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16 February 2007 - 1 LI QU D EJECTI NG DEVI CE AND LI QUI D 'EFE¥ I REYETHD
BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
relates to a technology in which, in aliquid ejecting device having a
head including at least one liquid ejecting portion and in a liquid
ejecting method wusing a head including at |east one liquid ejecting
portion, a current-mrror circuit is used to deflect liquid ejected from
each liquid ejecting portion, and to ja-technology for sinplifying
(downsizing) entire circuit structure. 2. Description of the Related Art
-Inkjet printers have been conventionally knomn as a type of quuid‘

ej ecting devic avin heads mhlch each __i ncl Iuralltﬁ liquid
ej ecting port%ﬁhd} PEEE AN L¥RU€PeFH§F FRCh8ETERRt uses t her mal

energy to eject ink is knomn as one of ink ejecting nethods for inkjet
printers In an exanple of a head structure using the thermal nethod, ink

in an i £ ing element (heating resistor) disposed
in the'n #q fo prégﬂce é?iﬁﬁ%s in the ink on the heating el enent, and
Egsnggef %ytEﬁLelu%per ed«relat‘%‘eoqﬁegrf tnrlzecgerl \e/\?leﬁJ teﬁtesbhggl Iegk a'rb\engféljﬁc:az in
the ink in e iRkseql! 5 niRE LAY 18861 LT 2 technology in which,

in a liquid ejecting device having a head includiﬁg at least

one liquid ejecting portion and in a liquid ejecting method

using a head including at least one liguid ejecting portion,

a current-mirror circuit is used to deflect liquid ejected

from each liguid ejecting portion, and to a technology for

simplifying (downsizing) entire circuit structure.

2, Description of thé Related Art

inkjet printers have been éonventionally-known as a

type of liquid ejecting device having heads which each

include a plurality of liquid ejecting portions arranged in

paraliel. A thermal method that uses thermal energy to

_éject ink is known as one of ink ejecting methods for inkjet

‘printers,. |

In an example of a head structure using the thermal
' method, ink in an ink cell is heated by a ‘heating element

(heating reéistor) disposed in the ink cell to produce

bubbles in the ink on the heating element, and the eﬁergy of

the generation of the bubbles ejects the ink. A nozzle is

formed in the upper side of the ink cell. When the bubbles

are produced in the ink in the ink cell, thelink is ejected'




16 February 2007 2 fromthe ejecting outlet of the noz2?EPE6M¥he
vi ewpoi nt of head structure, there are two nethods, a serial nethod and a
line nmethod. In the serial nethod, an inage is printed by noving a head in
the width direction of printing paper. In the line nethod, many heads are
arranged in the wwdth direction of printing paper to forma line head for
the width of the printing paper. Fig. 21 is a plan view showing a |ine head
10 of the related art. Although Fig._21 shows four heads 1 (N1, N, N+1,
and N+2), a |arger nunber of heads 112 ate actually "arranged in parallel
In each head 1, a plurality of (normally, approximtely hundred units of)
ink cells; heating elenents, and nozzles |a as described above are
arrangefirom pheakfettidfeotthet deathdOnoszfermed by arrangi ng the heads 1
in a predetermned direction (the wwdth direction of printing paper). Two
adj acent hedtsor fhe thiewpeidet erfimlnedi ditrmettioe artherdl gpesetoon one si de
and the other side across an ink-flow pass 2 extending in the
predet enethedsdi 2eseion] methedeandeadl inometieodne &i ddearxbrtikd head 1 on
the other side are alternately disposed so that both opposes each other,
that iBethegzl2s imaganivppobeteddhy cudreing Bethwesh irthdhmdjwicknit  heads 1,
the pitch of the nozzles |a is consecutively
direction of printing paper. In the line method, many heads
~are arranged in the width direction of printing paper to
form a line head for the width of the printing paper.
Fig. 21 is a plan view showing a line head 10 of the
related art. Although Fig. 21 shows four heads 1 (N-1, N,
N+1, and N+2), a larger number of heads 11 are actualiy
arranged in parallel.
In each head 1, a plurality of (normally, approximately
hundred units of)} ink cells, heating elements, and nozzles
la as described above are arranged in parallel. The line
head 10 is formed by arranging the heads 1 in a
] predetermined direction (the width direction of printing
paper) . |
Two adjacent heads 1 in the predetermined direction are
disposed on one side and the other side across an ink-flow
pass 2 extending in the predetermined diréection, and the
head 1 on the one side and the head 1 on the'other side are
alternately disposed so that both opposes each.other, that
is, nozzles la can oppose each other. Between the adjacent

heads 1, the pitch of the nozzles la is consecutively

-:Hmaintained, as shown in the detail of portion A'in‘Fig. 21




mai nt ai ned, as shown in the detail of portion Ain Fig. 2% ¥ary 2007

3 (see Japanese Unexam ned Patent Application Publication No.

2002-36522). The related art shown in Fig. 18 has the followi ng problens.
Wien ink is ejected fromthe printer-head chips 1, it is ideal that the
ink is ejected perpendicularly to the ejection surface of the printer-head
chips 1. However, various factors may cause a case in which an angle at
which the ink is ejected is not perpendicular. For exanple, when a nozzle
sheet’ having the nozzles la fornmed thereon is bonded to a head chip
including the ink cells and the heating elenents, the problemis
positional shifting of the nozzle sheet. Wien the nozzle sheet is bonded

so that ($&e sepiessOfuhdreaiozad esatént Saposi ddoned dubi itdae ieentey. of the
ink cells and the heating elenents, the 1ink is ejected perpendicularly to

the i nkoepectéorzsurface (the nozzle sheet surface). However, if
positional shifting occurs between the central axis of the ink cells and

the heatingted erdnttedard tt eentivalFiaxi 9 80hatsheheozal@owangt he i nk
cannot be ejected perpendicularly to the ejection surface. In addition,
positi guadbléméti ng can be caused by a difference in coefficient of
t hermal expansi on between the nozzle sheet, and the ink cells and the
“heat i ng el effdrs ink is ejected from the printer-head chips 1, it

is ideal that the ink is ejected perpendicularly to the

ejection surface of the printexr-head chips 1. However,

various factors may cause a case in which an angle at which

the ink is ejected is not perpendicular.

For example, when a nozzle sheet having the nozzles la
formed thereon is bonded to a head chip including the ink
cells and the heating elements, the problem 1s positional
shifting of the nozzle sheet. When the nozzle sheet 1is
bénded so that the center of the nozzles la is positioned in
the center of the ink cells and the heating elements, the
ink 1s ejected perpendicularly to the ink ejection surface
(thé nozzle sheet surface). However, if positional shifting
occurs between the central axis of the ink éells and the

..heating elements and the central axis of the nozzle ia, the
ink cannot be ejected perpendicularly to the ejection
surface. In addition, positional shifting can be caused by
a difference in coefficient of thermal expansion between the
‘nozzle sheet, and fhe ink cells and the heating elements.

When such a difference in angel of ejection of ink

- ocecurs, it appears as a shift in pitch of delivéred ihk in - -




" Wieri such a difference in angel of ejection of ink occul&FeianyZars as a
shift in pitch of delivered ink in 16 February 2007 4 the case of the
serial nmethod. In the case of the line nethod, the difference appears as a
positional shift between two heads 1, in addition to the shift in pitch of
delivered ink. Figs. 22A and 22B are a sectional view and plan view
showing printing by the line head 10 shown in Fig. 21. In Fig. 22A and
22B, assuming that printing paper Pis fixed, the Iine head 10 does not
move in the width direction of the —ptimting paper P, and perfornms printing
while nmoving from top to bottomof the plan view (Fig. 22B). In the
section viewin Fig. 19A, anong the line head 10, three heads 1, that is,

the N-thhaeddsd ofhenbNedy1ih heathd, ARdddedNtPr tﬁhe!"el%,%el are shown.

As shown in the section viewin Fig. 22A, in the NNth head 1, ink is

sl anti ngbyhefi pctied dDrEbeched taglhs£6d | £O @%oéﬁtﬂd}fﬁlc%trﬁ.cfip)bett%e'neft
arrow. In the (N+1)-th head 1, ink is slantingly ejected in the right

di rect i bwo aseads | NPi tat eddi Hyor heo cand rafi g rowpilved kg @¥letdedhead 1,
ink is perpendicularly ejected without a shift in angle of ejection as is
i ndi catiagk by the right arrow. Accordingly, in the Nth head 1, the ink is
delivered, being off to the left froma reference position, and in the
Figs. 22A and 2ZB are a sectional view and plan view
showing printing by the line head 10 shown in Fig. 21. 1In
Fig. 22A and 22B, assuming that printing paper P is fizxed,
the line head 10 does not move in the width direction of the
printing paper P, and performs printing while moving from
top to bottom of the plan view (Fig. 22B).
In the section view in Fig. 19A, among the line head 10,
.three heads 1, that is, the N-th head 1, the (N+1)-th head 1,
and the (N+2Z)-th head 1 are shown.
As shown in the section view in Fig. 22A, in the N-th
head 1, ink is slantingly ejected in the left direction as
is indicated by the left arrow. In the (N+1)—-th head 1, ink
is slantingly ejected in the right direction as is indicated
-b¥ the central arrow. TIn the (N+2)~th head 1, ink is
perpendicularly ejected without a shift in angle of ejection
és is indicated by the right arrow.
w Accordingly, in the N-th head 1, the ink is delivered,
being off to the left from a reference position, and in the
(N+1)~th head 1, the ink is delivered, being off to the

right from the reference position. Thus, between both, the

ink in the N-th head 1 and the ink in the (N+1)-th head 1




" (N#1)-th head 1, the ink is delivered, being off to the 'PFgHtaY?¥h t he
reference position. Thus, between both, the ink in the NNth head 1 and the
ink inthe (N#1)-th head 1 16 February 2007 5 are delivered to opposite
directions. As a result, aregion in which noink is delivered is forned
between the N-th head 1 and the (N+1)-th head 1. In addition, the |ine
head 10 is only noved in the direction of the arrowin the plan viewin
Fig. 19B without being noved in the width direction of the printing paper
P. This forns a white stripe B betweénthe Nth head 1 and the (N+1) head
1, thus causing a problemof deterioration in printing quality. Simlarly
to the above case, in the (N+1)-th head 1, the ink is delivered, being off

to the dighiefinamddieco rafieinee qaasiddions . Thas, at hesulit]) at behead 1 and
the (N+2)-th head 1 have a common region in which the ink is delivered.

Thi s cairsefiactdirgeanik noweliagedand osmedp®cCweshi ehehdsth Beadr 't hi cker
than the original color, thus causing a problemof deterioration in
printi g apualtitey. (NAOn-tdudieaal dhi f tTn madaipdent,i ahet Ainki bhadnk0i $s
delivered occurs, the degree to which a stripe |ooks noticeable depends on
an i mage iy nyyest iimt ethe Fbiresxanp ©f thieneerawddourmbet péent eéevwi ke has many
bl ank portions, a stripe will not ook noticeable if it is formed.
Conver $&lgr, 19En wiidoss deagingmoyeidng ta thigowaditipHirgageonnoél #dst all the

printing paper P. This forms a white stripe B between the

N-th head 1 and the (N+1) head 1, thus causing a problem of

deterioration in printing gquality.

Similarly to the above case, in the (N+1l)-th head 1,

the ink is delivered, being off to the right from the

reference position. Thus, the (N+1l)-th head 1 and the

(N+2)~-th head 1 have a common region in which the ink is

delivered. This causes a discontinuous image and a stripe C

which has a color thicker than the original color, thus

causing a problem of deterioraticn in prihting quality.

When such a shift in a position to which ink is
delivered occurs, the degree to which a stripe looks
noticeable depends 6n an image to be printed. For example,
" -since a document or the like has many blank portions, a
‘stripe will not look noticeable if it is formed. Conversely,
in the case of printing a photograph image in almost all the

portions of printing paper, if a slight strip is formed,-it

- will loock noticeable.

- SUMMARY OF THE INVENTION




portions of printing paper, if a slight strip is formed, 'fFebrygY 290700k

noti ceabl e. SUMVARY OF THE | NVENTI ON 16 February 2007 6 Enbodi nents of
the present invention provide a |liquid ejecting device having a head
including a liquid ejecting portion or liquid ejecting portions arranged
in parallel and a liquid ejecting-netthod using a head including a liquid
ejecting portion or liquid ejecting portions arranged in parallel, wherein
the direction of liquid ejected fromeach liquid ejecting portion is
control |l ed. Lments of the present invention provide a.circuit form
that is partiE%% gﬁn?/nncssuf’?a }?eepf:g?er% &PYERE8¢ F%%&rdﬁo?aliqr?glgneans of

defl ecti Fected.: L ouw i h i eghn Y. 4 qggg at ent
Applicaﬁ?%ﬁ%%ggfﬁgéggg%?gg 752% dQS%gy%%T 2%“3%*@% e%%?%ﬁgl ea ?ﬁbeen filed
by the Asshghesd efjebbendiRseins ARRLLGRL 1@NpayM19@2 Ay Lheiqriesent

invention, by sinplifying (downsizing) the entire circuit, the nmeans can
be used ejeenifi@mezhoteadnhayitrgdai icsalinti Driiefi®00 dpinrpdiicgber. 16
February 2007 7 In accordance with a first aspect of the present

i nvent i oF, lighkd ejestrowodetbrs hrganakkiacpire] lddviwerkayithe a head
including a liquid ejecting portion or a plurality of liquid ejecting
port i onSEPFEHJe@®Li Al PacarD eFtedn L5op readbt g%ﬁﬁ#weajectmq portion is

controlled.

Embodiments of the present invention provide a circuit form
that is particularly suitable for the case of incqrporating means
of deflecting ejected liquid with a head in technology in
Japanese Patent Application Nos. 2002-112947 and 2002-161928 which

‘have already been filed by the Assignee of the present
Application. Also, in the present invention, by simplifying
{downsizing) the entire circuit, the means can be used even for a

head having a resolution of 600 dpi or higher,




direction, said |iquid ejecting portion or each of the I|i§ifRveef®,ting
portions conprising: a liquid cell for containing liquid; at |east one
energy generating elenent provided in said liquid cell which produces a
bubbl e in response to the supply of energy, and a nozzle for ejecting the
liquid in said liquid cell by using’the bubble produced by said at |east
one energy generating elenent, wherein: in said liquid cell, the energy
generating el enents are connected in series to one another and are

arranged i n papallelal.oddy pradet eLined difect oy andsglg, |1 aui d

ejectlng devi Ce mal n operati on- COﬂ

suppl yi Nghe £AYE dpfwaueasa qflq%%r g?éétfrﬁ; g compested enerdy gener at i ng
elenents in said liquid , perforns control so that the liquidis

ej ected finemsaig anozghed @jutts.ullg pRet Adh - Goph Lokl idpalys 1pgavhded for
each of the liquid ejecting portions which includes at |east one

current - e ecoingipoctiibng canectged to pardlrdt ianaoprédeeccamengy generating

el enents, and in which, by wusing the current-mrror circuit to allow a
current ﬂer¢¢tn0nn ﬁ?edollqwidIG@WCﬁ&0n1m¢m§qqnn@rlenC%fOﬁiﬁ@eenngydgenerallng

el ements, . the ampbunt of a current supplied to each of the energy
generatlﬁge%?EﬁbﬁP§tF§n%dﬁ¥%ﬁPﬁé&ganﬂ HHeigh cedti 6P gfontEdeirfqui d ej ect ed

f trolled. 16 Feb 2007 | th
Ceoond aSHER o RESRF et T RIEnET oL CiTdr & PEopt (RACHRAH Thaquid of ecti ng

devi ce h@mgnaqu%agen NG 491 B9 oRbLIYL & BhGE! E RO BYSIQ 187 cRe Pl Ural ity of

supply of energy; and a nozzle for ejecting the liguid in
said ligquid cell by using the bubble produced by said at
least one energy generating element, wherein: in said liquid
cell, the energy generating elements are connected in series
to one another and are arranged in parallel in said
predetermined direction; and said liquid ejecting device
comprises: main operation-control means which, by supplying
equal amounts of currents to the connected energy generating
elements in said liquid cell, performs control so that the
liquid is ejected from said nozzle; and sub operation-control
means provided for each of the liquid ejecting portions which
includes at least one current-mirror circuit connected to a
junction of the energy generating elements, and in which, by
using the current-mirror circuit to allow a current to flow
into or to flow from the junction of the energy generating
elements, the amount of a current supplied to each of the
energy generating elements is controlled and the direction of

- the 1liquid ejected from said nozzle is controlled.




ej ecting portions arranged in parallel in a predeterni ned® Fev&¢#9%n, said
liquid ejecting portion or each of the liquid ejecting portions
conprising: a liquid cell for containing liquid; at |east one energy
generating el enent provided in said liquid cell which produces a bubble in
response to the supply of energy;- afd-a nozzle for ejecting the liquid in
said liquid cell by using the bubble produced by said at | east one energy
generating el enent, wherein: in said liquid cell, the energy generating

el erent s ar e GoNBSLed-d 196 Shcloy e ecngl IRL And_pre figenged in

parallel in said predetermned Ire n; an urd eject’i ng device

CONPI i S@HerdBis prOPRIAT hON: GOM TOle NRARSINY &N 1B n§UPPLYINY equal amount s
of currents to the connectéd enérgy génerating elenents in said Iliquid
cel |, pamnkouasngantiieisoetbatit@dricgbhdot S §i106hedryfsomisplid nozzle; and
sub operation-control neans provided for each of the liquid ejecting

porti onsjebtthg ipwitides atrée@st inoperall¢Enin rd predetértitidd connected to a
junction of the energy generating elenments, and in which, by using the
current SArEEBEOR rsadit 1iguad | eieckiogr penticm o e@achned ore tldquiilow from t he

junction of the energy generating elenents, the anount of a current
suppl | eGIEGEEREPVF-1CRE EPRPELS igWherat ifgid dlsdtedPs FeREBINGI | ed and t he

directiogn of .the liquid ejected fromsaid nazzle is controlled to change
16 Febr ué%l‘}ooﬁ 1§%S\R/i ?ﬁgr%%%regé’t BRI e GBI P hRY ¢ eqoil(ﬁ’ui dis ejected

by Saidsaid liquid cell which produces a bubble in response to the

supply of energy; and a nozzle for ejecting the liquid in said
liquid cell by using the bubble produced by said at least one

" energy generating element, wherein: in said liquid cell, the
energy generating elements are connected in series to one
another and are arranged in parallel in said predetermined'
direction; and said liguid ejecting device comprises: main
operation—contr&l means which, by supplying equal amounts of
currents to the connected energy generating elements in said
liquid cell, performs control so that the liquid is ejected
from said nozzle; and sub operation-control means provided for
each of the liquid ejecting portions which includes at least
one current-mirror circuit connected to a junction of the
energy‘generating elements, and in which, by using the

- current-mirror circuit to allow a current to flow into or to
flow from the juncticn of the energy generating elements, the
amount of a current supplied to each of the energy generating
elements is controlled and the direction of the liquid ejected

from said nozzle is controlled to change




mai n operation-control neans. In accordance with a third1%§%%$¥ygp7the
present invention, there is provided a liquid ejecting device having a
line head formed by a plurality of heads arranged in a predeterm ned
direction, the heads each being forned by a plurality of liquid ejecting
portions arranged in parallel in sai’d -predeterm ned direction, the liquid
ej ecting portions each conprising: a liquid cell for containing |liquid; at
| east one energy generating elenment provided in said liquid cell which

B cot i ni Chet THvnd P aar i drcant opyYeelsels Mlegihed aBdiced by

sai d atmgggsgp@ﬂﬁﬂgﬁeegﬁtg@p%kggbng el ement, wherein: in said liquid cell
the energy generating elenents are connected in series to one another and

are arrangedni &cqatiahd€lvicn $ahdrgrageer ot ned gidReti Dienahénhsaid liquid
ej ecting device conprises: main operation-control neans which, by
supplylmgeequalpawnmhﬁsacﬁlqnyﬁrenEstimgtduyuuanhecim@da.dnaegyegeneratlng
elenents in said liquid cell, perforns control so that the liquidis

ej ect edfPFoed o ¢ BORZREI twRE hegdsoperandash-icont Potdefeams ngeovi ded f or
each of the || ej ecting portions which includes at | east one

currents ﬁf??%ﬁékTth?u ?aﬁ%ﬁﬁﬁﬁkgﬁlﬁg Bt tYoR BfUEHE '@héfgy generating

el enent us ng_the urrent@gl or C|r it to allow a
15

. b .
currentigg GCtlng Po g&?qs\ﬁ fROATT he™ jRiH of °% energy generating
el ement 5,04 ﬁﬁ%‘é@t d9£eé‘t£&H FeRAL 1S4PPY | e%%ctt‘lnsaﬁé‘r&fo&sh%agﬂergy

generating el enents
comprising: a llquld cell for contalning liquid; at least one

energy generating element provided in said liquid cell which
produces a bubble in response to the supply of energy; and a
nozzle for ejecting the liquid in said liguid cell by using
the bubble produced by said at least one energy generatingl
elemént, wherein: in said liquid cell, the energy generating
elements are connected in series to oné another and are
arranged in parallel in said predetermined direction; and said
liquid ejecting device comprises: main operation-control means
which, by supplying equal amounts of currents to the connected
energy generating elements in said liquid cell, performs
control so that the liquid is ejected from said nozzle; and

sub operation—control means provided for each of the liguid

-ejecting portions which includes at least one current-mirror

circuit connected to a junction of the energy generating

elements, and in which, by using the current-mirror circuit to
allow a current to flow into or to flow from the junction of
the energy generating elements, the amount of a current

. supplied to each of the energy generating elements is




16 February 2007 10 controlled and the direction of thd®F$HEA 2% ect ed
fromsaid nozzle is controlled In accordance wwth a fourth aspect of the
present invention, there is provided a |liquid ejecting device having a
line head forned by a plurality of heads arranged in a predeterm ned
direction, the heads each being fermed-by a plurality of liquid ejecting
portions arranged in parallel in said predetermned direction, the liquid
ej ecting portions each conprising a liquid cell for containing liquid;, at

| east one, ene ene ing el.enent vijded jn.sajd | id ¢ whi ch
br oduce EoRE EUDHIL T FBepbneR Tam A6 ChppryRof BARTES L8 ifozzl e for
ej ecting the liéngd%trolfgéd liquid cell by wusing the bubbl e produced by
said at [6ast one en generating el enent, wherein: in said liquid cel

the energy Qﬁ“géééidghdg Geat s fH&%ﬂHDQEEQEQQQfrkﬁ%ebE$§e£9 one anot her and
are arranged in parallel in said predetermned direction; and said liquid

ej ecti ngneeNt Léh CAkRrkSES prtiikiecdPar al @iy GoRictehy d@aise Malvehg Ay
suppl yi ng equal amounts of currents to the connected energy generating
el enent $ina sead forgqetdbged Iglurpdriter of monis akraogédain the liquid is
ejected fromsaid nozzle; and sub operation-control means provided for
each of prefiet¢imjuied @i seet i pdiei bagdantath beéhadéerrad [vast one

current - nlrror circuit connected to a junction of the energy generating
el ement 5; u%ﬁ&F§¥1qﬁh#&ﬂul%yelﬁﬁﬁiﬁgtﬁ@rE%RW%HﬁrrﬁPE?ﬁrln parallel In

said predetermined direction, the liquid ejecting portions
each comprising: a liquid cell for containing liquid; at least
one energy generating element provided in said liguid cell
which produces a bubble in response to the supply of energy;
end a nozzle for ejecting the liquid in said liquid cell by
using the bubble produced by said at least one energy
generating element, wherein: in said liquid cell, the energy
generating elements are connected in series to one another and
are arranged in parallel in said predetermined direction; and
said liquid ejecting device comprises: main operation—-control
means which, by supplying equal amounts of currents to the

connected energy generating elements in said liquid cell,

performs control so that the liguid is ejected from said

nozzle; and sub operation-control means provided for each of
the liquid ejecting portions which includes at least cone
current-mirror c¢ircuit connected to a junction of the energy
generating elements, and in which, by using the current-mirror

circuit to allow a current to flow into or to flow from the

. Junction of the energy generating elements, the amount of a

-current supplied to each of the energy generating elements is




circuit to allowa current to flowinto or to flow from {HEPYOFH on of
the energy generating el enents, the anmount of a current supplied to each
of the energy generating elenments is 16 February 2007 10a controlled and
the direction of the liquid ejected fromsaid nozzle is controlled to
change to said predeterm ned direeti®m- with respect to a direction in
which liquid is ejected by said nain operation-control nmeans to change to
said predetermined direction with respect to a direction in which liquid

S oCeaLal by S04 TRLY QPELALIONCCONELOf mans 10 Eebruar ¢ 2007 - 11

Accor di ng ‘he Pr 8seh i'icorporating a main
operati %Bz%?é‘t{s,o'éo%rtr@@g 8 S4h:) %r atcbOQalchﬁterd%'tle?ﬁm'l&?'d@e'&glén
current-mrror circuit, for exanp , Ina ital circuit, the forned

i ntegratednci&sdide sbr HC&yfe@cﬁ’minCHnl ﬁhlézwltlaﬁla fior e febi@ad vys sebgai ned. 16
February 2007 12 According to a fifth aspect of the present invention,

there maiprowdsadoca-kofgurdl ajetis fg arihpd wiSisagdap hesd drmdhedi ng a
liquid ejecting portion or a plurality of liquid ejecting portions

ar r angediracporaliish raspept cdeteediiraetiah riectihdah 1said Idisqui d ej ecting
portion or each of the liquid ejecting portions conprising: a liquid cel
for conPéPﬁF‘ﬁ@ By @@,J.g mgjin operation-control means




| east one energy generating el enent provided in said |iqlf & %% ch
produces a bubble in response to the supply of energy; and a nozzle for
ejecting the liquid in said liquid cell by using the bubble produced by
said at | east one energy generating elenment, wherein: in said liquid cell,
the energy generating elenents areldonnected in series to one another and
are arranged in parallel in said predetermned direction, and at |east one
current-mirror circuit is connected to a junction of the energy generating

elenent%b angd | hgo dlmefg() d E%%?telhéé rq) ed so as to be
ejected Tna Iea Ffere Irec |onslby uélﬁb a main operation-
control ;5t&R MLy ab}ﬁa§1&'9)‘ﬂe¥b£'ﬂor?%ﬂ‘cr@ﬁé‘in5ﬁd0£ sGrb a%ltaf? the
connect ed energy generating elenents 1n said liquid ce w t hout usi ng

sai d at chgesdlienei GrdR AL -ANJukQEnCinfie bt ,cireql £ Orfds Qﬁmﬂﬁl@ &0 & hat the
liquid is ejected fromsaid nozzle; and a sub operation-control step in
whi ch, ‘bygitsdingit6ufiebituar §o2@07intkYyrat he-citcneént sttauckore civichiis to all ow a
current to flowinto or to flowfromthe junction of the energy generating
el enent suitalie fepunthesfl s obtpamd.supplied to each of the energy
generating elements is controlled and the direction of the Iliquid ejected
fromsaid nozzle is controlled. According to a sixth aspect of the present
invention, there is provided a liquid ejecting method using a |line head
formed by a plurality of heads arranged in a predeterm ned




direction, the heads each being formed by a plurality of16f¢%wﬁ%?%¥ecting
portions arranged in parallel in said predetermned direction, the liquid
ej ecting portions each conprising: a liquid cell for containing |iquid; at
| east one energy generating elenent provided in said liquid cell which
produces a bubble in response to théZsupply of energy; and a nozzle for
ejecting the liquid in said liquid cell by using the bubble produced by
said at | east one energy generating elenment, wherein: in said liquid cell,

Lhe energy geperaling . SLepERlS S copnecl od Lo eorles e, ongognot her and

e
are arranged in n Sala pre@ ternlneg rrection,

one Cu”fé‘tpr@\r{&é?{ aCtLEﬁ c%hé" c‘%@HBeﬁ%ﬁ%é% (rj;JgUQClHéé’ci‘ 1n%f1u¥j*iﬁge£'er9y

generating el enents l'iqurd from sal nozzle is controll ed so as

to be ejerhedh ieRedtih@asdrthiva odi & fienant idiyr set 108 Pyjustngy a main
operation-control step in which, by supplying equal anobunts of currents to
t he conmectiethsener gyggener @hmaglel eirerd priedesartidddydideceidn, wi t hout
using said at |east one current-mrror circuit, the liquidis controlled
to be ejszikdifgudrh shéckimner phetiemdom se@hFelbr u1a¢ylmﬁ¢1 ejgctsnd
operation-control step in which, by using the current mrror circuit to

al | ow a RYFHERS COPFBWIGit 8 bF-Tedd FFTv PFOﬁ?@Fﬁ%q%ﬂﬁcﬂFSHl%f tthe energy

t I t th t of t | ied.t h.of th
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cell which produces a bubble in response to the supply of
energy; and a nozzle for ejecting the liquid in said liquid
cell by using the bubble produced by said at least one energy
generating element, wherein: in said liquid cell, the energy
generating elements are connected in series to one another
and are arranged in parallel in said predetermined directibn,
and at least one current-mirror circuit is connected to a
"junction of the energy generating elements; and the ligquid
from said nozzle is ceontrolled so as to be ejected in at
least two different directions by using: a main operation-
-control step which, by supplying equal amounts of currents to
- the connected energy generating elements in said liquid cell
without using said at least one current-mirror circuit,
perfofms control so that the liquid is ejected from said

" nozzle; and a sub operation—-control step in which, by using




ejected fromsaid nozzle is controlled. According to a sé¥EYe8éct of
the present invention, there is provided a |iquid ejecting device having a
head including a liquid ejecting portion or a plurality of liquid ejecting
portions arranged in parallel in a predetermned direction said liquid

ej ecting portion or each of the | +qudd-ejecting portions conprising: a
liquid cell for containing liquid; at |east one energy generating el enent
provided in said liquid cell which produces a bubble in response to the

supply ofencrd,and, g . nozzle for gigcting the liauid dn saidgliquid cell
by using P e J%ble produceé: y sai d"at |east one energy generafing

el enent , [ T i qui d gC ‘e r At | enents are
to WBELE! flon ?gég#gn%ﬂnot grf ehl ﬁ&%ﬁg@h&%@ﬁ?}b‘e eaite'm@ﬁtg

connected in series and are ange parall'el in said
predet er ghaeshdlidteelki ancusrchSaugphi 881 €h QiBChiEnghdemisgconpri ses control
means provided for each of the [iquid ejecting portions which includes at
| east ongenerdtient elkeheOts Gid cidin- redbadcied the dijetecidrofoththe ener gy
generating elenents, and in which, by using the current-mrror <circuit to
al l ow a éugrehtejeottHofrdmtsnict nogzie o foararbhéedj uncti on of the energy
generating el enents, the anount of a current supplied to each of the

ener gy gener®393§iey ditet 815 pePEEbtaFye FoeFeNt ipyeng it r SPEE and t he

direction of th %iq i,d e'ectquﬁ{on1 ig_ nozzlelLs ﬂgnt ojgledd Accor di ng

Lo an ei GRUHCAEHRLE EIRRY DIcet FRYBRE wHno 2 Line head Torme
by a plurality of heads arranged in a predetermined
direction, the heads each being formed by a plurality of
liquid ejecting portions arranged in parallel in said
predetermined direction, the liquid ejecting porticns each
comprising: a liquid cell for containing liquid; at least one
énergy generating element provided in sald liquid cell which
produces a bubble in response to the supply of energy; and a
nozzle for ejecting the liquid in said liquid cell by using
the bubble produced by said at least one energy generating
element, wherein: in said liquid cell, the energy generating
elements are connected in series to one another and are
‘arranged in parallel in said predetermined direction, and at
least one current-mirror circuit is connected to a junction
of thé energy generating elements; and the liquid from said
nozzle is éontrolled 50 as to be ejected in at least two
different directions by using: a main operation-control step
in which, by supplying equal amounts of currents to the
connected energy generating elements in said liquid cell
without using said at least one current-mirror circuit, the

liquid is controlled to be ejected from said nozzle; and a




there is provided a liquid ejecting device having a head'®Fefeyami?g a
liquid ejecting portion or a plurality of liquid ejecting portions
arranged in parallel in a predetermined direction, said liquid ejecting
portion-or each of the liquid ejecting portions conprising: a liquid cel
for containing liquid; at |east enggenergy generating el ement provided in
said liquid cell which produces a bubble in response to the supply of
energy; and a nozzle for ejecting the liquid in said liquid cell by using

t he bubbl e produced by said at |east ope energy. generating el enent,
wher ei n: SPR %%ﬁ%fﬁHQEGFangﬁ?},s QWeIEnE?bﬁh'dﬂhg¥&P ngPel SHES are connect ed

0 seriefsko,one angther and, 3 & aranced Ji panallsl i gl

pr edet ermi ne ection; sal ul ejectin dévi ce COI’T'pI’i Ses

ejeCFiOan@&'@Kg!j%%c%?@ﬂsofFHH@”@%%gg§O§eﬁg¥g£fN§ Eﬂéméﬁﬁﬂv Qh%jeCting
portions which includes at |east one current-mrror circuit connected to a

j uncti onagbuithe EREgY reenes@dingdet Neads .o Atel Bn¥hy € yerRatgng t he
current-mrror circuit to allow a current to flow into or to flow fromthe
j unct i onebémé¢riss dergytgehbrdtammgthel @henttsiont o€ aneuhtquwifd a current
supplied to each of the energy generating elenents is controlled and the
liquid epeettert fnoonesafdngwdd dsi sodefelletdhd in the predeterm ned
direction and the opposite direction thereto. - - - ------- -- --- 16

Febr uary - 200CCI83RT ACc 8 B 1 th o2 B56 dP Frees PES e 1Y URERE- | HA&ERt i on, by

is provided a liquid ejecting device having a head including a
liguid ejecting portion or a plurality of liquid ejecting
portions arranged in parallel in a predetermined direction said
liquid ejecting portion or each of the liquid ejecting portions
comprising: a ligquid cell for containing liquid; at least one
energy generating element provided in said liquid cell which
produces a bubble in response to the supply of energy; and a
nozzle for ejecting the liguid in said liquid cell by using the
bubble produced by said at least one energy generating element,
wherein: in said liquid cell, the energy generating elements
are connected in series to one another and are arranged in
parallel in said predetermined direction; and said liquid
ejecting device comprises control means provided for each of
the liquid ejecting portions which includes at least one
current-mirror circuit connected to a junction of the energy
generating elements, and in which, by using the current-mirror
circuit to allow a current to flow into or to flow from the
junction of the energy generating elements, the amount of a

current supplied to each of the energy generating elements is




controlling the amounts of currents flowing in energy ged@F&TH42°%) enents
to differ, a difference is set inthe tinme required for generating bubbles
by the energy generating elenents. Based on the difference, the direction
of ejected liquid is controlled and is also changed. By deflecting ejected
liquid, a position to which the i §¥didis delivered can be changed. -- -
---------- --- - ---------- 16 February 2007 16 According to a ninth
aspect of the present invention, there is provided a liquid ejecting

devi ce havin pead f or red b Iurallt ads arranged in a
predeterﬁlne gﬁrecglon PHE Hé38s eaE%gbef%g fo? 'ngyﬁgmpﬁurallty of

liquid géggﬂiqg Bgﬁ&ggffe@franged in parallel in said predeterm ned

di rection liquid e ecting portions each <conprising: a liquid cell for

contai ning | AGM.indt theaste QN8N %QBEQV SeNglALirade £ efBAntAbayi ded in said
liquid cell which produces a bubble in response to the supply of energy;

and a negete fOpreveabdng tikgibi gybdeiny skivdcki A8 thgel heby using the
bubbl e produced by said at |east one energy generating element, wherein:

in sai dik¢mudichecal Lighhe ererdygopoetddén g acbenesl SeareE QQQEE@'[ ed in
series to one another and are arranged in parallel in said predeterm ned
directigiectand pairdidds Febrangeyd 200Faralllel ihi qupteddteomingddevi ce
conprises control means provided for
direction, said liquid ejecting portion or each of the liquid
ejecting portions comprising: a liquid cell for containing
liquid; at least one energy generating element provided in said
" liquid cell which produces a bubble in response to the supply
of energy; and a nczzle for ejecting the liquid in said liquid
cell by using the bubble produced by said at least one energy
generating element, wherein: in said ligquid cell, the energy
generating elements are connected in series to one another and
are arranged in parallel in said predetermined direction; and
said liquid ejecting device comprises ejection deflecting means
provided for each of the liquid ejecting portions which
includes at least one current-mirror circuit connected to a
junction of the energy generating elements, and in which, by
using the current-mirror cirxcuit to allow a current to flow
into or to flow from the junction of the energy generating
elements, the amount of a current supplied to each of the
energy generating elements is controlled and the liquid ejected

from said nozzle is deflected in the predetermined direction

and the opposite direction thereto.




each of the liquid ejecting portions which includes at | d85¢Pruasnglo?
current-mrror circuit connected to a junction of the energy generating

el enents, and in which, by using the current-mrror circuit to allow a
current to flowinto or to flow fromthe junction of the energy generating
el ements, the anmount of a current $upplied to each of the energy
generating elenents is controlled and the direction of the liquid ejected
fromsaid nozzle is controlled. According to a tenth aspect of the present

i nvention, %here 1S rrik])dﬁg eamtlsi ggit ecting.device hal\)/l ng a |ine head

formed by a prurarify %f 8ads arr anged ﬁesaenpr SRETEFPAed direction, the

heads eaghcboiNdol OlIBofYc S bl ALY Plowihh O] %nsh;)ﬁted AdRord 4 ons

arranged 1 n parall in a predetermne ction ej ecting
porti onsleaskts €ONPIdreirN0s A rrbasid el bed QF cRNtARAI f@qdllrea%r at | east
one energy generating el enent provided in said liquid cell which produces
a bubbl genaraeisponsitolles biecteuppbygwigeaeigyy andieatnozdaeetiosn ej ecting the
liquid in said liquid cell by using the bubble produced by said at |east
one -enertypy gefferancag thel dnegntionhef eijected sadd| 1guycdteelled ehé ener gy
generating elenents are connected in series to one another and are

arr angedsi Alyarcdrrerd nByaief iecedrg rifched Hiduéet i pmosahtesdiod | quid

ej ecti n devi ﬁ ses e ectl n de{l?l ecti ng neans provi ded for each of
the Iiqi Eiléj%tet h‘g&) i g hcar? dt | east one current-mrror
circuit connected to a ]UnCtI on of the energy generating elenents, and in
whi ch, by '




- mee-e- S -- 16 February 2007 18 wusing the cur r ed? FHRYAGTO% 1 cui t
to allow a current to flow into or to flow fromthe junction of the energy
generating elenments, the anobunt of a current supplied to each of the
energy generating elenents is controlled and the liquid ejected fromsaid
nozzle is deflected in the predetefﬁﬁhed direction and the opposite
direction thereto. According to an el eventh aspect of the present

i nvention, there is provi ded a quuid ej ecting device using a head

ncl uding a | gy d.goeh | NGBk 1190 eroa BLULALLLY. O L1QURd cghect i g

portions arrange ar at eter direction; said liquid
ej ecting 19055£dv%e&fa eﬂ%lﬁf I‘;Q&iﬂq@‘&e%cél ﬁ‘&&iﬂlﬂ PalHEO0RSA S O Plesl NY: A

liquid cell” for containing I qui | east one energy generating el enent

provi dedpina §mxdalllltguwl E€dds Whirehgps Ot GEpracBubbhendd) response to the
supply of energy; a nozzle for ejecting the liquid in said liquid cel

by usi ngdthectidhl ehpr hdadeddnh daidgafordendly anplenelrigy géner ati ng
el ement, wherein: in said liquid cell, the energy generating el ements are
connect edifgnideriices ingororelarorthgrnasd Har @axeddndetnisrigaral lel in said

predeterm ned direction, and at |east one current-mrror circuit is
connect eBTESEEETIIRCE BATRFL I &REr §YIGKhGIRCEAGY BPEMESs £25Rd by usi ng

said at | east, one curient mrr qr circuit, t,o all ow, q{rent to flom1|nto
or to f|83ﬁ??%ﬁﬁq9he iquid cell for containing liguid; at 1éast

energy generating element provided in said liguid cell which
produces a bubble in response to the supply of energy; and

a nozzle for ejecting the liquid in said liquid cell by using
the bubble produced by said at least one energy generating
element, wherein: in said liquid cell, the energy generating
elements are connected in series to one another and are

arranged in parallel in said predetermined direction; and said




junction of the energy generating el ements, the anount of® Bebream 2404t
supplied to each of the energy generating elenments is controlled and the
direction of the liquid ejected fromsaid nozzle is controlled. 16
February 2007 - 19 According to a twelfth aspect of the present
invention, there is provided a |li-quid €jecting nmethod using a |line head
formed by a plurality of heads arranged in a predetermned direction, the

heads each being forned by a plurality of 1liquid ejecting portions
arrangedlin.p rallel in said Bredeternin%q irectiaon, tpe I%%yid ej ecting
portionsT €HEHY SIGfprPgiHgE FPERF S TRIGOSPcBREN ARG IFFGuEY at | east

one cnosh agneraling, of enent proyidedyin gaid Liaudocellyubien  produces

a bubbl e in response pp ener gy; a nozz or ejecting the

liquid ighsahddeh@uhdr£8 lciR¥u¥si Bhndhtebybblespraducedsbynsai d at | east
one energy generating elenent, wherein: in said liquid cell, the energy

gener at i fierg3l eRRBESt B¢ CRARAEEpdaid iSERihe@Shl ObPNesidgother and are
arranged in parallel in said predeterm ned direction, and at |east one
current -earregrt -gilrear tcicuwannecé Bt & avrwraot i on Ofow ttheoemerigy generati ng
el ements; and by using said at | east one current-mrror circuit to allow a
current W [faem fhe pingtdonf pdwiiig cnatsy generdbindfelenenthertyie generating
el enents, the anount of a current supplied to each of the energy

gener at i HP0H ket SUFCHofPBH Y HhEaRe Odi FR ST 98t IERRTIT g d ej ect ed

elements is controlled and the direction of the liquid ejected
from said nozzle is contfolled.

According to a tenth aspect of the present invention,
there is provided a liquid ejecting device having a line head
formed by a plurality of heads érranged in a predetermined
direction, the heads each being formed by a plurality of
liguid ejecting portions arranged in parallel in a
predetermined direction, the liguid ejecting portions each
comprising: a liquid cell for containing liquid; at least one
energy generating element provided in said liquid cell which
produces a bubble in response to the supply of energy; and
a nozzle for ejecting the liquid in said liguid cell by using
the bubble produced‘by said at least one energy generating
element, wherein: in said liquid cell, the energy generating
elements are connected in series to one another and are
arranged in parallel in said predetermined direction; and said
liquid ejecting device comprises ejection deflecting means
provided for each of the liquid ejecting portions which
includes at least one current-mirror circuit connected to a.

“junction of the energy generating elements, and in which, by




fromsaid nozzle is controlled. According to a thirteentA%58H&R 28 t he
present invention, there is provided a liquid ejecting device having a
head including a plurality of liquid ejecting portions arranged in
parallel in a predeterm ned direction, the liquid ejecting portions each
conprising: aliquid cell for contaiing liquid; at |east one energy
generating elenent 16 February 2007 - 20 provided in said liquid cel

whi ch produces a bubble in response to the supply of energy; and a nozzle

for ejecting dhecliquidin.said,Ligu d cell by using the bybgle produced
by said ai l'eaSt one” énergy generaflng 8l éneht, erein: Tnn-said liquid

cel |, the,heald ng e &rent 35@p§g§@&%ne%ﬂ ghesgﬁéreg%/ 20 ther and are

arranged 1 n parallel 1n sal eterm ned directio sald quid ejecting
devi ce &£UHLSESth&BMbORELAL hoBa £AMY GlppBans MWhiGhn BY esppl ying equal
anounts of currents to all the heating elenents, perforns control so that
the |iqunkigy geeetedirfg @lesands hozzdresroanddsadd aper atigandcont rol nmeans
whi ch supplies currents to all the heating elenents in said liquid cell,
and whiglectsg Seemi swich ndizkfer éncde Petokednin hehamrmedetetmihed current
flowing in at |east one of the heating elenents and the anount of the
current FHHAHAGRI ArAndthePrefétefditrctipBathpie& enent s, perforns control

based on the dLLLShSAo% 3 oL BRS8N0 QuidLp detlected in said

there is provided a liquid ejecting device using a head
including a liquid ejecting portion or a plurality of ligquid
ejecting portions arranged in parallel in a predetermined
direction, said liquid ejecting portion or each oﬁ the liquid
ejecting portions comprising: a liquid cell for containing
liquid; at least one energy generating element provided in
said liquid cell which produces a bubble in response to the
supply of energy; and a nozzle for ejecting the liquid in
said liquid cell by using the bubble produced by said at
least one energy generating element, wherein: in said liquid
cell, the energy generating elements are connected in series
to one another and are arranged in parallel in said
predetermined direction, and at least one current-mirror
éircuit is connected to a junction of the energy generating
elements; and by using said at least one current-mirror
circuit to allow a current to flow into or to flow from the
junction of the energy generating elements, the amount of a
éurrent supplied to each of the energy generating elements is
controlled and the direction of the liquid ejected from said

nozzle is controlled.




direction with respect to a direction in which liquid is'SE@EPBy said
mai N operation-control neans; the liquid ejecting portions arranged in
parallel are divided into a plurality of blocks so that groups of the
liquid ejecting portions respectively belong to the blocks; and said
liquid ejecting device conprises:- aldledicated circuit provided for each
of the liquid ejecting portions; and a common circuit provided for each of
t he bl ocks which is shared by the liquid ejecting portions belonging to

t he bl ock, angcgh£§ S east t one of said

h. includ t | part, .of Bi N
operation-contro ﬁgghgoaﬁd%fﬁlﬁgbfﬁ Fﬁt28%7th% éxﬁfgfdlgflngg%n’

oper at i oppgpnt ol ARARS 2N £ 8¢t 84LLAMA rxertqa@doggirégfa theel hayyd ej ecting

portions belonging to the bl ock. ccording to enbodi ments of the present

i nvent i oBorMéenyl a0 drhsi€f &bt @daagngrtd i 1) 8ChiogeRamtinen can be
prevented fromaffecting another liquid e ecting portion. In the case of
such contdiodégtiatn,| east hpads @fchabeinguidrifcar bg ecplutplitguiod nmay be
provided a single conmon circuit for a plurality of 1iquid ejecting
portionsliqiid cdegibiey poricidns sirpphied cit irewrafloelt be samt i re head.
According to enbodi ments of the gresent.invention, by using a plurality of
ener gy gBReF9THY EPefiRRtct ity &heutiemtd AJecsingcPeelians 628P ow a current

to flowinto or, from i\.jéun ti (%f thet ener lgenleégt itn eealsgngl%s so that.

the anouRtS -1 Fanf tir s g7 1or contatning’ 3gifaa
energy generating element provided in said ligquid cell which
produces a bubble in response to the supply of energy; and
a nozzle for ejecting the liquid in said liguid cell by using
the bubble produced by said at least one energy generating
element, wherein: in said liquid cell; the energy generating
elements are connected in series to one another and are
arranged in parallel in said predetermined direction, and at
least one current-mirror circuit is connected tc a junction of
the energy generating elements; and by using said at least one
current-mirror circuit to allow a current to flow into or to
flow from the junction of the energy generating elemenfs, the
amount of a current supplied to each of the energy generating
elements is controlled and the direction of the liquid ejected
from séid nozzle is controlled.

According to a thirteenth aspect of the present
invention, there is provided a liquid ejecting device having
a head including a plurality of liquid ejecting portions’
arranged in parallel in a ?redetermined direction, the liquid
ejecting portions each comprising: a liquid cell for

containing liquid; at least one energy generating element




21 currents flowing in the energy generating el enents ditf Feiruan2007
difference can be set in bubble producing tine between energy generating
el enents. Accordingly, based on the difference, the direction of ejected
liquid can be controlled. Mre specifically, it can be changed (shifted
fromperpendicularity with respect- 260 a- plane of ejection). By deflecting
ejected liquid, a position to which the liquid is delivered can be
changed. Therefore, for exanple, if there is a shift in a position to

whi ch 11 qui dielgct ed, {rom.a par Ll el ar Ll quid el ecting porfion is

. 1 .
delivere t he “shi can correc eover,” according %o enmbodi ments

Of LNe PIeSEBlsb WENiONapel p N£A56,0LahNEQIRONG! DY IANSof changi ng

ejected liquid with a head,” sinpli ation ownsi zing) of the entire

circuit epabheguidhth RaBS1iguie d9adpgveRihorer BuBbléesldidean head BRIEF
DESCRI PTI ON OF THE DRAWNGS Fig. 1 is an expl oded perspective view show ng
a head t &y whidhata ldagiti dnej ecdidig citeeraeing ¢ hengpresenérdinsern on is
applied; Figs. 2A and 2B are a detailed plan view and side view show ng

t he arrangémehigetd medtli nghe elxdatiogs eilamehes hesd cohowpteéd irFig. 1; Fig. 3
is an illustration of deflection of ejected ink; Figs. 4A and 4B are
‘graphs sR6RFA§ &P mNaregtPes s arg PEBRDEPY PO@ERragpel in said

predetermined direction; said liquid ejecting device
comprises: main operation-control means which, by supplying
equal amounts of currents to all the heating elements,
performs control so that the liquid is ejected from said
nozzle; and sub operation-coentrol means which supplies
currents to all the heating elements in said liquid cell, and
which, by setting a difference between the amount of the
current flowing in at least one of the heating elements and
the amount of the current flowing in another one of the
heating elements, performs control based on the difference so
that the ejected liquid is deflected in said predetermined
direction with respect to a direction in which liquid is
ejected by said main operation-control means; the liguid
ejecting portions arranged in parallel are divided into a
pluraiity of blocks so that groups of the liquid ejecting
portions respectively belong to the blocks; and said liguid
ejecting device comprises: a dedicated circuit provided for
each of the liquid ejecting portions; and a common circuit
provided for each of the blocks which is shared by the liquid
ejecting portions belonging to the block, and which includes

‘at least part of one of said main operation-control means and




rel ati onshi ps between differences in bubble producing tif&FetsfEY 7 and t he
angl e of ejection of ink which are obtained by divided heating resistors;
Fig. 4Cis a graph showi ng actually neasured data showing a relationship
bet ween difference in anount of current of divided heating resistors and
t he amount of deflection; Fig. 5- «0a €ircuit diagramshow ng a
current-mrror circuit formed by MOS transistors; Fig. 6 is a circuit

di agram showi ng an ejection-control circuit in a first enbodi ment of the
pr esent invéntign whi ¢ es a main_qperation.controller and a sub

h i | ud
oper at i orf Eo PP oPPEr 11981 GARhGS & TS e ant 15Grs o ABaRt FE8 €55 i o a pl an
i how he. . . . j. [ i di t:-Fig. 8
Voo RO Ont e QUIHICHUER: ) Phrdiihe BERGRdthd 18 ERLDMISIOOT To0: et P om

adj acent heagdscbfidly 8bl&MiRalfentd LANGRIRAEsefi Gnvent HrA §REEMALI C plan
view showing a state in which the ejection-control circuit shown in Fig. 6

I's rountiddued ihejbesst,sbhavnliduibi giedtinkl gortibdAcantbel pBeddreea pl an vi ew
and side sectional view showi ng the arrangenent of heating resistors in a
second enfyodi atfdctdafigtdwtpeeskimuidnedattiion, pardocor rbspbrdcate® ofi gs. 2A and
2B concerning the first enbodi nent, 16 February 2007

such control, at least part of a circuit for ejecting liquid may

‘be provided a single common circuit for a plurality of liquid

ejecting portions. This enables circuit simplification for the

entire head.

According to embodiments of the present invention, by using a
plurality of energy generating elements and a current-mirror

circuit to allow a current to flow into or from a junction of

the energy generating elements so that. the amounts of




23 respectively Fig. 11 is a circuit di agram showi ng af® E§heen 287 control
circuit in the second enbodi nent, and corresponds to Fig. 6 concerning the
first enmbodinment; Fig. 12 is a circuit diagram show ng anot her ejection-
control circuit in the second enbodi nent, and corresponds to Fig. 6
concerning the first enbodinent; F @l 33 is a circuit diagramshow ng a
sinplified circuit of the ejection-control circuit showmn in Fig. 6; Fig.
14 is a circuit diagran1shomﬁng an exanple of the liquid ejecting device of
t he present. HQV%Q‘J m@ a q;ed c rcuit %ﬁ%l comon circuit
are provided, Fig. 15 |l§ HIE SPREY rga?fl% eé“e SRcpti$Toi®a  dedi cat ed

CI T CUI U OB, Gh ke APl gagsduar%sugn%eacra,ge&%qg?t cirouit

diagranms illustrating the concept a current-supply circ used as a

conMmN JeheUhting B1dh&itRr esmuorumﬂcmll BBsed i@ tld di$r8r&ideGUtie di agram
showi ng a specific common circuit] Fig. 18 is a circuit dlagran1shomnng an

ej ect i ontireotidmobf Céyeritietl Imﬂadc&y b eombidlabdon Miret Beediediceatygd circuit
shown in Fig. 14 and the conmon circuit shown in Fig. 17; Fig. 19 is an
i |l ustraltt eandfe dhéferkricbsitet Ween merpendi@ribroty putthobtgiesedtavzen t he
i nput of a defl ection
plane of ejection). By deflecting ejected liquid, a position to
which the liquid is delivered can be changed.
Therefore, for example, if there is a shift in a position to
which liquid ejected from a particular liquid ejecting portion is
delivered, the shift can be corrected.
Moreover, acccording to embodiments of the present invention,
in the case of incorporating means of changing ejected liquid with

a head, simplification (downsizing) of the entire circuit enables

the means to be used even for a high resolution head

BRIEF DESCRIPTION OF THE DRAWINGS

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

Figs. 2A and 2B are a detailed plan view and side view
showing‘the arrangement of heating resistors in the head shown in
Fig. 1; |

Fig. 3 is an illustration of deflection of ejected ink;

Figs. 4A and 4B are graphs showing simulated results




16 February 2007 24 control switch in the ejection-confl?bforeay&®t in
Fig. 6 is changed and a current output obtained when the inputs of a
control termnal and pol arity-change switch shown in Fig. 18 are changed,
Fig. 20 is a circuit diagramshow ng a specific exanple of a sign-change
circuit in the present invention; Fig. 21 is a plan view showng a |line
head of the related art; and Figs. 22A and 22B are a sectional view and
plan view showing printing by the Ijine head shown in Fig. 21. DESCRIPTI ON
OF THE PREFERRED ENMBODI MENTS Enbodiﬁ%gfé of the present invention are
described belowwith reference to the acconpanying draw ngs. First
Enbodinent Fig. 1 is an expl oded perspective view show ng one of heads 11
in an ink]etiqsiiey Hdwieeinnafitfée reefesr éd babadeaprbgnentgr timgén which a
liquid ejecting device of the present invention is used. In Fig. 1, a
nozzl e sheetk lahd stheoroed e tof &jkeartiioer ofayek wBicWhermogktalshdet 17 is
showmn, with it separated. In the head 11, a base nenber 14 includes a
sem corcluctiori dadbhdtedtiecagsdsedrss; silicon, etc., and heating resistors
13 (corresponding to energy generating 16 February 2007

Fig. 4C is a graph showing actually measured data
showing a relationship between difference in amount of
current of divided heating resistors and the amount of

deflection;

Fig. 5 is a circuit diagram showing a current-mirror
circuit formed by MOS transistors;

Fig. 6 is a circuit diagram showing an ejection-control
circuit in a first embodiment of the present invention which
includes a main operation controller and a sub operation
controller including a current-mirror circuit;

Fig. 7 is a plan view showing the structure of a line
head in the first embodiment;

Fig. 8 is a front view showing directions in which ink
droplets are ejected from adjacent heads in an alternate
arrangement;

Fig. 9 is a schematic plan view showing a state in
which the ejection-control circuit shown in Fig. 6 is
mounted on the head shown in Fig. 1;

Figs. 10A and 10B are a plan view and side sectional
view showing the arrangement ofrheating resistors in a
second embodiment of the present invention, and correspond

to Figs. 2A and 2B concerning the first embodiment,




25 elements in the present invention) formed on one sur 1&QEP" @Y 29%e

sem conduct or substrate 15. The heating resistors 13 are electrically
connected to an external circuit by a conductor portion (not shown) fornmed
on the sem conductor substrate 15. The barrier layer 16 is nmade of a

phot osensitive cyclized rubber resist or an exposure-curing dry-film
resist, and is fornmed by stacking the resist on the entirety of. the
surface of the sem conduct or substrahg 15 on which the heating resistors
13 are forned, and using a photolithdgraphy process to renbve unnecessary
portions. The nozzle sheet 17 has a plurality of nozzles 18 therein, and
is formed by, for exanple, electroform ng technology using nickel. The
nozzl e gsheekctiviesybonded onto the barrier layer 16 so that the positions
of the nozzles 18 <can correspond to the positions of the heating resistors
13, that isFi¢rhel hazgl® i@ wdisn dippose tshewiegt angefesitdodrs 13. Ink cells
12 (corresponding to liquid cells in the present invention) are

constit ubedtrsd asrtoisuinouime sdeondeenbhodinesi stard CFURSRIES st rat e

- menber 14, the barrier layer 16, and the nozzle sheet 17. Specifically,
the suBsurabfecopabening the nkirsie eweedimswlis of the ink cells 12, the
barrier layer 16 forns the side walls of the ink cells 12, and the nozzle
“sheet 17 forfkgt h2 tiep avadiizswft Hagnagk sPemiga) anoftherhrd §trt@liure, the

ink cells 12 have o .
control circuit in the second embodiment, and corresponds to

'Fig. 6 concerning the first embodiment;

Fig. 13 is a circuit diagram showing a simplified
circuit of the ejection-control circuit shown in Fig. 6;

Fig. 14 is a circuit diagram showing an example of the
liquid ejecting device of the present invention in which a
dedicated circuit and a common circuit are provided;

Fig. 15 is an illustration of the concepts of ‘a
dedicated circuit, a common circuit, and a block;

Figs. 16A and 16B are circuit diagrams illustrating the
concept of a current-supply circult used as a common circuit
in the present invention;

Fig. 17 is a circuit diagram showing a specific common
circuit;

Fig. 18 is a circuit diagram showing an ejection-
control circuit formed by a combination of the dedicated
circuit shown in Fig. 14 and the common circuit shown in Fig.
17; |

' Fig. 19 is an illustration of differences between a

‘current output obtained when the input of a deflection-




" 16 February' 200T 26 regions are connected to i nk-f1 ow PAFFREUE? shown) .

The above head 11 normally includes the heating resistors 13 in units of
hundreds, and the ink cells 12 provided with the heating resistors 13. In
response to a command fromthe 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 fromthe nozzle 18
opposing the ink cell 12. In other words, the ink cell 12 is filled with
ink supplied froman ink tank (not $Aown) joined to the head 11. By
allowing a pulse current to flow through the heating resistor 13 in a
short tine, for exanple, 1 to 3 mcroseconds, the heating resistor 13 is

rapi dl ychgared. sfAstchR [8Sthé, e phaseo fiko Pubbl @si are Eriedueedd n
portions in contact with the heating resistor 13, and the expansion of

t he i nkchuhBkasadish oggeseh bko@fpsOsh vl nk® didre tik dgidts) .of lan this
manner, ink of a volune equal to that of the dislodged ink in the portion
t ouchi ngohbeohozzkeid8l i snd epeTd et wschagelropl eits $hom tie maezz|1$ 18, and
is delivered onto the printing paper. In this Specification, a portion
consti taredchyngad;ink cell 12, the heating resistors 13 disposed in the
ink cell 12, and the nozzle 18 di sposed thereabove is referred to as an
"ink ej ecti rtfipordd drs @ igjuicthidj ebteigrgmpehiowdmy” a Ispegdfic example
of a sign-change circuit in the present invention;
Fig. 21 is a plan view showing a line head of the
related art; and
Figs. 22A and 22B are a sectional view and plan view

showing printing by the line head shown in Fig. 21.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Embodiments of the present invention are described

below with reference to the accompanying drawings.

First Embodiment
Fig. 1 is an exploded perspective view showing one of
heads 11 in an inkjét printe; (hereinaftgr referred to as a
"printer“)_in which a iiquid ejecting.device of the present
- invention is used. 1In Fig. 1, a nozzle sheet 17 is bonded
to a barrier layer 1l6. The nozzle sheet 17 is.shown, with
it separated.
In the head 11, a base member 14 includes a
semiconductor substrate composed of silicon, etc., and

" heating resistors 13 (corresponding to energy generating




be said that the head 11 is formed by a plurality of ink'abebe&En Yy - 2007
27 ejecting portions. Part (in which the ink cells 12 and the heating
resistors 13 are forned on the sem conductor substrate 15) of the head 11
excluding the nozzle sheet 17 is referred to as a "head chip”. In other
words, a head chip to which the nozzle sheet 17 is bonded is the head 11.
When a plurality of heads 11 are arranged in the wdth direction of
printing paper to forma line head_a§ shown in Fig. 21, after the heads 11
are arranged, one nozzle sheet 17 (|% whi ch the nozzles 18 are formed in
positions corresponding to all the ink cells 12 of each head chip) is
bonded to the arranged heads 11 to forma line head. Figs. 2A and 2B are a
det ai | el phentviiew il Brekentsaotvaridlon)i de siehiay driite samfangengnt of t he
heating resistors 13 in the head 11. In the plan viewin Fig. 2A, the
posi t i o®fsemcCaEtteon SSulstiraticcdiSed Mhet headhiaion rdsiiméorsAd3shown in
Figs. 2A and 2B, in the head 11 in this enbodinent, one ink cell 12
i ncl udedre viv- Keare el heanrr tack dics togr xt@ravalamgeduin. byaral [ el . The
direction in which the heating resistors 13 are arranged is a direction
(the HAMMEHH RATEQ@D ofiqth shoys) Zarawd 2B) the Werdlsopdectaszzl es 18 are

arrang%gtﬁtrate 15.

The barrier layer 16 is made of a photosensitive
cyclized rubber resist or an exposure-curing 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 using a
photolithography process to remove unnecessary portions.

The nozzle sheet 17 has a plurality of nozzles 18
therein, and is formed by, for example, elec¢troforming
techneology 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 (corresponding to liquid cells in the
'present‘invention) are céﬁstituted 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 forms 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 forﬁs the top walls_of the

ink cells 12. 1In this structure, the ink cells 12 have




In such a bisected type in which one heating resistor 136F&YEHEY%udi nal Iy
separ ated, each separated heating 16 February 2007 28 .resistor 13 has the
sanme length and a half width. Thus, the resistance of the separated
heating resistors 13 is double that of the original heating resistor 13.
By connecting the separated heating resistors 13 in series, the separated
heating resistors 13 having the double resistances are connected in
series, so that the total resistance,is four tinmes that of the original
heating resistor 13. This value is ©btai ned when the interval (gap) of
each pair of the arranged heating resistors 13 is not taken into
consideration. Here, in order that the ink in the ink cell 12 may boil,

t he heatdgiprresind amink: tadsttobd ixedtied pytdspghpitnghawntertai n amount of
power to them This is because energy generated the boil is used to eject
the ink. Wh@&het hboveebkestiahtenbsmaidly| inaledes ehhetlbepbdng nust be

i ncreased. However, by increasing the resistance of the heating resistors
13, thedsictars I8 Brouglittst @ fa hveidredist, h aadsrhel inkureéhs. 13his can al so
reduce the size of a transistor or the |like for passing the current, thus
achi evinrpva das odittihorvhien hegddmgi a@sdpgaeas By -r educrA§PPRA&St RPckness of the

heating resistors 13, the resistance can be increased. However,
command from the control unit of the printer, each heating

resistor 13 is uniquely selected, and the ink of tﬂe 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
sﬁpplied from an ink tank (not shown) joined to the head 1l.
By allowing a pulse current to flow through the heating
resistor 13 in a short time, for example, 1 to 3
microseconds, the heating resistor 13 is rapidly heated. As
a result, gas-phase ink bubbles are produced in portions in
contact with the heating resistor 13, and the expansion of
the ink bubbles dislodges.ink of some volume {the ink boils).
In this manner, ink of a volume equal to that of the
dislodged ink in the_poftion touching the nozzle 18 is
ejected‘as ink droplets from the nozzle 18, and is delivered
oﬁto the printing paper.

In this Specification, a portion constituted by one ink
cell 12, the heating resistors 13 disposed in the ink cell
12, and the nozzle 18 disposed thereabove is referred to as
an "ink ejecting portion (liquid ejecting portion)". It may

be said that the head 11 is formed by a plurality of ink




when considering material selected for the heating resisf®Feruay2lig jts
strength (durability), thereis alimtation in reducing the thickness of
the heating resistors 13. 16 February 2007 29 Accordingly, by separating
the heating resistor 13 without reducing its thickness, the resistance of
the heating resistors 13 is increased. Wen one ink cell 12 includes the
bi sected heating resistors 13, it is conmmon that the tinme (bubble
producing time) required for each heating resistor 13 to reach a
tenmperature for boiling the ink is~séf to be equal. A difference between
t he bubbl e producing tinmes of both heating resistors 13 causes
non- per pendi cul arity of an angle at which the ink is ejected, thus
deflectgﬁgcﬁbﬁ?ebgggggnénk. Fig. 3is an illustration of deflection of

ej ected 1 nk. n Fig. 3, when an ink droplet i is ejected perpendicularly
to a plane aofam egild Gihidh Wi dihedink droophnet thel hegita@iged, © the ink
droplet i is ejected without being deflected, as indicated by the broken

| i ne. Coawessely, 13here t hermibd esit i Oite | fenmdi@iiddted daropitet 15)i s ej ected
is changed and the angle of ejection is off from perpendicularity by O
(directobnthe head?ll reklundB)g cheaseizlm dieeathilch dsheraffderafiapl et 1 1S
delivered is off by AL = H x tang where the di stance between the plane of
ej ecti omsaad"ht¢wd chip". In other words, a head chip to which the

nozzle sheet 17 is bonded is the head 11.

When a plurality of heads 11 are arranged in the width
direction of printing paper to form a line head as shown in
Fig. 21, after the heads 11 are arranged, one nozzle sheet
17 (in which the nozzles 18 are formed in positions
corresponding to all the ink cells 12 of each head chip) is
bonded to the arranged heads 11 to form a line head.

Figs. 2A and 2B are a detailed plan view and side

- sectional view showing the arrangement of the heating
resistors 13 in the head 11. In the plan view in Fig. 2A,
the position of the nozzle 18 is indicated by the chain

“lines.

As shown in Figs. 2A and 2B, in the head 11 in this
embodiment{ one ink cell 12 includes two separate heating
iesistors 13 arranged in. parallel. The direction in which
the heating resistors 13 are arranged is a direction (the
horizontal direction in Flgs. 2A and 2B) in which the
nozzles 18 are arranged.

In such a bisected type in which one heating resistor

13 is longitudinally separated, each separated heating.




surface (a plane on which the ink droplet i is delivered) 853y P ng
paper Pis H(His constant). 16 February 2007 30 Figs. 4A and 4B are
graphs each showing the relationship between difference in bubble
producing tinme of each bisected heating resistor 13 and the angle of
ejection of ink, and show conputer-sinulated results. In each graph, the
X-direction (which is an X-direction indicated by the wvertical axis 0 of
the graph in Fig. 4A and which does Rgt_ represent the horizontal axis of
the graph in Fig. 4A) is a directiofi“(the direction in which the heating
resistors 13 are arranged) in which the nozzles 18 are arranged, and the
Y-direction (which is a Y-direction indicated by the vertical axis 6y of
t he grapbsisté&igls 4Baanchehdahe doasgtiotand epriesientwitdid .horlwent &heaxi s of
the graph in Fig. 4B) is a direction (a direction in which printing paper
is carrredistpecpent the aseparabed Yaehtiony irsidiqrs 4@ iis glogdgh showi ng
actual ly neasured data, where difference in bubble producing tinme between
t he bi stbabdofietlhé norigbiat orsaiBng rdmistar 183 defie@ddecddndet® i s
indicated as difference in bubble producing tine between the bisected
heatingS¢E@¥%t%¢sheQEén%uﬁ?%#ﬁtﬁﬁﬁnigcﬁncﬁﬁqk&ﬂd(ﬁ?%éﬁﬁﬂﬂ£3Ffdneasured when
the distance between the nozzle and a position to which ink is delivered
" was sethedthppresdhetansy B3 hgving tHe RISTFSO-STAET i3 i s del i vered

is indicated as_the aqgle ( X- . .
connected in series, so that the total resistance is four

times that of the original heating resistor 13. This value
is obtained when the interﬁal (gap) of each pair of the
arranged heating resistors 13 is not taken into
consideration.

Here, in order that the ink in the ink cell 12 may boil,
the heating resistors 13 must be heated by supplying a
certain amount of power to them. This is because energy
generated the boil is used to eject the ink. When the
resistance is small, a.current to pass must be lncreased.
However, by increasing the resistance of the heating
resistors 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
resistors 13, the resistance can be increased. However,
when considering material selected for the heating resistors
13 and its strength (durability), there is a limitation in

reducing the thickness of the heating resistors 13.




direction) of ejection of ink by the horizontal axis. Fi{fF 4% shows a
case in which, with the main current of the heating resistors 13 set to 80
mA, the deflection current 16 February 2007 31 was superinposed on one of
the heating resistors 13 and the ink was ejected and defl ected. Wen there
is atinme difference in production of bubbles by the heating resistors 13
bi sected in the direction in which nozzles 18 are arranged, as Figs. 4A
and 4B shows, the angle of ejection of ink is not perpendicular, and the
angle Ox (which is a shift fron1pé?d@ﬁchularity and which corresponds to
Oin Fig. 3) of ejection of ink in the direction in which the nozzles 18
are arranged increases in proportional to the difference in bubble

pr oducim@GdrddmhglACC Hist@aratimat Rihe evdadingertesibyonsidgwibhsuteat ure,

that is, by providing the bisected heating resistors 13 (trisected heating
resi st eiulBindd) i S atdrkresoditientrestiistfandes olfatee Hestinped), and

" .supplying different currents to the bisected heating resistors 13, a

di ff er ered dtarssaf3 iis Hulehlesepr.oduci ng time of the heating resistors 13,
whereby the direction in which ink is ejected is changed. Wen the
resi st anceswWoknt heebiiskctedllhdat inglndssstbesbidgcted eatirm@al to each
ot her due to, for exanple, a production error or the like, the heating
resi st aesiEddrvd 3,a idi fifsecempen thsdbihe FiagudPHEPLENBTOoFHES"It he angl e
of time) required for each heating resistor 13 to reach a

temperature for boiling the ink is set to be equal. A

difference between the bubble producing times of both

heating resistors 13 causes non-perpendicularity of an angle

at which the ink is ejected, thus deflecting the ejected ink.

Fig. 3 is an illustration of deflection of ejected ink.

In Fig. 3, when an ink droplet i is ejected perpendicularly

to a plane of ejection on which the ink dropiet i is ejected,

the ink droplet i is ejected without being deflected, as

indicated by the broken line. Conversely, when the

direction in which the ink droplet i is ejecfed is changed

and the angle of ejection is off from_perpendicularity by 6

(direction Zl1 or %2 in Fig. 3), a position to which the ink

droplet i is delivered is off by
AL = H x tanf

where the distance between the plane of ejection and the
surface (a plane on which the ink droplet i is delivered) of

printing paper P is H (B is constant}.




ejection of ink is not perpendicular, so that the positi AP E%#%n the
ink is delivered is off fromthe correct position. However, by supplying
different currents to the heating resistors 13 for controlling the bubble
produci ng 16 February 2007 32 tinme of each heating resistor 13 to be
equal, the angle of ejection of ink can be set at perpendicularity.
Techni ques for changing the direction of ejection of ink include, at first,
changing a direction in which the Hegbi‘r_e head 11 ejects ink. Referring to
Fig. 22 for example, by changing the“direction of ink ejected fromthe
N-th head to the right, the ink can be ejected perpendicularly to the
surface of printing paper P, and by changing the direction of ink ejected
fromthe (NFhgd.h dreachdl 4RO atriee drefphs teheh skhowdag beeej ect ed
perpendicularly to the surface of printing paper P. Secondly, the above
t echni queta t hohsidiep dhetrwgery i £ Tt resote oim ibubkhiec prosudigndejtédee@ff r om at
| east one particular nozzle 18. For exanple, when the direction of
ej ecti ovrdli hidedtroinhegpimd cidsirs oz A% a8l ithenenoggdsr &ifl 60 edPhe
direction of ejection of ink fromthe other nozzles _18, by changing the
di r ect i®h Btk ej and | BPWOICIHRIFGorE el a bR (58NS -no 2 €2F8, Gr8PEan be
corrected so as to be arallel to the direction of ejection %f ink from
t he ot Hé&te ¥dbyestiign (which is an X-direction indicated by the
vertical axis 0 of the graph in Fig. 4A and which does not
represent the horizontal axis of the graph in Fig. 4A) is a
direction (the direction in which the heating resistors 13
are arranged) in which the nozzles 18 are arranged, and the
Y-direction (which is a Y-direction indicated by the
vertical axis Oy of the graph in Fig. 4B and which does mnot
represent the horizontal axis of the graph in Fig. 4B} is a
direction (a direction in which printing paper is carried)
perpendicular to the X-direction. Fig. 4C is a graph
showing actually measured data, where difference in bubble
. producing time between the bisected heating resistors 13,
that is, a deflection current, is indicated as difference in
- bubble ﬁroducing.time between the bisected heating resistors
13, 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 (X-
direction) of ejection of ink by the horizontal axis. Fig.

4c also shows a case in which, with the main current of the

heating resistors 13 set te 80 mA, the deflection current




Third, the direction of ejection of ink can be changed ASFF%V?%%%V For

exanpl e, when ink droplets are ejected from adjacent nozzles N and (N+1),
a position to which the ink droplet ejected fromnozzle N w thout being
defl ected, and a 16 February 2007 33 position to which the ink droplet

ej ected fromnozzle (N+1) wthout being deflected are represented by
delivery position n and delivery position (n+l), respectively. In this
case, the ink droplet can be ejecte lfLon1nozzIe N wi t hout being

defl ected and can be delivered to delivery position n, and can be
delivered and delivered to delivery position (n+l). Simlarly, the ink
droplet can be ejected fromnozzle (N+1) w thout being deflected and can
be del i ve$eguperinedse@rynposet dbntiieHhgatory el Peonfeflecdrst tdsd
-delivered to delivery position n. For exanple, when nozzle (N+1) is

cl oggediBhdapapl ected epéctethesbkddropl et, the ink droplet nust be unable
to be delivered to delivery position (n+l), so that a stuck dot is forned
and the cor MB¥Foridisif Head 150s FdfaFaRFad deredUcrdon Ph such a case, by
usi ng anot her nozzle N or nozzle |, N+%%, which is adjacent to nozzle (N+1),
to e ectURHES oY | BRe 27P FHRI dF oDt BtOTE he® iTAS s et dEIF be delivered to

e - "
dellver&&%&%%{éﬁnh rhﬁ%éh nozzles 18 are arranged, as Figs. 4A and

4B shows,.the angle of ejection of ink is not perpendicular,
and the angle Bx (which is a shift from perpendicularity and
which corresponds to 0 in Fig. 3) of ejection of ink in the
direction in which the nozzles 18 are arranged increases in
‘proportional to the difference in bubble producing time.

Accordingly, in this embodiment, by using this feature,
that is, by providing the bisected heating resistors 13
(trisected heating resistors 13 in a second embodiment Which
is later described), and supplying different currents to the
bisected heating resistors 13, a difference is set 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 equal to each 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 1is delivered is off from the correct
position. However, by supplying different currents to the

‘heating resistors 13 for controlling the bubble producing




Next, means of controlling (changing) the direction of &fER¥YER2EY ink is
descri bed below. In this enbodi nent, the bisected heating resistors 13 in
the ink cell 12 are connected in series to each other. The head 11
includes a main operation controller that controls the nozzle 18 to eject
an ink droplet by supplying 16 February 2007 34 -equal currents to the
connected heating resistors 13, and a sub operation controller for each
ink ejecting portion which includes_at |east one current-mirror circuit
(hereinafter referred to also as a 3%:I\/I‘circuit") connected to a junction
of both heating resistors 13 (at | east one pair of heating resistors 13
when three or nore heating resistors 13 are connected in series to one
anot her}imandfwhach, hbytsnppkysgtoa Tirterbe teqide, hdet iamgyleesifstors 13
through the current- mrror circuit or |eading a current fromthe heating
resi st oededBionses tohtreh bé setuat erpendbchldwedtyng resistor 13 to
control the direction of ejection of ink from the nozzle 18. The sub
operati on cdclotigresofer apeuiificdiHey dierdarien ¢df lederiténnt ot he
direction (either direction) in which the heating resistor 13 are arranged
W th retplecin¢budfe dtré&ersbn fanmkneg)ecdetedylehel i chogdeat i on
controller, The sub operation controller in this_enbodinent corresponds to
~a cont reftieanaesdr LéoRt EEEF| ABXt heRafpBELREnte Fig. 22 for example,

by changing the direction of ink ejected from the N-th head
to the right, the ink can be ejected perpendicularly to the
surface of printing paper P, and by changing the direction
of ink ejected from the (N+1)-th head 1 to the left, the ink
can be ejected perpendicularly to the surface of printing
paper P.

Secondly, the above technigques include changing a
direction in which ink is ejected from at least one
particular nozzle 18. For example, when the direction of
ejection of ink from a particular nozzle 18 is not parallel
to the direction of ejection of ink from the other nozzles
18, by changing the direction of ejection of ink from the
barﬁicular nozzle 18, it can be corrected so as to be
parallel tq the direction of ejection ¢of ink from the other
nozzles 18.

Third, the direction of ejection of ink can be changed
as follows:

For example, when ink droplets are ejected from adjacent
nozzles N and (N+1), a position to which the ink droplet

"éjected. from nozzle N without being deflected, and a




of ejection of ink, or an ejection deflecting nmeans for 1@5%5‘1‘%60({7%
direction of ejection of ink in the present invention. The current-mrror
circuit is briefly described below Fig. 5is a circuit diagram
illustrating a current-mirror circuit including MOXS transistors. The
current-mrror circuit is a portion of the circuit 16 February 2007 35 1in
Fig. 5 which consists of p-channel netal-oxide- sem conductor (PMOS)
transistors P1 and P2. Since the gate and drain of the transistor P2 are
connected to the gate of the transistor P1, equal vol tages can be
constantly applied to the transistors Pl and P2, and equal currents flow
in them N-channel netal-oxide-sem conductor (NMOS) transistors N and N2
const i tgdsei i o fdcenanitdalttanplny ifoplEhe edeaitesl fabmt heztiangNsibrs N and
N2 are connected to the drains of the transistors Pl and P2, respectively.
A powerwistipplty B&Grig disEidbdtedappley reprelskagedt byt Heligatrespofithen
transistors N1 and N2. A power supply Vcc is wused to apply a voltage to
t he gatresarahdislowesss pafs itthien tingdsi,strespeRt iamdyP2. IhntRig. c&sewhen i nput
terminals A-ln and B-1n have no inputs, the transistors N1 and N2 are
t ur ned tdre Bedaubmnlrs azel ttegeisictelde fpomenogappl I vEtheubpbeied to t hem

In this
deflected and can be delivered to delivery position n, and

can be delivered and delivered to delivery position (n+l).

Similarly, the ink droplet can be ejected from nozzle
(N+1) without being deflected and can be delivered to
delivery position (n+l), and can be deflected and delivered
to delivery position n.

For example, when nozzle (N+1) is clogged and unable to
eject an ink droplet, the ink droplet must be unable to be
delivered to delivery position (n+l), so that a stuck dot is
formed and the corresponding head 11 is regarded as
defective,

In such a case, by using another nozzle N or nozzle
(N+2), which is adjacent to nozzle (N+1), to eject and
deflect an ink droplet, the ink drdplet can be delivered to

‘delivery position (n+l).
| Next, means of controlling (changing) the direction of

ejection of ink is described below.

In this embodiment, the bisected heating resistors 13
in the ink cell 12 are connected in series to each other.
The head 11 includes a main operation controller that

controls the nozzle 18 to eject an ink droplet by supplying




state, a constant current supply I's supplies a current. 'ShERY%Z¥Z4 on the
characteristics of the current-mrror «circuit, equal currents flowin the
transistors P1 and P2. Wen the flowing current is represented by Is, Is/2
flows between the transistors P1 and NI and between the transistors P2
and N2. In this state, no current flows in or out at a termnal Qut. For
exanpl e, when zero volts (OFF) is input to the 16 February 2007 36
terminal A-In, and 5 volts (ON) is input to the termnal B- In, the gate
voltage of the transistor N1 is eqﬁaﬁ4t6 a backgate voltage because zero
volts flows ahead of the voltage of the power supply VG This turns off
the transistor NL. Conversely, the gate voltage of the transistor N2 is

gr eat ereffhan aubaekpat €o vohé agénnébisd Hed iy Wik iddd arss| Hm@r aN2. The ON
state of the transistor N2 turns on the transistors P1 and P2 because the

drai n ofubheptransost osniol setofitecéfch tink hej gatiagy gfodtieon twhdnrdi stors Pl
and P2. At this tine, the current of the constant current supply Is flows
in the tnahsdssozt NRedbecause thereomnstintor ctirrentt siippteiraftiess connect ed
to the differential anplifier constituted by the transistors N and N2.
Accor di ngfgrrefieto catsems od {¢é consuiant) cwnmentteslip o IJuifdtdws al so in
the transistor P2, and the characteristics of the current-mrror

of both heating resistors 13 (at least one pair of heating

resistors 13 when three or more heating resistors 13 are

connected in series to one another), and which, by supplying

a current to the heating resistors 13 through the current-

mirror circuit or leading a current from the heating

resistors 13, uses control of a current to each heating

resistor 13 to control the direction of ejection of ink from

the nozzle 18. The sub operation controller more

specifically performs deflection to the direction (either

direction) in which the heating resistor 13 are arranged

with respect to the direction of ink ejected by the main

operation controller.

The sub operation controller in this embodiment

corresponds to a control means for controlling the direction

of ejection of ink, or an ejection deflecting means for

changing the direction of ejection of ink in the present
invention. |

The current-mirror circuit is briefly described below.
Fig. 5 is a circuit diagram illustrating a current-mirror
'circuit including MOS transistors.

The current-mirror circuit is a portion of the circuit




circuit cause the current of the constant current supply'§5%%3Y #9%w al so
in the transistor Pl1. However, since the transistor N is in OFF state, no
current flows in the transistor nl. Thus, the current of the"constant
current supply Is which passes through the transistor Pl flows out from
the termnal Qut. For exanple, when 5 volts (ON) is input to the termna
A-In and zero volts (OFF) is input to the termnal B-In, the transistor N2
is turned off and the transistor NI iis turned 16 February 2007 37 on,
conversely to the above. Wen the ffé%srstor N2 is in OFF state, no current
flows in the transistor P2. Also, the characteristics of the
current-mrror circuit cause no current to flowin the transistors P1.
However insFage Bhwhdohr enhsbbtshefcpashantel cuetehtossippty |Is flows in the
transistor Ni, a current flows in fromthe termnal Qut, the current flows
only i nsephgondunspst dPMNB! ErgnsbsshossPanaef ekl i orsigord ridle gateuit 50
including the main operation controller, and the sub operation controller
(ej ecti 8Adderpért 6f) thactuanaystoe Baraeatceonreoted cio cilig .gdte afe

ej ection-control circuit 50 in Fig. 6, a portion corresponding to the main
oper at | BREcEAERBEFEPT Bhd S@upbrYPbhRE? rezpdimli trPI e Hy SHPlaesr at i on

controller is surrounded by the chain doubl e-dashed line. At first,
to the transistors P1 and P2, and egual currents flow in

them. ]

N-channel metal-oxide—-semiconductor (NMOS) transistors
N1 and N2 constifute a differential amplifier. The drains
of the transistors N1 and NZ are connected to the drains of
the transistors Pl and P2, respectively.

A power supply VG is used to apply a voltage to the
gates of the transistors N1 and N2. A power supply Vcc is
used to apply a voltage to the gates and sources of the
transistors P1 and P2. |

In Fig. 5, when input terxrminals A-In and B-In have no
inputs, the transistors N1 and N2 are turned on because the
voltage of the power supply VG is applied to them. 1In this
state, a constant current supply Is supplies a current.
Thus, based on the characteristics of the current—mirror
circﬁit, equal currents flow in the transistors Pl énd P2.
When the flowing current is represented by Is, Is/2 flows
between the transistors Pl and N1 and between the
transistors P2 and N2. 1In this state, no current flows in
or out at a terminal Out.

For example, when zero volts (OFF) is input to the




el ements and connection states for use in the ejection- ORFEY Y cuit 50
are described below. In Fig. 6, resistors Rh-A and Rh-B are the bisected
heating resistors 13 and are connected in series to each other. A
resi stance power supply Vh is used to apply a voltage to the resistors
Rh- A and Rh-B. The ejection-control circuit 50 in Fig. 6 includes
transistors ML to M21. The transistors M4, M5, MB, MI, M4, M6, M9, and
M21 are PMOS transistors, and the other transistors are NMOS transistors.
Pairs of the transistors 16 February32007 38 Mt and M6, MP and ML1, M4
and ML6, and ML9 and M21 constitute current-mrror circuits, respectively.
The ejection-control circuit 50 includes four current-mrror circuits.

For exap@tr®inaD AHEn CULK@IE ~BIrdOr (o) Gid timgarpasedhef terhénblaBsi stors M4
and Mb, the gate and drain of the transistor Mo are connected to the gate

of the inanshst@atdMvol ddus, ofedilad Moddsigaoang denstjaall yoapplied to the
transistors MA and M6, and al nbost equal currents can flowin them The
transi shaalsgdBe andl Mogd Unstdue ae didftey efltowal ahaapl bfi ¢he that is, a
swi tching el enent (second switching elenment) for the current-mrror
ci r cui tvaebrpos edf ofhe heowar angirslyords W Tinids MBL.rnFhefgedbrd swit ching
el enment is used
transistor N1. Conversely, the gate voltage of the
transistor N2 is greéter than a backgate voltage, thus
turning on the transistof N2. The ON state of the
transistor N2 turns on the transistors Pl and P2 because the
drain of the transistor N2 is connected to the gates of the
-transistors Pl and P2.
At this time, the current of the constant current
supply Is flows in the transistor N2 because the constant
current supply Is is connected to the differential amplifier
constituted by the transistors N1 and N2. Accordingly, the
current of the constant current supply Is flows also in the
transistor P2, and the characteristics of the current—mirror
circuit cause the current of the constant current supply Is
to flow also in the transistor Pl. However, since the
transistor_Nl is in OFF state, no current flows in the
'tfansistor nl. Thus, the current of the'conétant current
supply Is which passes through the transistor Pl flows out
.from the terminal Out.
For example, when 5 volts (ON) is input to the terminal

A-In and zero volts (OFF) is input to the terminal B-In, the .

transistor N2 is turned off and the transistor N1 is turned




to use the current-mirror circuits to pass a current thr&ﬁﬁﬂ”m¥h%m7esistors
Rh-A and Rh-B or to cause a current to flow out fromthe resistors Rh-A
and Rh-B. Pairs of the transistors M8 and MLO, ML3 and ML5, and ML8 and

M20 are respectively second switching elements for the current-mrror
circuits forned by the pairs of the transistors M@ and ML1l, ML4 and ML6,

and ML9 and M21. In the current-mrror circuit conposed of the transistors
M4 and M, and the second switching elenment forned by the transistors M
and M6, the drains of the transisford M4 and MB are connected to each
other, and the 16 February 2007 39 drains of the transistors M6 and Mb
are connected to each other. This also applies to the other second
swi tchi ng, eberentslyThe thai ascweé.the transistors M4, MJ, M4, and ML9
which are parts of the current-mrror circuits, and the drains of the
transi st ors WBen Me Mix3gnsaireck dMl &V2aries conroR® ed atte ,t he wudpennt of the
resistors Rh-A and Rh-B. The transistors M, M/, M2, and ML7 are used as
const anflewpr ent thappriesisbort b2, cuklent - the raramdaitsticsand t heir
drains are respectively connected to the sources and backgates of the
transi SEBESCNBIeNB RMIBOL apbr Bt ddese ramstwstantMtdd o dmaitieconnect ed
in series to, the resistor Rh-B. It is turned on when an ejection-
transistors Pl. However, since the current of the constant
current supply Is flows in the transistor N1, a current
flows in from the terminal Out, the current flows only in
the transistor Nl.
Fig. 6 shows an ejection-control circuit 50 including
the main operation controller, and the sub operation
controller (ejection deflector) including the current-mirror
circuit. 1In the ejection-control circuit 50 in Fig. 6, a
portion corresponding to the main operation controller, and
a portion corresponding to the sub operation controller is
surrounded by the chain double-dashed line. At first,
elements and connection states for use in the ejection-
control circuit 50 are described below.
In Fig. 6, resistors Rh-A and Rh-B are the bisected
heating resistors 13 and are connected in series to each
- other. A resistance power supply Vh is used to apply a
voltage to the resistors Rh-A and Rh-B.
The ejection-control circuit 50 in Fig. 6 includes
‘transistors M1 to M21. The transistors M4, M6, M9, M11l, M14,
"M16, M19, and M21 are PMQOS transistors, and the other

transistors are NMOS transistors. Pairs of the transistors




executing input switch Ais in the state "1" (ON), and dPFeREM2irrent to
flowin the resistors Rh-A and Rh-B. The output termnals of AND gates X1
to X9 are connected to the gates of the transistors M, M3, Mp, etc. The
AND gates XI 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 termnals of the AND
gates XI to X9 is connected to the ejection-executing input swtch A XNOR
gates X10, X12, X14, and X16 each have an input term nal connected to a
defl ection-direction switch C, and™ e other input termnals of the XNOR
gates X10, X12, X14, and X16 are connected to deflection-control sw tches
JI to 16 February 2007 40 J3 and a deflection-angle correcting switch S,

r espect iMelayd MEheMdebhectiion- dineghdiomlsW 468 1€ 9 Sansagkt 0 switch the
direction of ink-droplet ejection between the direction in which the

nozzl es chb@saieuarr angednanditrheropposiuies (i respéonivéher etthe When t he
deflection-direction swwtch Cis in the state "1" (QON), one input of the
XNOR gaegeri@onscofitroTheidefifiecti obnchudenl fowt t clmesenitl-miorrtd are used to
determ ne an amount of deflection for changing the direction of

i nk-dr opiiecuatecti on. For exanple, when an input terminal J3 is in the
state "1" (ON), one input of the XNOR gate X10 is "1". The output term nal
of each of tE@;)@&}@@b@esigqxpe_qqrrentnmirror circuit composed of

the transistors M4 and M6, the gate and drain of the
transistor M6 are connected to the gate of the transistor M4.
Thus, equal voltages are constantly applied to the
transistors M4 and M6, and almost equal currents can flow in
them.
The transistors M3 and M5 function as a differential
amplifier, that is, a switching element (second switching
- element) for the current-mirror circuit composed of the
transistors M4 and Mé. The second switching element is used
to use the current-mirror circuits to pass a current through
the resistors Rh-A and Rh-B or to cause a current to flow
out from the resistors Rh-A and Rh-B.
Pairs of the transistors M8 and M10, M13 and M15, and
M18 and M2Q are respectively second switching elements for
the current-mirror circuits formed by the pairs of the
transistors M9 and M11l, M4 and M16, and M19 and M21,
In the current-mirror circuit composed of the
transistors M4 and M6, and the second switching element
formed by the transistors M3 and M5, the drains of the

transistors M4 and M3 are connected to each other, and the




X16 is connected to one input termnal of each of the ANIPFPAaBRE2RS . xs
and is connected by each of NOT gates X11,..., X17 to one input term nal
of each of the AND gates X3,..., X9. One input term nal of each of the AND
gates X8 and X9 is connected to an ejection-angle correcting switch K A
defl ection-anplitude control terminal Bis used to determne a current for
the transistors M2,..., ML7 used as the constant current supplies for the
current-mrror circuits, and is connected to the gate of each of the
transistors M2,..., ML7. Since the~apgfl rcation of an appropriate voltage
(Wx) to the deflection-anplitude control termnal B supplies a gate-source
voltage (Vgs) to the gates of the transistors M2,..., M7, currents flow

in the d46akgbryar ¥nd0@fandistbrangs shed sMbPare - coMdetddet® e transistors
M2,..., ML7 have different nunmbers of transistors connected in parallel

t her et ootRbYs, ALk g1s6, appleeshts athe soElkeat@sbhy dvhiechiaigent hesi zed
nunber in each of the transistors M,..., M7, for exanple, a current

fl ows febamehestransistor M3 to M, and a current flows fromthe
transistor MB to M/. The source of the transistor Ni connected to the
resi st or Rh-Bye adwkime sburloestfndivadrsansi , stmr,s MVR,,. and MM7 which are
used as constant current supplies for the current-mrror circuits are
connecteldich groupdrtENDf. the ¢herabowvel cornf i guratiton, arlde th@r ent hesi zed

drains of the transistors M3, M8, M13, and M18 are connected
to the midpoint of the resistors Rh-A and Rh-B.

The transistors M2, M7, M12, and M17 are used as
constant current supplies for the current-mirror circuits,
and their drains are respectively connected to the sources
and backgates of the transistors M3, M8, M13, and M18.

The transistor M1 haé a drain connected in series to
the resistor Rh—B. It is turned on when an ejection-—
executing input switch A is in the state "1" (ON), and
allows a current to flow in the resistors Rh~A and Rh-B.

The output terminals of AND gates X1 to X9 are
connected to the gates of the transistors M1, M3, M5, etc.

' The AND gates X1 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 to X9 is connected
to the ejection-executing input switch A,

XNOR gates X10, X12, X14, and X16 each have an input
terminal connected to a deflectibn—direction-switch C, and
the other input terminals of the XNOR gates X10, X12, X14,

and X16 are connected to deflection-control switches J1 to




"representation "XN' (N =1, 2, 4, or 50) in each of the $F&%st%s M to
M21 represents a parallel state of elenent. For exanple, the

representation "X (M2,..., M21) represents a standard el enment. The
representation "X2" (M7,..., ML1) represents an el enent equivalent to one
in which two standard el enments are connected in parallel. In other words,

the representation "XN' represents an elenent equivalent to one in which N
el enents are connected in parallel. The transistors M2, M/, M2, and ML7
have the representations "X4", "x2"%9"X1" and "X1", respectively. Thus,
by -appl ying an appropriate voltage across the gate and ground of each
transistor, their drain currents are in the ratio of 4:2:1:1. 16 February

2007 423 dMexta defardingh-theyoperaticat ol the tehest,i @aspeatioklycircuit
50, at first, the current-mrror circuit conposed of the transistors M4
and M5, and Thke diefdrsitdbarsikBcandnMewiusBdCcass ausadlt thi sgietlensrg t her ef or
are descri bed bel ow. The ejection-executing input swtch Ais in the state
"1" (OMimdenien ahkine-eplogtldts agjeadtiec benwekns tbrbddicrention bme head 11
is provided with (64 x 5 =) 320 nozzles 18. The 320 nozzles 18 are divided
into fiwhld] aédtd gwddlockslfeaate aravinggdb4ndothkesppBsiErgdi¥estianpl an vi ew
showing a line head 20 in this
thereto. When the deflection-direction switch C is in the
state "1" (ON), one input of the XNOR gate X10 is "1".
The deflection-control switches J1 to J3 are used to
determine an amount of deflection for changing the direction
of ink-droplet ejection. For example, when an input
terminal J3 is in the state "1" (ON), one input of the XNOR
gate X10 is ™1",
The output terminal of each of the XNOR gates X10,...,
X16 is connected to one input terminal of each of the AND
gates X2,..., X8 and is connected by each of NOT gates
X11,..., X17 to one input terminal of each of the AND gates
X3,..., ¥9. One input terminal of each of the AND gates X8
and X9 is connected to an ejection-angle correcting switch K.
A deflection-amplitude control terminal B is used to
determine a current for the transistors M2,..., M17 used as
- the constant current supplies for the current-mirror
circuits, and is connected to the gate of each of the
transistors M2,..., M17. Since the applicatioh of an
_appropriate voltage (Vx} to the deflection—amplitude control

terminal B supplies_a gate-source voltage (Vgs) tc the gates

of the transistors M2,..., M1l7, currents flow in the




enbodi ment.” The line head 20 is formed by arranging the "HESI@Y#%ig. 1 in
parallel in the width direction of printing paper. The arrangenent of the
heads 11 is simlar to that shown in Fig. 21. In the exanple shown in Fig.
7, each head 11 has 320 nozzles 18 arranged in parallel. Each set of 64
nozzles 18 is used as an ejection block and ink ejection is controlled in
units of blocks. In the exanple in Fig. 7, the nozzles 18 are divided into
five blocks. In this enbodi ment, when_an ink droplet is ejected from one
nozzl e 18, the ejection-executing Fné&t‘smﬁtch Ais set to be in the state
"1" (ON) during a period of 1.5 mcroseconds (1/64), and the resistor
power supply Vh (5 V) supplies power to the resistors Rh-A and Rh-B. 94.5

m crosecandsic63t64y2al e. asElgnediéoe A §es | Othridi My ah v ink orll 12
having ejected an ink droplet is filled with ink, 16 February 2007 43

W th thbaepedifﬁareuecmumhgrsn@ﬂttsamﬁiﬁtdkénﬂoﬁnbdﬁbdrldlparaSﬂaﬂe "0"
(OFF). For exanple, when the ejection-executing input swwtch A is in the
state "therehe. deThest i om- Bhpl i 6 uden coathr ofatiteerimdiala tiechdy tthe vol t age Vx
(anal og voltage), the deflection-direction switch Cis in the state "1",
and t hepagentkeesioed copmber o eadh JBE ithd rtndns isttates M2, - .t-heMddt put  of
the XNOR gate is "1". Thus, this output "1" and the state "1" of the

ej ect | ORCEXSEHIPIRY | hpEErERE chlovarrdmite transistor M3 to M2,

and a current flows from the transistor M8 to M7.

The source of the transistor M1 connected to the
resistor Rh-B, and the sources of the transistors M2,...,
M17 which are used as constant current supplies for the
current-mirror circuits are connected to ground (GND).

In the above configuration, the parenthesized
ﬁepresentation "XN" (N =1, 2, 4, or 50) in each of the
transistors M1 to M21 represents a parallel state of element.
For example, the representatien "X1" (M12,..., M21)
represents a standard element. The representation "X2"
(M7,..., Mil) represents an element equivalent to one in
which two standard elements are connected in parallel. In
other words, the representation "XN" represents an element

requivalent‘to one in which N elements are connected in
parallel.

The transistors M2, M7, M12, and M17 have the
representations "X4", "X2", "X1", and "X1", respectively.
Thus, by applying an appropriate voltage across the gate and
ground of each transistor, their drain currents are in the

ratio of 4:2:1:1.




to the AND gate X2, and the output of the AND gate X2 is'4Febriggng®7 the
transistor M3 is turned on. Wien the output of the XNOR gate is "1", the
output of the NOT gate XI| is "0". Thus, this output "0" and the state
"1" of the ejection-executing input switch A are input to the AND gate X3,
so that the output of the AND gate X3 is "0" and the transistor Mo is
turned off. Accordingly, since the drains of the transistors M4 and M are
connected to each other and the drains of the transistors Mo and Mo are
connected to each other, when the t #an3istor MB is in ON state and the
transistor Mb is in OFF state, a current flows fromthe resistor Rh-Ato
the transistor M3, but no current flows to the transistor M6 due to the
‘OFF state ofNade, traysiditrar Ve dAdlaetivmenfnahecereentohlonsttolt he

transi stor M, no current also flows to the transistor M4 due to the
characteirstits50f &heftustenthd boclbatrniamyl 2007 cidtuini cooposiedcoift . Si nce
the transistor M2 is in ON state, in the above case, anong the transistors
MB, M4, thB, thadsMstoss Pé%urarechtM@nlqncrltim fraoraitshe risr #¥siestdoMSMB to M.

Wien in this state the voltage of the resistor power supg y Vh is applled
no curréfedfddpwd PHLERRING alemernt stharrefar ave desgrdbedr PEAPWE| ows i n the

resistor Rh-A. Since a current can flowin the transistor M3, a current
passes t hr OUth AR OO @XGOURNG ARBUSr SHAKES Bf £S5t &t hlaet FBRES st or

"1" (ON) when an ink droplet is ejected. 1In this embodiment,
one head 11 is provided with (64 % 5 =) 320 nozzles 18. The
320 nozzles 18 are divided into five ejection blocks each
having 64 nozzles 18.

Fig. 7 is a plan view showing a line head 20 in this
embodiment. The line head 20 is formed by arranging the
heads in Fig. 1 in parallel in the width direction of
printing paper. The arrangement of the heads 11 is similar
to that shown in Fig. 21. 1In the example shown in Fig. 7,
each head 11 has 320 nozzles 18 arranged in parallel. Each
set of 64 nozzles 18 is used as an ejection block and ink
-ejection is controlled in units of blocks. In the example

- in Fig. 7, the nozzles 18 are divided into five blocks.

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) durihg a period of 1.5
microseconds (1/64), and the resistor power supply Vh (5 V)
supplies power to the resistors Rh-~A and Rh-B. 94.5
microseconds (63/64) are assigned to a periéd in which an

ink cell 12 having ejected an ink droplet is filled with ink,




M3 and the resistor Rh-B. The current passing through thd® ey ® or
passes through the transistor M2, which is in ON state, and is led to
ground. The current passing through the resistor Rh-B passes through the
transistor ML, which is in ONstate, and is led to ground. Thus, the
relationship in flowng current between both resistors is (the current in
the resistor Rh-A) > (the current in the resistor Rh-B). In other words,
the effect of the sub operation contrg is produced while the current is
flowing in the each heating el enent #3Acase in which the
deflection-direction switch Cis in the state "1" has been descri bed.

Next, a case is described in which the deflection-direction switch Cis in
the stateth"Ohe éhattisn—-ébecuwielfdectnmn: dwienid gn sew tehbe iis stk to have
a different input (the other switches A and J3 are set to be in the state
"1" sinstarey"@d {(GeFabove). Wien the deflection-direction switch Cis in
the state 16 February 2007 45 "0" and the deflection-control swtch J3 is
in the statdon "examhe omhpnt the ejecXNOR-gaeeuXifgi $npot. s¥hishchuses the
AND gate X2 to have "0" and "1" as inputs, so that its output is "0".

Thus, the iR akke stertas'l's tﬁhﬁuﬁﬁﬁﬁqctﬂﬂnaﬁmﬁiat@@@p@pn@ﬁoﬂhe XNOR gate X10
i's "0" t he out put of the NOT gate XlII is "1". Thus, the inputs of the AND
gate x3eFwinal Bhas jthe tupitadf iz gladr idse Moldrgiedt ot bRb.

deflection-direction switch C is in the state "1", and the
deflection—-control switch J3 is in the state "1", the output
of the XNOR gate is "1". Thus, this output "1" and the
state "1" of the ejection-executing input switch.A are 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 "1", the output of
the NOT gate X1l is "0". Thus, this output "0" and the
state "1" of the ejection-executing input switch A are input

- to the AND gate X3, so that the output of the AND gate X3 is
"0" and the transistor M5 is turned off.

Accordingly, since the drains of the transistors M4 and
M3 are connected to each other and the d:ains of the
traﬁsistors‘M6 and M5 are connected to each other, when the
fransistor 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

~to the OFF state of the transistor M5. Also, when no
current flows to the transistor M6, no current also flows to

the transistor M4 due to the characteristics of the current- .




During the ON state of the transistor M, a current fl ovéFPRU3KE007
transistor M. This and the characteristics of the current-mrror circuit
cause a current to flow also in the transistor MA. Thus, a current is
supplied and flows in the resistor Rh-A the transistors M and M6 by the
resi stor power supply Vh. Al the current passing through the resistor
Rh-A flows in the resistor Rh-B (the current passing through the resistor
Rh- A does not branches off to the transistor M3 since it is in OFF state).
Al'l the current passing through the ™ transistor 144 flows into the resistor
Rh-B since the transistor MBis in OFF state. The current passing through
the transistor Mo flows into the transistor Mb. As described above, in a
case i nmifricolr thecdeéfl.ecSione dheettrapaiswbtci2 CissinnON hetstat ed' 1", the
current passing through the resistor Rh-A flows branching off to the
r esi st othRhaBoyadcehe  t pEnsosthe MBanshstersnMa, cldse HF, avd M6 t he
defl ection-direction swwtch Cis in the state "0 16 February 2007 46 not
only thEVEGERENPpHESSLAYSt Aroughhehbrarsistor ¥h-#0 MUt al so the current
passi ng through the transistor MA flowinto the resistor Rh-B. As a
result, the W@%t}%n‘é}h}% peatReerhe el tagre @t £ gWisigtior PeweIresistors is
(the curren& fl ow in the resistor Rh-A) < the current flow n%ln t he
resi st of “RR: B)VhTF'l@ F‘HPF‘E)eijs RO nfREreREl f1orpoth e dsrqndistors M4

and M6, and a current flows in the resistor Rh-A. Since a
current can flow in the transistor M3, a current passes
through the resistor Rh-A and 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 is led to ground. The current passing through
the resistor Rh-B passes through the transistor M1, which is
in ON state, and is led to ground. Thus, the relationship
in flowing current between both resistors is (the current in
the resistor Rh-A) > (the current in the resistor Rh-B). In
other words, the effect of the sub operation control is
produced while the current is flowing in the each heating
element,

A case in which the deflection~direction switch C is in
the state "1v has been described. Next, a case is described
in which the deflection-direction switch C is in the state
"0", that is, the deflection-direction switch ¢ is set to
Ihave a different input (the other sWitches A and J3 are set
to be iﬁ the state "1" similarly to the above).

When the deflection—direction switch € is in the state




switch Cis in states "1" and "0"). By setting the amounf@Fgua\f%nt s
flowwng in the resistors Rhi-A and Rh-B to differ in the above manner, a

di fference can be set in bubble producing tinme between the bisected
heating resistors 13. This can change a direction in which an ink dropl et
is ejected. Between the cases in which the switch Cis in states "1" and
"0", a direction in which an ink droplet is deflected can be symetrically
switched in position to the direction in which the nozzles 18 are
arranged. The above description appl #és~to a case in which only the

defl ection-control switch J3 is swtched on and off. In addition, by
switching on and off the deflection-control swtches J2 and J1, the

amount sof hha euer eRlirs eklteWnngohBrol NEwi88hSh9r $sRAinAtaRdsRhtB ean be
finer set. Specifically, by using the deflection-control switch J3, the

current theowiigutnofhenhtr RRGRS§LES Mo angl Mpr canribes GAddOldhed aNBYy Uusi ng
the deflection-control switch J2, the current flowng in the transistors

M) and dltecrn be RAvEebOUasyd 2007 ad7ingwend | odd echathlists dwtpus g t he
defl ection-control switch JI, currents flowing in the transistors M4 and
ML6 can"be. cOntsol thd. tAsndgestst betl abomernelt asff currents can be supplied
to the transistors M4 and M6, the transistors M@ and M1, and
When the output of the XNOR gate X10 is "0", the output
of the NOT gate X11 is "1". Thus, the inputs of the AND
gate X3 are "1" and "1", thus turning on the transistor M5.
During the ON state of the transistor M5, a current
flows in the transistor M6. This and the characteristics of
the current-mirror circuit cause a current to flow also in
the transistor M4.
Thus, a current is supplied and flows in the resistor
Rh—-A, the transistors M4 and M6 by the resistor power supply
Vh. All the current passing through the resistor Rh-A flows
| in the resistor Rh-B (the current passing through the
resistor Rh—A does not branches off to the transistoﬁ M3
since it is in OFF state). All the current passing through
the transistor M4 flows into the resistor Rh-B sincg the
transistor M3 is in OFF state. The current passing through
the transistor M6 flows into the transistor M5.
As described above, in a case in which the deflection-
direction switch C is in the state "1", the current passing
through the resistor Rh-A flows branching off to the |

‘resistor Rh—-B and the transistor M3, while in a case in

which the deflection-direction switch C is in the state "o,




the transistors M4 and M6 in the ratio of 4:2:1. Thereff®F&uay2; ng
three bits, nanely, the deflection- control switches J1 to J3, the
direction in which the ink droplet is deflected can be changed to ei ght
steps in which (JI-state, J2-state, J3-state) = (0, O, 0) , (0O, 0, 1) ,
(0, 1, 0, (0, 1, 1), (1, 0, 0), (1, 0, 1), (1, 1, 0), and (1, 1, 1). By
changi ng the voltage applied between the gates of the transistors M2, M,
ML2, and ML7 and ground, the amobunts of the currents can be changed. Thus,
an anount of deflection in one stép4@aﬁ be changed wi t hout changing the
drain currents in the transistors in the ratio of 4:2:1. As descri bed
above, by using the deflection-direction switch C, the deflection
di recti optcanlethgmetrenal byssthangrtdondh Posé t @8k $b# enh-di r @gfd on in
which the nozzles 18 are arranged. In the Iine head 20 in this enbodi nent,
as in eranpl éhej guFrgnt8pashingendsoidh atlee at ramgedtdh Mder Mivdtintd recti on
of printing paper and are arranged in a repeated pattern so that two
adj acentPRea@isistotafhoBposks eachenther (lomerdibmit difsRabmetwes2007 48 11
is disposed with it rotated 180 degrees with respect to another adjacent
head 11fhe| fuEReRtealtovipenin bothoressitored is G duromrtthe
deflection-control switches Ji to J3 to the two adjacent heads 11, the
deflecthﬂwﬂPQet?iB%% Fgsistor Rh-A) < the current flowing in the
resistor Rh-B). The ratio is symmetrical in both cases (the
switch C is in states "1" and "0").
By setting the amounts of currents flowing in the
resistors Rh-A and Rh-B to differ in the above manner, a
difference can be set 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 switch € is in states
"1" and "0", a direction in which an ink droplet is
deflected can be symmetrically switched in positien to the
direction in which the nozzles 18 are arranged.,
The above description applies to a case in which only
the deflection-control switch J3 is switched on and off. 1In
addition, by switching on and off the deflection-control
switches J2 and J1, the amounts of the cutrrents flowing in
the resistors Rh-A and Rh-B can be finer set;
Specifically, by using the deflection-control switch J3,
the current flowing in the transistors M4 and M6 can be

controlled. By using the deflection-control switch J2, the

current flowing in the transistors M9 and M1l can be




the two adjacent heads 11 are reversed. Accordingly, in 'PRPEUENHEEI nent
by providing the deflection-direction switch C the direction of
deflection in the entire head 11 can be synmetrically sw tched.
Accordingly, when the line head 20 is forned by arranging the heads 11 in
the repeated pattern, the deflection-direction switch Cis set to be in
the state "0" for heads N, N+2, N+4, etc., in even-nunbered positions
anong the heads 11, and the deflection-direction switch Cis set to be in
the state "1" for heads N+1, N+3, N+87 Btc., whereby the direction of
deflection in each head in the line head 20 can be set to be constant.
Fig. 8 is a front view show ng directions in which ink droplets are

ej ect edcbnomatpacentl §eadsylisanhgangedab il £8Lioh eRERELE1 Pakt €FR. gThe

adj acent heads 11 are referred to as heads N and N+1, respectively. If the
def | ect conrentecfionngwii cth€ tsamnts tymoyivied dna Miies ccasee by setting
each of the heads N and N+1 to deflect the direction of ink-droplet

ej ecti opohyr@l¥edm perpendicularity, as Fig. 8 shows, both heads have such
symmetrical directions of ejection that the direction of ejection fromthe
head N is cHengegcrdbed above,- drain- curténEebcaar pe260ppa9eddioecti on Z
and the direction of ejected fromthe head N+1 is changed to direction Z2
becausetif et Fouds o MAdng M6, the transistors M9 and M11, and

the transistors M14 and M16 in the ratio of 4:2:1.
Therefore, by using three bits, namely, the deflection-
control switches J1 to J3, the direction in which the ink
droplet is deflected can be changed to eight steps in which
(Jl-state, J2-state, J3-state) = (0, 0, 0}, (0, O, 1), (0, 1,
0y, (0,1, 1y, (1, 0, 0), (1, 0, 1), (1, 1, 0), and (1, 1,
1).

By changing the voltage appliedlbetween the.gates of
the transistors M2; M7, M12, and M17 and ground, the amounts
‘of the currents can be changed. Thus, an amount of
deflection in one step can be changed without changing the
drain currents in the transistors in the ratio of 4:2:1.

As described above, by using the deflec;ioh—direction
switch C, the deflection direction can be symmetrically
changed in position to the direction in which the nozzles 18
are arranged.

In the line head 20 in this embodiment, as in example
in Fig. 8, the heads 11 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 (one head




posi tioned so that one is disposed which it rotated 180 'BEBRERE2R" h
reference to another. However, as in this enbodi ment, by providing the
defl ection-direction switch C, and, for exanple, setting the
deflection-direction switch Cto be in the state "0" for the head N and
setting the deflection-direction switch Cto be in the state "1" for the
head N+1, the direction of ejection fromthe head N can be changed to
direction Z1 and the direction of ejection fromthe head N+| can be changed
to direction z2', so that the diréecffon of ejection can be set to be
constant in the direction in which the nozzles 18 are arranged. As

descri bed above, by supplying identical deflection signals for the other
swi tchedland dhapgseg bty iberbtpuéd DEOthegeedd eetiwnrgigaet in switch C

the directions of ejection fromthe heads 11 arranged in the repeated
patt er nano&dhebeaiddenthtahéydsel) . Then defiectd0n- angere £afdm@edri Nng swi tches S
and K are simlar to the deflection-control swtches J1 to J3 in swtch
for chasgonglt he denecfron tlieiddkEeopl @-ejreictdlonwi tatesdifif aro id8 switch
for use in correcting an angle of ejection of ink droplet. In this
enbodi néat thewewpi agd] aperh héadm the ded | defieortiang|d wortrieots righ swit ches S
and K are 16 February 2007 50 wused for correction.

the two adjacent heads 11 are reversed. Accordingly, in

this embodiment, by providing the deflection-direction

switch C, the direction of deflection in the entire head 11

can be symmetrically switched.

Accordingly, when the line head 20 is formed by
arranging the heads 11 in the repeated pattern, the
deflection-direction switch C is set to be in the state "0"
for heads N, N+2, N+4, etc., in even-numbered positions
~among the heads 11, and the deflection-direction switch C is
set to be in the state "1" for heads N+1, N+3, N+5, etc.,
whereby the direction of deflection in each head in the line
head 20 can be set to be constant.

Fig. 8 is a front view showing directions in which ink
droplets are ejected from adjacent heads 11 arranged in the
repeated pattern. The adjacent heads 11 are referred to as
heads N and N+1, respectively. If the deflection-direction
switch 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 O from perpendicularity, as Fig. 8 shows, both

" heads have such symmetrical directions of ejection that the

direction of ejection from the head N is changed to -




The ejection-angle correcting switch Kis used to deterif Re?eti?%ér or not
correction is perforned. The ejection-angle correcting swtch Kis set so
that correction is perforned when its state is "1" and correction i s not
performed when its state is "0". The defl ection-angle correcting switch S
is used to determne in which direction on the arranged nozzles 18,
correction is perforned. For exanple, when the ejection-angle correcting
switch Kis in the state "0" (no correction is perforned), both the
outputs of the AND gates X8 and X9~-af@ “Cs" since, anong the three inputs
of each of the AND gates X8 and X9, one input is "0". Thus, the '
transistors ML8 and M2O are turned off, thus turning off the transistors
ML9 anddMedctTbhSzLass@Sthd 0 LREFEEoH No £ hej S dEMronf 1M Nbdd e
~resistors Rh-A and Rh-B. Conversely, when the ejection-angle correcting

swi tch Ks tBahgediheo sdptectildn 12 bécalsd @ams assHEdtinaird he
defl ection-angle correcting switch Sis in the state "0", and the
def | ectpositioeedi on it dhd is dispdwestiiaon Gt rdtcutyae of the XNOR
gate X16 is "1". Thus, three is are input to the AND gate X8 and its
out put dggtdés wikhmimgferenddetd ranstlsdéor ML8. Since one of the inputs of
the AND gate X9 is set to "0" by the NOT gate X17, the output of the AND
s,' 16 Febr f@wevEQ7 as in this embodiment, by providing the

deflection—direction switch C, and, for example, setting 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 Z1l and the
direction of ejection from the head N+l can be changed to
direction Z2', 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 deflection
signals for the other switcﬁes and changing only the input
of the deflection-direction switch C, the directions of
‘ejection from the heads 11 arranged in the repeated pattern

can be identically set.

The deflection-angle correcting switches S and K are
similar to the deflection-control switches J1 to J3 in
switch for changing the direction of ink-droplet ejection,
but differ in switch for use in correcting-an angle of
ejection of ink droplet. 1In this embodiment, two bits which

form the deflection-angle correcting switches S and K are




51 gate is "0", thus turning off the transistor M20. Thdf By 200{he OFF
state of the transistor M20 causes no current to flowin the transistor

M21. The characteristics of the current-mrror circuit cause no current to
flow also in the transistor ML9. However, the ON state of the transistor
ML8 causes a current to flow from the m dpoint of the resistors Rh-A and
Rh-B into the transistor ML8. Thus, the current in the resistor Rh-B can

be reduced than that in the resistor Rh-A Accordingly, the angle of
ejection of ink droplet is corrected@nd 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 above correction is

per f or neged NeghPidSr 44K, ejecting portions or in units of heads 11. It is
common that directions in which ink droplets are ejected fromthe ink

ej ecting poriHeORs «@f:i@Reangad tiracethal BRyYstrakl ¥ys iLgeattsal and have
sone error. Normally, the range of the error is defined, and when each

di rect it p0sid e e i otk dritedhiopl als ipsr@elrinéar.edrhef ej ection of
ink droplet is wthin a predeterm ned range, the direction is treated
nor mal .e Howed@t~arfglre examalotiny shiiftich K tilke sditr @et ithati eorwkicehoan i nk
droplet is ejected fromone ink ejecting portion is |large conpared with
the ot hiey perkfcejuest iwhpn porst istrge tilse "uri hodnicbyrettaoni nk- dotpl et del i very
pItCh-pez:formed when its state is "0".
The deflection-angle correcting switch § is used to
determine in which direction on the arranged nozzles 18,
correction is performed.
For example, when the ejection-angle correcting switch
K is in the state "0" (no correction is performed), both the
outputs of the AND gates X8 and X2 are "0s" since, among the
three inputs of each of the AND gates X8 and X9, one input
is "0". Thus, the trénsistors M18 and M20 are turned off,
thus turning off the transistors M19 and'M2l. This causes
no change in the currents flowing in the resistors Rh-A and
Rh-B.
'Conversely, Whén the ejection-angle correcting switch K
is in the state "1", it is, for example, assumed that the
deflection-angle correcting switch § is in the state "0",
and the deflection-direction switch C is in the state -"0",
the output of the XNOR gate X16 is "1", Thus, three 1ls are
input to the AND gate X8 and its output is "1", turning on
the transis£or M18. ©Since one of the inputs of the AND gate

X9 is set to "0" by the NOT gate X17, the output of the AND




16 February 2007 - 52 deteriorates, appearing in the fo&f %28 ipe. To-
correct such a positional shift, correction for each ink ejecting portion
is perforned (the direction of ejection is changed). In the |ine head 20,
each head 11 has unique ejecting characteristics. Accordingly, when there
- is alarge shift in direction of ejection between two adj acent heads 11,
the joint between the heads 11 appears as the white stripe B and
superinposed stripe C shown in Fig. 22. In such a case, for the entire
head 11 having a large shift in direétion of ejection, the direction of
ejection is performed. Regarding correction of the direction of ink-droplet
ejection, after a position to which an ink droplet is delivered can be

obt ai negawiet hisn "pire rtm@@ett@&miﬂgdomn@;ﬁebhaa%&fs%@ paoef f eakirkeogarrection
one, the anount of correction does not need to be changed unl ess the

char act ehesOFEssebktkthefdthect+OHms D t&F Q82 0 Ofa €& aeo Wit hrerdd M
Accordingly, it is necessary to determne for which of the ink ejecting

porti onflow bnetheadrddsisboreaezion nust be perforned, or for which of the
heads 11, correction nmust be perfornmed, and what anmount of correction is
needed i n t Hehe calserafteawiqt irdsn @ ft dhree aiuraren t-ari rnretrc kiirgutihe cdeser m ned
correction, the deflection-angle correcting switches S and K nmay be turned
on and Bffcurrent to flow also in the transistor M19. However, the
ON state of the transistor M18 causes a current to flow from
the midpoint of the resistors Rh-A and Rh-B into the
transistor M18. Thus, the current in the resistor 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 predetermined amount iﬁ the direction in
which the nozzles 18 are arranged.
The above corréction is performed in units of ink
ejecting portions or in units of heads 11. It is common
that directions in which ink droplets are ejected from the
'ink ejecting portions of one head 11 are not physically
identical and have some error. 'Normally, the range of the
error is deﬁined, and when each direction (positicon to which
an ink droplet is delivered) of ejection of ink droplet is
within a predetermined range, the direction is treated
normal. However, for example, a.shift in‘the direction in
which an ink droplet is ejecfed from one ink ejecting

portion is large compared with the other ink ejecting

portions, the uniformity of an ink-droplet delivery pitch




In the case of performing the above correction, by 16 Febf igh 7 53 -
providing, for exanple, a 2-bit nenory for each ink ejecting portion, when
printer power is supplied, data in the nenory is stored beforehand
(l oaded) into each head 11 in prior to the operation (printing operation)
of ejecting ink droplets. In the above enbodinent, two bits fornmed by the
defl ection-angle correcting switches S and K are used to perform
correction. However, by increasing the nunber of swtches and the nunber
of menories, finer correction can be32performed. Wien the direction of
i nk-droplet ejection is changed by using the switches JI to J3, and S and
K, the current (deflection current Idef) is represented by the follow ng

expressiefetipratdef apddaxidgXimSthe JBoXnZoK 4 Sstrilde X I worrbde X IS =
(4 xJ3+2xJ2+J +SxK) xIs (1) In the above expression, +1 or -1

is givesuth aapbsotibhel dehil £Ef i r e IOh S t&h@s ik Mty J3, +1 or
-1is given to the deflection-angle correcting swtch S, and +1 or -1 is

gi ven tpotrhéor| bstpenfangt@ Ctie¢ efitagt sovt teh 4§ eASi@an de-Humdgydt.ood from
t he above expression, setting of the deflection-control switches JI to J3
can set the Indefieectinmm mad &ft, teachi dletad dvelhss andgulkee edettéati on- angl e

characteristics. Accordingly, when there is a large shift

in direction of ejection between two adjacent heads 11, the

joint between the heads 11 appears as the white stripe B and

superimposed stripe C shown in Fig. 22. 1In such a case, for

thé entire head 11 having a large shift in direction of

ejection, the direction of ejection is performed.

Regarding correction of the direction of ink-droplet

ejection, after a position to which an ink droplet is

delivered can be obtained within the predetermined range by

performing effective correction one, the amount of

correction does not need to be changed unless the

characteristics of the direction of ejection change with

time.

Accordingly, it is ngcéssary to determine for which of

the ink ejecting portions of one head 11, correction must be

performed, or for which of the heads 11, correction must be

performed, and what amount of corregtion is needed in the

case of requiring corfection. For matching the determined

correction, the deflection-angle correcting switches S and K

may be turned on and off.

In the case of performing the above'correction, by




S e memeeas aeaeean 16 February 2007 54 correcting sw tehB¥YEY 2T K are
used to performcorrection separately fromthe setting of the

defl ection-control switches J1 to J3. Since the deflection current can be
set to four levels as positive values and four |evels as negative val ues,
the direction of ink-droplet ejection can be set to the direction in which
the nozzles 18 are arranged and the opposite direction thereto. For
exanple, in Fig. 8 wth reference tqg the vertical direction, deflection
to the left by O (the direction ZI™ % Fig. 8) can be perforned and
deflection to the right by O (the direction Z2 in Fig. 8 can be
performed. The value of 0, nanely, the anount of deflection can

ar bi t r apirioyibénget fsrnegampy egoasgeui t viekyorghaogi sgchhenkodi@gei(ased as

t he gate-source voltage Vgs of each of the transistors M, M/,...) of the
def | ect pomtianpl whadepcanteeol ppeem hal sBppl bedcudaeat ivathe mdmeach power
supply is changed. Fig. 9 is a plan view showing a state in which

ej ecti oascemerel befeuphsn80 (Asaghdininho Fegeh6herd pi ovm dedior red he head
11 in Fig. 1. Each ejection-control circuit 50 is connected to two heating
resi st ot8e18PpRataen (prégranedoppration] Nf asjehbimg imk RixpplaEtd.n this
manner, each_ink ejecting portion is

In the above embodiment, two bits formed by the
deflection~angle correcting switches S and K are used to
perform correction. However, by increasing the number of
switches and the number of memories, finer correction can be
performed.

When the direction of ink-droplet ejection is changed
by using the switches J1 to J3, and S and K, the current

(deflection current Idef) is represented by the following

expression (1):

Tdef = J3 X 4 x Is + J2 %X 2 X Is + J1l X Is + S x K x IS

(4 X 33 +2x%xJ2 +Jl +8 x K) x Is

(1)

In the_aboverexpression, +1 or -1 is given to each of
_the deflection-control switches J1, J2, and J3, +1 or -1 is
given to the deflection-angle correcting switch S, and +1 or
-1 is given to the ejection-angle correcting switch XK.

As can be understoocd from the above expressidn, setting
of the deflection-control switches J1 to J3 can set the

deflection current to eight levels, and the deflection-angle




provided with the ejection-control circuit 50. The ejectf AR @:EI%
circuit 50 is nounted on the sem conductor 16 February 2007 55 substrate
15 described with reference to Fig. 1. An ejection-control signal
(executing) signal is input fromthe control unit of the printer to each
ejection- control circuit 50 on the sem conductor substrate 15. The

ej ection-control signal controls swtching of the swtches (the

ej ection-executing input switch A the deflection- anplitude control
termnal B, the deflection-directiond4switch C, the deflection-contro
switches J1 to J3, the deflection-angle correcting swtches S and K) in
the ejection-control circuit 50. This ejects an ink droplet froma

sel ect e i8I RE I dMId I0MAd) 1@ AVLIRILS g%rf%'r;ne%' Worion
(perpendicularly to printing paper or in a ction of Flectlon) In

t he heatkbglalsa teaiy ORel aéﬂeo@eG;Qﬁtz{go|dfer1§1ear&£éﬁ!él&tl%9ierc%hlt9610O”t rollers
(constituting ejection-control circuits 50) including current-mrror

Ci rcui tssviatahegy @u ded g3and a plurality of ink ejecting portions which
include the main operation controllers and the sub operation controllers

are arrange@innepahal Hekleataoni akrdenpl eandpél e6ti 08 féhif ecdvOns (t he

direction in which the nozzles 18 are arranged). Second Enbodi nent
as. positive values and four levels as negative values, the
direction of ink-droplet ejection can be set to the
direction in which the nozzles 18 are arranged and the
opposite direction thereto. For example, in Fig. 8, with
reference to the vertical direction, deflection to the left
by O (the direction Z1 in Fig. 8) can be performed and
deflection to the right by € (the direction Z2 in Fig. 8)
can be performed. The value of 6, namely, the amount of
deflection can arbitrarily be set since, by consecutively
changing the voltage (used as the gate-source voltage Vgs of
each of the transistors M2, M7,...) of the deflection-
amplitude control terminal B, the current value of each
power supply is changed.

Fig. 9 is a plah view showing a state in which
ejéction—control circuits 50 as shown in Fig. 6 are provided
in the head 11 in Fig. 1.

Each ejection-control circuit 50 is connected to two
heating resistors 13 in each integrated circuit 12, as shown

~in Fig. 6. In this manner, each ink ejecting portion is
provided with the ejection-control circuit 50.. The

ejection-control circuit 50 is mounted on the semiconductor




Next, a second embodi ment of the present invention is dé8EFI¥EH2HE ow. 16
February 2007 56 Although the first enbodi nent uses the bisected heating
resistors 13, the second enbodi nent (described below) uses trisected
heating resistors 13. Figs. 10A and 10B are a plan view and side sectional
vi ew showi ng the arrangenent of heating resistors 13 in the second
enbodi nent, and corresponds to Figs. 2A and 2B, respectively. Al so when
three or nore separate heating resistaors 13 are used as in the second
enbodi nent, a direction in which FhéShéating resistors 13 are arranged is
the direction in which the nozzles 18 are arranged (the width direction of
printing paper). Wien the three or nore separate heating resistors 13 are
used, thepsareteohfedtedrilvedeniels tefenencanes herg. In Fig. 10, the
trisected heating resistors 13 are referred to as resistors Rh-A Rh-B,

and Rh-C. | M hipecEse—cdrgohnli guesmdlor (esugapltiinegg edphent itso inpatheati ng
resistors 13 include the followng two techniques. As Fig. 10A shows; when
ref er en€gonubkeatentred undeazh thienotenter etecaddejearinest+ ng adj acent
resistors, (11 In a first technique, the current required for changing the
di r ect i 8PN BFO+ nk1ERBHY 10 gfrecthiorsemi cupirdear solmttiage 15. The

ejection-control signal controls switching of the switches
(the ejection-executing input switch A, the deflection-
amplitude control terminal B, the deflection-direction
switch‘C, the deflection-control switches J1 to J3, the
deflection-angle correcting switches S and K) in the
ejection-control circuit 50. This ejects an ink droplet
from a selected ink ejecting portion in a predetermined
direction (perpendicularly to printing paper or in a
direction of deflection).
In the head 11, main operation controllers and sub

operation controllers (constituting ejection-control

- circuits 50) including current-mirror circuits are provided
and a plurality of ink ejecting portions which include the
main operatiop controllers and the sub operation controllers

.:are arranged in parallel in an ink-droplet deflection
direction (the direction in which the nozZlesI18 are

‘arranged) .

Second Embodiment
Next, a second embodiment of the present invention is

described below.




fl ow between the el ectrodes | and 111 (between the resistOFEUIH2R7ang
Rh-B) or to flow between the electrodes Il and IV (between the resistors
Rh-B and Rh-C). 16 February 2007 57 (2) In a second technique, the -
current required for changing the direction of ink-droplet ejection is
supplied so as to flow across the electrodes | and Il (in the resistor
Rh-A) or to flow across the electrodes |1l and IV (in the resistor Rh-O).
Fig. 11 shows an ejection-control circuit 50A in which the above first
techni que is enployed, and correspond8 to Fig. 6 which shows the
ejection-control circuit 50 in the first enbodinent. D fferences of Fig.
11 fromFig. 6 are mainly described below. A heating resistor 13 is forned

by three resisiiongiRtiA £iREB.eiliBtne Wieh 1 raerreckedeLpiggries to
one another. The resistor Rh-C is connected to the drain of the transi stor

M. Therdsbstsrofll hetli¢ anstShOrsmbddinmdht Mdb s caisbMiERR 1850 eereected to
the mdpoint of the resistors Rh-A and Rh-B. The drains of the transistors

MB, MB,tiMl3ectand hddiBiay ereoiwiestedl3 0o the m dpoint of the resistors Rh-B
and Rh-C. The other features are identical to those in Fig. 6 (the first
enbodi nent ) Figs.Fil§A &hd 9@ ejrectai placonties aedr sdide S8Atisnatlescri bed
with reference to only a current-mrror circuit
view showing the arrangement of heating resistors 13 in the
second embodiment, and corresponds to Figs. 2A and 2B,
respectively.
Also when three or more separate heating resistors 13
are used as in the second embodiment, a direction in which
the heating resistors 13 are arranged is the direction in
which the nozzles 18 are arranged (the width direction of
printing paper). When the three or more separate heating
resistors 13 are used, they are connected in series to one
another.
In Fig. 10,.the trisected heating resistors 13 are
~referred to as resistors Rh-A, Rh-B, and Rh-C. 1In this case,
techniques for supplying current to the heating resistors 13

include the following two techniques.

As FigT 10A shows, when reference numerals I to IV each

denote an electrode connecting adjacent resistors,

(1) In a first technique, the current required for changing

the direction of ink-droplet ejection is supplied so as to
flow between the electrodes I and III (between the resistors
Rh—-A and Rh-B) or to flow between the electrodes II and IV

{between the resistors Rh-B and Rh-C).




conposed of the transistors M3, M4, M6, and M6. Vhen the "CERTER? R s in
the state "1", the switch Bis in the state "1", the switch Cis in the
state "1", and the switch is in the state 11111, the output of the XNOR
gate X10 is "1". Thus, 16 February 2007 58 this output "1" and the state
"1" of the switch A are input to the AND gate X2, and its output is "1".
Thus, the transistor M3 is turned on. Al so, when the output of the XNOR
gate X10 is 111", the output of the NOT gate is "0". Since this output "0"
and the state "1" of the switch A"afé Tnput to the AND gate X3, its
output is "0". Thus, the transistor Mo is turned off. Therefore, a current
flows in the transistor M3, but no current flows in the transistor Mc. No

current(d) awl rg detorddecddiaiisgisd Orcd GAUSES R eaNtFok0chhawialso in the
“transistor Mi. In this condition, when the voltage of the resistor power
suppl y e idsl rappliiced o ha rkrdmeinilet lgwdtidrhd s tsppliistioss M4 gpd M6, and a
current flows in the resistor Rh-A and a current flows also in the

resi st diidRh-aBr@imdae tdiedtrankisstioanB IiTs (im @NestraisdstbheRBUR) ent passi ng
~through the resistor Rh-B branches off to the Rh-C and the transistor M.
Thus, the teurfdem fdnessheheesilsiadrodils- AIT RndBIVardnRith€ haséstbe
followng relationship: (Current in Rh-A) = (Current in Rh-B) > (Current in

Rh- C) Rh-C) .

Fig. 11 shows an ejection-control circuit 50A in which
the above first technique is employed, and corresponds to
Fig. 6 which shows the ejection-control circuit 50 in the
first embodiment. Differences of Fig. 11 from Fig. 6 are
mainly described below.

A heating resistor 13 is formed by three resistors Rh-A,
Rh-B, and Rh-C which are connected in series to one another.
The resistor Rh-C is connected to the drain of the
transistor M1l. The drains of the transistors M4, M9; M1l4,
and M19 are connected to the midpoint of the resistors Rh-A
and Rh-B. The drains of the transistors M3, M8, M13, and
:M18 are connected to the midpoint of the resistors Rh-B and
Rh—C._ The other features are identical to those in Fig. 6
(the first embodiment) .

In Fig. 11, the ejection-control circuit 50A is
described with reference to only a current-mirror circuit
composed of the transistors M3, M4, M5, and M6. When the
switch A is in the state "1", the switch B is in the state
."1", the switch C is in the state "1", and the switch is in

the state "1", the output of the XNOR gate X10 is "1". Thus,




Wien the deflection-direction switch Cis set to be in t‘l gebsf %W%OWO" (the
states of the switches A, B, and J3 are identical to those as descri bed
above), the output of the 16 February 2007 59 XNOR gate X10 is "0". This
causes the AND gate X2 to have inputs "0" and "1" (the state of the switch
Ais "1") so that its output is "0". Thus, the transistor M3 is turned
off. Also, when the output of the XNOR gate is "0", the output of NOT gate
Xl is "1". Thus, the inputs of the AND gate X3 are "1" and "1" (the state
of the switch Ais "1"), thus turmi mf on the transistor Ms. The ON state
of the transistor Mb turns on the transistor M5, and the transistor M is
al so turned on based on the characteristics of the current-mrror circuit.

Thus, theisesutipar PaveangURRkY sYRteausesogUrhentsiton L1 oMerespeetively in
the resistor Rh-A, and the transistors M and Ms. The current passing

t hr oughtbheheesinst gatBhxA, Ghawstsnbatphe neskstor KRB, dhe current
passing through the transistor MA flows into the resistor Rh-B. Al the
current tpassisgotrhMeugb thenedsbstor Rh-B flows into the resistor Rh-C ]
wi thout flowng into the transistor M3 (since the transistor MB is in OFF
state). Accoklsnglwhet hehe cont@mt sof | dve MNOR gdiee nEL disord "Rh-the Rh- B, and
Rh-C have the follow ng rel ati onshi p:
output of the NOT gate is "0"., Since this output "0" and
the state "1" of the switch A are input to the AND gate X3,
its output is "0". Thus, the transistor M5 is turned off.
Therefore, a current flows in the transistor M3, but no
current flows in the transistor M5. No current flowing in
the transistor M5 causes no current to flow also in the
transistor M4.
In this condition, when the voltage of the resistor
power supply Vh is applied, no currents flow in the
transistors M4 and M6, and a current flows in the resistor
Rh—-A, and a current flows also in the resistor Rh—-B. Since
the transistor M3 is in ON state, the current passing
through the resistor Rh-B branches off to the Rh-C and the

transistor M3. Thus, the currents in the resistors Rh-A4,

- Rh~-B, and Rh-C have the following relationship:
(Current in Rh-A) = {Current in Rh-B) > (Current in Rh-C)
When the deflection-~direction switch C is set to be in

- the state "0" (the states of the switches A, B, and J3 are

identical to those as described above), the output of the




(Current in Rh-A) < (Current in Rh-B) _ (Current in Rh-CfﬁF%r§%¥2$ﬁ t he

ej ection-control circuit 50Ain Fig. 11, 16 February 2007 - 60 Also, in
the ejection-control circuit 50Ain Fig. 11, simlarly to the first
enbodinment in Fig. 6, in addition to turning on/off the switch J3, by
turning on/off the switches J1 and J2, various setting (not described) of
the currents flowing in the resistors Rh-A Rh-B, and Rh-C can be
performed. By turning on/off the switches S and K so that the currents
flowing in the resistors Rh-A Rh-B, °8nd Rh-C, the angle of ejection can
be corrected simlarly to the first enbodinent. Fig. 12 shows an

ej ection-control circuit 50B using the above (2) second technique in the

second RNbRdAgaeat X1angds €Orresppdscid@s&d 0chd APWMANG: e dd nstveenbodi ment .
In Fig. 12, the drains of the transistors M4, M, 4, and M9 are

connect edptiost he" magpoi it  ofthé hetsesi 6t ofise RiwBcrand ih-Gr)Thedr ai ns of
the transistors M3, M3, ML3, and ML8 are connected to the m dpoint of the
resi st otbaRhifsandtpih- Bs The. ot tiels £ ofine ct raafsi st iMPerits aalrrie@ t hose in’
Fig. 11. In Fig. 12, the ejection-control circuit 50B is described bel ow
with refefence only to a current-mirror circuit conposed of the
transistors M3, M4, M, and M. When the switch Ais in the state "1", the
switch B isZdtsovx when the output of the XNOR gate is "0", the

output of NOT gate X11 is "1". Thus, the inputs of the AND

gate X3 are "1" and "1" (the state of the switch A is "1"},

thus turning on the transistor M5.

The ON state of the transistor M5 turns on the
transistor M6, and the transistor M4 is also turned on based
on the characteristics of the current-mirror circuit.
Thus, the resistor power supply Vh causes currents to

flow respectively in the resistor Rh-A, and the transistors

M4 and Mé. The current passing through the resistor Rh-A

flows into the resistor Rh—-B. The current passing through

the transistor M4 flows into the resistor Rh-B. 21l the

current passing through the resistor Rh-B flows into the

resistor Rh-C without flowing into the transistor M3 (since

the transistor M3 is in OFF state). Accordingly, the

currents flowing in the resistors Rh—-A, Rh-B, and Rh-C have

the following relationship:
(Current in Rh-A) < (Current in Rh-B) = (Current in Rh-C)

Also, . in the ejection-control circuit 50A in Fig. 11,




(anal og vol tage), the switch Cis in the state "1", and {hE@N QR 13 is
in the state "1", the output of the XNOR gate X10 is "1". Thus, this
output "1" and the state "1" of the 16 February 2007 61 switch A are
input to the AND gate X2, so that its output is "1". This turns on the
transi stor M3. Wen the output of the XNOR gate 10 is "1", the output of
the NOT gate XI| is "0". Accordingly, this output "0" and the state "1" of
the switch A are input to the AND gatg X3, so that its output is "0", thus
turning off the transistor Mb. Therefore, a current flows in the
transistor M3, but no current flows in the transistor M. Wiile no current
is flowng in the transistor Mo, no current flows also in the transistor
M6. The chafd@ceriist iths efi echhid opucratitrodi riocuiti eI tncRugesiho current to
flow also in the transistor MA. In this condition, when the voltage of the
resi st GHMblbiiely sippiie Viinss gopldddsero icufiignt €, f Lowaddithen teansistors
M4 and M5, and a current flows in the resistor Rh-A The current passing

t hr ougtr WHEL B GIAAHE fifien svEitafcWss 0 tgnihe eadpEfokhRhsBihabes he
transi st.or M since the transistor M3 is in ON state). The current
passindﬁtﬁF&h&@%tﬂ??%%ﬁ%ﬁﬁFtRWQB(Ppéw§eﬁﬁrﬂhédﬁe§fstb¢ RareentThe OFF
state.gﬁ'the tr,ansi stor M4 causes no current to flow fromthe transistor

Mt to CHE"TEH Stbr-h FESLRLCSSdfRgry, Rh-B, and Rh-C can be

performed. By turning on/off the switches S and K so that
the currents flowing in the resistors Rh-A, Rh-B, and Rh-C,
thé angle of ejection can be corrected similarly to the
first embodiment.A

Fig. 12 shows an ejection-control circuit 50B using the
above (2) second technique in the second embodiment, and
corresponds to Fig. 6 showing the first embodiment.

In Fig. 12, the drains of the transistors M4, M9, M14,
and M19 are connected to fhe midpoint of the resistors Rh-B
and Rh-C. The drains of the transistors M3, M8, M13, and
Mi8 are connected to the midpoint of the resistors Rh-A and
Rh-B. The other connections are identical to those in Fig.

11, |
In.Fig. 12, the ejection-contreol circuit 50B is

described below with reference only to a current-mirror

circuit composed of the transistors M3, M4, M5, and M6.

When the switch A is in the state "1", the switch B is at Vx

:(analog voltage), the switch C is in the state "1", and the

switch J3 is in the state "1", the output of the XNOR gate

X10 is "1". Thus, this output "1" and the state "1" of the




the currents flowing in the resistors Rh-A Rh-B, and RhIEFeUE?4%e
followng relationship: (Current-in Rh-A) > (Current in Rh-B) _ (Current in
Rh-C) 16 February 200T 62 Wen the switch Cis in the state "0" (the
states of the switches A, B, and J3 are identical to those described
above), the output of the XNOR gate X10 is "0". This causes the inputs of
the AND gate X2 to be "0" and "1", respectively (the swtch Ais in the
state "1"), so that its output is "0". Thus, the transistor M3 is turned
off. The output "0" of the XNOR gatefX10 causes the output of the NOT gate
X11 to be "1". Thus, the inputs of the AND gate X3 are 111" and "1" (the
swwtch Ais in the state "1"), thus turning on the transistor Mb. The ON

state ofwiten tA amsé sipudbed WS 2D e e WANYSHWatMitsaBdthie is _
characteristics of the current-mirror circuit also turns on the transi stor

M4. Acctitli ngityis thernesistite poeRrs isitppd w3vh causes currents to flow in
the resistor Rh-A, and the transistors M and Ms. The current passing
t hr ough t heWihesi sther offtpAt ddeshaokNORogaits theibr amsi stihe dMBipbut all
flows into the resistors Rh-B and Rh-C. The current passing through the
t r ansi stforthel NODwatien ¥lHe isedi0dt.or ARlvo@diTigd yourthdist sutbhow'ayg in t he
resistors Rh-A, Rh-B, and Rh-C have the followi ng relationship:
and the state "1" of the switch A are input to the AND gate
X3, so that its output is "0", thus turning off the
transistor M5.
Therefore, a current flows in the transistor M3, but no
current flows in the transistor M5. While no current is
| flowing in the transistor M5, no current flows also in the
transistor M6. The characteristics of the current-mirror
~circuit causes no current to flow also in the transistor M4.
In this condition, when the voltage of the resistor
power supply Vh is applied, no currents flow in the
transistors M4 and M6, and a current flows in the resistor
Rh-A. The current passing through the resistor Rh-~a
branches off to the resistor Rh-B and the transistor M3
(since the transistor M3_ié in ON state). The current
passing through the resistor Rh-B flows in the resistor Rh-C.
The OFF state of the tramnsistor M4 causes no current to flow
- from the transistor M4 to the resistor Rh~C. Accordingly,

the currents flowing in the resistors Rh~A, Rh-B, and Rh-C

have the following relationship:

{Current in Rh-A) > (Current in Rh-B) = (Current in Rh-C)




(Currént in Rh-A) _ (Current in Rh-B) < (Current in Rh- % iR 04ry 2007
- 63 Also, in the ejection-control circuit 50Bin Fig. 12, simlarly to
the ejection-control circuit 50Ain Fig. 11, in addition to turning on/off
the switch J3, by turning on/off the switches J1 and J2, the currents
flowwng in the resistors Rh-A, Rh-B, and Rh-C can be variously set. By
turning on/off the swtches S and K so that the currents in the resistors
Rh-A, Rh-B, and Rh-C can change, the angle of ejection can be corrected.
Wien the ejection-control circuit 50&2i mm Fig. 11 and the ejection-control
circuit 50B in Fig. 12 are provided in the head 11, either circuit are
nmounted for each ink ejecting portion. The ejection-control circuits 50,
50A, and 50B shown in Figs. 6, 11, and 12 have the foll ow ng advant ages:
(1) By using a digital input for each switch to control an analog value, a

di rection i nwnehcbhanswikcilropi £tin sthaled tanes ety caperie sahargeds (2) As
shown in Fig. 9, each circuit is suitable for the head 11, whose basic

st ruct utkei swaichrtegr, aBedagiir 8 4re Sideetitalabo benhdsy egdibda a digital
circuit. (3) It is difficult for each circuit to be affected by
di st ur bahcwesuchhasomtphangé tihe vafidRggasée nKe0the €i'r cuithicadusds t he
anount of current. Accordingly, in the head 11
the inputs of the AND gate X2 to be "0" and "1",
respectively (the swifch A is in the state "1"), so that its
output is "0". Thus, the transistor M3 is turned off.
The output "0" of the XNOR gate X10 causes the output.
of the NOT gate X11 to be "1". Thus, the inputs of the AND
gate X3 are "1" and "1i“ (the switch A is in the state "1"),
thus turning on the transistor M5.
The ON state of the transistor M5 turns on the
transistor M6, and the characteristics of the current-mirror
circuit also turns on the transistor M4.
Accordingly, the resistor power supply Vh causes
currents to flow in the resistor Rh-A, and the transistors
M4 and M6. The current passing through the resistor Rh-A
does not flow in the_tfansisﬁor M3, but all flows into the
resistors Rh-B and Rh-C. The current passing through the
transistor M4 flows in the resistor Rh-C. The currents

flowing in the resistors Rh-A, Rh-B, and Rh-C have the

following relationship:

(Current in Rh-A) = (Current in Rh-B) < {(Current in Rh-C}




‘when it enploys a thermal energy method (thermal type) abd ¥VUF%%GE current
flows in it, stable operation is ensured. 16 February 2007 64 (4) Each
circuit is forned by digital circuit portions just before the final stage
for ink droplet. ejection. The <circuit can performstable control w thout
being affected by an increase in its tenperature, etc. (5) In general,
PMOS transistors are inferior in withstand voltage and current
characteristics. However, the PMOS transistors are sinply used for
current-mirror circuits as in each €Prcuit, and a voltage of 1/2Vh or |ess
is always applied to each PMOS transistor since it is positioned between
the junction of the resistors Rh-A and Rh-B, and the resistor power supply

Vh. Accordi nglge, tihe MO tdansirstcrit roaarileuisedon thowtgpr obl ens.

Al t hough one enbodi ment of the present invention has been described, the
present simyveatipntd stiote] ediiet-d¢onthel abhome: erfoodiimemig.butl ,cdm be
variously nodified as follows: (1) In the above enbodinent, three bits are
used f oadditefbdectsd otmrohtdg obn byt Hriove dswigedtheT Mefdyedtuimringpn/clf £ swi t ches
J1 to J3. However, the nunmber of deflection- control switches is arbitrary.
It is athetswitdlyeslelerandeoll2, hidve namyretefd etliavoima dmt ridle swi t ches are
provided, and it is arbitrarily determ ned how many bits are used for

def | ect Fenistont rRi-A ARY;Bi raddRlatbveare i diarmdmus vwsedi-t s Bare used

turning on/off the switches S and K so that the currents in
the resistors Rh-A, Rh-B, and Rh-C can change, the angle of
ejection can be corrected.
When the ejection-control circuit 50A in Fig. 11 and
" the ejection—control circuit 50B in Fig. 12 are provided in
the head 11, either circuit are mounted for each ink
ejecting portion. |
The ejection~contrdl circuits 50, 50A, and 50B shown in
Figs. 6, 11, and 12 have the following advanfages:
(1) By using a digital input for each switch to control an
analog value, a direction in which an ink droplet is
- delivered can be changed.
(2) As shown in Fid; 9, each circuit is suitable for the
- head 11, whose basic structure is an integrated circuit
éince it can be integrated in a digital circuit.
(3) It is difficult for each circuit to be affected by
disturbance such as a change in voltage since the circuilt
controls the amount of current. Accordingly, in the head 1l
when it employs a thermal energy method (thermal type) and a

large current flows in it, stable operation is ensured.




for correction of the angle of ejection of ink droplet anF%¥%W¥ﬂPﬁg

defl ection-angle correcting switches S and K. However, it is arbitrarily
determ ned how many defl ection 16 February 2007 65 angle correcting
switches are provided, and it is arbitrarily determ ned how many bits are
used for the correction. (2) In the above enbodi nent, the transistors M,
M7, and ML2 are provided so that the ratio of their drain currents is
4:2:1. However, the ratio of their drain currents is not limted to the
val ues. Regarding transistors used-a84 tonstant current supplies, any ratio
of drain currents may be used. For exanple, the transistors M2, M/, and
ML2 may have 1:1:1 as the ratio of their drain currents. Simlarly,

regar di ng) t hgch r anedetor i Mo Fda OoF recdd i tdxe-anal e ftidisLglisen, any
nunber of transistors ML7 may be provided in accordance with the nunber of
def | ectbeRoBat G COIRLT & Plge SPbF Chas roplan & qutirod | tyrmef

defl ection-angle correcting switches S are provided, they have an

arbitracyreait ocad pehtHdm Cstdleld Sconltrdlneriahmes eydiod) rEffiectickde by
ej ection-executing input switch Ais used to allow a current to flowin

each cuaneimecredse ain cit<utémpetdiivre, tdte (a period of 1.5 s) in which
ink is ejected. However, the current supply tine is not I|limted to the
peri od, {butIn lgermanralentBMRS riorams xits me Beferior in withstand
voltage and current characteristics. However, the PMOS
transistors are simply used for current—mirror circuits as
in each circuit, and a voltage of 1/2Vh or léss is always
applied to each PMOS transistor since it is positioned
‘between the junction of the resistors Rh-A and Rh-B, and the
resistor power supply Vh. Accordingly, the PMOS transistors
can be used without problems.
Although one embodiment of the present invention has
" been described, the present invention is not limited to the
above embodiment, but can be variously modified as follows:
(1) In the above embodiment, thrée bits are used for

- deflection control by providing the deflection-control

switches J1 po.ﬁ3. However, the number of deflection¥

control switches is arbitrary. It is arbitrarily determined

how many deflection-control switches are provided, and it is -

arbitrarily determined how many bits are used for deflection
contfol. Also, in the above embodiment, two bits are used
for correction of the angle of ejection of ink dropletrby
-prdviding deflection—-angle correcting switches S and K.

However, it is arbitrarily determined how many deflection-—




controlled so that a current can always flow therein. FOPGFﬁﬁﬁﬁﬁgg?it is
preferable in point such as power consunption that, the current be allowed
to flowin a period in which an ejecting command is given or in part of
the period, or .in a 16 February 2007 66 period in which the heating
resistors 13 as energy generating elenents are supplied with energy for
liquid ejection or part of the period. Here, the "part of the period" may
be the difference in heat value in a_ predeternmned tinme after activation
of the ink ejecting command since i#2 § sinply required that the bisected
heating resistors 13 have a difference in heat value. This is because it
is not always required that a difference in heat val ue be produced in the

entiret¥nefiet Berpeciodyl Bwivbheh Lkhe ppkvefes!isngicoemand is given. The
above enbodi ment has been described wth the heating resistors 13 as an
exanpl eardowewet 1yt hetexanpke héw mehy| bhté edré hesed ofobuthany type of
energy generating elenents for generating energy for liquid ejection may
be usedorkacthenabove enbodi nent, the line head 20 for use in an inkjet
printer is used as an exanple for description. The present invention can
be appl (@i To &hseabalepemhbdiment, whhehttdmes heberd M3 s Nisediral Ml Zsi ngl e
unit. In the case of the head 11 as a single unit, the '
def | ect EvA-drpvtgednse that the ratio of their drain currents is
4:2:1. However, the ratio of their drain currents is not
limited to the values. Regarding transistors used as
constant current supplies, any ratio of drain currents may
be used. For example, the transistors M2, M7, and M12Z may
have 1:1:1 as the ratio of their drain currents. Similarly,
regarding the transistor M17 for correcting the angle of
ejection, any number of transistors M17 may be provided in
accordance with the number of deflection-angle correcting
switches S. When a plurality of deflection-angle correcting
switches S are provided, they have an arbitrary ratio of
drain currents.
In the above embodiment,. the ejection-executing input
switch A_is-used'to allow a current to flow in each current-
mirror circuit within a time (a period of 1.5 ps) in which
ink is ejected. However, the current supply time is not
limited to the period, but the current-mirror circuit may be
controlled so that a current can always flow therein. For
. example, it is preferable in point such as power consumption

that, the current be allowed to flow in a period in which_an

- ejecting command is given or in part of the period, or in a




switch Cis unnecessary. The present invention can be apﬁ?r%ﬁm¥%2%zrious
types of liquid ejecting devices without being limted to printers. For
exanpl e, the present invention can be applied to devices for ejecting
DNA- cont ai ned sol utions for detecting 16 February 2007 - 67 bi ol ogi cal
sanples. (7) In the above enbodi nent, the head 11 in which a plurality of
ink ejecting portions (liquid ejection portions) are arranged in parallel
is used as an exanple for descrip[i%g._kbmever, t he present invention can
be applied to a liquid ejecting devi'Ce provided with a single ink
ejecting portion (liquid ejecting portion). Third Enbodi nent The present

I nventors actually nmade a head having a resolution of 300 dpi in which an
actual headodsiprekidediha hdativwgabevesdescribed @it s. As a result,
the present Inventors have found that a large area is required by a

ci rcui t génereathg nekahentvi zhe defipplisd efith exhdngy diarwditched circuit is
conpl ex. Accordingly, by further inproving the above technology to achieve
si npl i fetactoen (dovwpsilziag)tlot peheodnt iRere ridid t"pate qff &dent | nventors
have created the technology applied even to heads having a resolution of
600 dpPeBio@l carerbe Ahe ¢l Eemercerein hFat e lweedant i nvention is

predetermined time after activation of the ink ejecting

command since it is simply required that the bisected
heating resistors 13 have a difference in heat wvalue. This
is because it is not always required that a difference in
heat value be produced in the entirety of the period in
which the ink ejecting command is given.

The above embodiment has been described with the
heating resistors 13 as an example. However, the example is
not limited thereto, but any type of energy generating
_elements for generating energy for liquid ejection may be
used. |

In the above embodiment, the line héad 20 for use in an
inkjet printer is used as an example for description. The

: presgnt'invention-can be applied to a serial printer in
which the hgad 11 is used as a single unit. In thé case of

' the head 11 as a single unit, the deflection-direction

switch C is unnecessary.

The present invention can be applied to various types

of liquid ejecting devices without being limited to printers.
For example, the present invention_can be applied to devices

for ejecting DNA-contained solutions for detecting




‘described with reference to the acconpanying draw ngs. |m° F¥8EG%ription
of the third enbodi nent, operations and arrangenents identical to those in
the first enbodinent are onmtted, and only portions characteristic in the
third enbodinment are described. 16 February 2007 68 The ejection-control
circuit 50 (in Fig. 6) described in the first enbodi mrent has the foll ow ng
advantages: (1) By using a digital input for each switch to control an
anal og value, a direction in which an ink droplet is delivered can be
changed. (2) Each circuit is suitabl 8’for the head 11, whose basic
structure is an integrated circuit since it can be integrated in a digital
circuit. (3) It is difficult for each circuit to be affected by

di st ur baNEEoSUEL aSar@p TdANge in voltage since the circuit controls the
amount of current. Accordingly, in the head 11 when it enploys a thernal

energy (ef hpdl {hdeiwde tam)aanshe, ties geepiinrenn hdwh ian it, stable
operation is ensured. (4) Each circuit is formed by digital circuit

porti onslhtstitpedidrink hejddiniolg sageidoy {rikudrophjefctdjoact i on. The
circuit can perform stable control w thout being affected by an increase
inits penpbsad urase edxcra(ddd |im gensrlalel AMOS stadamsi storexampd e fibari or in
wi thstand voltage and current characteristics. However, the PMOS
description. However, the present invention can be applied
to a liquid ejecting device provided with a single ink

ejecting portion (liquid ejecting portion).

Third Embodiment

The presént Inventors actually made a head having a
resolution of 300 dpi in which an actual head is provided
with the above—described circuits. As a result, the present
Inventors have found that a large area is required by a
circuit for each nozzle which deflects ejected ink since the
circuit is complex. Accordingly, by further improving the
above technology to achieve Simplification (downsizing) of
the entire circuit, the present Inventors have created the
?echnology applied even to heads having a resolution of 600
dpi or greater.

2 third embodiment of the-present inVention is
described with reference to the accompanying drawings. In
fhe description of the third embodiment, operations and
arrangements identical to those in the first embodiment are
omitted, and only portions charécteristic in the third

embodiment are described.




transistors are sinply used for current-mrror circuits A& Febryang20Qr,
.circuit, and a voltage of 1/2Vh or less is always applied to each PMOS
transistor since it is positioned between the junction of the resistors
Rh-A and Rh-B and the resistor power supply Vh. Accordingly, the PMOS
transistors can be used without problens.. 16 February 2007 - 69 \Wen

t he above ejection-control circuit 50 was provided in a head 11 having a
resolution of 300 dpi (an interval between nozzles 18 of 84.6 m, no

probl em particularly arose. However®8in this enbodi nent, when a head 11
having a resolution of 600 dpi (an interval between nozzles 18 of 42.3 m
was provided with the above ejection-control circuit 50 in a head chip

si ze al nost me@ual e itdilcontrbe cigase toboa (iasehgt i on aésSOMbepi , the

ej ection-control ~ circuit 50 had to be nore sinplified. Fig. 13 shows a

si npl i firedrexampt £t (@issd iirtc oty alhe ddlQwivina0Advehthbesej ection-control
circuit 50 in Fig. 6. Although the ejection-control circuit 50 in Fig. 6

i ncl udegl)f @i e -ddgitarl dinpeit tfyr tdeehejsadttichntoorbnskolcencuit 50A in
Fig. 13 includes only a single current-mrror circuit (conposed of

transi stroringVBia larel, M3} redigraebyin sitripglh farcdmkodropletieientire circuit
structure is achieved. |In the four current-mrror circuits in Fig. 6, the
t r ansi stedrisgreechrmhiVBaaradangmdesent ed by " X4", the :

(2) Each circuit is suitable for the head 11, whose basic
structure is an integrated circult since it can be
integrated in a digital circuit.

(3) It is difficult for each circuit to be affected by
disturbance such as a change in voltage since the circuit
controls the amount of current. Accordingly, in the head 11
when it employs a thermal energy method (thermal type) and a
large current flows in it, stable operation is ensured.

(4) Fach circuit is formed by digital circuit portions just
before the final stage for ink droplet ejection. The
circuit can perform stable control withbut being affected by
an increase in its temperature, etc.
'(5) In general, PMOS transistors are inferior in withstand
voltage and current characteristics. However, the PMOS
transistors are simply used for current-mirror circuits as

in each circuit, and a voltage of 1/2Vh or less is always

‘applied to each PMOS transistor since it is positioned
between the junction of the resistors Rh-A and Rh-B and the
resistor power supply.Vh. -Accordingly, the PMOS transistors

can be used without problems..




transi stors M and ML1 are represented by "X2", and the P FeRasedls ma
and ML6 and the transistors ML9 and M21 are represented by "Xl ", in the

ej ection-control circuit 50Ain Fig. 13, devices represented by "X8" are
used as the transistors M3l and M32 so as to have capacitance equal to
those of all the above transistors in the ejection-control «circuit 50. 16
February 2007 70 When "X8" devices are used as the transistors M31 and
MB2, they have large size. In the case of disposing transistors in a
circuit, eight wiring termnals are®feeded for each transistor since it
has a drain, a source, etc. Accordingly, conpared to the case of disposing
many transistors and | eading eight wwres fromeach transistor, the case of .

| eadi ng ei ghthoh 1 €Bef i@ e R chidaistSt Yighaat 15 Redupesvibedr equired
area for the entirety, even if the transistor itself is large. Therefore,

by formingaahekAghe BHYifAtant&sOIuEistCubE 3@E dpy t hen €jraedriveil- cont r ol
circuit 50A in Fig. 13, the entire circuit structure can be sinplified,
per f or nbagwetunabzenhessiai bArg4 pstnose e piveb bgneqid oni-cadrinlgl circuit 50
in Fig. 6. Next, a dedicated circuit and a common circuit in this
enbodi nenvsar e Hewevebedibetlnis wbddiment | heherasdedddll havdrentaire
circuit can be divided into the dedicated circuit

resolution of 600 dpi (an interval between nozzles 18 of

42.3 pm} was provided with the above ejection-control

circuit 50 in a head chip size almost equal to that in the

-case of a resolution of 300 dpi, the ejéction—control

circuit 50 had to be more simplified.

Fig. 13 shows a simplified example (ejection-control
circuit 50A) of the ejection-control circuit 50 in Fig. 6.
Although the ejection-control circuit 50 in Fig. 6

includes four current-mirror circuits, the ejection-control

circuit 50A in Fig. 13 includes only a single current-mirror

circuit (composed of transistors M31 and M32), whereby

simplification of the entire circuit structure is achieved.

In the four current-mirror circuits in Fig. 6, the

transistors M4 and Mé are represented by "X4", the

transistors M9 and M1l are represented by "X2", and the

tranéistors M14 and M16 and the transistors M19 and M21 are

represented by "X1", in the ejection-control circuit 50A in

Fig. 13, devices represented by "X8" are usedlas the

transistors M31 and M32 so as to have capacitance equal to

those of all the above transistors in the ejéction—contrql '

bircuit 50.




and the common circuit is described. Wen an ink droplet HEPYER%; ect ed
froman ink ejecting portion, the ejection loses ink in the ink cell 12.
Accordingly, in order to fill the ink cell 12 with ink by wusing an ink
path, it is required that the ink in the ink cell 12 be restored to a
state prior to the ejection by physical inflow of ink fromthe periphery.
The period required for filling the ink cell 12 with 16 February 2007 71
ink is called a refill period and is set to be approximtely 1/300000 to
1/ 10000 seconds (approximately 30 to’%00 tines the ejection period).
Accordingly, it is inpossible for each ink ejecting portion to perform
consecutive ejection of ink droplets. Even if a plurality of ink ejecting

portions argha&{ ragedidl R Adelisdd a3 that erahsasgbyenvansaadt, each
ink ejecting portion (ejection-control circuit) operates only in a portion

of tinmeM3BaselepmavstTdiedalr£iid. whi ch, when each ink cell 12 is supplied
with ink, the ink is supplied froman ink path which is common to ink
ej ecting portr aiifs dafseejodcidiemoafingnk rahsastareeihaencimkuéiecti ng portion
produces a phenonenon in which, in the ink path, ink noves to enter the
i nk celéidRt wihenghenomerols isrd nersidd tied teadbhé name isdgldr $2ngf anot her
ink ejecting portion in the formof waves. Thus, an adverse effect on the
i nk celit IRaofa afraink, ¢ extimee portd.on Adtcsidingly, compared to the
case of disposing many transistors and leading eight wires
from each transistor, the case of leading eight wires from a
single transistor greatly reduces the required area for the
entirety, even if the transistor itself is large.
Therefore, by forming a single current-mirror circuit
"as in the ejection-control circuit 50A in Fig. 13, the
entire circuit structure can be simplified, performing
functions similar to those in the ejection-control circuit
50 in Fig. 6.
Next, a dedicated circuit and a common circuit in this
. embodiment are described below. At first, the reason that
the entire.circuit can be divided into the dedicated circuit
and the common circuiﬁ is described.
When an ink droplet has been ejected from an ink
ejecting portion, the ejection loses ink in the ink cell 12.
'Accordingly, in order to f£ill the ink cell 12 with ink by
using an ink path, it is required that the ink in the ink
cell 12 be restored to a state prior to the ejection by

physical inflow of ink from the periphery.

The period required for filling the ink cell 12 with.




is adjacent to the ink ejecting portion having ejected tﬁ%Fd¥Wﬁy%W6plet
cannot be ignored. This effect specifically appears as a change (neniscus)
inliquid level of the tip of the nozzle 18. Wen there is an effect of
~the operation of ejecting an ink droplet from another ink ejecting
portion, in the case of ejecting an ink ejecting portion fromone ink
ejecting portion, the effect is a change in size of the ejected ink
droplet due to a change in nmeniscus. Consequently, the effect appears as a
16 February 2007 72 change in dot &lze, that is, irregularity in picture
quality. To avoid this problem adjacent ink ejecting portions are
prevented from being operated sinultaneously or in the refill period.

Accor di gt Vi s 1 Sa 118 CRS& ©f 1 Prov G iGOBERN +&) 'b%UiaF)pE@&iﬁa’Qé!Ufa' ity of
ink ejecting portions consecutively arranged in parallel, and

time-diyysoengd o 1USI ¢ N CHAP N HiPreikitna tRA yPrReblkemipar tiggkarly
arises. Therefore, in the present invention, the plurality of ink ejecting

porti onsharé&paeethrd pdaral) el mdddivgded iRt as ampowkabilky fot bl ocks, and
sonme ink ejecting portions are assigned to belong to each bl ock. Dedicated

Ci r cui tsadh einprepdeichd Godtieorn Mo gjeedhirig cpaskicand veardeatdonmofi circuit
is provided for each block. The common circuit is shared by all the ink
ej ect i ngnk prdplants belmwegi rigf teo iherailiagk ofl tinknetjedédngt pbedsonpart

are arranged in parallel, in a state at a given instant,

each ink ejecting portion (ejection-control circuit)

operates only in a portion of time.

Based on a structure in which, when each ink cell 12 is
supplied with ink, the ink is supplied from an ink path
which is common to ink ejecting portiomns, if ejection of ink
from a certain ink ejecting portion produces a phenomencn in
which, in the ink path, ink moves to enter the ink cell 12,
the phenomenon is transmitted to the ink cell 12 of another
ink ejecting portion in the form of waves. Thus, an adverse
effect on the ink cell 12 of an ink ejecting portion which
is adjacent to the ink ejecting portion having ejected the

| ink dréplet cannot be ignofed.

This effect specifically appears as a change {(meniscus)
in liquid level of the tip of the nozzle 18. When there is
an effect of the operation of ejecting an ink droplet from
another ink ejecting portion, in the case of ejecting an ink
ejecting portion from one ink ejecting portion, the effect
is a change in size of the ejected ink droplet due to a

change in meniscus. Consequently, the effect appears as a




of the main operation coniroller or the sub operation coRfF8YdEr*%and is
used to eject an ink droplet fromany one of the ink ejecting portions

bel onging to the block. Fig. 14 is a circuit diagram showi ng an exanple in
which a liquid ejecting device is provided with a dedicated circuit and a
common circuit. In Fig. 14, the dedicated circuit is necessary for each
ink ejecting portion. The dedicated circuit in Fig. 14 includes all the
parts required for the main operation controller and the part required for
the sub operation controller. Converdé@ y, regarding the 16 February 2007
73 common circuit, the nunmber of common circuits which is required for
the above ink ejecting portions consecutively arranged in parallel nay be

one. |In 4RSeXAMAR s3-01 F @iate 1fOF iSURRIMIANG t§ GW peRkul@ duseeend
switching el"ement which 1i's necessary for the sub operation controller is

used as thhevceaMBAsChreBlbm, | BakhB8entdinkes) st sy oAk Rrd, and a
transistor ML are identical to those shown in Fig. 13. A current- mrror

circuit peeipased @kohr 88shgt 6perdBddandmlyB2ahsousTendt cial e that shown in
Fig. 13. The switching elenent .(second switching elenent) of this

current r@filQr peiriedi.t AGBbYdLARST St Snother anse sé OrisrdBiXiang &B4. | n ot her
words, four second switching elenents are not provided as in Fig. 13, and
only onecsmoandiswutichifog al phendlisypodvidkdejéating portions
consecutively arranged in parallel, and time-divisionally
using the common circuit, no problem particularly arises.

Therefore, in the preéent invention, the plurality of
ink ejecting portions arranged in parallel are divided into
a plurality of blocks, and some ink ejecting portions are
assigned to belong to each block. Dedicated circuits are
provided for the ink ejecting portions, and a common circuit
"is provided for each block.

The common circuit is shared.by all the ink ejecting
portions belonging to the block. It includes at least part
of the main operation controller or the sub operation
controller, and is used to eject an ink droplet from any one
~of the ink ejecting poitions belonging to the block.

Fig. 14 is a circﬁit diagram showing an example in
which a liquid ejecting device is providéd with a dedicated
circuit and a common circuit. In Fig. 14, the dedicated
circuit is necessary for each ink ejecting portion. The
dedicated circuit in Fig. 14 includes all the parts required
for the main operation controller and the part required for

.the sub operation controller. Conversely, regarding the




Fig. 13, the transistors M3 and M6 are represented by " Xx48FebryaRg2007

transi stors MB and MO are represented by "X2", and the transistors M3
and ML5 and the received signal M8 and MLO are represented by "X1".
Devices represented by "X8" are used as the transistors M33 and M34 so as
to have current capacitance equal to that of all the above transistors in
Fig. 13. The source and backgate of the transistor ML are connected to
ground. The sources of the transiston; MB3 and M4 are connected to the
common circuit (current supply), and 1 Rei r backgates are connected to
ground. NOR gates X21, 16 February 2007 74 X22, and X23 which are
respectively connected to the gates of the transistors ML, M3, and M4,
and t he dampuin tadmmiuidl,s thehenembkraog desoonbedrbates. whhchhéscase of
providing a comon circuit, by increasing the nunber of ink ejecting

porti ongdanigresl Hagrkhe sheivegink edeubting pouitions aehbegvdivebWever, at
first, due to an adverse effect on a circuit in operation of the total of
devi ces aitfiagigest drc paredtled mavcbsnomeand InhitBhsapsampde. i f4 6pEFAtFon, and
an increased nunber of wres, the space cannot be saved as exgected.
Second| FOrafURRiYdase@ CHERBEL &P BnResPae: sHEtpbitTofsePAPENER 2B DN
circuit , reduces the nunmber of ink ejecting portions capablg of gerforning
si mul t an€od$ &G ort Ot i€ FBRePPRGprAPAL FRGETOLLer 1s used as the

common circuit.

In Fig. 14, resistors Rh-A and Rh-B, and a transistor
M1l are identical to those shown in Fig. 13. A current-
mirror circuit composed of transistors M31 and M32 is
identical to that shown in Fig. 13. The switching element
(second switching element) of this current-mirror circuit
only consists of transistors M33 and M34, 1In cther words,
four second switching elements are not provided as in Fig.
13, and only one second switching element is provided. In
Fig. 13, the transistors M3 and M5 are represented by "X4",
:the transistors M8 and M10 are represented by "X2", gnd the

 transistors MI3 and M15 and the received signal M18 and MI1O0

are represented by'“Xl". Devices represented by "X8" are

ﬁsed as the transistors M33 and M34 so as to have current
capacitance equal to that of all the above transistqrs in
Fig. 13.

The source and backgate of the transistor M1l are
.connected to ground. The sources of the transistors M33 and
M34 are connected to the common circuit {current supply},

and their backgates are connected to ground. NOR gates X21, -




"speed. Accordingly, an appropriate nunber of blocks whi ct? F5P8R84%%hbI e for
the object of the liquid ejecting device nust be determ ned. The upper
limt of the nunber of ink ejecting portions in one conmon circuit is
represented by (the nunber of all the ink ejecting portions in the head
11)/(ink ejecting portions controlled to perform simultaneous ejection).
Fig. 15 shows the concepts of dedicated circuits, a common circuit, and

bl ocks. Although, in the exanple in Fig. 15, four consecutive ink ejecting
portions are treated as a block, theé4ndnber of ink ejecting portions in
one block is arbitrary, as descri bed above. 16 February 2007 - 75 As
shown in Fig. 15, the four dedicated circuits are provided with one conmon

Circuity,Aas ggﬁmﬁ2gnvﬁigh dfe fggb & Cldldedf 589 eAgat eBUr I Nt
I nc y e

suppl y %CIfCUI uding a curré%t-sup enent) for thé transistors

M33 ' t dedi i _ t s
NS ndcMide 2PtuleccORDGG] ehiif Aia ity dedigalRd seifauivenifbse, o

a clrcul for controlling the entirety) connected to al

t he congggrggfcg£&sdé§cp{ggad§gke§pd est abl i shes connection between two
bl ocks, distributes signals, and controls signal inputting, etc. Next, the

comon circuid dxb tdlse IedidErting Ratcdniona cigichat, t biyncl uding a
current-supply elenent for supplying currents to the transistors M33 and
MB4 is gessehbeflybeh®Wiumber of ink ejecting portions in one block,

saving in common circuit is achileved. However, at first,

"~ due to an adverse effect on a circuit in operation of the
total of devices which are connected in common and which are
not in operation, and an increased nUmbér of wires, the
space cannot be saved as expected. Secondly, an increased
number of ink ejecting portions in one common circuit
reduces the number of ink ejecting portions capable of

| #erforming simultaneous ejection, -thus 1owering printing
speed. Accordingly, an appropriate number of blocks which
is suitable for the object 6f the liquid ejecting device
must be determined. The upper limit of the number of ink
ejecting portions in one common circuit is represented by
(the number of all the ink ejecting portions in the head
11)/ {ink ejecting portions controlled to perform
simultaneous ejection).

Fig. 15 shows the concepts of dedicated circuits, a

‘comﬁon circuit, and blocks. Although, in the example in Fig.
15, four consecutive ink ejecting portions are treated as a

block, the number of ink ejecting portions in one block is

arbitrary, as described above.




Figs. | 6A and '16B show the concept of the current supply'&F$EH24%r i ng
the comon circuit in this enbodinent. |In Figs. 16A and 16B, an out put
current froma current supply In (n =1, 2,...) can be changed by a voltage
Vx (corresponding to the voltage Vgs applied to the gates of the
transistors M2,..., ML7) applied to each Z-control term nal (corresponding
to the deflection-anplitude control termnal Bin Fig. 6). A change in the
voltage Vx proportionally changes the output current. Qutput current In
fromthe n-th current supply In is- Fepresented by in. = mf(Ww) 16
February 2007 76 (2) where mrepresents a coefficient. Wien current
supply I'n can be sw tched on/off by an input to each control termnal D,

expressi on () &lgbeya AR CoRnt e bk, SBLDALEMK) (B uhere D s 1

(conduction) or UCt i on) en n current supp In are

CO”“ECtﬁPoH%&é”ﬁJcﬁ'%neté‘gnﬁ%ﬁ]aéucé{{f@“t pléV'sQIoM%rPl#lbentMSUEHlel es |. is
represented by | .+ DL ml)

common circuit is used as a current supply (c1rcu1t

‘including a current-supply element) for the transistors M33

and M34, and is connected to all the dedicated circuits.

Also, for each head 11, a circuit (for controlling the
entirety) connected to all the common circuits is provided
and establishes connection between two blocks, distributes
signals, and controls signal inputting, etc.

Next, the common circuit in this embodiment, that is, a
circuit including a current-supply element for supplying
currents to the transistors_M33 and M34 is describéd below.

Figs. 16A and 16B show the concept of the current-
supply circuit forming the common circuit in this embodiment.
In Figs. iGA and 16B, an output current from a current
~supply I, (n =1, 2,...) can be changed by a voltage Vx
(corresponding to the voltage Vgs applied to the gates of
‘the transiétors M2,..., M17}) applied to each Z-control
terminal (corresponding to the deflection-amplitude control
terminal E in Fig. 6). A change in the Voltage‘Vx
proportionally changes the output current.

Output current I, from the n-th current supply I, is

represented by

[
Il

m - f(Vx)

o




(4) where mm represents a coefficient, and Dn is "1" or '®BEPUReEGY di ngl y,
by using the comon circuit represented by expression (4) and inputting
"1" or "0" to each control termnal D, current |IMcan be changed. In
addition, by changing Vx which controls f(Vx) of each current supply In,
arbitrary scaling (changing the total current while naintaining an effect
in percent on the entirety to be 16 February 2007 77 simlar when
controlling current by changing Dn) of IMcan be perforned. In the case of
enabling the commn circuit shown Tn’®Figs. 16A and 16B, in expression (4),
control is preferable in which the coefficient of each current supply In,
that is, the binary systemfor weighting is used. This is because the use
of the binary system produces the sinplest circuit configuratiof2land
reduces devices for use. Wen expression (4) is weighted by using the
binary system the result can be represented by IM= (2n Dn + 2n-1 Dn_1 +
... +2 D2 + D1) f(Ww) (5 Fig. 17 shows a specific common circuit

obt ai neghe#bem reprSsemtexprassifaneie)t. I1n Fig. 17, a control termnal Z
corresponds to the control termnal Zin Figs. 16A and 16B (which

cor r esponds Wher dumnsnitcevppdly flgr oinabei awihehed on/off by an

input to each control terminal D, expression (2) can be

represented by

I,=D *m - £(Vx)
(3)

where D is "1" (conduction) or "0" (non-conduction).
. When n current supplies I, are connected in parallel,
the total current Iy of the current supplies I, is

represented by

IM=(Dn'mn+Dn_1'mn_l+...+D1'm1) 'f(VX)
(4}

where m, represents a coefficient, and D, is "1" or "O0".

Accordingly, by using the common circuit represented by

expression (4) and inputting "1" or "0" to each control
terminal D, current Iy can be changed. In addition, by
changing Vx which controls f(Vx) of each current supply I,,
arbitrary scaling (changing the total current while

maintaining an effect in percent on the entirety to be




‘present invention), and control terminals DI to D3 corrd@pBHEY Y% he
control termnals Dn in Figs. 16A and 16B (which correspond to second
control termnals in the present invention). In the common circuit in Fig.
17, current-supply elenents consist of three types of current-supply
el ements. Specifically, the current-supply elenents are forned by 16
February2007 78 connecting, in parallel, (1) a current-supply el enent
(whose input is a control terminal D) formed by a transistor M42, (2) a
current-supply el ement (whose input V¢ a control terminal D2) conposed of
two transistors M44 and MA6, and (3) a current-supply el enment (whose input
is acontrol termnal D3) conposed of four transistors MA8, MO, M2, and
Mb4. Eagh,GubiephesUPPhYrEl BIRY! chsrdof M dhanyivy ool eden) c4NEs
transistor) represented by "X1" or unit elenents which are connected in
paral | eheréh$Reqt 0 each transistor constituting each current supply
el enent, each of transistors (transistors M4l, M43, W45, M47, MA9, Mbl,
and Mb3) eacthn havd nes e G réadbciatd WHg comapacictiy c@iiid- Wgswohanact eri sti c)
equal to that of the transistor are connected as each sw tching el ement
for therigurlent asappER, el enenpreanion het)contardirdlerid madefedeble D3 are
connected to the gates of the transistors constituting )

in which the coefficient of each current supply I,, that is,

the binary system for weighting is used. This is because
the use of the binary system produces the simplest circuit
configuration and reduces devices for use.

When expression (4) is weighted by using the binary

-system, the result can be represented by

Iy= (28 « D, + 281 « Doy + ... + 2 + Dy + D) + £(Vx)
{5)

Fig. 17 shows a specific common circuit obtained when n
= 3 in expression (5). 1In Fig. 17, a control terminal Z
corresponds to the control terminal Z in Figs. 16A and 16B

(which corresponds to a first control terminal in the

present invention), and control terminals D1 to D3

correspond to the control terminals D, in Figs. 16A and 16B
(which correspond to second control terminals in the present
invention) .

In the commoén circuit in Fig. 17, current-supply
elements consist of three types of current—supply_elements.

Specificaily, the current-supply elements are formed by




‘the sWitching el ements. In expression (5), when n = 3, |PESREYEI L 2 D2 +
D) f(v) (6) In Fig. 17, simlarly to the case in Figs. 16A and 16B,

when the appropriate voltage Vx is applied between the 16 Feb?uary 2007 79
control termnal Z and ground, and "1" is input to the control term nal

D, the transistor M4l is turned on, thus causing the transistor Mi2 to
have a potential which is alnost equal to the potential of ground, so that
a drain current Id which is obtained when a gate voltage of approximately
VX is applied flows in the transistof8 Md2. Therefore, if the inputs to the
control terninals are Gs, IM=1d Also, when "1" is input to the control
term nal I nstead of the control termnal D1, two transistors M43 and

MIS are, éfﬁqé’ fxgcgocom %#Hﬂf& Onm])t gll%lﬁiﬂéh\%%%p%wuteﬁ_@mentdqwhbsethat

obt ai ned ternin State. Therefore, when the

nputs $goibes oontsohetsl MAMMAL pANEIhAl $y08 thbhdibdod mbarly. by

settlng e i nput to the control
(2} a current-supply element (whose input is a control

terminal D2) composed of two transistors M44 and M46, and
(3) a current-supply element (whose input is a control
terminal D3) composed of four transistors M48, M50, MSZ, and
M54.

Each current-supply element is formed by a unit element
(NMOS transistor) represented by "X1" or unit elements which
are connected in parallel.

Also, to each tranéistor constituting each current-
Supply element, each of transistors (transistors M41, M43,
~M45, M47, M49, M51, and M53) each having a current—-carrying

capacity (Id-Vgs characteristic) equal to that of the
transistor are connected as each switching element for the
éurrent~supply element, and the control terminals D1 to D3
are connected to the gates of the transistors constituting
‘the switching elemehts.

In expression (5), when n = 3,

Iy = (4 - D3 + 2 + D2 + D1) + £(Vx)
(6)

In Fig. 17, similarly to the case in Figs. 16A and 16B,

when the appropriate voltage Vx is applied between the




ferminal D3 to be "1", four transistors MA7, M49, M1, angFeqiesy 2%

simul taneously turned on, thus allowing a current four tinmes that obtained
when only the control termnal DI is "1" Thus, 1'6 February 2007 80 IM=
4 ' 1d Accordingly, when the control termnals DI, D2, and D3 are
separately operated, IM= (4 D3 +2 D2+ D) Id (7) In other words, by
separately operating the control termnals D1 to D3, IMcan be controlled
in eight steps (represented by 3 bits) fromO (l1d) to 7 (Id), with Id used
as one step. The overall current can78e-proportionally changed because the
val ue of 1Id can be changed by changing the voltage applied to Wx. Fig. 18
shows an ejection-control circuit 50B° fornmed by combining the dedicated

circuit Egégbg %?m%ﬂg tgeaﬁﬁnapﬁgﬁglrgggt"in fgg& ﬁd%:£QN% ection-control

circuit ers ronlt circuit in in that it

i ncl udegog Ny %&ﬁlmé%@ndtﬁe ié‘ﬁéi%/t&Pat@ﬂP 20 m’néao onlN&nys
ejectlon control circuit 50B differs fromt comon circuit in Fig. 14
in that c8usWnbCRhRItehREBBLoANMAR to have a potential which is
almost equal to the potential of ground, so that a drain
current Iy which is obtained when a gate voltage of
approximately Vx 1s applied flows in the transistor M42.
Therefore, if the inputs to the control terminals are

0s,

IM=Id

Also, when "1" is input to the control terminal D2
instead of the controi terminal Dl,'two transistors M43 and
M45 are simultaneously turned on, thus allowing a current
double that obtained ﬁhen the control terminal D1 is in ON
state.

Therefore, when the inputs to the control terminals D1

“and D3 are (s,

Similarly, by setting only the input'to the control
terminal D3 to be "1", four transistors M47, M49, M51, and
M53 are simultaneously turned on, thus allowing a current
four times that obtained when only the control terminal DI
is "1v,

Thus,




current-supply el ement which are connected to a control 8 ESRARAO03 ar e
formed by transistors M6l and M62 each having capacity represented by "X4"
and that a switching elenent and a current-supply el enent which are
connected to 16 February 2007 81 a control termnal D2 are formed by
transi stors M63 and M64 each having capacity represented by "X2". The
differences are such that, in order to sinplify the power-supply el enents
(in Fig. 17) forned by unit elenents (transistors) each having capacity
represented by "X1" which are connect8®dd—- in parallel, the ejection-control
circuit 50B" has structure equivalent to the transistors connected in
parallel and Id- Vgs characteristics and a | ess nunber of transistors. In
the dedicate circuit in Fig. 18, ;an_ejegction- executing input switch A uses
a negative logic for conveni ence®of [C design. For activation, "0" is
input to the ejection-executing input swtch A The ejection- executing
input switch Ain Fig. 18. is reverse in relationship to the

ej ection-config@br&i AGUY T wheh Nttid GeomPro AGCAdingly pif OmoACHwapion, "0" is
input to the ejection-executing inpuft switch A, and Gs are input to a NOR
gate X2hrel kepauwtRBlyl Spetatelihus turning on a transistor M. Wen the

i nput of the ejection-executing input swwtch A is "0", by inputting 110"
to the polarity-changer,sw t@h-Dp3 + 2 - D2 + D1) - I4

(7)

In other words, by separately operating the control
.terminals D1 to D3, Iy can be controlled in eight steps
.(represented by 3 bits) from 0 (Ig) to 7 (Iyg), with I, used
as one step. The overall current can be proportionally'
changed because the value of T4 can be changed by changing
the voltage apblied to Vx.

Fig. 18 shows an ejection-control circuit 50B' formed
by combining the dedicated circuit in Fig. 14 and the common
circuit in Fig. 17.
| The ejectibn—control circuit 50B' differs from the
dedicaﬁed circuit in Fig. 14 in that it includes a NOT_gaﬁe
X24 and a polarity-change switch Dp.

The ejection-control circuit 50B' differs from the
common circuit in Fig. 14 in that a switching element and a
current-supply element which are connected to a control
terminal D3 are formed by transistors M6l and M62 eacﬁ
having capacity represented by "X4" and that a switching

element and a current—supply element which are connected to




'the inputs of the NOR gate X22 are "0" and "0", and the 'BLPPRYF¥7111".
This turns on the transistor M3. In the above case (the ejection-executing
input switch Ais in the state "0" and the polarity-change switch Dp is in
the state "0"), the inputs of a NOR gate X23 are "1" and "0", and the 16
February 2007 82 output is "0", thus turning off a transistor M34. In
this case, a current flows fromthe transistor M31 to M33, while no
current flows fromthe transistor M32 to M34. Based on the characteristics
of the current-mirror circuit, a st@8le-in which no current flows to the
transi stor M32 causes no current to flowto the transistor M31. In this
state, when the voltage of the resistor power supply Vh is applied, no

currentg t:bﬂ\grbﬂ LDEni L aNShSt 9k f&ﬁ&e@% NB2, 1 NG F- L W3 Rhaf Mews in the

resi stor Since a current flows in“the transistor M33, it passes

throughehRe 189184 0kafle iy apdpPiaiches Wf frstor t hernd raRsesakeM3 and the

resistor Rh-B. The current” passing through the transistor M33 is sent to

ground. aIEesﬁélﬁr@Hét PasSbhget E® &ilflefyr agies tywd-Bdigws in the
transistor M, and Is sent to groun Thus, the currents in the resistors

Rh- A andi1BheBtHagit heigel ay) onshhed (Kt dlenfdntd) CtraphGukkert)i n Rh-B).
In other words, the advantage of the sub operation control is produced in

a peri odath whvidy acapic £ty répoysen tedagh "aat iwdg o3l erentconndetetihe main
operatlon
in parallel, the ejection-control circuit 50B' has structure
equlvalent to the transistors connected in parallel and Id-
Vgs characteristics and a less number of transistors.
In the dedicate circuit in Fig. 18, an ejection-
 executin§ input switch A uses a negative logic for
convenience of IC design. For activation, "0" is input to
the ejection-executing input switch A. The ejection-
~executing input switch A in Fig. 18 is reverse in
relationship to the ejection-control circuit 50 in Fig. 50.
Accordingly, for activation, "0" is input to thé
ejection-executing input switch A, and 0Os are input to a NOR
gate X21. 1Its output is "1", thus turning on a transistor
M1, |
When the input of the ejection-executing input switch A
_is "O0", by inputting "0" to the polarityQChange switch Dp,
the inputs of the NOR gate X22 are "0" and "0", and the
output is "1". This turns on fhe transistor M3. In the
 above case (the ejection-executing input switch A is in the
state "0" and the polarity-change switch Dp is in-the state

"0"), the inputs of a NOR gate X23 are "1" and "0", and the




control. Wen "0" is input to the ejection-executing i nplf eEEY¥EH A and
"1" is input to the polarity-change switch Dp, the inputs of the NOR gate
X21 are "0" and 110" simlarly to the above, and the output is "1", thus
turning on the transistor M. 16 February 2007 - 83 Also, since the
inputs of the NOR gate X22 are "1" and "O0", its output is "0", thus
‘turning off the transistor MB3. Since the inputs of the NOR gate X23 are
"0" and "0", its output is "1", thus turning on the transistor M34. During
the ON state of the transistor M34; &current flows in the transistor M4,
and this flow of the current and the <characteristics of the current-mrror
circuit allowa current to flow also in the transistor M3l. Thus, when the

vol tageogfpiie; § o8h 6! OfnpOVELLRPIoEA, diSuppliogdusaur rent s flowin the

resi stor and the transistors M3l an the current in the

resistor thrﬁﬁﬂl%'v%délathhecru%szle%ttOEfJLBhstébmetﬁEFtﬁﬁgfs@&rtﬂfm transistor
MB3 prevents the current passing through the resistor Rh-A from branching

of f to themts anshsiOmdBilrredd Ifildi GO RhePATSINRY sttBi-oNgh tbe transistor
M31 flows into the resistor Rh-B since the transistor M33 is in OFF
state. Mhe. cuBdesd drh £t dHANSItSErAIs thE fdfowhel Buerehe-mti-aosgi st or M34.

circuit, a state in which no current flows to the transister

M32 causes no current to flow to the transistor M31l.

In this state, when the voltage of the resistor power

supply Vh is applied, no currents flow in the transistors

M31 and M32, and a current flows in the resistor Rh-A.

Since a current flows in the transistor M33, it passes

through the resistor Rh-A, and branches off to the

transistor M33 and the resistor Rh-B. The current passing

through the transistor M33 is sent to ground. The current

passing through the resistor Rh-B flows in the transiétor M1,

and is sent to ground. Thus, the currents in the reéistors

Rh—-A and Rh-B has the relationship (Current in Rh-A) >

(Current in Rh-B). In other words, the advantage of the sub

pperation contrql’is produced in a period in whicﬁ a current

flows in each heating element under the main operation

control.

When "0" is input to the ejection-executing input

switch A and "1" is input to the polarity-change switch Dp,

_the inputs of the NOR gate X21 are "0" and "0" similarly to
the above, and the output is "1", thus turning on the

“transistor Ml.




Theréfore, in addition to the current passing through tHEFPRW%EHY Rrh- A
the current passing through the transistor MB1 flows into the resistor
Rh-B. As a result, the current in the resistors Rh-A and Rh-B have the
relationship (Current in Rh-A) <(Current in Rh-B). Accordingly, simlarly
to the ejection-control circuit 50 in Fig. 6 or the ejection-control
circuit 50A in Fig. 13, 16 February 2007 84 a current can be led from
between the resistors Rh-A and Rh- B and a current can fl ow between the
resistors Rh-A and Rh-B. Next, diff&dences between the ejection-control
circuit 50 in Fig. 6 and the ejection-control circuit 50B" in Fig. 18 are
descri bed bel ow. The ejection-control circuit 50 in Fig. 6 does not have
any functiona@koSWstghe NghON ©bl+£ash Gl AN GRHRPIXY 2C Ialr@Uit v igngiel f .
Accordingly, the state of the second switching element is any one of three
st at es, "ohvg Stat eutButpisvepti Nnghusd €Urheny dFrpnHd owaigs i sl tNEES3 st at es
"+" and "-" each allowng a current to flow. However, only when no

ej ecti ogicaahe ispussued the NoRagdby)xpvesrd hren'seqand Gw ttd ng el enent
take a substantial state of "0". Wen the second switching element is in
oper at i emtptite igut'ptl, thusheusetogdoswthe htrgnel ementM34 { haturisng current | M

is represented as follows: IM= (4 J3 +2 J2 +Jl) Id
the ON state of the transistor M34, a current flows in the

transistor M34, and this flow of the current and the
characteristics of the current-mirror circuit allow a
current to flow alsoc in the transistor M31.

Thus, when the voltage of the resistor power supply Vh
is applied, currents flow in the resistor Rh—-A, and the
transistors M31 and M32. All the current in the resistor
Rh-A flows in the resistor Rh-B (the OFF state of the
transistor M33 prevents the current passing through the
resistor Rh-A from branching off to the transistor M33).
All the current passing through the transistor M31 flows
into the resistor Rh-B since the transistor M33 is in OFF

‘state. The current in the transistor M32 flows into the

transistor M34.

Therefore, in addition to the current passing through
thé resistor Rh—-A, the current passing through the
transistor M31 flows into the resistor Rh-B. As a result,
the current in the resistors Rh—A_and Rh-B have the
relationship (Current in Rh-3) <. (Current in Rh-B).

Accordingly, similarly to the ejection-control circuit

50'in Fig. 6 or the ejection-control circuit 50A in Fig. 13,




(8) "where expression (8) is sinilar to expression (7), BBEe %% ession
(8), each of Ji to J3 is +1 or -1. Accordingly, IMis one of the eight
values -7, -5, -3, - 1, +1, +3, +5, and +7 in a formin which it changes by
2 from-7 to +7 (x Id) 16 February 2007 85 Unlike the ejection-control
circuit 50 in Fig. 6, since the ejection-control circuit 50B" include the
‘polarity- change swtch Dp in addition to the three control termnals D,
D2, and D3, four bits are used on the whole, and the output current IMis
represented as follows: IM=Dp (4-D84+-2 D2 + D) Id (9) where Dp and Dl
to D3 each represent 1 or 0. Therefore, in expression (9), IMis one of
fifteen values from-7 to +7 (x Id) in a formin which it changes by 1.

IMin expression () ehangese dif HELBMLY HOBINALL FRa essl qR(8). Thi s

i s becalusé a i nput’s™ of e Cco ermna are Gs. In the

fszscg%géxﬁzglﬁ%%%eﬁ%pégﬁstSW(8%5we%HetH§ﬂ?§éi§Eo§§t%ﬁbﬁeaﬁ&rﬁﬁﬂé.ValUeS
) g zero. 1g. - Shows al erences between current
output I M (EXAr eHi e Bk ORLALRGY WhenlRe i BRUESnekol he dehik ecti on-
50 in Fig. 6 and the ejection-control circuit 50B' in Fig.
18 are described below.
The ejection-control circuit 50 in Fig. 6 does not have
any function of switching on/off each current-supply circuit
itself. Accordingly, the state of the seqond switching
element is any one of three states, the state "0" preventing
a current from flowing, and the states "+" and "-" each
allowing a current to flow.
However, only when no ejection command is issued (on
standby} does the second switching element take a
substantial state of "0". When the second switching element

is in operation, the output of the second switching element,

that is, current Iy is represented as follows:

Iy = (4 - J3 42+ J2+J1) - I4

(8)

where expression (8) is similar to expression (7), but in
expression (8); each of J1 to J3 is +1 or -1.

Accordingly, Iy is one of the eight values -7, -5, -3, -
1, +1, +3, +5, and 47 in a form in which it changes by 2

from -7 to +7 (x I4).




control switches J1, J2, and J3 in the ejection-control ®FFEAY?®E in Fig.
6 are changed, and current output IM (expression (9)) obtained when the
inputs of the control termnals D, D2, and D3, and the polarity-change
switch Dp in the ejection-control circuit 50B are changed. In Fig. 16
February 2007 86 19, the values of current output |IMbased on expression
(8) are indicated by white circles, and the values of current output IM
are indicated by block circles. In the case of the ejection-control circuit
50 in Fig. .6, the deflection-contr®d switches J1, J2, and J3 are

changed, whereby output current |I. changes to a total of an even nunber of
val ues excluding zero which are positively and negatively symetrical with

respect to zg{0kd tHYd SfectIndSonicrodN@AGeR 1N shhenf LYY OF a5t hBEeti C
progression and the sumof the arithnmetic progressions’is zero.

Conver sghy, ef Scthen caser A1 the-@lactg o GeHInRle AiHLWollar3®B- in Fig. 18,
output current | Mchanges to a total of an odd nunber val ues which are

asymet ¢h&ege £5ech abp efn idddiahidigaes foeMihde® cbntirbl) wepmihalzero (the
sign changes in the process of change). This is inconvenience in

controlbl ngpalpfdedtedl, efant iKits 2ACCasHANGry tIRXmhessl,0an@9thes transf or ned
'sSo as to be equivalent to expression (8). At first, in expression (9), by
al ways dwnpedt i ogrr'diit tIy; is represented as follows:

Iy =Dp * (4 *+ D3 + 2 - D2 + D1) + I

(9)

- where Dp and Dl to D3 each represent 1 or 0.
- Therefore, in expression (9), Iy is one of fifteen
values from -7 to +7 (X I4) in a form in which it changes by
' 1. Iy in expression (9} changes differently from that in
expression (8).

This is because all the inputs of the control terminals
D1 to D3 are 0s. In ﬁhe case complying with expression (9),
the number of settable current values Iy is odd, including
Zero.

Fig. 19 shows differences between current output Iy
(expression (8)) obtained when the inputs of the deflection-
control switches Jl, J2, and Jé in the ejection-control
circuit 50 in Fig. 6 are changed, and current output Iy
(expression (9)) obtained when the inputs of the control
terminals D1, D2, and D3, and the polarity-change switch Dp

'in the ejection-control circuit 50B' are changed. In Fig.




the control terminal DI (the state "0" of the control t&FRREYHYis
elimnated), an even nunber of values of output current |IMcan be
obtained. In expression (9), when D1 =1, IMDp (4 D3 + 2 D2 + 1) Id 16
February 2007 87 = (4 Dp D3 +2 Dp D2 +Dp) Id =(433 +2J2 +Jl) Id
(10) In addition, by providing a sign changing circuit in which an equal
out put can be obtained in response to an equal input signal, the

ej ection-control circuit 50B" in Fig. 50B is nade equivalent to the

ej ection-control circuit 50 in Fig~ 86 Fig. 20 shows a specific exanple of
a sign- changing circuit 60 in this enbodinment. In Fig. 20, simlarly to
the ejection-control circuit 50 in Fig. 6, input portions, nanely,

defl ect} gn- gR0t Lo}, Sl LENGS: Mt Tuen @t I3 200 4 Glckaubse @ok) | nput

portion-afe provi i'S”exanp t1*hi ng- est abl ing latches or DFFs

X33 whi gh UsEKCR.081 85 IR A SO0 01 Gl ISRk S0 DA i erdipuLs of Lhe

pol arity-cCchange swtc and the contro termnals to D3 can be

optpu;.ogﬁpggoyi |09 {18 CEPRy Pilel tosidt1sg. 18 with the sign-changing
circuit " bas® on the inputs of the deflection-control switches Jl to
J3, output GUriRNtcddd (AKeRd RS @il -“3N48S1- ircait- 80 ihk, Fid.
.6, the deflection-control switches J1, J2, and J3 are
changed, whereby output current Iy changes to a total of an
even number of values excluding zero which are positively
and negatively symmetrical with respect to zero. In other
words, it changes in the form of arithmetic progression and
the sum of the arithmetic progressions is zero.
Conversely, in the case of the ejection—-control circuit
50B' in Fig. 18, output current'IM changes to a total of an
odd number values which are asymmetrical. Also, after it
changes from 0 to -7, it jumps to zero (the sign changes in
the process of change).
This is inconvenience in controlling deflected ejection.
Accordingly, expression (9} is transformed so as to be
equivalent to expression (8). |
At first, in expression (9), by always inputting "1" to
the control terminal D1 (the state "O" of the control
terminal D1 is éliminated), an even number of values of

output current I, can be obtained.

In expression (9), when D1 = 1,

Iy =Dp * (4 D3 +2 - D2 + 1) » I4




+3, +5, and +7 in a formin which it changes by 2 from - #fePuany2q0¢ | q) -
Accordingly, the ejection-control circuit 50B (in Fig. 18) in this

enbodi ment has, in addition to the advantages of the ejection-control
circuit 50 in Fig. 6, the following 16 February 2007 88 advantages: (1)
A dedicated circuit for each ink ejecting portion can be <constituted only
by a current-mirror circuit and a second swtching elenent for controlling
currents in the current- mrror circuit. This can achieve sinplification of
circuit. (2) In a dedicated circuirt 87in either a current-mrror <circuit
or a second swtching elenent, the current capacity of each transistor is
i ncreased. This can reduce the area required for wiring of transistors.

(3) Since a dedicpjed Iglgr.c%? 1S proyi dedhonit hygne qurrent- nirror circuit,
only two gate-voltage-controlling logic circuits are used. The nunber of

the logic circuitpscanspe greqﬁjy+nﬁguaethFor each bl ock (a plurality of
ink ejecting portions), only one common circuit nmay be provided, and only
one common W ring system may be used between the comon circuit{l1and the
dedicated circuit. Accordingly, wiring space is alnobst unnecessary. By
provi ding the sign-changing circuit 60 shown in Fig.
' In addition, by providing a sign changing circuit in

‘which an equal output can be cobtained in response to an

equal input signal, the ejection-control circuit 50B' in Fig.

50B' is made equivalent to the ejection-control circuit 50

in Fig. 6. Fig. 20 shows a specific example of a sign-

changing circuit 60 in this embodiment. In Fig. 20,

similarly to the ejection-control circuit 50 in Fig. 6,

input portions, namely, deflection-control switches J1, J2,

and J3, and a clock-pulse (Ck) input portion are provided.

In this example, timing-establishing latches or DFFs

X33 which use XOR gates X31 and X32 are provided so that the

inputs of the polarity-change switch Dp and the control

terminals D1 to D3 can be output. By providing the common

circuit in Fig.-18 with the_sién—changing circuit 60, based

on the inputs of the deflection-control switches J1 to J3,

output current I, takes the eight values -7, -5, -3, -1, +1,

+3, +5, and +7 in a form in which it changes by 2 from -7 to

+7 (X I4) .

Accordingly, the ejection-control circuit 50B' (in Fig.

'18) in this embodiment has, in addition to the advantages of

‘the ejection—control circuit 50 in Fig. 6, the following




20, ease of use simlar to that in a state (the ejection’'®EBRYFHIO%; r cui t
50 in Fig. 6) before division into a dedicated circuit and a common
circuit can be ensured. As a result of the above circuit sinplification,
the entirety of the head 11 can be snall-sized, and in the case of
providing the ejection-control circuit 50 in Fig. 6 to 16 February 2007 89
‘each ink ejecting portion of the head 11, a resolution of 300 dpi is a
limt. However, by providing the head 11 with the ejection-control circuit
50B, a resolution of 600 dpi or higBér-can be realized in identical
specifications. One enbodi nent of the present invention has been

descri bed. However, the present invention is not [imted to the above
enbodinggggn@gge an be variously nodified as follows: (1) Although in this
enbodi nent the“three control terminals D1 to D3 (three deflection-control

S“thhe§19lAt8edgc%?eEiQircéitafgfpégdﬁdfgk e puibeso of i GO0 erm nal s

is arbitrary, an Is arbitrarily determ ned how many swi tches are

provi dedoaadi baveABBY 1D b AT 8utsELt IR r £OPRtED it 2dndl 4 haughnd hi s
enbodi ment has been described using the heating resistors 13 as an

exanpl egwheahing elenBAtSrarecHRtrollmd eshtfedbe heathaGuwsingd-ors 13, but
~any types of heating elenents that generate thernmal energy for liquid
ej ecti opipByrbeivsett. This can achieve simplification of circuit.
(2) In a dedicated circuit, in either a current-mirror
circuit or a second switching element, the current capacity
of each transistor is increased. This can reduce the area
required for wiring of transistors. ‘
(3) Since a dedicated circuit is provided with one current-
mirror circuit, only two gate-voltage—-controlling logic
circuits are used. The number of the logic circuits cah be
greatly reduced.

For each block (a plurality of ink ejecting portions),
only one common circuit may be provided, and only one common
Wiring system may be used between the common circuit and the
dedicated circulit. Accordingly, wiring space is almost
unnecessary.

By providing the sign-changing circuit 60 shown in Fig.
20, ease of use similar to that in a state (the ejection-
control circuit 50 in Fig. 6) before division into a
dedicated circuit and a common circuit can be ensured.

As a result of the above circuit simplification, the

entirety of the head 11 can be small-sized, and in the case

of providing the ejection-contxol circuit 50 in Fig. 6 to




(3) I'n the above embodiment, the line head 20 for use in SRPPHKP™Y printer
is used as an exanple for description. The present invention can be
applied to a serial printer in which the head 11 is used as a single unit.
In the case of the head 11 as a single unit, the deflection-direction
switch Cis unnecessary. (4) The present invention can be applied to
various types of 16 February 2007 90 1liquid ejecting devices wthout
being limted to printers. For exanple, the present invention can be
applied to devices for ejecting DNAE%ontai ned solutions for detecting

bi ol ogi cal samples. ---------- -- R 16 February 2007 -
91 CGLAIMS: 1. Aliquid ejecting deV|ce having a head including a liquid

€] ect i g APriON. Aed 0l Yealiy ofr hQind g @Gl 00 - cBBTLLORS BEranged in

par al | In a pr |rect|on sai d Ti'qui d ejecting portion or.

each ofaddieydd QU & 18Rk NG RARRLONS,CURIHING: +1@ hbdu! d108hLn! or

cont ai ni ng 1'i qui d; |'east one energy generating el ement provided in said
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an

higher can be realized in identical specifications.

One embodiment of the present invention has been
described. However, the present invention is not limited to
the above embodiments but can be variously modified as
follows:

(1) Although in this embodiment the three control terminals
D1 to D3 (three deflection-control switches Jl1 to J3 in Fig.
6) are provided, the number of control terminals is
arbitrary, and it is arbitrarily determined how many
switches are provided and how many bits are used for control.
(2) Although this embodiment has been described using the
heating resistors 13 as an example, heating elements are not
iimited to the heating resistors 13, but any types of
heating elements that generate thermal enexrgy for liguid
ejection may be uSedf

(3) In the above embodiment, the line head 20 for uée in an
inkjet printer is used as an example for description. The
present invention can be applied to a serial printer in
which the head 11 is used as a single unit. In the case of
the head 11 as a single unit, the deflection-direction
switch C is unnecessary. |

(4) The present invention can be applied to various types of"




d nozzle for ejecting the liquidin said liquid cell by 'BEPNEY ¥ bubbl e
produced by said at | east one energy generating elenent, wherein: in said
liquid cell, '"the energy generating elenments are connected in series to
one another and are arranged in parallel in said predeterm ned direction;
and said liquid ejecting device. conprises: main operation-control neans
whi ch, by supplying equal anmounts of currents to the connected energy
generating elenments in said liquid cell, performs control so that the
liquid is ejected fromsaid nozzl e~ &id-sub operation-control means

provi ded for each of the liquid ejecting portions which includes at | east
one 16 February 2007 92 current-mrror circuit connected to a junction of

the enet uideoeteting GLEIEOL Spi Bl LUl £ sV PLOY gl ent - m rror

circuit to allow a current to flowinto or ow fro e junction of

the enefgy G2RFALI NEhée! SFEM St {HfenBIBYNMaPipd LPTRM SYRRIJiedst 0 each
of the energy wgenerating elenents is controlled and the direction of the
liquid epecéedct i miah-dedwZgd od SsEDM IOd ethr Zethddaly d ej ecting device
having a head including a liquid ejecting portion or a plurality of liquid
ej ecti ngioposicHNssapedged in parallel in a predeterm ned direction,




said liquid ejecting portion or each of the liquid ejecti'R§*PBY €9%ns
conprising: a liquid cell for containing liquid; at |east one energy
generating elenent provided in said liquid cell which produces a bubble in
‘response to the supply of energy; and a nozzle for ejecting the liquid in
-said liquid cell by wusing the bubble produced by said at | east one energy
generating elenent, wherein:  in said liquid cell, the energy generating

el enents are connected in series to one another and are arranged in
parallel in said predeternined directilom and said |iquid ejecting device
conprises: 16 February 2007 93 nmin operation-control neans whi.ch, by
-suppl yi ng equal anpbunts of currents to the connected energy generating

el enenteLAnMsaid liquid cell, perfornms control -so that the liquidis

ej ected fromsaid nozzle; and sub operation-control nmeans provided for each
of the liquid ejecting portions which includes at |east one
current-mrror circuit-connected to a junction of the energy generating

el ements, and im WHigeRld Ry degiingy (e iGd HRRtingMar hehdCiinediding al | ow a
current to flowinto or to flow fromthe junction of the energy generating
elenentkiquﬁ&eejecting port;on or a plurality of liquid ejecting
portions arrenged in parallel in a pre&etermined direction,
said liquid ejeetieé portion or each of the liquid ejecting
portions comprising:
a liquid cell for containing liquid;
at least one eﬁergy generating element provided in said
ligquid cell which produces a bubble in response to the
.supply of energy; and
a nozzle for ejecting'the liquid in said iiquid cell by
using the bubble produced by said at least one energy
generating element,
wherein:
in said liquid cell,:the energy generating elements are
connected in series to one another and are erranged in
parallel in said predetermined direction; ane :
said liquid ejecting device.comprises:
main operation-control means which, by supplying
equal amounts of currents to the conneeted energy generating
elements in said liquid cell, performs control so that the
liquid is ejected from said nozzle; and
sub operation-control means provided for eéeﬁﬂbf

the liquid ejecting portions which includes at least one




amount’ of a current supplied to each of the energy generSfPHEEErMents is
controlled and the direction of the I|iquid ejected fromsaid nozzle is
controlled to change with respect to a direction in which liquid is
ejected by said nmain operation-control nmeans. 3. A liquid ejecting device
according to one of clains 1 and 2, wherein said main operation-control
nmeans and said sub operation-control neans including the current-mrror
circuit are nounted on the head. 4. Aliquid ejecting device according to
any one of the preceding clains, wh2geirn the liquid ejecting portions
including said main operation-control neans and said sub operation-control
means including the current-mrror circuit are nounted on 16 February 2007
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direction. qui d ej ecting device havin i'né head forme

lurali d i s D r i necti ¢ heads each
Bei ng f%%(rrlr%%a y asep%nlr;%’y éorgh ajlrp m?}? ;BC}{‘ Qﬂun%' the bt

_ . . . I qui _d ing portions arranged in
paral | gh; iy Sak dropi€de) 1M Aeth dif:8&EH 0o AR 11GHisd o8l 6t isAgwPor ti ons
each conprising: a liquid cell for containing liquid; at |east one energy
- gener atf 7 et BindiOH ded ik gy generating elements, the
| amount of a current supplied to each of the energy

generating elements is controlled and the direction of the

liguid ejected from said nozzle is controlled.

2., A liquid ejecting device having a head including a
liguid ejecting portion or a plurality of liquid ejecting
portions arranged in parallel in a predetermined direction,
said liquid ejecting portion or each of the ligquid ejecting
portions comprising:

a liquid cell for containing liguid;

at least one energy generating element provided in said
liguid cell which produces a bubble in response to the
supply of energy; and

a nqzzie for ejecting the liguid in said liquid cell by
using the bubble produced by said at least one energy
generatinglelement,

wherein:

in said liquid cell, the energy generating elemenﬁs are
connected in series to one another and are arranged in
parallei in said predetermined direction; and

said liquid ejecting device comprises:




liquid cell which produces a bubbl e in response to the §85ﬁ?§aﬁ?mghergy;

and a nozzle for ejecting the liquid in said liquid cell by using the

" bubbl e produced by said at |east one energy generating elenent, wherein:
in said liquid cell, the energy generating el enents are connected in

series to one-another and are arranged in parallel in said predeterm ned

dirtection; and said liquid ejecting device conprises: main
operation-control means which, by supplying equal anobunts of currents-to

t he connected energy generating ele ts in said liquid cell, perforns
~control so that the liquid is ejected fromsaid nozzle; and 16 February

2007 95 sub operation-control means provided for each of the Iiquid

ej ecting portlOHSEWMI@@Grﬁ&h@@ﬂ%o@krhﬂﬁ%@a&%ewh%%hre%#é Eb&g brCU't
connected to a junction of the energy generating ele nd~i n whi ch,

by usi reeak amowebs -ofii cunrents Cibtthe 8bhA¥ELed WSAERY télaﬁéz.oé"{: iggo or to
flow fromthe junction of the energy generating elene ¥ the ‘ambunt of a
cur r enteepgntedin csakt hl pfuidecehnef gyer BeERes akdigr&l Qs‘EE"EhQaﬁ stontrol | ed
and the direction of the liquid ejected fromsaid nozzle is controlled. 6.
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sub operation-control means prOV1ded for each of

the liquid ejecting portions which includes at least onek
'current—mirror circuit connected to a junction of the energy
generating elements; and in which, by using the current-
mirror circuit to allow a current to flow into or to flow
from the junction of the energy generating elements, the
,amgunt of a current suppliedwtbueachmofmthe”energy
generating elements is controlled and the direction of ‘the

' liquid_ejected from said nozzle.is-contfolled to change with
respect to a direction in which liguid is ejected by said

main operation~control means.

3. A liquid ejecting device according to one of claims
1 and 2, wherein said main operatlon—control means and sald
- sub operatlon—control means including the current-mirror

circuit are mounted on the head.

4. A-liquid ejecting device according to any one of
the preceding claims, wherein the liquid ejecting portions
including said main operation-control means and said sub
opefation—control means including +the current-mirror

circuit are mounted on




by a plurality of heads arranged in a predetermn ned dirégfﬁﬁﬁ?y?%g heads
each being forned by a plurality of Iliquid ejecting portions arranged in
parallel in said. predeterm ned direction, the liquid ejecting portions
each conprising: a liquid cell for containing liquid; at |east one energy
generating elenent provided in said liquid cell which produces a bubble in
response to the supply of energy; and a nozzle for ejecting the liquid in
said liquid cell by wusing the bubble produced by said at | east one energy
generating el ement, wherein: in sai éd4l+quid cell, the energy generating

el enents are 16 February 2007 -96 connected in series to one another and
are arranged in parallel in said predetermned direction; and said liquid

el ect i ngydeylce EOMY ESeR: UBLASRCI AULON:CON Tl fADS which, by suppl i ng

equal amounts of currents to conn energy generating elenents in

said |igubde£ehhindgr §9rAEL ORI rol so that the liquidis ejected from said
nozzl e;” and sub operation-control nmeans provided for each of, the liquid

ej ecting portions which includes at |east one <current-mrror circuit
connected to a junction of the energy
5. A liquid ejecting device having a line head formed

by a plurality of heads arranged in a predetermined
direction, the heads each being formed by a plurality of
liquid ejecting portions arranged in parallel in said
predetermined direction, the liquid ejecting portions each
comprising:
a‘liquid cell for containing liquid;
at least one energy generating element provided in said
liguid cell which produces a bubble in response to the
supply of energy; and
" a nozzle for ejecting the liquid in said liquid cell by
using the bubble produced by said at least one energy
~generating element,
wherein:
.in said liquid.cell, the energy generéting elements are

connected in series to one another and are arranged in

parallel in said predetermined direction{ and

sald liguid ejecting device comprises:

main operation-control means which, by supplying
equal amounts of currents to the connected energy generating
elements in said liquid cell, performs control so that. the

liguid is ejected from said nozzle; and




'generating .elements, -and in which, by using the-cur-réhfeEY WY circuit
to allow a current to. flowinto or to flow fromthe junction of the
energy generating elenents, the anount of a current supplied to each of
the energy generating elenents is controlled and the direction of the
liquid ejected fromsaid nozzle is controlled to change to said
predeterm ned direction with respect to a directionin which liquidis
ej ected by said nain operation-control nmeans. 7. Aliquid ejecting device
according to any one of <clains 5 er 96, -wherein said nmain operation-control
means and said sub operation-control neans including the current-mrror
circuit are nounted on each of the heads formng said |ine head. - - -
----- ---- 16 Februgyy 2007 . 97 8. A.liquid e'ectinﬁ gevice ccgrding to

| e
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any one of the &" ﬁ?%f%ﬁ;qgfqﬁﬁéfgﬁnm%ﬁgsl G496 et PF ng2BBr ¢t ons
i ncl udi sai i Q- i Qn-co al ns sai u operation-control
nmeans iﬁg?ug+§%f€h§j§§§;§ t§ﬁ¥€}%ﬁ§ %ﬁ%cui%ngﬁghﬁ%ﬁ% gﬁgﬁﬂ33§§h of the
heads forpiog: s fr-di-Ngy i r ggﬁg i I i id
predet er m ned %g‘i[_rlécti o%l.r?gggAéﬁIg?ﬁ%éer} %gct&? g rre%%org%trﬁlér?gé ééﬂr%_el?g?l _
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portions arranged in parallel 1n a predeterm ned direction,

mirror circuit to alleow a current to flow into or to flow

from the junction of the energy generating elements, the

amount of a current supplied to each of the energy

generating elements i1s controlled and the direction of the

liquid ejected from said nozzle is controlled.

6. A liquid ejecting device having a line head forﬁed
by a plurality of heads arranged in a predetermined
direction, the heads each being formed by a plurality of
liquid ejecting portions arranged in parallel in said
predetermined direction, the liguid ejecting portions each
comprising:

a liqguid ceil for containing liquid;

at least one energy generating element provided in said
1igquid cell which produces a bubble in response to the
supply of energy; and |

a nozzle for ejecting the ligquid in said liquid cell by
using the bubble'produced by said at least one energy
generating element,

wherein:

in said ligquid cell, the energy generating elements are




said liquid ejecting-portion-or each -of -the liquid ej ed? FTHE"2HHRYi ons
conprising: aliquid cell for containing liquid; at |east one energy
generating elenent provided in said liquid cell which produces a bubble in
response to the  supply of energy; and a nozzle for ejecting the liquid in
said. liquid cell by wusing the bubble produced by said at |east one energy
generating elenent, wherein: in said liquid cell, the energy generating
~elenents are connected in series to one another and are arranged in
parallel in said predeterm ned dir~ecd en, and at |east one current-mrror
circuit is connected to a junction of the energy generating elenents; and
16 February 2007 98 the liquid fromsaid nozzle is controlled so as to be

j ecte t d 1

oher o s onleBkeboRA sEUPCRl LROORR' afibERE 0T B¥e “SEES0Ba ™" L ents to

the C%&F&ifgleﬂﬁrgé{lg gfga&ggmﬁle&”&ﬂgcwoéa' ghgiauid cell wthout using
east one "curr m-rror Clrcul perforinms control so that the

I | qU| d is sedﬁftfﬂq @@f@éﬁrﬁzﬁéﬁc@ rsi%saperatl on-control step in

whi ch, by using the current rror circul't to allowa current to flowinto
or to : main operation-control means which, by supplying

equal amounts of currents to the connected energy generating
elements in said liquid cell, performs control so that the
liguid is ejected from said ﬁozzle; and~
SubAoperation—control means provided for each of
the liduid ejecting portions which includes at least one
current-mirror circuit connected to a junction 6f‘the enerygy
fgeneratinguelementsrmandwin which, by using ﬁheucunrentz‘
mirror circuit to allow a current to flow into or to flow
from the junction of the energy generating elements, the
amount of a current supplied to each of -the energy
'generatiﬁg elements is controlled and the direction of the
liguid ejected from said hozzle is controlled to change to
said predetermined direction with respect to a direction in

which liquid is ejected by said main operation-control means.

7. A liquid ejecting device.accordihg to any one of
claims 5 or 6, wherein said main operation—-control means
and said sub operation-control means including the
current-mirror circuit are mounted on each of the heads

- forming said line head.




flow fromthe junction of the energy generating el ements,'® FEHELHInt of a
current supplied to each of the energy generating elenments is controlled
and the direction of the liquid ejected fromsaid nozzle is controlled.
10. Aliquid ejecting nethod using a line head formed by a plurality of
heads arranged in a predeterm ned direction, the heads each being forned
by a plurality of liquid ejecting portions arranged in parallel in said
predeterm ned direction, the liquid ejecting portions each conprising: a
liquid cell for containing |iquid;-apg7l east one energy generating el enent

provided in said liquid cell which produces a bubble in response to the
supply of energy; and a nozzle for ejecting the liquid in said |iquid cel
by 16 Februgry 2 07 usi ng the bubble produced by said at |east one
ener gy gengsr at i %Héint ‘:‘Wﬁ%é'r“é! ReviGe fepudiqgd daary artwe wher gy

gener attihrg @ia&mﬁns /e GCOQHQQEQH i sSe 0 g ther .and. are
arranged iin parallel in sai d predeterersnini %ﬁreggﬁgﬁ afP Bt ¥ast one

current? ﬁ#PF&P%ﬂﬁ%ﬂﬁtmﬂénc@ﬁﬁé@tedntooatpomumaunsﬁaﬁ@esaeﬂekﬁﬁ>generat'ng
el emen kd from said _nqzzle is controlled so as to be
bper@Rdohbeohiaund from s 1ncﬂud1n the current-mirror
circuit are mounted on each of the heads forming said line

head in a form arranged in parallel in said predetermined

"direction.

9. A liquid ejecting method using a head including a
liquid ejecting portion or a'plurality of ‘liquid ejecting
portions arranged in parallel in a predetermined direction,
said 1iquidjejectingwportion_or~each~of-then1iquid~ejecting
portions comprising: |

a liquid cell for containing liquid;

at least one energy generating element provided in said
liguid cell which produces a bubble in response to the
supply of energy; and

a nozzle for ejecting the liquid in said,liquid cell by
using the bubble produced by said at least one energy
generating element,

wherein:

in said liquid cell, the energy generating elements are
connected in series to one another and are arranged in
parallel in said pre&etermined direction, and at least one
current-mirror circuit is connected to a junction of the .

energy generating elements; and




ejecteéd in at least two different directions by using: a faffuary 2007
operation-control step in which, by supplying equal anmounts of currents to
t he connected energy generating elenments in said liquid cell w thout using
said at least one current-mrror circuit, the liquid is controlled to be
ej ected fromsaid nozzle; and a sub operation-control step in which, by
using the current-mrror circuit to allowa current to flowinto or to
flow fromthe junction of the energy generating elenents, the anmount of a
current supplied to each of the energg -generating elenents is controlled
and the direction of the liquid ejected fromsaid nozzle is controlled.

11. Aliquid ejecting device having a head including a liquid ejecting

B or odet or m WH HEVRLY: BHOM SEUREBTAYE 200 ACHO0 |88 09 Fautd Bfoct ing
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for contarning liq | éast “one energy gen t provided in
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the bubfhgupEgdyeed,Pyesah dxat t}llgaéénr?@gtgc@eérgé(rg}g%eq:tajﬂglgel enent ,
- elements in said liquid cell without using said at least one
current-mirrer circuit, performs control so that the liguid
is ejected from said nozzle; and
a sub operation-control step in which, by using the

current-mirror circuit to allow a current to flow into or to

flow from the junction of the energy generating elements,

the amount of a current supplied to each of the energy |

generating elements is controlled and the direction of the

liqﬁid ejected from said nozzle is controlled.

10. A liquid ejecting method using a line.head formed
by a plurality of heads arranged in a predetermined
direction, the heads each being formed by a plurality of

. ligquid ejecting portions afranged in parallel in said
predetermined direction, the liquid ejecting portions each
comprising: ’

a liquid cell for containing liquid;

at least one energy generating element provided in said
liquid cell which produces a bubble in response to the
supply of energy; and

a nozzle for ejecting the liquid in said liquid cell by




wherein: in said liquid cell, the energy generating el en@hE¥yag 807
connected in series to one another and are arranged in parallel in said
predeterm ned direction; and said liquid ejecting device conprises control
means provided for each of the liquid ejecting portions which includes at
| east one current-mrror circuit connected to a junction of the energy
generating elenents, and in which, by wusing the current-mrror circuit to
allowa current to flow into or to flow fromthe junction of the energy
generating elenents, the amount of 8%current supplied to each of the
energy generating elenents is controlled and the direction of the liquid
ejected fromsaid nozzle is controlled. 12. Aliquid ejecting device having
a head i18¢hydtng Bubhi&Ubkb@iOEd IRY RO 10N 1 Ry aslnjetr)élyOf liquid
ej ecting 16 February 2007 101 portions arranged in parallel in a
pr edet efyeheedt the e€ldémdnt, said liquid ejecting portion or each of the
liquid ejecting portions conprising: a liquid cell for containing |iquid;
at | east onevtenerigy: generating el enent provided in said liquid cell which
produces a bubble in response to the supply of energy; and a nozzle for
ej ecting thed isquidd lilgusal éellilquitthecehlkerhby gusergtihg bubbéetprackiced by
said at | east one energy

"connected in series to one another and are arranged in

parallel in said predetermined direction, and at least one
current-mirror circuit is connected to a junction of the
energy generating elements; and

the liguid from said nozzle is controlled so as to be
ejected in at least two different directions by using:

a main operation-control step in which, by supplying
equal amocunts of currents to the connected energy generating
elements in said liguid cell without using said at least one
current-mirror circuilt, the liquid is controlled to be
ejected from sald nozzle; and

a sub operation-control step in which, by using the
current-mirror circuit to allow a current to flow into or to

Eflow from the junction'of the energy generating elements,

the amount of a current supplied to each of the energy

generating elements is controlled and the direction of the

liguid ejected from said nozzle is controlled.

11. A liquid ejecting device having a head including a
liguid ejecting portion or a plurality of liguid ejecting

portions arranged in parallel in a predetermined direction,




generating el enent, wherein: in said liquid cell, the en®fFR e ating
el ements are connected in series to one another and are arranged in
parallel in said predeterm ned direction; and said |liquid ejecting device
conprises ejection deflecting means provided for each of the liquid
ejecting portions which includes at |east one current-mrror circuit
connected to a junction of the energy generating elenents, and in which,
by using the current-mrror circuit to allowa current to flowinto or to
flow fromthe junction of the energypgenerating elenents, the anount of a
current supplied to each of the energy generating elenents is controlled

and the liquid ejected fromsaid nozzle is deflected in the predeternined
2007 102 13. A

directi .and . opposi.t.e direction thereto. 16 Februar )
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deflectk%&tqgggscbﬂgkgggﬁ the current- mrror circuits, and the

current=-mrror circ |Hélude at least two different current-mrror

circuits having; differem .currents. flowing therein; and .said
ej ection deflec% ng nmeans Eggg%a %ig%ﬁﬁr%ﬁ%?%qﬂa anount of the current
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current-mrror circuits to
liquid cell which produces a bubble in response to the

supply of energy; and
a nozzle for ejecting the liquid in said liquid cell by
using the bubble produced by said at least one energy
generating element,
wherein:
in said liquid cell, the energy generating elements are
connected in series to one another and are arranged in
parallel in said predetermined direction; and
said liguid ejecting device domprises control means
provided for each of the liquid ejecting portions which
~includes at least one current-mirror circuit connected to a
junction of the energy generating elements, and in which, by
using the currentFﬁirror circuit to allow a current to flow
into or to flow from the junction of the energy generating
elements, the amount of a current suppliea to each of the
energy generating elements is controlled and the direction

of the liguid ejected from said nozzle is controlled.

12. A liquid ejecting device having a head including a

liguid ejecting portion or a plurality of liquid ejecting




allow'a current to flowinto or to flow fromthe junction®gfereary 2007

t he-energy-generating elenments. 14. Aliquid ejecting device according to
claim1l2 or 13, wherein said at |east one current-mrror circuit included
in said ejection deflecting neans is provided for each of the liquid

ej ecting portions and corrects an angle at which liquid is ejected. 15. A
liquid ejecting device according to any one of <clainms 12 to 14, wherein
said ejection deflecting neans perforns control for supplying current to
said at least one current-mrror €i¥Cui+ either in one of a period in
which a liquid ejecting conmand is issued and part of the period, or in
one of a period in which energy is supplied to the energy generating

el enentﬁozeﬁoﬁgegugﬂggingﬁg@éﬂalfgf pard eleddi Rerloflaid@abruary 2007

103 16 Aliquid eje Vi C€ having I ne orne y a plurality

of headg,anr angedai o5 @cgiﬁgf%ﬁifgi&&dor diL8ptd dNpd h%c{egggga%%%ﬁngei ng

formed by a plurality o ej ecting portions ar in parallel in

said ppedeteny Bedpdiseesion, the liquid ejecting portions each
conprising: a liquid cell " for containing |liquid; at |east one energy

generating el emefitidpraidetd il nilniguisdugeal;! which produces a bubble in
" response to the

at least one energy generating element provided in said
liquid cell which produces a bubble in response to the
supply of energy; and

a nozzle for ejecting the liqguid in said liquid cell by
using the bubble produced by said at least one energy
generating element,

wherein:

in said liquid cell, the energy generating elements are
connected in series to one another and are arranged in
parallel in said predetermined direction; and

said liquid ejecting device comprises ejection
deflecting means provided for each of the liquid ejecting
portions which includes at least one current-mirror circuit
connected to a.junction of the energy generating elements,
and in which, by using the current-mirror circuit to allow a
current to flow into or to flow from the ﬁunction of the
energy generating elements, the amount of a current supplied
to each of the energy génerating elements is controlled and

the liquid ejected from said nozzle is deflected in the

predetermined direction and the opposite direction thereto.




supply of . energy; and a nozzle for ejecting the liquid i OEETEY AT o cel
by using the bubble produced by said at | east one energy generating

el enent, wherein: in said liquid cell, the energy generating elenents are
connected in series to one another and are arranged in parallel in said
predeterm ned direction; and said liquid ejecting device conprises control
means provided for each of the liquid ejecting portions which includes at
| east one current-mrror circuit connected to a junction of the energy
generating elenents, and in which,-—02using the current-mrror circuit to
allow a current to flow into or to flow fromthe junction of the energy

generating elenents, the anount of a current supplied to each of the 16

February 20074 1 i el ements J.s contrqlled.and the
di rection OJT thgéﬁl%ﬁﬁ éj%?t%e @T rdoérqn'lsal c‘?crﬁ?f?:"élgl 3rf"r15‘| téd. 17. A
l'iquidphesting device having a |ine head formed by a plurallty of heads

arranged in a predetermned direction, the heads each being forned by a

plurality ofsaild %‘j'e‘ét%%chlerﬂefé‘& goma%”%%%dbg Feﬁéa'chglreh@ a

predeterm ned diréction, the I'itquid ejecti ortrons eac conpr|3|ng a
7|IquldmﬁﬂﬂoﬁcﬁlﬁﬁﬁﬂﬁﬁJ"dﬁﬁ|ﬁHB“d$rrent—m1rror circuits include at

least two different current-mirror circuits having different
amounts of‘currents flowing therein; and

-said ejection deflecting means gradually controls the
amount of the current supplied to each of the.ehergy
generating elements by using the current-mirror circuits to
allow a current to flow into or to flow ffom the junction of

the--energy generating elements:

14. A liquid ejecting device aécording to claim 12
or 13, wherein said at least one current-mirror circuit
included in said ejectibn deflecting means is provided for
each of the liquid ejecting portiéns and corrects an angle

at which liquid is ejected.

15. A liquid ejecting device according to any one of
claims 12 to 14, wherein said ejection deflecting means
performs control for supplying current to said at least

- one current-mirror circuit either in one of a period in
which a liquid ejecting command is issued and part of the
period, or in one of a period in which energy is supplied °
to the energy generating elements for ejection of liquid

and part of the period.




at | east one energy generating el enent provided in said 1Pfﬁﬂ?%y@¥VI whi ch
produces a bubble in response to the supply of energy; and a nozzle for
ejecting the liquid in said liquid cell by wusing the bubble produced by
said at | east one energy generating elenment, wherein: in said liquid
cell, the energy generating elenents are connected in series to one
another and are arranged in parallel in said predeterm ned direction; and
said liquid ejecting device conprises ejection deflecting nmeans provided
for each of the liquid ejecting porktdns which includes at |east one
current-mrror circuit connected to a junction of the energy generating
el enments, and in which, by using the current-mrror circuit to allow a 16
February 2007 105 <current to flowinto or to flow fromthe junction of
the energy generating elenents, the anbunt of a current supplied to each
of the ener gy generatduici & jmRNLYy iewt haklied andinkhgekiqubdnedect ed
fromsaid nozzle is deflected in the predetermned direction and the
oOpposi tigy dh rgTet NI thesLlieads. ard gl dirfj L Pridue tdewieagqaccording to claim
17, wherein: anong the heads, two adjacent heads in said predeterm ned
di r ect idhrereich spasehadDssach [Beliigl-fdr@wd by a plurality of

liquid ejecting portions arranged in parallel in said
predetermined direction, the liquid ejecting portions each
comprising:

a liguid cell for containing liquid;

at least one energy generating element provided in said
liquid cell which produces a bubble in response to the
supply of energy; and

a nozzle for ejecting the liquid in said ligquid cell by
using the bubble produced by said at least one energy
generating element,

wherein:

in said liquid cell, the energy generating elements are
connected in series to one another and are arranged in
parallel in said prédétermined direction; and

said liguid ejecting device comprises control means

provided for each of the liquid ejecting portions which

includes at least one current-mirror circuit connected to a

junction of the energy generating elements, and in which, by
usinglthe current-mirror circuit to allow a current to flow
into or to flow from the junction of the energy generating

elements, the amount of a current supplied to each of the




path extending in said predeternined direction so that on&eiey29%
positioned on one side and the other head is positioned on the other side,
wi th both opposing each other; said ejection deflecting means conprises
defl ection- direction switching neans which, by controlling current
supplied to said at | east one current-mrror circuit, switches the
direction of the liquid ejected fromsaid nozzle between two symetric
directions with respect to said predeterm ned direction; and in one of the
two adj acent heads in said predeternmitéd- direction, said

defl ection-direction switching neans sw tches a direction in which ejected
liquid is deflected to a direction which is symmetrical with respect to

t hat Sﬁﬁh@&dg%%bcor %ﬁe%@ tsl§ 885%%&%1% andlgg & é%lquId

ejectin g to c Wher ei n: Sar'd % ection

def | ect iy ¢iRans JAg lécj%%tfeae EHEJEQIEeastE%% g er:&h{é 180l the

current-mrror circuits inclu e at erent” current-mrror
circuits having different amounts of currents flow ng therein; and said
ej ection deflecting nmeans gradually controls the anount of the current

supplied to each mfliaﬂlgn@w&uﬁfr@éﬁdé\ql&lﬁ@@ 3 ie WaR0 fbRfed
current-mrror circuits to allow a current t low into or to flow from
the junbli anp@tirality of heads arranged in a predetermined
direction, the heads each being formed by a plurality of
liquid ejecting portions arranged in parallel in a
predetermined direction, the liquid ejecting portions each
comprising:
a liquid cell for containing liquid;
at least one energy generating element provided in said
liquid cell which produces a bubble in response to the
supply of energy; and
a nozzle for ejecting the liquid in said liquid cell by
using the bubble produced by said at least one energy
generating element,
wherein:

in said liquid cell, the energy generating elements are-

connected in series to one another and are arranged in
parallel in said predetermined dirgctionf and

said liquid ejecting device comprises ejection
deflecting means provided for each of the liquid ejecting

portions which includes at least one current-mirror circuit

connected to a junction of the energy generating elements,

and in which, by using the current-mirror circuit to allow a




the energy generating el ements. 20. A liquid ejecting delde®E8cH%Eing to
‘any one clains 17 to 19, wherein said at | east one current-mrror circuit
included in said ejection deflecting nmeans is provided for each of the
liquid ejecting portions and corrects an angle at which liquid is ejected.
21. Aliquid ejecting device according to any one of clains 17 to 20,
wherein said ejection 'deflecting nmeans perfornms control for supplying
current to said at least one current-mrror circuit either in one of a
period in which a liquid ejecting comrend is i ssued and part of the
period, or in one of a period in which energy is supplied to the energy
generating elenents for ejection of liquid and part of the period. 16

February, 2007, %87f%%a l@tglgylura#fctlgg dev'ce1ﬂﬁhan1 Qg %ripcluding a

liquid ejecting portron or a pI o B ectithg i ons

arrangegdnLp pa%eh%%taﬂgl ei?érg £ nipgd r%ﬁr?gtéPrE il g,g‘i s@lecting

portion or eac quid ejecting portions conpr|5|ng I|qU|d cel

for contgi 8ERY LEQ éggﬁ [ S RENES at vi ded in
said liquid ce% &%gcﬁﬁ%foduce f@%l%y?n resgg%ggnﬁ%ﬁgﬁ%h §ﬁ§p|y of
ener gy; tRad1 8qR0azbeeb Ol CE£Gh i1 d Neod 4 AU £ idbSAA Jdd AW dneel | by

predetermined direction and the opposite direction thereto.

18. A liquid ejecting device according to claim 17,
wherein:
among the heads, two adjacent heads in said
predetermined direction are disposed across a liguid-flow
" path extending in said predétermined'direction so that one
head is positioned on one side and the other head is
positioned on the other side, with both opposing each other;
said ejection deflecting means comprises deflection-
direction switching means which, by controlling current
supplied to said at least one current-mirror circuit,
switches the direction of the liquid ejected from said
‘nozzle between two symmetric directions with respect to said
predetermined direction; and
in one of the two adjacent heads in éaid predetermined
direction, said deflection-direction switching means
switches a direction in which ejected liquid is deflecﬁed to
a direction which is symmetrical.with respect to that

obtained by the other one.




using the bubbl e produced by said at |east one energy geéRhEFLINE %I enent,
wherein: in said liquid cell, the energy generating el enents are
connected in series to one another and are arranged in parallel in said
predeterm ned direction, and at |least one current-mrror circuit is
connected to a junction of the -energy generating elenments; and by using
said at |east one current-mrror circuit to allowa current to flowinto
or to flow fromthe junction of the energy generating el enents, the anount
of a current supplied to each of -t i@eenergy generating elenents is
controlled and the direction of the liquid ejected fromsaid nozzle is
controll ed. 16 February 2007 108 23. A quuid ejecting met hod using a

| i ne head f urali eads arranged in redet rym ned

di recti on, t e @hgéugﬁﬁi SéFHSXP gﬁﬁfef?ﬁ QQyt8f ?rﬁejectlng
portiops amangeddim:parallel in said predeterm ned dlrectlon, the liquid
ej ecting portions each conprising: a liquid cell for containing |liquid; at

cast one cRLdYed8ieiati A4 SLENRAL RLQULUBN-10usa1 fo! Lgid,gel vhich

produces a I'n Tesponsé energy,
mirror circuits, and the current-mirror circuits include at

;least-two different current-mirror circuits having different
amounts of currents flowing therein; and

sald ejection deflecting means gradually controls the
amount of the current supp;ied to each of the energy
generating elemente by using the current-mirror circuits to
allow a current to flow into or to flow from the junction of

‘the energy generating elements.

- 20. A liquid ejecting device according to any one
claims 17 to 19, wherein said at least one current-mirror
circuit included in said ejection deflecting means is

' provided for each of the liquid. ejecting portions and

corrects an angle at which iiquid is ejected.

21. A liquid ejecting device according to any one of
claims 17 to 20, wherein said ejection deflecting means
berforms control for supplying current to said at least
one current-mirror circuit either in one of a period in
which a liquid ejecting command is issued and part of the
period, or in one of a period in which energy is supplied
to the energy generating elements for ejection of liquid

and part of the period.




a nozzle for ejecting the liquid in said liquid cell by "EFEEY¥HE bubbl e
produced by said at | east one energy generating elenent, wherein: in said
liquid cell, the energy generating elenents are connected in series to one
another and are arranged in parallel in said predeterm ned direction, and
at least one current-mrror circuit is connected to a junction of the
energy generating elenents; and by using said at | east one current-mrror
circuit to allowa current to flowinto or to flow fromthe junction of
the energy generating elenents, the mgmount of a current supplied. to each
of the energy generating elenents is controlled and the direction of the
liquid ejected fromsaid 16 February 2007 109 nozzle is controlled. 24. A
liquid ejecting device having a head including a plurality of liquid
ejecting portions arranged in parallel in a predeterm ned direction, the

liquid ejeCtbﬂg pgrfiéggﬁ %fggkfﬁéygééﬁc :u§%4d %uh%a 2g%cﬁgﬁi8§n5aining

l'iquid; at |east one ener gy generating €l enent’ provi in-sal liquid
ﬁg;;l3hpggugﬁog?88§iﬁﬂbHPP%fo%nofe§p?f& aff%§r5% ﬁ%qyﬁa’éﬁeéﬁyiQGY? and a
jecting the'lrquid rn said Tiquid cel y

' portions arranged in parallel in a predetermined direction,
said liquid ejecting portion or each of the.liquid ejecting
rortions comprising:

a liquid cell for containing liquid;

at least one energy generating element provided in said
liquid cell which produces a bubble in response to the
supply of energy; and

a nozzle for ejecting the liquid in said liquid ceil by
using the bubble produced by said at least one energy
generating element,

wherein:

in said ligquid cell, the energy generating elements are
connected in series to one another and are arranged in
parallel in said predetermined direction, and at least one
current-mirror circuit is connected to a junction of the
energy generating elements; and

by‘using said at least one currentﬁmirror éircuit to
allow a current to flow into or to flow from the junction of
the energy generating elements, the amount of a current
supplied to each of the energy generating elements is
controlled and the direction of the liguid ejected from said

nozzle is controlled.




using the bubbl e produced by said at |east one energy gdh&¥%tahE"%I erent ,
wherein: in said liquid cell, the heating elenents are connected in

_series to one another and are arranged in parallel in said predetermn ned
direction; said liquid ejecting device conprises: main operation-control
means whi ch, by. supplying equal anounts of currents to all the heating

el ements, performs control so that the liquid is ejected fromsaid

nozzl e; and sub operation-control nmeans which supplies currents to all-the
heating elenments in said liquid cetli0&nd which, by setting a difference
bet ween the amobunt of the current 16 February 2007 - 110 flowing in at

| east one of the heating elenents and the anount of the current flowing in
anot her one of the heating elenents, perforns control based on the
difference so that the ejected liquid is deflected in said predeterm ned

direction wijh respeciui® & divas] in?&ﬂcgi Wil 14 quind kS aqeleBched by said

mai n operation-control means; the l'iquid ejecting portions arranged in
paral | ebyagep1didided &t ReRaP! MFALA g Ofn Dl GEksy S Adiategr oups of the

liquid ejecting portions respectively belong to the bl ocks; and

direction, the heads each being formed by a plurality of
liquid ejecting portions arranged in parallel in said
‘predetermined direction, the liquid ejecting portions each
comprising:

a liguid cell for containing ligquid;

at least one energy generating element provided in said
_liquid cell which produces a bubble in response to the
supply of energy; and

a nozzle for ejecting the liquid in said liquid cell by
using the bubble produced by said at least one energy
generating element,

wherein:

in said liguid cell, the energy generating elements are

connected in series to one another and are arranged in

parallel in said predetermined direction, and at legsf one

current-mirror circuit is connected to a junction of the
energy generating elements; and

by using said at least one current-mirror circuit to
allow a current to flow into or to flow from the junction of
the energy generating elements, the amount of a current
supplied to each of the energy generating elements is

controlled and the direction of the liquid ejected from said




said liquid ejecting device conprises: a dedicated circui'® "BFEY#Y for
each of the liquid ejecting portions; and a conmon circuit provided for
each of the blocks which is shared by the liquid ejecting portions

bel onging to the bl ock, and which includes at |east part of one of said
mai n operation-control neans and said sub operation-control means and
ejects liquid fromone of the liquid ejecting portions belonging to the
bl ock. 25. A liquid ejecting device according to claim24, wherein: one
end of the connected heating elenentksd9n-said liquid cell is connected to
a power supply for supplying current to the connected heating el enents,
and the other end 16 February 2007 .111 thereof is connected to a first

SwWi t chi t rforns smntchlng for supplying current to the
connectgg §%§g¥?ngwgﬁgﬁ%% §; and said dedicated circuit conprises: a

current-mrror circuit connected to at |east one junction of the connected
heating el enments; and a plurality of second switching el enents which

performs conjf ol A'Slﬂﬂu%ﬁ'é%édﬁlr@tdévlrdé)ma%h@ubt heagdt hakiadieyr kent is
allowed to flowinto or to flow fromthe junction -of the connected heating
e|em?nt§lura11ty of liquid ejecting portions arranged in parallel
in a predetermined direction, the liquid ejecting portions
each comprising:
a liquid cell for containing liquid;
at least one energy generating element provided in said
liquid cell which produces a bubble in response to the
supply of energy; and
a nozzle for ejecting the liquid in said liquid cell by
" -using the bubble produced by said at least one energy
generating element,
wherein:
in said liguid cell, the heating elements are connected
in series to one another and are arranged in parallel in
said predetermined direction;
said liquid ejécting device comprises:
main operation—control means which, by_supplying‘
equal amounts of currenté to all the heafing elements,
performs control so that the liquid is ejected from said
nozzle; and
sub operation—control means which supplies currents
to all the heating elements in said liquid éell, and which,

by setting a difference between the amount of the current




26. A'liquid ejecting device according to claim24 or 2é?Fﬁ%5¥%?%F one end
of the connected heating elenents in said liquid cell is connected to a
power supply for supplying current to the connected heating el enents, and
the other end thereof is connected to a first switching el enent which
perfornms switching for supplying current to the connected heating

el enents; and said dedicated circuit conprises: a current-mrror circuit
connected to at | east one junction of the connected heating el enents; and
a second switching element fornmed-byi® pair of switching elenent portions
i n which, when one of the swtching elenent portions has one as an i nput

and the other 16 February 2007 - 112 smﬁtching elenent portions has zero
as an i gurrent is allo m1|nt ! nc t he heating
el errentfslf ‘Bin%m hg sg']i oas"c%rorneentoﬁq:rhr orh rl&% t(1 elnltl en one of the

sw tCh'élQoSAP”@f‘t%&eorédPﬁ&ﬁ‘aﬁo%ﬁfﬂ s, Aoyt e tfh%he g@grtl i t chi ng

el ement portlons as one as an urrent S aIIo Iom/out

fromthg 1H§9E i r mrror
circuit, an |nqﬁ%¥ when cjr]’hbedlhe smntc %ngigﬁgﬁgﬁngggtﬁgﬁg have
Zer 0es @se | HitiSed rlolcﬁ}?[d el de¥i1aldieed of Q. ldOWr'eBEQeQ‘qul.nteg flow fromthe

junction of the heating el enents by using said
direction with respect to a direction in which liquid is
ejected by said main operation-control means;
the liquid ejecting porticons arranged in parallel are
divided into a plurality of blocks so that groups of the
liguid ejecting portions respectively belong to the blocks;
and
said liquid ejecting device comprises:
" a dedicated circuit provided for each of the liguid
ejecting portions; and
a common circuit provided for each of the blocks
which is shared by the liquid ejecting portions belonging to
the block, and which includes at least part of one of said
main operation-control means and said sub operation-control

means and ejects liquid from one of the liqoid'ejecting

portions belonging to the block.

25. A liquid ejecting device accofding to claim 24,
wherein:

one end of the connected heating elements in said
liquid cell is connected to a power supply for supplying

current to the connected heating elements, and the other end




current-mirror circuit. 27. A liquid ejecting device accdf BFHEY " Uny of
clains 24 to 26, wherein: one end of the connected heating elenents in said
liquid cell is connected to a power supply for supplying current to the
connected heating elements, and the other end thereof is connected to a
first swtching el'enent which perforns switching for supplying current to
the connected heating elenents; said dedicated circuit conprises: a
current-mrror circuit connected to at |east one junction of the connected

heating el enents; and a second smﬁLthEg_elenent whi ch perfornms contro
using said current-mrror circuit so that a current is 16 February 2007
113 allowed to flowinto or to flow fromthe junction of the connected

heatingt Ienegls; and said common circuit conprises: a current-supply
el enent “USEECAs 18 correftedufpl § fisptsawdtsbdogdedwinenhi nhiehenent; a

first cggg% I terntnﬁk,mhi%h perforns anal og control on the value of a
current sungﬂstVﬁ3 BPdICEUF PRI Y Sugpryrepatiehe thesapunsetedd swit ching

el enent; cond,contrql term nal which perforns switching for the
suppl y %?g?ggacég?gﬁPt?roﬁ?gaid current - suppl y

said dedicated circuit comprises:
a current-mirror circuit connected to at least one
junction of the connected heating elements;.and
a plurality of second switching elements which
performs control using said current-mirror circuit so that a
current is allowed to flow into or to flow from the junction

of the connected heating elements.

26.. A liquid ejecting device according to claim 24
or 25, wherein:
one end of the cdﬁnected heating elements in said
liquid cell is connected to a bower supply for supplying
current to the connected heating elements, and the other end
thereof is connected to a first switching element which
performs switching for supplying current to the connected
heating elements; and
said dedicated circuit comprises:
a curreﬁt4mirror circuit connected to at least one
junction of the connected heating elements; and
a second switching element formed by a pair of
switching element portions in which, when one of tﬁe

switching element portions has one as an input and the other




el ement to-said second-switching el ement-. 28. A liquid &fE&¥THYE°Wevi ce
according to any one of <clains 24 to 27, wherein: one end of the connected
heating elenents in said liquid cell is connected to a power supply for
supplying current to the connected heating el enents, and the other end
thereof is connected to a first switching el ement which .perforns
switching for supplying current to the connected heating elenents; said
dedicated circuit conprises: a current-mrror circuit connected to at |east
one junction of the connected heatijng el enents; and a second sw tching

el ement which perforns control wusing said current-mrror circuit so that a
current is 16 February 2007 114 allowed to flowinto or to flow fromthe. -
junction of the connected heating elenments; said common circuit conprises:
cur r entSEHHHIRR| @brmant M@%gﬁ%rﬁe%ﬁ;ﬁ iafs NPt s @ FUWEEIHI swi t chi ng
elenent.mhiggwﬁ%g conpnected in parallel to one another; a first control

terni nats it et @ I b Yaithec MeediSs AT H%enent s and
o0t 587 Lo, el o8 Soty o 9. Lot el U5 0L, cUplEnis Syl T ed from

the switching element portions has zero as an input‘and'the

other switching element portions has one as an input, a

current is allowed to flow out from the junction of the.

heating elements by using said current-mirror circuit, and

in which, when both the switching element portions have

zZeroes as inputs, no current is alloﬁed to flow into and to

flow from the junction of the heéting elements by using said

current-mirror circuit.

27. A liquid ejecting device according to any of
claims 24 to 26, wherein:
one end of the connected heating elemeﬁts in said
liquid cell is connected to a power supply for supplying
current to the connected heating elements, and the other end
.thereof is connected to a first switching element which
performs switching for supplying current to the connected
heating elements; | | |
said dedicated circuit comprises:
a current-mirror circuit connected to at least one
junction of fhe connected heating elements; and
a second switching element which perfbrms_contrdl

_using said current-mirror circuit so that a current is




el enent; and a second control terminal which is provided 'PAEEYER2%s said
current-supply el enents and which perforns switching for supplying a
current fromeach of said current-supply  elenents to said second sw tching
el ement; and a constant ratio of currents in said current-supply elenents
is. maintained by controlling a potential applied to said first control
termnal, and the total value of currents supplied fromsaid
current-supply elenments to said second switching elenment are controlled by
i ndependently inputting one or zerdl3-said second control term nal for
each of said current-supply elenents. 29. Aliquid ejecting device
according to any one of -clains 24 to 28, wherein: 16 February 2007 115

one en j s in.said ui d LI is connected
to a pgav\gfmg%%p?& ; or’ supﬂﬁa/rlglhgIgj géulreorr%%rc‘}“b %ﬁﬁélg{ne igg‘t S ng elenents,
“and thec&gﬂ@ét@@qleé{ﬁ cgl%ﬁerp&n.nea c1.ed to.a f| rst switching el ement which

performs switching for supplying current to the connected . heating
el enent s; sgqud%@hﬁghe@lgbthlEoﬁ%g@?éges a current-nirror circuit

connected to at |east one junctio the connected heating el ements; and
a second sw tchi a0cet eeRBLsUBHLP PEERHIBUSNLD 4 current supply
for said second switching element; |
a first control terminal which performs analog
control on the value of a current supplied from said
current~supply element to séid second switching element; and
a second control terminal which performs switching

for the supply of the current from said current-supply

-element - to- said second--switeching element:

28. A liquid ejecting device according to any one of
claims 24 to 27, wherein:
one end of the connected heating elements in said
- liguid cell is connected to a power supply for supplying |
current to the connected heating elements, and the other end
thereof is connected to a first switching element Wthh
.performs sw1tch1ng for supplying current to the connected
heating elements;
said dedicated circuit comprises:
a current-mirror circuit connected to at least one
junction of the connected heating elements; and
a second switching element which pefforms control.

using said current-mirror circuit so that a current is




using said current-mirror circuit so that a current is A&f FeRRRY 2W7F1 ow
into or to flowfromthe junction of the connected heating elenents; said
comon circuit conprises: current-supply elenments used as current supplies
for said second switching el enent which are connected in parallel to one
another; a first control termnal which is connected in comon to said
current-supply elenents and which perforns analog control on the total
val ue of currents supplied from said current-supply elenents to said
second switching elenent; and a secpnd <ontrol termnal which is provided
in each of said current-supply elements and which perfornms swtching for
supplying a current fromeach of said current-supply 16 February 2007. 116.
el enent id.s d. swi t chi emept: a constant,ratio of currents in
said cué%%ﬁ?égug%|§f8§|%§ nt%riggngiﬂYafﬁ%% e bRebHeR Rf st ent i al

app'iEdcéﬂneé@éﬁ_ﬁééé{n%Q$iéﬁgn#§f”1”a|, and the total value of currents
nt - swi tching

supplied tfromsaid curr Suppl'y” el enents to said second

element is Rty Udnffd %%if%q&e%%gi%ei \putting one or zero to Saiegch o

second control termmnal for each of sal current-supply el enents;
said current-supgh¥r&helBibs1ySel 8hIEYsP¥s8d as current supplies

for said second switching element which are connected in
parallel to one another;

a first control terminal which is connected in
common to said current-supply elements and which performs
analog control on the total value of currents supplied from
said current-supply elements to said second switching
element;  and

a second control terminal which is provided in each
of said curréntmsupply elements and which performs switching
for supplying a current from each of said current-supply
elements to said second switching element; and

a constant ratio of currents in said current-supply
elements is maintained by controlling a potential applied to

said first control terminal, and the total value of currents

supplied from said current-supply elements to said second
switching element are controlled by indepéndently inputting
one or zero to said second control terminal for each of said

current~supply elements.

29. A liquid ejecting device according to any one of

cléims 24 to 28, wherein:




are connected in parallel to one another; the connected current-supply

el enents are arranged in parallel so that the unit elenments are in the
ratio of powers:of two; and when one or zero is independently input to the
second control termnal in each of said current-supply elenents, a

current supplied fromsaid current-supply elenents to said second
switching elenment is changed in units of powers of two so as to satisfy

the expression: | =(2n Dn +2n'Fx Db+ + ... + 2 D2 + D1) 10 where lo
represents a current supplied for a unit elenent, n represents the total
nunber of second control termnals, D1, 16 February 2007 - 117 D2,..., Dn

each 1 epr esefy . Oy Ol 2910 %A JBP Yo N1 SRGRRD; Gogkal terminal. 30

A liquid ejecting device according to any one o alnms 24 to 29, wherein:

one_ends futBecconnect sohhalidc: £l LHRNS: | iyl rdd aiigally [ s connect ed

to a power supply for supplying current to the connected heating el enents,
and the-gthehrepd thbetsHed s ANBGHRY dmedtd Stardiithehiottiea! @@t whi ch

‘perforns switching for supplying current to the connected heating
el enent hereof is connected to a first switching element which
“performs switching for supplying current to the connected
heating elements;
said dedicated circuit comprises:
a current-mirror circuit connected to at least one
junction of the connected heating elements; and
a second switching element which performs control
using said current-mirror circuit so that a current is
- allowed to flow into or to flow from the junction of the
connected heating elements;
said commen circuit comprises:
current-supply elements used as current supplies
for said second switching element which are connected in
parallel to one another;
a first control terminal which is connected in
- common to said éurrent—supply elements and which performs
énalog control on the total value of currents supplied from
said current-supply elements to said second switching
element; and
a second control terminal which is provided in each
of said current-supply elements and which performs switching

.for supplying a current from each of said current-supply




'sai'd dedicated circuit conprises: a current-mrror circui'® FEYANE%d to at.
| east one of the connected heating elenents; and a second sw tching

el ement which perfornms control using said current-mrror circuit so that a
current is allowed to flowinto or to flow froma junction of the
connected heating elenments; said common circuit conprises: current-supply
el ements used as current supplies for said second switching el enent which
are connected in parallel to one another; a first control term nal which
is connected in comopn to said currlg —supply el enments and whi ch perforns.
anal og control on the total value of currents supplied from 16 February
2007 118 said current-supply elenents to said second switching elenent;

and a nggﬂ%?§92%%2%a%§rgg%ﬁ%&ﬁ%ﬁ#ﬁhﬁ#ﬁ#ﬁé?%ﬁgﬁkj n each of said

current-sap nis an ching for supplying a

current 11 0m CAEM Ofnall e Ry SRR 5 ERTRN L EOnsabdpspgond sui tching

el ement; a constant ratio of currents I n sai current-supp el ements is

o L et o1 L g paidl bl Y i gt oo
current s SUPPE yr £ eFB Sol O SahihSECHHE the total value of currents
supplied from said current-supply elements to sald second
switching element is controlled by independently inputting
one or zero to said second control terminal for each of said
current-supply elements;
each of said current-supply elements is_formed by #
ﬁnit element or by unit elements having identical
characteristics which are connected in parallel to one
another;
the connected current-supply elements are arranged in
parallel so that the unit elements are in the ratio of
powers of two; and
when one or zero is independently input to the second
control terminal in each of said current-supply elements, a
~current supplied from séid current-supply elements to said

second switching element is changed in units of powers of

two so as to satisfy the expression:
I = (20 p, +201 - D 4+ ... 2 Dy +Dg) * I

where I, represents a current supplied for a unit element, n

represents the total number of second contrel terminals, Dy,




switching element is controlled by independently inputtiﬁ%FeTHﬂy%Wwiero to
said second control termnal for each of said current-supply elenents; in
one current-supply el ement anong the current-supply elenents which has the
| east current supplied to said second swi tching elenment, by controlling
the input of the second control termnal to be always one, the total value
of the currents supplied to said second switching elenent is prevented
from bei ng zero; and when one or zero is independently input to each of
second control terminals other than xtw -second control termnal controlled
to be always one, the total value of the currents fromthe current-supply

elenents to said second control terminal is changed into an even nunber of
ect to 16

ments to said se | anged i nt
Fobr unp /2007 o 016t SEPEUEERE AR PEAPEaRY co B 1PRU Sy RS suppl i ed

from thescdid "EHErSHP R el nts to said second control termnal in
response to the input value of said second control terminal is changed in

arithmetic progression. 31. Aliquid ejecting device according to any one
of clains 24 to 30, wherein: one end of the connected heating el enents in

- saird liquidocel b ilgfonnesiedeifgaghe |y, .f supplyin cyrrent to
t he conpected _heatin eleneits, and thggétﬁggagﬁidg to'Piny' Sde of
L claims 24 to 29, wherein: :

one end of the connected heating elements in said
liquid cell is connected to a power supply fér supplying
current to the connected heating elements, and the other end
thereof is connected to a first switching element which
performs switching for supplying current to the connected
-heating'elements;,
said dedicated circuit cémprises:
a current-mirror circuit connected to at least one
of the connected heating elements; and
a second switching element which perforﬁs control
using said current-mirror circuit so that a current is 7
allowed to flow into or to flow from a junction of the
connected heating elements;
said common circuit comprises:
current-supply elements used as current suppliés
for said second switching element which are connected in
parailel to one another;
a first control terminal which is connected in
. common td said current-supply elements and which performs

-analog control on the total value of currents supplied from




thereof is connected to a first switching el enent which 'BEFFSFWE%wi t ching
for supplying current to the connected heating elenents; said dedicated
circuit conprises: a current-mrror circuit connected to at | east one of

t he connected heating elements; and a second switching el ement which
perfornms control wusing said current-mrror circuit so that a current is
allowed to flowinto or to flow froma junction of the connected heating
el enents; said common circuit conprises: current-supply elenents used as
current supplies for said second switéhi-ng el enent which are connected in
parallel to one another; a first control termnal which is connected in 16
February 2007 120 comon to said current-supply el enents and which “

per f or my o 12Nak0g.GANLLAL1 BN f 8 HOLAL vaLYG L GHAT Ept Scoyppl i ed from said
current- supply el ement Sard second SWitc g e nent nd a second
control cher@pal i ch is provided in each of said current- supply el enents

and whi ch perfdrnms switching for supplying a current fromeach of said

Cu”ent supply el es@nisy tQsaidh St_f‘éﬁ&%aslwmﬁmr{‘gs%%%%eda% kA cANe
current-supply el enent anong the current-supply

of said current-supply elements and which performs switching
for supplying a current from each’of said current-supply
elements to said second switching element;

a constant ratio of currents in said current-supply
elements is maintained by controlling a potential applied to
'said first control terminal, and the total value of currénts
supplied from said current—sﬁpply elements to said second
switching element is controlled by independently inputting
one or zero to said second control terminal for each of said
current—-supply elements;

in one current-supply element among the current—-supply
elements which has the least current supplied to said second
switching element, by controlling the input of the second
control terminal to be always one, the total value of the
currents suppliéd to said second switching element is‘
prevented from being zero; and

when one or zero is independently inbut to each of
second control terminals other than the second control
terminal controlled to be élways one, the total value of the
currents from the current-supply elements to said second
‘control terminal is changed into an even number of positive

and negative values which are symmetrical with respect to




el enents which has the-least current supplied to said sed®htPva@4%ni ng

el ement, by controlling the input of the second control termnal to be

al ways one, the total value of the <currents supplied to said second
switching elenent is prevented from being zero; and when one or zero is

I ndependently input to each of second control term nals other than the
second control termnal controlled to be always one, the value of the
currents fromthe current-supply elenents to said second control term nal
i s changed into an even nunber of .posidiwve and negative val ues which are
symmetrical with respect to zero, and the total value of the currents
supplied fromthe current supply elenents to said second control term na
in response to, tg? ut val ue of said second control terminal is changed

in ari thrett B¢ %éfll e £% W‘%}Lﬁ‘b’f%‘?lﬁ%ﬁ iSHPRIeMA%E £ xhptises a

sign-c 6 Febr af%%2007 21 CUI whi ch, when one aqr zero is

i nput the secongduP% MG sm %2 é’ﬂ’ﬁtrﬁ%} d:red:é}lnat]hé”brder of

currents P {4 QRd NG G L d%o e YRR Ic%n(i:r;:aq.g terminal

is changed in arithmetic progression.

31. A liguid ejecting device according to any one of

claims 24 to 30, wherein:

one end of the conne¢ted heating elements in said
liquid cell is conpected to a power supply for supplying
current to the connected heating elements, and the other end
thereof is-connected to a'first switching element which
performs switching for supplying currént to the connected
~heating elements;
said dedicated circuit éomprises:
a current-mirror circuit connected to at least one -
'0of the connected heating elements; and
a second switching element which performs control
using said current-mirror circuit so that-a current is
allowed to flow into or to flow from a junction of the
connected heating elements;
said common circuit comprises:
current-supply elements used as current supplies
for said second switdhing.element which are connected in
parallel to one another;

a first control terminal which is connected in
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common to said current-supply elements and which performs
analog control on the total value of currents supplied'from
sald current-supply elements to éaid second switching
element; and
a second control terminal which is provided in each

of said current-supply elements and which performs switching
for supplying a current from each of said current-supply
elements to said second switching element; and

in one current-supply element among the current-supply
elements which has the least current supplied to said second
switching element, by controlling the input of the second
control terminal to be always one, the total value of the
currents supplied to said second switching element is
prevented from being zero; and

when one or zero is independently input to each of
second control terminals other than the second control
‘terminal controlled to be always one, the value of the
currepté from the current-supply elements to séid second
control terminal is changed into an even number of positive
and negative values which are symmetrical'with respect to
zerc, and the total value of the currents supplied from the
current-supply elements to said second control terminal in
response to the input value of said second control terminal
is changed in arithmetic progression; and

said liquid ejecting device comprises a sign-change
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circuit in which, when one or zero is input the second
control terminals in predetermined order, the order of

currents output from the current-supply elements is changed.




