:1.
Accordi ngly, when ejection of ink droplets is deflected to an even nunber
of 2" different directions by using a control signal represented by J bits
(in'the second enbodinent, by J1, J2,54nrd J3 bits, the distance between
the two farthest positions of the dots delivered fromthe sane ink
ejecting portionis (2' - 1) tinmes that of the distance between two

adj acent ﬁ¢§j€¥éﬁg r@ohﬁhoﬁﬁd(hﬁg Qﬂz%hgsn%g%é £J4 = 1, case i's shown in

Fig. 12) e cas€ ‘of the” "sécon nent any  one of the 2

directiciﬁhéfgf- éﬁcE&0ﬁ51ﬁ 4] egrB Lets, @Qlie éﬁéqféf%%é%%h Ak droplets

can be ivered in~any one of €ig t pi X gions 1n rection of

the arrangatnnzzvaschls 34 'NQVQﬁbeEhéOQ@reéémJ gﬁ? actind-aual e

correcting switches S and Kare simlar to the ectlon control swtches
J1 to J3 drbple tiehaben .ehanobhs bBecHLASEL I @ é’fgﬂi‘ks-l%ﬁ%o'ﬁi wieafion,

but differ in the purpose of use in correcting the angle
(Ti-state, J2-state, J3-state) = (0, 0, 0), (O, 0, 1y, (0, 1,
¢y, (0, 1, 1), (1, o0, 0}, (1, 0, 1), (1,‘1, 0y, and (1, 1,
1.

By changing the voltage applied between the gates of
the transistors M2, M7, M12, and M17 and the ground, the
amounts of the currents can be changed. Thus, an amount of
deflection in one step can be changed by changing the drain
currents in those transistors while maintaining their ratio
as 4:2:1.

Accordingly, when ejection of ink droplets is deflected

~to an even number of 2¢ different directions by using a
cqntrol signal represented by J bits (in the second
embodiment, by Jl, J2, and J3 bits, the distance between the
two farthest positions of the dots delivered from the same
ink ejecting portion is (27 - 1) times that of the distance
between two adjacent ink ejecting portions (the nozzles 18).
(ﬁ = 1 case is shown-in Fig. 12) Thus, in the case of the
second embodiment, any one of the 2° directions for ajection
of ink_droplets can be selected and ink droplets can be

_ delive:ed in any one of eight pixel regions in the direction

of the arranged nozzles 18.




ej ection of ink droplet. Switches S and K can be controPfdgvenhgti9€ndent | y
fromSw tches J. In this enbodinent, two bits which formthe

defl ection-angle correcting swwtches S and K are used for correction. The
ejection-angle correcting switch Kis used to deternm ne whether or not -
correction is performed. The ejection-angle correcting swtch Kis set so
that correction is perfornmed when its state is "1" and no correction is
performed when its state is 110". The deflection-angle correcting switch $
is used to determne in which the correction of the direction on the
arranged nozzles 18 is performed. Fer 5&anpl e, when the ejection-angle
correcting swwtch Kis in the state "0" (no correction is perforned), both
the outputs of the AND gates X8 and X9 are "OGs" since at |east one input

of each of the AND gates_ X8 and, X9 is."Q" tyﬁ-,t Hdie 4 rafsistayes ML8 and
M2O are turne&héfﬂ?%%ﬁFEHQPU?ﬂgl%f?°r¥$é?%$%;5|sf%rs ML9 and M21. This

causes no change in the currents flow L1t BRe& €51 stOr$3RmA and Rh-g.
Conver sel §Amigah Ghdhe é’(ﬁtji\i&ﬁ-%éﬁal gog\gfrggctg?ﬁg swtch K is in the state

"1" while the deflection-angle cot ls ¢ Noveabepl2906jebbicsmitch Sis
in the st@titolpfor hands Fﬁgc ﬁ%%? %?gcgion switch Cis in the state

"0", the output_ of the XNOR X6, A" coFhustingl tharesgiapefs of the
AND gate gt ’eff?’éd'lbfﬁel'psu%%\t?%fach makes its output at "1" stat & c<'i1_nd
turns ' ejection of ink droplet. Switches & and K can be controlleé

.independently from Switches J. In this embediment., two bits

which form the deflection-angle correcting switches S and K

are used for correction.

The ejection~angle correcting switch K is used o

determine whether or mot correction is performed. The

: i ion
ejection-angle correcting switch K is set so that correctio
.is performed when its state is "1" and no correction 18

performed when its state is "0".
The deflection-angle correcting switch § is used to

determine in which the correction of the direction on the

arranged nozzles 18 1is performed.

For example, when the ejection—angle correcting switch

K is in the state "0" (no correction is performed}, bhoth the

outputs of the AND gates X8 and X9 are "Os" since at least

one input of each of the AND gates X8 and X9 is "0". Thus,

the transistors M18 and M20 are turned off, which turns off

lthe trangistors M19% and M21. This causes no change in the

curients flowing in the resisths Rh-A and Rthf

.Conversely, when the ejection-angle correcting switch K

.is in the state "1" whilé the deflection-angle correcting




on the transistor ML8. Since one of the inputs of the ANM®NowgmRer 36 s set
to "0" by the NOT gate X17, the output of the AND gate is "0", thus
turning off the transistor M20. Therefore, the OFF state of the transistor
M2O causes no current to flowin the transistor M21. The characteristics
of the current-mrror circuit cause no current to flow also in the

transi stor ML9. However, the ON state of the transistor ML8 causes a
current to flow from the mdpoint of the resistors Rh-A and Rh-B into the
transi stor ML8. Thus, the current in the resistor Rh-B can be reduced than
that in the resistor Rh-A ‘Accordingl%s the angle of ejection of ink
droplet is corrected and the position to which the ink droplet is delivered
can be corrected by a predeterm ned anount in the direction in which the

nozzles 18 are arranged. The abovg correct, |SF IR ion¥Ed rectdelt s of ink
ejectingspmtbhoﬁsiarlnnthﬁi?Eatﬁ H£3d§“%§ﬁ#€]qs common that directions in

\iwln ;?el Rgmﬂ%;ﬁ@g%gt ghgctts'g%le;;f 'c{ [E‘E"T Indg;&%ioffgaﬂl ﬁiﬁ?ﬁ%ﬁgf O](c)n;ahgead
i %ngbeﬁ;g’égégaéagr"% Olrsﬁiggl;\gg_ﬁdpﬁgggr% et§?§ﬁdglhéi \?S:Deéq_)a%?% t:ﬁﬁiqo?of I nk
oot vt 3 SR BB T s KL S
droplet E;(iﬁgnfigﬁ%E%QB%nﬁlhqk gince one of thelinputs of the A

gate X9 is set to Q" by the NOT gate X17, the output of the

AND gate is "0", thus turning off the transistor M20.

Therefore, the OFF atate of the transistor M20 causes RO

current to flow in the transistor M21.

The characteristics of the current-mirror circuit cause

no current to flow also in the transistor MLS. However, the

ON state of the transistor M18 causes a current to'flow from

+he midpoint of the resistors Rh-A and Rh-B into the

transistoxr M18. Thus, the current in the registor Rh-B can

be reduced than that in the resistor Rh-A. accordingly, the

angle of ejection of ink droplet is corrected and the

position to which the ink droplet is delivered can be

corrected by a pfedetérmined amount in the direction in

which the nozzles 18 are arranged.

lThe above correction is performed in units of ink

ejectiné portions or in units of heads 11j It is commoen -

lthat directions in Which ink droplets are ejected from the

ink ejecting portions of one head 11 are not always constant

_ | .
but fluctuating. Normally, the range of the er;o

' in ' irect] (position
(fluctuation) igs defined, and when each direction (positl




ej ecting portion becones too |arge conpared wth the ot R&MNovemjjer &8¢t i ng
portions, the uniformty of an ink-droplet delivery pitch deteriorates,
appearing in the formof a stripe. To correct such a positional shift,
correction for each ink ejecting portion is perfornmed (the direction of
ejection is changed). Regarding the correction of the direction of ink-
droplet ejection, once a correct position to which an ink droplet is
delivered is obtained within the predeterm ned range, the anount of
correction does not need to be re- adjusted unless the characteristics of
the direction of ejection change withs4iJre. Accordingly, it is necessary
to determne for which of the ink ejecting portions of one head 11,
correction nmust be performed, or for which of the heads 11, corréction

Foqui res CorPECt G O CHARLAMG S HELagEerm ned SeeFFLee of, Sthe
Sel oL G5CSRn BHesBlernseReirate e SLEFEEIOR £ ohte
i Fect i ot CRTE By MRETICal PSHeKaRgoAOT N KAREIE1 of AL et 4i FEELI on i n
ohi ch the1022)i8% 18, A cnah8HRacbB1Les b1 8500888 3ok moddes pecoNd
' ejecting portion becomes too large compared with the other
ink ejecting portions, the uniformity of an ink-droplet
delivery pitch deteriorates, appearing in the form of a
stripe. To correct such a positional shift, correction for
each ink ejecting portion is performed (the direction of
ejection is changed), .
Regarding the correction of the direction of inks-
droplet ejection, once a correct position to which an ink
droplet is delivered is obtained within the predetermined
range, the amount of correction does not need to be re—
adjusted unless the characteristics of the direction of
'ejection change with time.
Accordingly, it is necessary to determine for which of
the ink ejecting portions of one head 11, correction mustlhe
performed, or for which of the heads 11, correction musﬁ be
pgrfofmed, and how much correction is needed in the case
which requires correction., For matching the determined
cbrrection, the deflection-angle correcting switches § and K
‘may be turneqd on or off,

As described above, by setting the deflection-directien

switch C to have an input of the state "1" or "0", the




|

N +3, N+,

example in Fig. 10, the heads 11 (having identical speéffPERIHT Y 0r
structures) are arranged in the width direction of printing paper and are
arranged in a repeated pattern so that two adjacent heads 11 can oppose
each other (every other head 11 is disposed with it rotated 180 degrees
with respect to the adjacent head 11). In this case, when a comon signal
Is sent to al through to J3 to the two adjacent heads 11 fromthe
defl ection-control switches, the deflection directions in either head are
opposing to those of the other head. in the second. enbodi nent, by
providing the same status ("1" or 035§ to the deflection-direction switch
C of every other: head chip, the direction of deflection in the entire
head 11 can be nmade virtually identical to the common signal given at J1
t hrough to .J3. Accordin | A -4 51 ¢ OfWeRtydry jarranging the
heads 11qeﬁiﬁﬁ§lpgpgéfggk%gPr€§ﬁ,ﬁ?h%ﬁﬁg Iection direction switch Cis set
to be in_the state "Q7 .fQE ; P-h Ntde gbfzled k8 ea@mple, in the
even-nunﬁ@?&&lﬁgs%Pigﬁg 8%ﬁ§§§g§ﬂ2h%é@%£cll, and the defl ection-direction
switch C E% §%h to be in the state "1" for the odd-nunbered heads N+1,

&°C"" ‘whereby the direction of deflection in each 24 Novenber
2006 - 59 hegd if.thentine=deps 29 @an decaed dmodiBmant,udls yTconst ant .

Fig. 13 is a tront view showng.-directions in which ink droplets are

ej ect ed %&%H%@@iaﬁe@&ghe§d§ iheaneadgetlli thahingr bgeatderhattern. The

adj acent heads 11 arereferred to as . atn
specifications or structures) are arranged in the wid
direction of printing paper and are arranged in a repeated
pattern se that two adjacent heads 11 can oppose each other
(every other head 11 is disposed with it rotated 180 degrees
with respect to the adjacent head 11). In this case, when a
common signal is sent to Jl through to J3 to the two

adiacent heads 11 from the deflection—~contrel switches, the

deflection directions in either head are opposing to those
of the other head. 1In the second embodiment, by providing
the Saﬁe status ("i“ or "0") to the deflection—-direction
switch C of every other head chip, the direction of
defiection in the entire head 11 can be made virtually
jdentical to the common signal given at Jl through to J3,
Accordingly, when a line head is formed by arranging
.the ﬁeads 11 in the repeated pattern, the deflection-—
AireCtion switch C is set to be in the state ug¢ for heads N,‘
ﬁ+2, N+4, ete., for example, in the.even-numbered positions
aﬁong the heads 11, and the deflection~direction switch C is

set to be in the state “1" for the odd-numbered heads N+1,

N+3 N+5, etc., whereby the direction of deflection in each




heads N and N+1, respectively. If the deflection-directi?6A°EWE ¥eC i s not
provided in this case, by setting each of the heads N and N+1 to deflect
the direction of ink-droplet ejection by 9 from perpendicularity, as Fig.
13 shows, both heads have such symmetrical directions of ejection that the
direction of ejection fromthe head Nis changed to direction Z1 and the
direction of ejected fromthe head Nv1 is changed to direction Z2 because
the heads N and N+1 are positioned so that every other head is disposed
which it rotated 180 degrees with reference to the other. However, as in

t he second enbodi nent, by providing the deflection-direction switch C,

and, for exanple, setting the defi ecti®ri=direction switch Cto be in the
state 110" for the head N and setting the deflection-direction switch Cto
be in the state "1" for the head Nt+1, the direction of ejection fromthe

head N cajedie aharged 11 dig@Tta®neadl whdsdtherdlivechiotuafle) aidtemtf.r om
the head N+i can be changed to direction Z2', so that the direction of

ej ection can lpegsetl3 e hereonst adbwi Bhéwengdi deeetopons hiwihidihemozzl es
18 are arranged. As described above, by supplying identical deflection 24
Novenber 2fiidets @GGe ®jgrelesl ffaond hejatkar deetiehed apdacbadgimgtlonly the
I nput- of the deflection-direction switch C, the directions of ejection
f rom t he termdsetll parttarged iThet bejmepadt bdapat Lér arecanfberedetwizal |y set.
heads N and N+1, respectively. If the deflectibn-direction
switéh C is not provided in this case, by setting each of
the heads N and N+1 to deflect the direction of ink-droplet
ejection by 0 from perpendicularity, as Fig. 13 shows, both
‘heads have such symmetrical directions of ejection that the
dire;tion of ejection from the head N is changed to
direction Z1 and the direction of ejected from the head N+1
is changed to direction 22 because the heads N and N+l are
pesitioned so that every other head is disposed which it
rotated 180 degrees with‘reference'to the other.

However, as in the second embodiment, by providing the
deflection-direction switch C, and, for example, sefting the
deflection-direction switch C to be in the state "0" for the
head N and setting the deflection-direction switch C to be
in the state "1" for the head N+1; the direction of ejection
from the head N can be changed to direction Z1 and the-
direction of ejection from the head N+1 can be changed to
direction 22', so that the direction of ejection can be set

_to be constant in the direction in which the nozzles 18 are
arranged. | |

As described above, by supplying_identical‘defiection




A case in which ejection of an ink droplet is set to an24do¥smusnid®¥r of 2T
different directions has been described. 1In the ejection-control circuit
50, by setting the deflection-anplitude control termnal B to have val ues
of zero or W (DC value in volt in this case), ejection of an ink dropl et
fromthe nozzle 18 can be set to have an odd nunber of directions. In

ot her words, by setting the deflection-anplitude control termnal B to
have Vx, as described above, ejection of the ink droplet is set to have
an even nunber of directions conposed of equal nunbers of right and |eft
directions in the direction of the arrgmged nozzles 18. In addition, by
setting the deflection- anplitude control termnal B to have zero, an ink
droplet can be ejected directly bel ow with no deflection which delivers
t he droplet e 18., Thereforge, usi ng.def| ect ed EJECtIOH

of the in %%ﬁ { %Kﬁﬁh?ﬁuﬁﬂ%§$ &5 andgigha ﬁﬁ&ngeP HlFEEtFBﬂE and

) tTon 1 gl SR A0 g 5 BB R e, o

di rections for eJec can

I
i recti ons?%lde‘fe%‘fu?%ﬁ%?%th%%% (D itbbotodh RrbsyePRRRATRILIRE oL,

1) differgy #?3%%%|nk droplet ejection nmay be set so that, by
adjustlng t e va f t | ection-anplitude control termnal B (= Vk),

anong the (24 éaée dhr RRLEANS LRS! GEANCE DEIYLGM dDQ VRt to an

even number of 27 different directions has been described.
In the ejection-control circuit 50, by setting the
deflection-amplitude control terminal B to have values of
zerg or Vx (DC value in volt in this case), ejection of an
ink droplet from the nozzle 18 can be set to have an odd
number of directions. In other words, by setting the
deflection=-amplitude control terminal B to have Vx, as
described above, ejection of the ink droplet is set to have
an even number of directions composed of egual numbers of
right and left directions in the direction of the arranged.
nozzles 18. In addition, by setting the deflection-
amplitude control terminal B to have zero, an ink droplet-

- can be ejected directly below with no deflection which
delivers the droplet out of the nozzle 18, Therefore, by
using deflected ejection of the ink droplet to ecqual numbers.
of right and left directions, and ejection of the iﬁk-
droplet with no deflection, an odd number of directions for-
ejection can be realized (see Fig. 14).

In this case, a control signal is represented by (J (ZJ)

+ 1) bits, and the number of directions for ejection is an




|

“which, . o9 pREReRoodi HéctT obal dbf Eetenh

farthest positions to which an ink droplet can be deliveéf&gvember 2006t | nes
(2 x x where J = 1 case is shown in Fig. 14) the distance (x in Fig. 14)
that is the distance between two ink ejecting portions (the.nozzles 18),
and when an ink droplet is ejected, any one of the (2J + 1) directions may
be set. This makes it possible to deliver ink droplets not only to a pixel
regi on N positioned under the nozzle N, but also to adjacent pixel regions
N-1 and N+1 on both sides thereof. Also, each position to which an ink
droplet is delivered corresponds in position to each nozzle 18, By using
the above ejection deflector instead qf; the ejection deflector in the
first enbodi nent, setting of the direction of ejectionis facilitated
conpared with that in the first enbodi nment, and various direction of

ejection can be set. Figs. 15 and 16 res pctkégly shom1proqei3es in
é&%ﬂ? A€ -nuidgE® rofinkdi rect i ons

for ejection. i even%.and in the three- directional ejection case (the
nunber opr8P}§%tP5ﬁ§ B8R MBYebFi 5RTI §00HRI T wHeY PiuE A S Gt on
DI 0L NGRAREL gBaTetySi 2l EELuor ket g SLAnal, Set Lo Ll head 11
o 1 1E o SES o, T e B g BRBeBR S8R Bl Ty
are om tkgfinasy positions to which an ink droplet can be delivered
is 27 times (27 x y where J = 1 case is shown in Fig. 14) the
distance (Y in Fig. 14) that is the distance between two ink
ejecting portions (the nozzles 18), and when an ink droplet
is ejected, any one of the (27 + 1) directions may be set.

This makes it possible to deliver ink droplets not only
to a pixel region N positioned under the nozzle N, but also
to adjacent pixel regions N-1 and N+l on both sides thereof.

Also, each position to which an ink droplet is
delivered corresponds in position to each nozzle 18,

By wsing the above ejection deflector instead of the
ejection deflector in the first embodiment, setting of the
direction of ejection is facilitated compared with that in
the first embodimeﬁt, and various direction of ejection can

be set.

Figs. 15 and 16 respectively show processes in which,.
in the two-directional ejection case (the number of
directions for ejection is even) and in the three-
directional ejection case (the number of directions for
ejec:tion is odd)_ﬁhere pixels are formed on p_rinting paper

 based on an ejection-executing signal‘éent to the head 11 by




As described above, by using the ejection deflector in 2*heveehepps

enbodi nent, as Figs. 15 and 16 show, various forns of ejection-executing
signals sent to the head 11 can be set in the process by the ink ejecting
portions of form ng each pixel on the printing paper. Third Enbodi nent In
t he second enbodi nent, by setting the input to the deflection-anplitude
control termnal Bto zero so that an ink droplet is ejected w thout being
deflected. Aformin which this ejection control is facilitated is the
ejection- control circuit 50A shown in Fig. 17. Al though the

ej ection-control circuit 50 in Fig. 11__includes four CMcircuits, the

ej ection-control circuit 50A in Fig. 97 Tncl udes only a single CMcircuit
(conposed of transistors M31 and M32), whereby sinplification of the
entire circuit structure is achieved. In the four CM circuits in Fig. 11,

the transiskoeledtingdpdbtions, naptaseenimtaponiX4o Fagnbaer ogf theansi stors
in parallel), the transistors M and ML1 are represented by "X2", and the

transi st ofrsfdenbpodiiéntnd Shecerthsisizsls fMinang pPdcesse R4 iNgvysher
2006 - 63 represented by "X1", in the ejection-control circuit 50A in
Fig. 17, Hevik@sl§ epreseinsbhbyte Xglatadesesetbetonstihg Ftgangi stors M3l and
MB2 so as_to drain current capacities of those transistors equal to the
sum of t HEESFBIREnT dltershpare wmifttaid. the above transistors in. the

ej ection- .

As described above, by using the ejection deflector in
the second embodiment, as Figs. 15 and 16 show, various
forms of ejection-executing signals sent to the head 11 can
be set in the process by the ink ejecting portions of

forming each pixel on the printing paper.

Third Embodiment

In the second embodiment, by setting the input to the
deflection-amplitude control terminal B to zero so that an
ink droplet is éjected without being deflected. A form in
which this ejection contrel is facilitated is the ejection=
control cireuit S50A shown in Fig. 17.

Although the ejection-control circﬁit 50 in Fig. 11
includes four CM circuits, the ejection-control circuit 502
in Fig. 17 includes only a single CM circuit (composed of

_transistors M3l and M32), whereby simplification of the
entire circuit structure is achieved. In the four CM
circu%ts in Fig. 11, the transistors M4 and M6 are
represented by "}4" (humber of transistors in parallel), the

’ttansistors M9 and M1l are representéd by "%2", and the

transistors M4 and M16 and the transistors M19 and M21 are




control circuit 50. When "X8" devices are used as the tPANeYesHRsF2008B1 and
M32, it looks they require | arge space on the silicon. However, if

i ndi vidual transistors are disposed in the sanme circuit, eight wiring
termnals are needed for each transistor since it has a drain, a source,
etc. Accordingly, as conpared with the case of disposing eight individual
transi stors and associated wirings, the case of enploying "X8" single
transi stor greatly reduces the required area for the entirety, even if the
transistor itself occupies relatively a |arge space. Therefore, by formng
a single CMcircuit as in the ejectlog-control circuit 50Ain Fig. 17, the
entire circuit structure can be sinpl ?iéd, performng simlar functions
to those in the ejection-control circuit 50 in Fig. 11. The sw tching

el ement (second switching element conpared with first sw tching by

transi st cremigsefitedilky 'BUrt entm b @ ecitioun-coankylcangsiais POAtimnsi stors
MB3 and M34. In other words, four sets of the second switching elenments
as seen iFt-H g7 119eicetranmesedddd byt HE8t'hiard Réellovenbehe2006 64
enbodi ment, and only one set of the second switching elenent is provided

i nst ead. H4PHSFtorE M¥e anchiBiZs sor gsMBoaddaVB careentpcapent tikedyof X4"
the transistors MB and MO are represented by "X211, and the transistors
ML3, M5, NAEE HHPPNEGF st S@gtesontBg By X" thendradn conrrenty, devi ces

capacity of all the above transistors in the ejection-
control circuit 50.

When "X8" devices are used as the transistors M31 and
M32, it looks they require large space on the silicon.

However, if individual transistors are disposed in the
samg circuit, eight wiring terminals are needed for each
trangistor since it has a drain, a source, etc. Accordingly,
as compared with the case of disposing eight individual
‘transistors and associated wirings, the case of employing
"X8" single transistor greatly reduces the reguired area for
the entirety, even if the transistor itself occupies
relatiﬁely a large space.

Therefdre, by forming a single €M ¢ircuit as in the

‘ejectian-ccntrol circuit 50A in Fig. 17, the entire eircuit
sfructqre can be simplified, perfofming similar functions to
_those in the ejection-control circuit 50 in Fig. 11.

The switching element (second switching element
compargd with first switching by transistor M1) of this
current-mirror circuit only consists of transistors M33 and
M34. Ig other words, four sets of thé second switching

elements as seen in Fig. 11 are not provided in the third




represented by "X8" are used for the transistors M3 and*RBremiep2Q0€ ¢ o
provide with enough drain current capacity equal to the sum of those of
all the above transistors-in Fig. 11. The source and backgate of the
transistor M are connected to the ground. The sources of the transistors
MB3 and MB4 are connected to the common circuit (current source) to be
described later, and their backgates are connected to the ground. Each

out put of the NOR gates X21, X22, and X23 are connected to the gates of
the transistors ML, M33, and M4, respectively. The ejection-control
circuit 50A includes a circuit inclugigng current-source unit for supplying
currents to the transistors M33 and M34. The circuit includes a first
control termnal Z, second control termnals D1, D2, and D3, and
transistors Mpl through to_Ms6. The current-source unit consist of three
cur r ent - $88PEaMeBEe rBREs OBEY BRRAeP 0P HstRByS eeRPRE I HEhinG pdememd) | (1)
the current-source el enent con?osed of _.the transistor Ms2, . which has a
(currentfscgﬁﬁgﬁﬁﬁdréﬂﬁg§@ﬂted PyFrg4141. (Bhe i heangiit o Mo e Mol enent
conposed _of the_transistor \ i ch 24 Novenber 2006, -65 has a (current)
capacityangFgggﬁF38%8§ g%zkgﬁandt %)t¥?EF1%EHF%ﬁW§§HU?3@%b@§ﬁbnt conposed

Che cur r SoPEeSBFel B e L aniate ST o 85 MO MRS RS o s we1,
M3, andMQ@SQre represented by "X1". On the contrary, devices

represented by "X8" are used for the transistors M33 and M34

80 as to provide with enough drain current capacity equal to

the sum of those of all the above transistors in Fig. 11.

The source and backgate of the transistor M1 are

_cennected to the ground. The sources of the transistors M33

and M34 are connected to the common circuit (current source)

to be described later, and their backgates are connected to

the ground. Each output of the NOR gates 21, X22Z, and X23

are connected to the gates of the transistors M1, M33, and

M34, respectively.

The ejection-control circuit 50A includes a circuit

including current—source unit for supplying currents fto the
transistors M33 and M34. The circuit includes a first
control terminal Z, second control terminals D1, D2, and D3,
and transistors M1 through to M66.

The current-source unit consist of three current-source
eiements. In other wo;ds, by connecting, in parallel, {1)
‘the current-source element composed of the transistor M62,

. which has a (current) capacity rep:ésehted by ™4*, (2) the

- current-source element cdmpased of the transistor M64, which




havi ng i dentical current capacities to those of the tr &fAdioxqreies2006
constituting the current-source elenents are connected as the swi tching

el enents of the current-source. The second control termnals D3 through to
D1 are connected to the gates of the transistors formng the sw tching

el ements. The resistors Rh-A and Rh-B, the transistor M, and the

ej ection-executing switch A are identical to those shown in Fig. 11. In
the ejection-control circuit 50A in Fig. 17, an ejection-executing input
switch A uses a negative logic for convenience of the I1C design in the
third enbodi nent. Hence, in activathg ej.ections, "0" is input to the

ej ection- executing input switch A Ac 8rding|y, when "0" is input to the
ej ection- executing input switch A and Gs are input to a NOR gate. X21,
its output beconmes "1", thus turning on the transistor M. Wen the input
‘of the ej BBi Bn{exsrenthgcepmuitswiertesented by "2y i apdt (Bhgthe" to the
polarity-change switch Dp, both inputs of the NOR gate X22 are "0"s, the
out put of CXPPEDY-RNEGH Tl DBt BBEPMEsbres the' trimss sttoendéén which
transistog MB. in the above case (the ejection-executing input switch Ais
in the st3f8 &' (PULFRPHINECIRAGKEY (Eokaffntes byh "B "i.sthe thoreette "0"),
as the inputs of te X23 are "1" and "0", the output becones "0",

thus turn ﬂbrgﬁfué;{${§1'%ﬁqﬁdﬂ64.
- . Also, transistors (the transistors M6l, M63, and M65).
having identical current capacities to those of the
transistors constituting the current-source elements are
connected as the switching elements of the current-azource.
The second control terminals D3 through to D1 are connected
to the gates of the transistors forming the switching
elements. |

The resistors Rh-A and Rh-B, the transistor M1, and the
ejection-executing switch A are identical to those shown in
Fig. 11l.

In the ejection-contrel circuit 50A in Fig. 17, an
ejection~executing input switeh A uses a negative logic for
convenience of the IC design in the third embodiment. Hence,
in activating ejections, "0 is input to the ejection-
executing input switch A. |

Accordingly, when "0" is input to the ejection-

: egecuting input switch A, and 0s are input to a NOR gate X21,
its output becomes "1, thus turning on the transistor ML,
| When the input of the ejectlion-executing input switch A
is "Q"{ by inputting "0" to the polafity—chahge switch Dp,

 both inputs of the NOR gate X22 are."o"s, the output of X22




In this case, no current flows fromthe transistor M2 2fdoxmber 2P6hased on
the characteristics of the CMcircuit, no current flows to the transistor
MB1l. In this state, when the voltage of the resistor power supply Vhis
applied, since a current flows in the transistor M33, a current flows from
a point between Rhn-A and Rh-b to transistor MB3. As a result of fact, a
current of Rh-Ais increased, and a current of Rh-b is decreased. The
current passing through the transistor MB3 is sent to the ground. The
current passing through the resistor Rh-B flows to the ground through the
transistor M. Thus, the currents thrgﬁgb the resistors Rh-A and Rh-B has
a relationship of I(Rh-A > I (Rh-B). en 110" is input to the

ej ection-executing input switch A and "1" is input to the polarity-change
switch Dp, both inputs of the NOR gate X21 are "0"s simlarly to the

previ ous ReERmes he for%hl%rﬁﬁﬁﬂﬁ;ﬂﬂ tgfe Xxpnsdedees M31" | Int hlug &loweng on
the transistor M. Al so, since the inputs of the NOR gate X22 are "1" and
110", |tsc%%?p&Yh%eﬁlﬁﬁﬁﬂ°QFEXQQHRinﬁJﬁmnﬂ} eiitcheAt Landhsthe 2Uad®venber

2006 - 67,, nce oth i nputs of the NOR gate X23 are "O's, its
output is © "a“?rfﬁ ﬁgﬁﬁgﬁn%¥%§q§tgp WE4inpthpngtatec €N state of

the tran t NB4 a C re fl ows r.ou the transistor M34, and this
ft ow of t SZ @{Iﬁre th L#Ir e @thgr@t gg?sta 85" #RE ERM ci FRRIi UERYBW a

current U ol "O", thus turning off a transistor M34,

In this case, no current flows ffom the transistor M32
to M34, so based on the characteristics of the CM circuit,
ne current flows to the transistor M31.

In this state, when the voltage of the resistor power
supply Vh is applied, since a current flows in the
transistor M33, a current flows from a point between Rh-A
and Rh-b to transistor M33. As a result of fact, a current
of Rh-A is increased, and a current of Rh-b is decreased.
The current passing through the transistor M33 is sent to
the ground. The current passing through the resistor Rh-B-
flows te the ground through the transistor M1. Thus, the
currents through the resistors Rh-A and Rh—B has a

.relationship of I(Rh~a) > I{(Rh-B).
When "0" is input to the ejection-executing input
; svitch A and "1" is input to the polarity-change switch Dp;
both inputs of the NOR gate X21 are "O"s similarly to the
pfevious case, therefore, the output of xél becomes "1,
thus turning on the transistor Mi.
Algo, gince the inputs of the NOR'gate X22 are "1i" and

"0", its output becomes "0, thus turning off the transistor




also in the transistor MB1l. Therefore, in addition to tR&NEYRHERE8assi ng
through the resistor Rh-Al the current passing through the transistor M1
flows into the resistor Rh-B. As a result, the current through the
resistors Rh-A and that of the Rh-B have a relationship I (Rh-A) < I (Rh-B).
Accordingly, simlarly to the ejection-control circuit 50 in Fig. 11, the
current enabling the deflection can be drawn from or flowinto the

m dpoint of the resistors Rhi-A and Rh-B. The ejection-control circuit 50A
in Fig. 17 differs fromthat of the circuit 50 in Fig. 11 in the follow ng
points: In the ejection-control circwu tg750A, by inputting "1" or "0" to
each of the second control termnals, the value of a current output from

the current-source units can be changed. By changing a voltage applied to
current val ue can be

the first nt rql; scaling of the output
arbitrariF%%ﬁergép Bg%ﬁe%@?BF% Opyt gﬁp“@$r@??ﬁ|£§ﬁw%ﬁﬂi" "® wvdltage Vx
across 24 2006 e first control termnal Z and the ground,
and separgygpﬁgbgéergtlnaﬁﬁﬁe CORtY®I ?e lﬁﬂ%ﬁ%ﬁ??%ﬁéﬁﬁh t SUB3ndt he

(A" i REERIN ERe BECRE PERLERHEL LT 8 ol hubotbnoy £
r_r_ai ntai neghat c2@ABL+XPMELYEING this flow of the current and the
characteristies of the CM circuit allow a current to flow-
also in the transistor M31.

Therefore, in addition to the current pasging ﬁhrough
the resistor Rh-A, the current passing through the
transistor M31 flows into the resistor Rh-B. As a result,
the current through the resistors Rh-A and that of the Rh-B
have a relationship I (Rh-3A) < I(Rh=-B).

Accordingly, similarly té the ejection-control circuit
50 in Fig. 11, the current énabling the deflection can be

 drawn from, or flow into the'midpoint of the resistors Rh-A
and Rh-B. |
The ejection~contr§l circuit 50A in Fig. 17 differs
~ from that of the circuit 50 in Fig. ll'in the following
'. points:

In the ejection-control cirecuit 50a, by inputting r1iv-
or "0" to each of the second control terminalg, the value of
a current output from the current-source units can be
changed By changlng-a voltage applied to the first control
;erminal Z, scaling of the output current value can be
arbitrarily performed.

Therefore, by applying an appropriate voltage Vx across




Mor eover, since a change in the applied voltage Vx can 2¢NaYRs®ef #dr ai n
current Id (of all transistors associated wth VWx), the entire current can
al so be changed proportionally. Al so, since a polarity-change switch Dp is
provided in addition to the three second control termnals D, D2, and

D3, the total nunber of bits is four. Therefore, the ejection-control
circuit 50A in Fig. 17 takes fifteen output current values from-7 to +7
(x I'd) in increnents of 1 with one overlap at Id = 0 that happens when

all J1 through to J3 bits are "0", and changes differently fromthe

ej ection-control circuit 50 in Fig. 1 Thus, the nunber of settabl e output
current values is odd, including zero(no deflection). Accordingly, in the
second enbodi nent, by setting the analog input value of the

defl ection-anplitude control termnal B to zero, a state is created in

whi ch an i figedprentireleferménali £hond beé myrasfd ectretl. sapanatelyhird
enbodi nent, an ink droplet is ejected without being deflected under
control &PaNREisgcshae eontrol terminals Pl thwoumyenbdl3 200% IpDE2, and
D3, and the polarity-conversion switch Dp, with the input value of the
first coﬁHraenttei"ﬁilﬁal cenhencankealied someidppropratiaanefel(IdN so, in

t he ejectio&-cggirol,c'rcuit 50A in the third enbodi nent, qy al ways
suppl yi ngt He (48¢onBEBNFRBI dFaLR AuFrent Id used as a step (when

the value of Dp is maintained at some fixed level).
Moreover, since a change in the applied voltage VX can
change the drain current Id (of all transistors assoéiated
with Vx}, the entire current can also be changed
proporticnally.

Alzo, since a polarity-change switch Dp is provided in
addition to the three second control terminals D1, D2, and
D3, the total number of bits is four.

Therefore, the ejection-control ecircuit 50A in Fig. 17
takes fifteen output current values from -7 to +7 (% Id} in
increments of 1 with one overlap at Id = 0 that happens when
all Jl.thtough to J3 bits are "0", and changes differently
from the ejection-control circuit 50 in Fig. 11.

' Thus, the number of settable output current values is
odd, including zero (no deflection).

Accordingly, in the second embodiment, by setting the
aqalog input value of the deflection-amplitude control |
terminal B to zero, é state 1s created in which an ink
droplét is ejected without keing deflected. In the third
embodimenf, an ink droplet is ejected without being

deflected under control of the second control terminals DI,




DL (LSB) with the input "1" (the case of the second conffdPrvenher#i%Gal D1
being "0" is elimnated), the nunber of output current val ues can be set
to an even nunber. The enbodi nents of the present invention have been
descri bed. However, the present invention can be variously nodified as
shown bel ow wi thout being limted to the enbodinents described herein. (1)
For exanple, in the first enbodi nent, by using a control signal
represented by a bits, an ink droplet is deflected in an even nunber of 27
different directions, and the distance. between the two farthest positions
to which the ink droplet is deliveredghs-set to (2"-1) tinmes the interva
between two adjacent nozzles 18. However, the setting is not limted
thereto, but by wusing a control signal represented by J+K (bits), the ink

the di st ange ERfvBen EhE Fh PafTREST GOStTHE: 20 5 OB+t NeChrkher opl ot
t . P i 1 opl et
nozzl es. 18 PURAVERES “FESHER GELTRE VAT Qe SE o AP LPER 4BPRVEFed Can be
24, oveORingORlos g SLENGRRC I ervals of L/ 2Ror the nterval betucen
COrTECHI0g (R o AR ERl, bRl TR Gend e
: embodiment, by always supplying the second control terminal
Dl (LSB} with the input "1" (the case of the second control
terminal D1 being "0" is eliminated), the number of output
current values can be set to an even number.
The embodiments of the present invention have been
described. However, the present invention can be variously
_.modified as shown below without being limited to the
embodiments described herein.
(1) For example, in the first embodiment, by using a control
signal represented by J bits, an ink droplet is deflected in
an even number of 27 different directions, and the distance
between the two farthest positions to which the ink droplet
is dglivered is set to (27-1) times the interval between two
adjacent nozzles 18.
However, the setting is not. limited thereto} but by
uging a control signal represented by J+K (bits), the ink-
droplet can be deflected in an even number of 2% different
directions, the distance between the two farthest positions
to which the ink droplet is delivered cén be set to (27-1)
times the interval between two adjacent nozzles 18, and the

position to which the ink droplet is delivered can be




which the ink droplet is delivered, the position to whi @&hNovamker 206 dr opl et
I s delivered can be changed at intervals of 1/2x (= 1/4) of the interva
bet ween two adj acent nozzles 18. By supplying a K-bit control signal to
the internal nenories of each ink ejecting portion when power is initially
supplied, for exanple, the ink ejecting portion can eject an ink droplet,
based on the K-bit control signal which is set in the nenories and not
changed during printing, plus the J- bit control signals which are supplied
in accordance with ink droplet ejection command. (2) In the first

enbodi ment, an exanple of J = 2 case~-(%#fp —Fig. 6, J = 1 and 2) has been
described so that the functions of J-bit control si gnal can be under st ood.
In the second enbodi ment, an exanple of J = 3 has been described, where

control nal s a,. = 3 or, nor be sed Thi s, S|n1IarIy applles to
the case Bga?%%da%%v%p??fﬁ?l%dﬁfﬁgg% QEQFHP 1%§?rY%ﬁt?ﬁF%%%Ve‘Ehbodlnents
by changi alan currents flowng in the bisected heating
resistor5£€%£p$%§ n?? (%mbble produ0|ng time) reqU|red for the ink

nventi on 1 RO o URF FBAPo E'Bl PR R AR WPERL W IPTUT T B ar e
SUP LSS P SRR e 47 DAY BSRNEL gL BRLSI IS T, 0%,
separate éﬁ%ﬁé&%%hgf¥“$051tlonal shift from the cqrrect pesition to
which the ink droplet is delivered, the position to which.
the ink droplet is delivered can be changed at intervals of
1/2% (= 1/4) of the interval between two adjacent nozzles 18.
- By supplying a K-bit contrel signal to the internal memories
of each ink ejecting portion when power is initially
supplied, for example, the ink ejscting portion can eject an
ink droplet, based on the K-bit control signal which is set
in the memories and not changed during printing, plus the J-
bit control signals which are supplied in accordance with
ink droplet ejection command.
(2) In the first embodiment, an example of J = 2 case (in
'Fig. 6, J =1 and 2) has been described‘so that the
functions of J—biﬁ control signal can be understood. In the
second embodiment, an example of J = 3 has been described;
where control signals of J = 3 or more may be used., This
similarly applies to the case of the above K~bit control.
signal.
(3) In'the above embodiments, by changing the balance of
currents flowing in the bisected heatlng r951stors 13 the

- times (bubble producing tlme) requlred for the ink droplets




turning on each switch with a slight difference in time24{Nagmbet 2448
required for ink of each heating resistor 13 to boil <can differ. Moreover,
changing the current flowing in each heating resistor 13, and the setting
of the durations of the flows of the currents to difféer can be used in
conbi nation. (4) The above enbodi nents show a case in which two heating
resistors 13 are arranged in a single ink cell 12. The reason of bisection
is that the elenents' durability has been sufficiently denonstrated and
the circuit configuration can also be sinplified. However, the present
invention is not limted thereto. The,arrangenment in parallel of at |east
three heating resistors 13 (energy genérating elenents) in a single ink
cell 12 can be used. (5) In the above enbodi nents, the heating resistors 13
are shown as energy generating elenments of a thermal type. However,
heating ré&8i Bpdishevepos@if trencabstBre @mideart invantaonessstot may be
used. The energg enerating elenents are not limted to heating resistors,
but ot her 121pE8A ofEhespes gyowenciningy witdmsiishneyprentsedreFor exanpl e,
ener gy generfting el ements of an electrostatic ejection type and a 24
Novenber ZBBBL193 to)RisRtrd heatine xepiforgsad. havéneneryylgener ating

el ement of the electrostatic ejection type includes_a vibrator, and two

el ect r odeE®S HP BRACRY 1Y thfe dweie Jidd st t FervEbpuEpse, RYtBrawiding | ayer

rovi ded therebetween. A voltage is applied across
pro éhe f%o heating resistbrs 13 %&th separate switches, and

turning on each switch with a slight difference in time, the -
time required for ink of each heating resistor 13 to boil
can differ. Moreover, changing the current flowing in each
.heating resistor 13, and the setting of the durations of the
flows of the curxents to differ can be used in combination.
(4) The above embodiments show a case in which two heating
resistors 13 are arranged in a single ink cell 12, The
reason of bisection is that the elements' durability has
been sufficiently demonstratéd and the circuit configuration
can also be simplified. However, the present invention is
not limited thereto. The arrangement in parallel of at
least three heating resistors 13 (energy generating
elements) in a single ink cell 12 can be used.

{5) In the above embodiments, the'heating resistors 13'aré
shown as energy generating elements of a thermal type.
However, heating resistors composed of a substance other
than a resistor may be used. The energy generating elements
are not limited to heating resistors, but other types of
énergngenerating elements may ba used; For example, energy

generating elements of an electrostatic ejection type and a




both el ectrodes, thus causing the vibrator to warp down®&MNgvembgangPosf t er
that, by changing the voltage to zero volts, electrostatic force is

rel eased. Then, elastic power generated when the vibrator returns to the
original state is wused to eject an ink droplet. In this can, in order for
the generation of energy in each energy generating elenent to differ, for
exanple, when the vibrator is returned to the original state

(el ectrostatic power is released by changing the voltage to zero volts),
two energy generating elements may have a difference in tine, or the
applied voltages may be set to differ ypetween the energy generating

el enents. The energy generating el enent of the piezoelectric type has a

| ayered structure conposed of a piezoelectric element having el ectrodes on

two surfaces thereof and a vibrator. By applying a voltage to the
eIectrode?lSﬁoﬁgﬁﬁt§&Pf§€E§ 661 PReUpP@zoel ectric el enent, a piezoelectric
ef f ect prodyceﬁga bendi n Wgnenx in Fhe vi br at or, io thag tge vi br at or
warps and is dBFoFREEEY TRPRSIRGITeR VI W ddet 6 ECEEP*EATFk dropl et.
24 Novorben 8808, Uepeliatyyhte Bl EuSaREs: = Sl 3 apadiove; 17 order
PR R BT e T R
the layer provided therebetween. A voltagelis applied across
both electrodes, thus causing the vibrator to warp downward,
and after that, by changing the voltage to zero volts,
electrostatic force is released. Then, elastic power
- generated when the vibrator returns to the original state is
used to eject an ink droplet.
In this case, in order for the generation of energy in
each energy generating element to differ, for example, when
the vibrator is returned +to the original state
(electrostatic power is released by changing the voltage to
zere volts), two energy generating elements may have a
diffefenbe in time, or the applied voltages may be set to
differ between the energy generating elements.
The energy generating element of the piezoelectric type
~has a layered structure composed of a piezoelectric element
having elecﬁrodes on two surfaces thereof and a vibrator.
By applving a voltage to the electrodes on both surfaces of
the piezoelectric element, a plezoelectric effect produces a
bending moment in the vibrator, so that the vibrator warps

and is deformed. This deformation is used to eject an ink

droplét.




applied voltages may be set to differ for the two pi ezé&Nevamee2@benent s.
(6) In the above enbodi nents, the ink droplet can be deflected in a
direction in which the nozzles 18 are arranged. This is because the
heating resistors 13 divided in the direction in which the nozzles 18 are
arranged are arranged in parallel, However, the direction in which the
nozzl es 18 are arranged and the direction of deflecting the ink droplet do
not al ways coincide with each other. Even if both have sonme shift, an
advant age can be expected which is substantially identical to the case of
conpl ete coi nci dence between the nozzl-es _18 are arranged and the direction
of deflecting the ink droplet. Accordingly, there is no problemif the
shift occurs. (7) In the above enbodi ments, the head 11 for use in a
printer are shown as exanples. the head 11 of the present invention is not
limited to theA\gngt eR, thif easehesidpplanly to ther i@doyeli 4oi drdpect i ng

devi ces. E BNiégnple, the head 11 can also be applied to a device for

ej ecting &°PNANCc FAPETAITHGRsBE UBPBRIY of R deR ek t $TRF Y ISBISEGitdaIg sampl e. 24
Novemnber %306 - é 4 :-ﬁAccording to the present invention, by using a

pl ural i t y 2of0§0Es EPeft TEFGui PR eEhe NP HERTE ohs , aRP1dioReltoorthen pi xel col umm

can be fo g us, . diff enfes in the quantities of .ink_droplets from
the I|iqui ejgg lﬁa 88r Pgﬁse ectrodes, two piezoelectric elements

may be controlled to have a difference in time, or the
applied voltages may be set to differ for the two
piezoelectric elements.

(6) In the above embodiments, the ink droplet can be.
deflected in a direction in which the nozzles 18 are
arranged. This is because the heating resistors 13 divided
in the direction in which the nozzles. 18 are arranged are
arranged in parallel, However, the direction in which the
nozzles 18 are arranged and the direction of deflecting the
ink droplet do not always coincide with each other, Even if
both have some shift, an advantage can be expected which is
substantially identical to the case of complete coincidence
between the nozzles 18 are arranged and the direction of
deflecting the ink droplet. Accordingly, there is no
problem if the shift occurs.

(7) in the above embodiments, the head 11 for use in a
printer are shown as examples. the head 11 of the present
‘invention is not limited to the printer, but can be applied
to various liquid ejecting devices. For example, the head
.11=canlalsplbe applied to a deviee for ejecting a DNA-

containing solution for detecting a biological sample.




can be nminimzed, thus preventing a decrease in printing*NgvREbet3006| f t here
is aliquid e ecting portion fromwhich an insufficient ink droplet is

ej ected or an ink droplet cannot be ejected due to dirt, dust, etc., the

i nfluence can be mnimzed. This can increase printing quality by a head
that should normally be regarded as defective to a normal head level. In
addition, instead of providing a backup head, even if there is a liquid

ej ecting portion that cannot eject a droplet, another adjacent,liquid

ej ecting portion conpensates for the defective liquid ejecting portion and
can eject a droplet therefor. Mreover,74n the case of formng a pixel by
using a plurality of droplets, the droplets can be delivered so as to

overlap one another w thout noving a head a plural nunmber of tines
| ural number of times). This can increase

met B?imnt Fﬁ; 3%?&3’%@%%%2%5% Bﬁeésntmnvmiqrs_ dANERI S 1. Aliquid
o) coting potiEHAAL AR Arseiese Toulices eating] mar i epects minviam
GorTeet, o AL LS80SR0 A8 FaShT AL, 5o eS8 S O cct g
pprtions i Ahdledl iotey 1 Qk g&%ﬁﬁgkgnﬁfognghe ligquid ejecting portions
can be minimized, thus preventing a decrease in printing
guality,
If there is a liquid ejecting portion from which an
insufficient ink droplet is ejected or an ink droplet cannot
be ejected due to dirt, dﬁst, etc., the influence can be
minimized. This can increase printing guality by a head
that should normally be regarded as defeective to a normal
head level.
In addition, instead of prdviding a backup head, even
if there is a liquid ejecting portion that cannot eject a
droplet, another adjacent liquid ejecting portion
compenSates for the defective liquid ejecting portion and
can eject a droplet therefor.
Moreover, in the case of forming a pixel by using s
plurality of droplets, the droplets can be delivered so as
‘go overlap ohe another without moving a head a plural number
of times (without performiqg scanning a plural number of

times). This can increase the printing speed.




~using sai
“fromat least one of said two different liquid ejecting portions, said

ej ection control neans for controlling ejection so that 24 Noyerdjee2ddbng
droplets in different directions fromat least two different liquid
ej ecting portions in adjacent positions anong said plurality of |iquid
ej ecting portions while using said ejection deflecting neans, the droplets
are delivered in a single colum to forma pixel colum, or the droplets
are delivered in a single pixel region to forma pixel. 2. Aliquid
ej ecting device having at |east one head including a plurality of liquid
ej ecting portions each having a nozzle, said liquid ejecting device
conprising: ejection deflecting neanS'ggr ejecting a droplet with
defl ection fromthe nozzle of each of id plurality of liquid ejecting
portions so that the droplets are delivered to positions to which droplets
ejected fromthe nozzle of either adjacent liquid ejecting portion are
del i ver ed WH@Tt REUELBEMED 08fl ected, or the vicinity thereof; and 24
Novenber 2006 76 ejection control neans for controlling ejection so that,
when a pixel colum or a pixel is forned by delivering droplets so that at:
| east two regions to which the droplets are delivered can overlap with
each other, byl usithd igtuideasecting dievfieeehavinguat kpestiome piosdd ons in
adj acent gositipns anong said plurality of liquid ejecting portions and by
ngi RRGP dekt et ity dadisiuie ejectidgopbationst Ractef | ection
pi xel col BANIRY AP DiSelS&kh Hauid ejecting device comprising:
- ejection deflecting means for ejecting a droplet with
deflection from the nozzle of each of said plurality of
liguid ejecting portions in a plurality of directions; and
ejection contreol means for controlling ejection so that,
by ejecting droplets in different directions from at least
two different liquid ejecting portions in adjacent positions
among said plurality of liquid ejecting portions while using
sald ejection deflecting means, the droplets are delivered
in a single column to form a pixel column, or the droplets

are delivered in a single pizel region to form a pixel.

2. A liguid ejecting device having at least one head
including a plurality of liquid ejecting portions each
having a nozzle, said liquid ejecting device comprising:

ejection deflecting means for ejecting a droplet with
deflection from the nozzle of each of said plurality of
liguid ejecting porticons so that the droplets are delivered
to pesitiens to which droplets_ejected from the nozzle of

- either adjacent liquid ejecting portion are delivered

without being.deflected, or the vieinity thereof; and




formed. 3. A liquid ejecting device according to clai m 24 Noyinhep2®6sai d

ej ection deflecting neans ejects the droplets wth deflection in the
direction in which the nozzles of said plurality of liquid ejecting
portions are arranged. 4. A liquid ejecting device according to claim1,
wherein: said ejection deflecting means is set so that the droplets
ejected with deflection fromthe nozzle of each of the liquid ejecting
portions are delivered in an even nunber of different directions,
represented by 27, based on a control signal represented by a bits, where
J represents a positive integer, and tye distance between the two farthest
positions to which the droplets fromthe sane nozzle are 24 Novenber 2006
77 T delivered, in the 2 directions, can be (2 1) tinmes the interval

bet ween two adj,acent nozzl es anong the nozzles; and said ejection control
means sel ect s SHRETILT [FONETC| meghitofs rinpas tied Jdngpkdestion eoedthed: f r om

t he nozzl%vof each‘gé said plurality of liquid ejecting portions. 5. A
liquid ej ét9hg % SR Phgdt Bigrai As1formpdrby ndelhyerth@ct i on
defl ecting! n%:i% 5%5? 0 thﬁt t he droglets ejected with deflection from
the nozzl & of-each “6f i BEpLEREEI EYCoFeri§TF dve) Eeishgtprdramsety e
. . _ ; . . +
del ivered iy i} QA A TR o9k, HLLT GLERY QLA CSELODS 1y SRISSeNt e by (2
- two different liquid ejecting portions in adjacent positions
among sald plurality of liquid ejecting portions and by
using said ejection deflecting means to eject droplets with
deflection from at least one of said two different liquid
ejecting portions, said pixel column or said pixel can be

formed,

3. A liquid ejecting device according to ¢laim 1,
wherein said ejection deflecting means ejects the droplets
with deflection in the direction in which the nozzles of

said plurality of liquid ejecting portions are arranged.

4. A ligquid ejecting device according to claim 1,
wherein:

said ejection deflecting means is set so that the
qroplets ejected with deflection from the nozzle of each of
the liquid ejecting portions are delivered in an even numher
of different directions, represented by 27, based on a
control_signal represented by J bits, where J represents a
positive integer, and the distance between the two Ffarthest

positions to which the droplets from the same nozzle are




1), based on a control signal represented by (J + 1) bi #4Novegpher 200§

‘represents a positive integer, and the distance between the two farthest

positions to which the droplets are delivered fromthe sane nozzle in the
(23 + 1) directions, can be 2J tines the interval between two adjacent
nozzl es anong the nozzles; and said ejection control neans sel ects one of
the (2T + 1) directions when the droplets are ejected fromthe nozzl e of
each of said plurality of liquid ejecting portions. 6. Aliquid ejecting
device according to claim1, wherein: said ejection deflecting neans is
set so that the 24 Novenber 2006 - 78__droplets ejected with deflection
fromthe nozzle of each of said pIuFaﬁFtY of liquid ejecting portions are
delivered in an even nunber of different directions, represented by 2(J+K)
based on a control signal given by (J + K) bits, where both J and K

repr esent 4584ivieingd,i Anefjbes?’ atikantidrat, tdum diest(@ice Dpt wemast BrRat WO
farthest positions to which the droplets fromthe sane nozzle are

del i ver ed MNtRIVRd Pgtwaprnetvboadjacemt beot2les dnord nise thezglidsch safd t he
nozzles, and the position to which the ejected droplets are delivered can

be chosen at 1f2kdtehestione gintapbimgsns adjlacest oneoptl e¢he afld said
ej ection control neans sel ects one of the 2(J+K) directions when the
dropl ets 8r&EfFeePEI"RFBNTRR RS ofre ejected from the nozzle of

e@ach of said plurality of liquid ejecting portions.

3. A liquid ejecting device according to glaim 1,
wherein:
said ejection deflecting means is set so that the
droplets ejected with deflection from the nozzle of each of
said plurality of liquid ejecting portions are delivered in
an odd number of different directions, represented by (2° +
1), based on a control signal represented by {J + 1) bits;
where J represents a positive integer, and the distance
between the two farthest positions to which the droplets are
deiivefed from the same nozzle in the (27 + 1) directions,
~ can be 27 times the interval between two adjacent nozzles
~among the nozzles; and
said ejgction control-means‘selects one of the (27 + 1)
_ directions when the droplets are ejected from the nozzle of

each of said plurality of liquid ejecting portions.

€. A liquid ejecting device according to claim 1,
wherein:

said ejection deflecting means is set so that the




each of said plurality of liquid ejecting portions. 7. A4Nevrmhgr06cti ng
devi ce according to claiml1l, wherein: said ejection deflecting neans is
set so that the droplets ejected with deflection fromthe nozzle of each
of said plurality of liquid ejecting portions are delivered in an odd
nunber of different directions, represented by (2(p+K) + 1), based on a
control sigmal represented by (J + K+ 1) bits, where both J and K
represent positive integers, and so that the distance between the two
farthest positions to which the droplets fromthe same nozzle are
delivered, in 24 Novenber 2006 79 LAl (2 + 1) directions, can be 2 tines
the interval between two adjacent nozzles anong the nozzles, and the
position to which the ejected droplets are delivered can be chosen at

/2 h of th | : d id |

;el gctls oéheégc?f 1{)#&% QC )W%&rl?éétfﬁ%ﬁgggme %If’ﬁe%hggtﬁ{’g?%ggg r%‘?‘élét from
th | | t t 1

| i gupgzéj%%t(? V|l8ec zj?cgr %u aFlae apﬁ] Rgu%: %:gﬁéngﬁgﬁ{’%;:%‘?xlerf for med
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the direction arranged I qui d 6] 66tT NG’ po represents
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ej ectionxomd ® r@pesent positive integers, and so that the

distance betﬁeen the two farthest positions to which the

droplets from the same nozzle are delivered, in the 27

directions, can be (27 - 1) times the pitch of the nozzles,

and the position to which the ejected droplets are delivered

can be chosen at 1/2% times the pitch of the adjacent

nozzles; and

sald ejection control means selects one of the 2

directions when the droplets are ejected from the nozzle of

each of said plurality of liquid ejecting pdrtions.

7. A liquid ejecting device according to claim 1,
~wherein:
said ejection deflecting means is set so that the
droplets ejected with deflection from the nozzle of each of
said plurality of liquid ejecting portions are delivered in
-an odd number of different directions, represented by (2™
+ 1), based on a contrel signal represented by (J + K + 1)
bits, where both J andlK represent positive integers, and so

that the distance between the two farthest positions to

which the droplets from the same nozzle are delivered, in




controls ejection so that a liquid ejecting portion anpifNosmker 310Gral ity

of

t he pi xel

liquid ejecting portions which is used for the first ejection to form

inthe Mth line, and a liquid ejecting portion anong said

plurality of liquid ejecting portions which is used for the first ejection

to

formthe pixel inthe (M+ 1)--th line shall be different. 9. Aliquid
ej ecting device according to claiml, wherein, when a pixel formed by

delivering at |east one droplet inthe Mth line in a single pixel colum
in a 24 Novenber 2006 -80 direction of the arranged |iquid ejecting

portions,

where M represents a positive innteger, and a pixel forned by

delivering at |east one droplet in the (M+ 1)-th line in said single

pi xel

colum are arranged, said ejection control means controls ejection

liquid

so that t S iguid ejecting portion.anong said plurality of
ej ecting r|§'§“ret ?(?ra\s"[l@ (gﬂo"féctfé‘@d‘sf'oﬁaf‘hé’ef izstl@?%th%nfmbﬁf‘tﬁ}nh&i@’qﬁmel in

inthe (M+

the M th.line.. for the first ejection to formthe pixel i|
1)-th Ii né&olgj‘jj%%%n&uﬂ&zéﬁgét Flﬁﬁn@eW%en%E%%‘?ﬂi nPE otRE B UL iomHt ei n

sai d ej echenncentr gl

-partion selecting

S rises; liguid-ejectin
neans for selecting, Egggg 8%8]5.’??)#%5%?%%?%& eref ¢¥hste LIS dtd e ecting
portion f@uasbse; 0.4 Lg& j j fromanmong sajd plurality of liquid
ej ecting pérti onsé;éls a{?l}gél e%}?oq}lﬂ g:l%ree& & ﬁre&et &rﬁ ni ng means for
determning, said ejection control means selects one of the (2% +

1) directions when the droplets are ejected from the nozzle

of each of said plurality of liquid e¢jecting portions.

8. A liquid ejecting device according te claim 1,
wherein, when a pixel formed by delivering at least one
droplet in the M~th line of a seingle column in the direction
of the arranged liquid ejecting portions, where M represents
a positive integer, and a pixel formed by delivering at
least one droplet in the (M + 1) =th line of said single
pixel column are arranged, said ejection control means
controls ejection so that a liquid ejecting portion among
said plurality of liquid ejecting portions which is used for
the first ejection to form the pixel in the M-th line, and a
liquid ejecting portion among said plurality of liguid

ejecting portions which is used for the first ejection to

form the pixel in the (M + 1)~th line shall be different.

9. A liquid ejecting device according to claim 1,
wherein, when a pixel formed by delivering at least one

droplet in the M-th line in a single pixel column in a




based on a format conforming to said preset format, the?24&oveeher 0% n whi ch
the selected liquid ejecting portion perforns droplet ejection. 11. A
liquid ejecting device according to claim1l1l, wherein said ejection control
means conprises deflection determ ning neans for determ ning whether or
not said ejection deflecting nmeans should deflect the droplets 24 Novenber
2006 81 - ejected fromthe nozzle of each of said plurality of liquid
ejecting portions. 12. Aliquid ejecting device according to claiml1,
wherein; each of said plurality of liquid ejecting portions conprises: a
liquid cell for containing |iquid; andgg plurality of energy generating

el ements for generating energy for ejéecting the liquid in said liquid

cell fromthe nozzle, the energy generating el enents being disposed in
said liquid cell; in said liquid cell, the energy generating elenents are
arranged FATERELERr @&t FoR arrangedr}baeedl ¢ eptihejrantigms pothierend  and
first energéﬁgeneratin el ements conprising at | east one of said plurality

of energy¥ FERERQE Pefbhi e hnkeger, |anflial Ristel dinrmat didener gy
generatin Lements conprising at |east another one of the energy
generatingegFgﬁﬁﬁFg %pgféast one droplet in the (M + 1)-th line in

said single pixel column are arranged, said ejection control
means controls ejection so that the same liquid ejecting
portion among said plurality of liquid ejecting portions is
not used for the first ejection to form the pixel in the M-
th line, and for the first ejection to form the pixel in the

(M + 1)-th line.

10. A liguid ejecting device according to claim 1,
wherein said ejection control means comprises:

liquid-ejecting~portion selecting means for selecting,
based on a preset format, at least one liquid_ejecting
portion for use in liquid ejection from among said plurality
of 1iquid'ejecting'portions; and

ejection-direction determining means for determining,
based on a format conforming to said preset format, the
direction in which the selected liquid ejectihg portion

performs droplet ejection,

11. A liquid ejecting device according to claim 1,
wherein said ejection control means comprises deflection
- determining means for determining whethexr or not said

ejection deflecting means should deflect the droplets




controlled by said ejection deflecting nmeans to have a Z2diNoferten2i@séi n
generated energy, so that the droplets canbe ejected fromthe nozzle with
defl ection based on the energy difference. 13. A liquid ejecting device
according to claim1, 24 Novenber 2006 82 wherein: each of the liquid
ej ecting portions conprises: a liquid cell for containing liquid; and a
plurality of heating elenents for ejecting the liquid in said Iliquid cel
fromthe nozzle by using bubbles produced in the liquid in said liquid
cell by the heating elenents in response to the supply of energy; in said
liquid cell, the heating elenments are &8iranged in the direction of the
arranged liquid ejecting portions; and first heating el enments conpri sing
at |east one of said plurality of heating elenments in said |liquid cell and

a  secondeheatbadr ebRTERE SnE2PPE SENa M & £33 1 ANALINEL £ 0051& ggheating
el ements are controlled by said ejection deflecting meamns to € a

di fferencejeotsugpbbeeienergy, so that the droplets can be ejected from
the nozzle with deflection based on the energy difference. 14. Aliquid
ej ecting device according to claim1, wherein the heads are disposed in
the direction of the arranged liquid ejecting portions to forma line
head. . 12. A liquid ejecting device according to claim 1,

wherein:
each of said plurality of liquid ejécting portions
comprises:
a liquid cell for containing liquid; and
a plurality of éhergy generating elements for
'generating energy for ejecting the liguid in said liquid
cell from the nozzle, the energy generating elements being
disposed in said liquid cell;
in said liquid cell, the energy generating elements are
arranged in the direction of the arranged liquid ejecting
portions; and |
first energy generating elements comprising at least
one of said plurality of energy generating elements in said
| liquid cell and second energy generating elements comprising
at least another one of the energy generating elements are.
cqntrolled by sald ejection deflecting means to have a-
" difference in generated energy, so that the droplets can be
éjected from the nozzle with deflection based ﬁn the energy

~diffarence.

13. A liquid ejecting device according to claim 1,




15. A liquid ejecting nmethod using at |east one head i A¢Nadimgr 2008l urality
of liquid ejecting portions each having a nozzle, 24 Novenber 2006 83
wherein: droplets are ejected fromthe nozzle of each of said plurality
of liquid ejecting portions with deflection in a plurality of directions;
and by ejecting droplets in different directions fromat |[|east two
different liquid ejecting portions in adjacent positions anong said
plurality of liquid ejecting portions, the droplets are delivered in a
single colum to forma pixel colum, or the droplets are delivered in a
single pixel region to forma pixel. 16. Aliquid ejecting nethod using at
| east one head including a plurality Tiquid ejecting portions each
having a nozzle, wherein: at |east one droplet is ejected fromthe nozzle
of each of said plurality of liquid ejecting portions with deflection so
that the wheyrit:is delivered to a position to which a droplet ejected
fromthe nozzle of another adjacent |Iliquid ejecting portion is delivered
W t hout bei ngedelhl ect ¢the ldrutibdeeyecthhigypbbeiens ; canpr iden: a pi xel col um

or a pixel is fornmed by delivering droplets so that at |east two regions
in which the dropl@t$iquid cell for containing liquid; and
a plurality of heating elements for ejecting the
liqguid in said liguid cell from the nozzle by using bubbles
produced in the liquid in said liquid cell by the heating
elements in response to the supply of energy;
| in said liguid cell, the heating elements are arranged
in the direction of the arranged liquid ejecting portions;
and
first heating elements comprising at least one of sald
plurality of heating elements in said liguid cell and a
second heating elements comprising at least another one of
the heating elements are controlled by said ejection
deflecting means to have a difference in supplied energy, so
‘that the droplets can he ejected from the nozzle with

deflection based on the energy difference.

l4. A liquid ejecting device according to claim 1,
| wherein the heads are disposed in the direction of the

arranged liguld ejecting portions to form a line head.

15. A liquid ejecting method using at_lgasf one head
including a plurality of 1iquid'ejecting portions each

having a nozzle,




are delivered can overlap with each other, by using at Péberembengl08ifferent
liquid ejecting portions in adjacent positions 24 Novenber 2006 84 anong
said plurality of liquid ejecting portions, and by deflecting droplets
ejected fromat |east one of said two different liquid ejecting portions,
said pixel colum or said pixel can be fornmed. 17. A liquid ejecting

nmet hod according to claim15, wherein the droplets are deflected in the
directionin which the nozzles of said plurality of liquid ejecting
portions are arranged. 18. A liquid ejecting method according to claim 15,
wherein: ejection is set so that the-dédprets ejected with deflection from
the nozzle of each of the liquid ejecting portions in an even nunber of
different directions, represented by 2', based on a control signal
represented bynolhihts, where J represents a positive integer, and the

di stance between the two farthest positions to which the droplets fromthe

same nozzle Augodtelyehed ofBetBE ZromILh8ChbolPe SRNDE, (Jr sadd t1HES Lhe

interval between"two adjacent nozzles anbong sald nozz one of the

2 T eclpinel Xy @l aliofh1ahed diandl 9):2ionsakerf] @EEFACLION 1heynozzl e of
each of said plurality o liquid eeCting portions. 24 Novenber 2006
plurality of directions; and
by ejecting droplets in different directionsz from at
least two different liquid ejecting portions in adjacent
positions among said plurality of liquid ejecting portions,
the droplets are delivered in a single column to form a

‘pixel column, or the droplets are delivered in a single

pixel region to form a pixel.

16. A liquid ejecting method using at least one head
including a plurality of liguid ejecting portions each
having a nozzle,

wherein:

at least omne droplet is ejected from the nozzle of each
of said plurality of liquid ejecting portions with

‘deflection so that the droplet is delivered to a position to
which a droplet ejected from the nozzle of another adjacent
liquid ejecting portion is delivered without being deflected,
" or the vieinity thereof; and

when a pixel column or a pixel is formed by delivering
droplets S0 that at least two regions in which the droplets

- are delivered can overlap with each other, by using at.least

two differxent liquid ejecting poftions in adjaCent positions




85 19. Aliquid ejecting nethod according to claim15, 24haeanaien20066j ecti on
is set so that the droplets ejected with deflection fromthe nozzle of

each of said plurality of Iliquid ejecting portions in an odd numnber of
different directions, represented by (2'7 + 1), based on a control signal
represented by (J + 1) bits, where a represents a positive integer, and
the di stance between the two farthest positions to which the droplets from
the sane nozzle are delivered, in the (2J + 1) directions, can be 2J tines
the interval between two adjacent nozzles anong the nozzl es; and one of
the (2J + 1) directions is selected @p% the droplets are ejected fromthe
nozzl e of each of said plurality of Iigurd ejecting portions, 20. Aliquid
ej ecting method according to claim15, wherein: ejection is set so that
the droplets ejected with deflection fromthe nozzle of each of said
pluralityaseng| sgiddopeslintg ebrlignsdie)antiave paoninhers ofand ffer ent
directions, represented by 2(+<), based on a control signal represented by
(J + K) bEeSleqhtne derplatanel ¢creprésentat dosidt wad rifegers, tand so t hat
the di stance between the two farthest positions to which the droplets from
the sane 9hboefentrkiceid vedeeting powt R raditd grikelcawlben( 23 - 1) 24

Novenber 2006 - B6
. said pixel can be formed.

17. A liquid ejecting method according to claim 15,
wherein the droplets are deflected in the direction in which
the nozzles of said plurality of ligquid ejecting portions

are arranged.

18. A liquid ejecting methed according to claim 15,
wherein:

ejection is set so-that the droplets ejected with
deflection from the nozzle of each of the liquid ejecting
portions in an even number of different directions,
represented by 27, based on a control signal represented by
J bits, where J represents a positive integer, and the
distance between the two farthest positions to which the
.dr0plets from the same nozzle are delivered, in the 27
directions, can be (29 - 1) times the interval between two
adjacent nozzles among said nozzles; and
| | one of the 27 directions is selected when the droplets
are.ejected from the nozzle of each of said plurality of

liquid ejecting portions.




tines the interval between two adjacent nozzl es anobng t 2éNoyewder 26 and so
that the position to which the ejected droplets are delivered can be
chosen at |/2K times the pitch of the nozzles; and one of the 21J+K)
directions is selected when the droplets are ejected fromthe nozzl e of
each of said plurality of liquid ejecting portions. 21. Aliquid ejecting
nmet hod according to claim15, wherein: ejection is set so that the
droplets ejected with deflection fromthe nozzle of each of said plurality
of liquid ejecting portions in an odd nunber of different directions,
represented by (2"J*K) + 1), based on control signal represented by (,r
+ K+ 1) bits, where both J and K féd% sent positive integers, and so that
the distance between the two farthest positions to which the droplets
fromthe sanme nozzle are delivered, in the (2'+ 1) directions, can be 2
times the pitgh,of at heqnadzegscting sethbabctdedpositd alaim il,.ch the
ejected droplets are delivered can be chosen at 1/2" tinmes the pitch of
the two whdjrecdent nozzles; and one of the (2('+K) + 1) directions is
sel ected when the droplets are ejected fromthe nozzle of each of said
plurality of kfqukdosjéetEay porthansth@4diopbabere0ed wigh 22, A liquid
eJectlng nmet hod according to claim 15,
deflection from the nozzle of each of said plurality:of
“liquid ejecting portions in an odd number of different
directions, represented by (2° + 1), based on a control
signal represented by (J + 1) bits, where J represents a
positive integer, and the distance between the two farthest
. positions to which' the droplets from the same nozzle are
‘delivered, in the (2’ + 1) directions, can be 27 times the
interval between two adjacent nozzles among the nozzles; and
one of the (27 + 1) directions is selected when the
droplets are ejected from the nozzle of each of said

plurality of liquid ejecting portions,

20. A liquid ejecting method according to claim 135,
wherein:
ejection is set so that the droplets ejected with
deflection from the nozzle of each of said plurality of
~ liquid ejecting portions in an even number of different.
directions, represented by 2™, based on a control signal
répresented by (J + K) bits, where both_J and X represent
positive integers, and so that the distance between the two
“'férthest positions to which the droplets from the same

‘nozzle are delivered, in the 2” directions, can be (27 - 1)




wherei n, when a pixel fornmed by delivering at |east one24#pemhet 2006 t he
Mth line in a single pixel colum in the direction of the arranged liquid
ej ecting portions, where M represents a positive integer, and a pi xel
formed by delivering at |east one droplet in the (M+ 1)-th line in said
pi xel colum are arranged, control is perfornmed so that a liquid ejecting
portion anong said plurality of liquid ejecting portions which is used for
the first ejection to formthe pixel inthe Mth |line, and a liquid
ejecting portion anong said plurality of liquid ejecting portions which
is used for the first ejection to formythe pixel in the (M+ [)-th |ine
shall be different. 23. Aliquid ejecting nethod according to claim15,
wherein, when a pixel fornmed by delivering at | east one droplet in the
Mth Iline of a single pixel colum in a direction of the arranged liquid
ej ecti ng pUREF oRRe WRBREVAL Defiresentwo aadibatantvadzrlege amomed thepi xel
formed by delivering at |east one droplet inthe (M+ 1)-th Iline of said
singl e cofYFfl@fFe i aFQcelet Hunthot i ¥opdd shisd $be esctede sane |iquid
ej ecting portjon anong, said plurality  of liquid 3]Ect@ng portions is not
used for THEPFTE12re R IEREYD 39t R HE ISkl 4 /2hetimen thaepibell for
the 24 Noyv. er 2006, 88 first ejection to formthe consecutive pixel in
the (M+ 5.t ?1???ﬁ}eiwLaWéliquid ej ecting method according to claim 15,

_ one of the 2" directions is selected when the
droplets are ejected from the nozzle of each of said

plurality of liquid ejecting portions.

21. A liguid ejecting method according to claim 15,
wherein:
ejection is set so that the droplets ejected with
deflection from the nozzle of each of said plurality of
‘liqguid ejecting portions in an odd number of different
directions, represented by (2™ + 1), based on a control
signal represented by (J + K + 1)} bits, where both J and K
represent positive integers, and so that the distance
between the two farthest positions to which the droplets
from the same nozzle are delivered, in the (27 + 1)
‘directions, can be 27 times the pitch of the nozzles, and so
that the position to which the ejected droplets are |
delivered can be chosen at 1/2° times the pitch of the two
adjacent nozzles; and |
one of the (2“"® + 1) directions is selected when the
~droplets are ejected from the nozzle of each of said

plurality of liquid ejecting portions,




wherein: based on a preset format, at |least one |iquid éfdovénmigr2¢96rti on
for use in liquid ejection is selected fromanong said plurality of liquid
ej ecting portions; and based on a format conformng to said preset formt,
the direction in which the selected liquid ejecting portion perforns
droplet ejection is selected. 25. Aliquid ejecting nethod according to
claim15, wherein determ nation of whether or not the droplets ejected
fromthe nozzle of each of said plurality of liquid ejecting portions
shoul d be deflected. 26. Aliquid ejecting nethod according to claim 15,
wherein: each of said plurality of ILggpd-ejecting portions conprises: a
liquid cell for containing liquid; and a plurality of energy generating

el enents for generating energy for ejecting the liquid in said liquid

cell fromthe nozzle, the energy generating el enents bei ng 24 Novenber 2006

89 disposed in said liquidcell; in saidliquid cell, the energy o
gener 3t 10 O P S, 3 el LM bR LR BRRT L0 B anged 11 quid
least  ong, Ofe 581 ARLAT & 1Yo O ¢ SA PP HAT 1310 P a2 T 2L S B8l d
droplet in the M—-th line in a single pixel column in the
direction of the arranged ligquid ejec¢ting portions, where M
represents a positive integer, and a pixél formed by
delivering at least one droplet in the (M + 1)-th line in
said pixel column are arranged, control is performed so that
a liguid ejecting portion among said plurality of liquid
e¢jecting portions which is used for the first ejection to
form the pixel in the M-th line, and a liquid ejecting
portion among said plurality of ligquid ejecting portions
which is used for the first ejectidn to form the pizel in

the (M + 1)-th line shall be differsent.

23. A liguid ejecting method according teo c¢laim 13,
wherein, when a pixel formed by delivering at least oﬁe
droplet jin the M-th line of a single pixel column in a
direction of the arranged liquid ejecting poritions, where M
represents a positive integer, and a pixel formed by

A délivering at least one droplet in the (M + 1)-th line of
said single column are arranged, a control is performed so
that the same liquid éjecting portion among said plurality

'_6f liquid ejecting portions is hot used for the-first |

- ejection to form the pixel in the M-th line, and for the




liquid cell and second energy generating el enents conpr i24iNegember 2008ast

anot her one of the energy generating elenents are controlled to have a
difference in generated energy, and the droplets ejected fromthe nozzle
are defl ected based on the energy difference. 27. Aliquid ejecting nethod
according to claim15, wherein: each of the liquid ejecting portions
conprises: a liquid cell for containing liquid; and a plurality of heating

el enents for ejecting the liquidin said liquid cell fromthe nozzle by
usi ng bubbles produced in the liquid in said liquid cell by the heating
el ements in response to the supply of gpergy; in said liquid cell, the

heating elenents are arranged in the direction of the arranged liquid
ejecting portions; and first heating elenents conprising at |east one of
said plurality of heating elenents in said |liquid cell and a 24 Novenber
2006 90 fhexbrrl wrebitngtel tommtdia gonsssiufgva pisgdt ianshRedMohelbf the
heating el.ements are controlled to have a difference in supplied energy,
and the(ﬁhuﬂkﬂ%-ejected with deflection fromthe nozzle based on the
energy difference. 28. Aliquid ejecting nethod according to claim15, 4
wherein the heads are disposed in the direction of the arranged |iquid

“ejectin orti.ons to_form.a Il.ine_ head.
! | 9p 24, % lqu?d ejecting method according to claim 15,

wherein:

based on a preset format, at least onme liquid ejecting
portion for use in liquid ejection is selected from among
said plurality of liquid ejecting portions; and

based on a format conforming to said preset format, the
direction in which the selected liquid ejecting portion

rerforms droplet ejection is selected.

25. A liguid ejecting method according to claim 15,
wherein determination of whether or not the droplets ejected
from the nozzle of each of said plurality of liquid ejecting 

- portions should be deflected.

26. A liquid ejecting method according to claim 15,
wherein: |
each of said plurality of liquid ejecting portions
comprises:
| a liquid cell for containing liquid; and
a plufality of energy generating elements for
generating energy for ejecting the liquid in said.liquid

cell from the nozzle, the energy generating elements being
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disposed in said liquid c¢ell;

in said liquid cell, the energy generating elements are
arranged in the direction of the arranged liquid ejecting
portions; and

first energy generating elements comprising at least
one of sald plurality of energy generating elements in said
liguid cell and second energy generating elements comprising
at least another one of the energy generating elements are
~gontrolled to have a difference in generated energy, and the
droplets ejected from the nozzle are deflected based on the

energy difference.

27. A liguid ejecting method according to claim 15,
wherein:
@ach of the liguid ejecting portions comprises:
a liquid cell for containing liguid; and
a plurality of heating eléments‘for gjecting the
liquid in said liquid cell from the nozzle by using bubbles
produced in the liquid in said liguid cell by the heating
e;ements in response to the supply of energy;
| in said liquid cell, the heating elements are arranged
iﬁ the direction‘of the arranged liquid ejecting portions;
and
first heating elements comprising at least one of said

' 91ura1ity of heating elements in said.liquid cell and a
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second heating elements comprising at least another one of
the heating elements are controlled to have a difference in
supplied energy, and the droplets ejected with deflection

from the nozzle based on the energy diiference.

28. A liguid ejecting method according to claim 15,
‘wherein the heads are disposed in the direction of the

arranged liguid ejecting portions to form a line head.




