, [
;e3eXR7U((), 12666TR7$ BACKGROUND OF THE I NVENTION 1. Field of the
I nvention The present invention relates to a technology in which, in a
l'iquid ejecting device having a head including at |east one liquid ejecting
portion and in a liquid ejecting nethod using a head including at |east one
liquid ejectin , acurrent-mrror circuit is usﬁmmmwwmmmw li quid
ejected fr mwgﬁm\m“ d ejecting portion, and to a tec
sinplifyin ) entire circuit structure. 2. Descr#phioon of the
Rel ated Art | nkp®@e2printers have beed eonventionally known as a type of

|l iquid ejecting device having heads which each include a plurality of
liquid ejecting portions arranged in parallel. A thermal nethod that uses

thermal energyobepekSgbriRk bRvELEANAS 20818 phBErehECkERgoRP! hods for

inkjet printers. I'n an exanple Structure using the therm
method, ink in an ink cell is heated by a heating el enment (heating
resistop) di sposed in the ink cell to produce bubbles in the ink on the

heat i ngaelker@tio afd Tiire repenatorf the generation of the bubbles ejects the
ink. A nozzle is formed in the upper side of the ink cell. Wen the bubbles

are prqducedchil bFe thik ihehR€oink cell, the ink is ejected - 2 fromthe
ejecting outlet of the nozzle. Fromthe viewpoint of head structure, there

are two nettndspraserti ahverthed aslageki e &etdbonol dgyhensekiah, met hod,
an image is printed by noving a head in the width direction of printing
paper . ihnat héquiide efetchddg tenickeadsiageaaheadgédcindtiheg witdibadir ecti on
of printing paper to forma line head for the wwdth of the printing paper.
Fi g. 2%neslaqplidnevieetwishowrmgianl bnd head l@qofidt hkgecéliagedeshbd Al t hough
Fig. 21 shows four heads 1 (N-1, N, N+1, and N+2), a larger nunmber of heads
11 areuééPGaBIVe&ﬂrangéddﬂngpaﬁaﬂpéﬁt pneeéQHUhdaajﬁctanglQpatupy of
(normal |y, approximately hundred units of) ink cells; heating el enents, and
nozzl ed FHrAENYsUEEIREICABOVEtale HEeAn§edIphlpakalianidThdertad head 10 is
formed by arranging the heads 1 in a predetermned direction (the width

di r ect £8AMo Faﬁplﬁﬂ HédpﬁbﬁFfl“g portion, and to a technology for

simplifying (downsizing) entire circuit structure.
2. Description of the Related Art

Inkjet printers have been conventionally known as a
type of liquid ejecting device having heads which each
include a plurality of liquid ejecting portions arranged in
parallel. A thermal method that uses thermal energy to
eject 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 resistor) disposed in the ink cell to produce
bubbles in the ink on the heating element, and the energy 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, the ink is ejected



Two adj acent heads 1 in the predeterm ned direction are di sposed on one
side and the other side across an ink-flow pass 2 extending in the
predeterm ned direction, and the head 1 on the one side and the head 1 on
the other side are alternately disposed so that both opposes each ot her,
that is, nozzles la can oppose each other. Between the adjacent heads 1,
the pitch of the nozzles la is consecutively maintained, as shown in the
detail of portion Ain Fig. 21 - 3 (see Japanese Unexam ned Patent
Application Publication No. 2002-38522)-. The related art shown in Fig. 18
has the follow 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 t printer-head, chips_.1,,K However, various factors may cause a
case infﬁﬂwcﬁﬁgne&ﬁﬁgéngtOﬂﬁiﬁh ?ﬁetpﬁkn?éziFected i s not perpendicul ar.

For exanpl e, when_.a nozzl e sheet_ havi t he nozzles la fornmed thereon is
bonded to a Nead %}Fﬁ pV]ien‘"(':Ff%lcﬁ%gog hee?é]n%'%%ﬁ%u%enﬁ Eskheer et ntdvoel enents, the
probl em j itLo .shifi] o] h I t. e he nozzIl e sheet
is bong%%%ggggha ?%glggn%%tﬂg? %ﬁé %oggﬁésﬁfgn§§'pogﬁt?%%e%efﬂgfhe center
of the haknggl ! snangagbe; hephinge8! YERLSinkNe hoXal $nCLRS!
perpend#cyparfy_?p t%% iﬁﬁ gfect?on gﬁ@%aﬁ%&(the nozz etgﬁéggég%rface)..
However g kEcP98htbPNAE: 8P AYT PEp@ECUr $n Eh¥eEDnE NB.ERDE T Bha X 5o 0is t he i nk
cells and the heating el enents and the central axis of the nozz?e ?a. t he

ink cangpt Bergh&esedn PeheeRdberl i b¥ct Dohiherepeeht ORg SHsp@Eeeo I N addi ti on,
positional shifting can be caused by a difference in coefficient of thernal

expansi esriesWeeflet HeadOZ3k erthbeRidtRNEft HRei pkigelhg pagket he heating
el ements. When such a difference in angel of ejection of ink occurs, it
appears as & 21 i @ telharofvided | esweithd K 1ime headd itthefcase of the
serial method. In the case of the Iine nethod, the difference appears as a
positi onalatedfarbet wekbhowgph hBads 2] showesdfeuonhéads he it Nn pitch of
delivered ink

N+1, and N+2), a larger number of heads 11 are actually

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 direction, 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

maintained, as shown in the detail of portion A in Fig. 21



Figs. 22A and 22B are a sectional view and plan view show ng printing by
the line head 10 shown in Fig. 21. In Fig. 22A and 22B, assum ng that
printing paper P is fixed, the Iine head 10 does not nove in the width
direction of the printing paper P, and perfornms printing while noving 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 NNth head 1, the
(N+1)-th head 1, and the (N+2)-th head 1 are shown. As shown in the section
viewin Fig. 22A, in the NNth head -1,3i-nk is slantingly ejected in the |eft
direction as is indicated by the left arrow. In the (N+1)-th head 1, ink is
sl antinnntral arrow In the (N+2)-th head 1, ink is perpendicularly ejected

wi t hout as in a ion a Jndlcat t arrow.
Accor di {15, 5191&1}‘?% %%%ﬁﬁé‘i%?%%n?sﬁ? SN Jiovneféeju&)q céai}]crllg of " to the
| ef t frchJ} éegzezr)ence position, and in the (N+1)-th head 1, the ink is
del i vered,” bel ng off to the right fromthe reference posi t| on. Thus,

beteen Dot bl 1e10Kd %rté‘%h'}hﬁﬁ 11030 A0 e dhak o 1b0gbNL) - th head 1

- 5 are dellvere t 0 opposite recti esult a region in which
no mk;dtz) yered is forrred between the N-th head 1 and the (N+1)-th head
. |t|on the line head 10 is only noved in the direction of the

arrow in thﬁh@narin‘k' QW i3 Jdt®a l‘%‘%rﬁ/\ﬂﬁﬂéo;ﬁ riRRIdIg HERvedhiipst he widt h
direction of the printing paper P. This forns a white stripe B between the

N-th head ihand dhe (fid)ideats lejddsd GRarsh g cyirohilyerdofendet eri orati on
inprinting quality. Simlarly to the above case, in the (N+1)-th head 1,

the i nkejecttledn warethcda Ngeiof fpt ntde-heghtcH it he Hoafeareance positi on.
Thus, the (N+1)-th head 1 and the (N+2)-th head 1 have a conmon region in
whi ch thericks ifadeins ened. cadids cacses o dilsicdntamuousl d regevhaedh a stri pe
C which has a color thicker than the original color, thus causing a problem
of det erlieoriatk dirs iqy grtied | hy nphlpeypenthiernlsarch a shift in a position to
which ink is delivered occurs, the degree to which a stripe |ooks

noti ceabl e doperdamydean Mhm!ﬂg@ the 25d eprsihgedd hapdndexhgphezzseAcéaa docunent
or the Iike has many bl ank portions, a stripe will not | ook noticeable if

it is formes WemRdTsels Ponfedhete & d1eid [ﬁ'}ilrﬂ i ¥ 1 st (ﬁ‘tear}ﬁ”ﬁ mage in

al nrost all the portions of printin gap r f alsllght st.ri.p slforrred it
will | & oarhddie heatin eleme t thé problem is posltlona

shifting of the nozzle sheet. When the nozzle sheet is
bonded so that the center of the nozzles la is positioned in
the center of the ink cells and the heating elements, the
ink is ejected perpendicularly to the ink ejection surface
(the nozzle sheet surface). However, if positional shifting
occurs between the central axis of the ink cells and the
heating elements and the central axis of the nozzle la, 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 the ink cells and the heating elements.
When such a difference in angel of ejection of ink

occurs, it appears as a shift in pitch of delivered ink in



SUMVARY OF THE INVENTION - 6 It is an object of the present invention to
provide a liquid ejecting device having a head including a liquid ejecting
portion or liquid ejecting portions arranged in parallel and a liquid

ej ecting method using a head including a liquid ejecting portion or liquid
ej ecting portions arranged in parallel, wherein the direction of |iquid
ejected fromeach liquid ejecting portion is controlled. The present
invention provides a circuit formthat is particularly suitable for the
case of incorporating nmeans of deflecti-ng ejected liquid with a head in
technol ogy in Japanese Patent Application Nos. 2002-112947 and 2002-161928
whi ch have al ready been filed by the Assignee of the present Application.
Al 'so, in the present. invention i i f.uin do i,.zing). the entire

ci r cui tt?“? he' a%gr}c}b% Sb%rh@s]edﬁee%oné‘f or 'a %heea a§1Saevzlc\)/rr%€1 tgler gsl&euti on of 600
dpi or higher. ﬁ%?coéﬂﬁ%é&cé‘ Jadpgléérdsa?é)secé d%sfﬂ%n%rlef%gﬂtﬁt' BEGIQN, 2

i quid ejecti’ng device having ead including a Tiquid ejecting portion or
a Plurahid hdtlad | O £ ELREHL h PAS LHRDSIAT{ANGEG il P YAl ol o

predet erm ne Irection 1s provided. The liquid ejecting portion or each of
the liqgyd ejecting portions includes a liquid cell for containing Iiquid,
at | east one energy generating elenent provided in the liquid cell which
produces a kyblal e sion 83PYREE H@ Lhe Rk 10k 1eRekay. p2Ad aiBQzzle for
ejecting the I'iquid in the liquid cell by using the bugble produced by the
at | eadhowim &N Yg IS Erd | Nich £ 1RNtL0 Ishdwie il guigd cal.l, thhe energy
generating elenents are connected in series to one another and are arranged
in par @il 42 tdiel maRletessummady dinactprimt ite dapgu ¢ ajsedtiixied ,devi ce

i ncludes a main operation controller which, by supplying equal anounts of
curr entthe ditree lomvheld etbenerqly ngereriat i tige elieidntdd reg ttiloa loifquihet cel |,
perfornms control so that the liquid is ejected fromthe nozzle, and a sub
oper at imrirdomyg @dpgr 7 ovd b dodofo me pwfn tting vihddied mejvderdi igopor ti ons

whi ch includes at |east one current-nmrror circuit connected to a junction
of the t@rertyy Redrematghgthe erean sviethd(B39 wiZH,- by using the
current-mrror circuit to allowa current to flowinto or to flow fromthe
junction ofint Adeemahii gereratt i Hy Btenehtd, IMRPAnthmtlbre aheadt r &bt

supplied to each_of_the energy generating elepents is controlled and the
di rect 'S Rerdd i ui BR2F ebged%i“? o%?’fliﬁeg?l%‘zzfg the chttbrtdtealchrding to

a second ect, of t}h resent invention, a liquid ejecting device having a
head i r?cqoﬁ r?g ﬁ%)qlt}tﬁﬂqle?ae‘%?]i nagreposr 0N or a plurality of liquid ejecting

portions arhanggd in ;pargld %'eét'lo?\ Riedetar wiged dhreehi oo i §_ppovi ded. The
liquid ejecting portion or each of the |IQUIé ejecting portions includes a

1 quid eeld o ors GONAI 0 itk dd i) b AledPast a0 106 Y :GeASHAL g el erent
provided in the liquid cell i‘ch ‘produces a bubble in response to the
suppl y iof eRBI ey aH0ZIZd . fr i eCtimGHNENHIGUItH hRad 1, ink

is slantingly ejected in the right direction as is indicated

by the central arrow. In the (N+2)-th head 1, ink is

perpendicularly ejected without a shift in angle of ejection

as is indicated by the right arrow.

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



g _the liquid cell by using the bubble produced by the at |east one energy
generating elenent. In the liquid cell, the energy generating elenents are
connected in series to one another and are arranged in parallel in the
predeterm ned direction. The liquid ejecting device includes a main
operation controller which, by supplying equal amounts of currents to the
connected energy generating elenents in the liquid cell, perforns control
so that the liquid is ejected fromthe nozzle, and a sub operation
controller provided for each of the Isiquid ejecting portions which includes
at least one current-mrror circuit connected to a junction of the energy
generating elenents, and in which, by using the current-mrror circuit to
allow a current to flowinto or to flqw fromthe junction of the energy
gener at1ny c{eefe]e]ﬁé%ﬁ%é, T h e RIS lraec(%drornésn't @.fprﬂ irg&utl%'egcﬁe@rlotnhe ener gy
gener atj ng .el ements. {,s controlle nd, t iyection of .the |iquid.ejected
fromthe %%hzlzeré r|lés JC%‘?\tJFSoIﬁSé(’aldl ‘feoldecﬁalgsge&\%n{%hd’ (r%eest p‘)”gcetn ttcg1 ea(fqditrhe(lf:lltela nin

whi ch 1d clldl dire Chert PAPRINE MBI T DRAIAL O CUN Glinel nefCqpdliag to a
third aspect of the present 1nvention, a liquid ejecting device having a

| ine heah f GRdtRe: by, el Walddes i J1eadr Al @pesd ithea pRbedetiglmiped
direction’is provided. The heads each are fornmed by a plurality of liquid
ej ect mq@.orl,tgmsi@w@me@mq: e 18] e thedy edelertioned sdichection. The
liquid ejecting portions eac - 9 includes a liquid cell for containing
l'i qui d,prétn @aptpaier aner gh genRydd Y Wil il it riev ipded tiidehhenki quid cel |
whi ch produces a bubble in response to the supply of energy, and a nozzle
for ej astimhddie 1 ignd derien tva)l inpad 1celdhudy casisiggt he peubbles produced by
the at | east one energy generating element. In the liquid cell, the energy
gener atdengereil censetniten airre poinTteictedyual issrd es t o one anot her and are arranged
in parallel in the predeterm ned direction. The liquid ejecting device

i ncl udes a Pdimd lepdratticortheoabrukl eesehi ¢h, thy $Npp) ythghegdal , anount s of
currents to the connected energy generating elenents in the liquid cell,
per f or A& otk dis sieliiiarache h9iga @hfs tg dighgmfrpe #bezle, and a sub

operation controller, provided for each of the liquid ejecting portions
whi ch iGRAKRESCPYTHstOone TS erfthen Mdy &ty &g doAREctBE to a junction

of the energy .generating elenments, and i.n which, by usin he

cur rent MHi9r gt E‘raccﬁi]t H%d SRRUrEett™ o7 I‘”@\?vc%(‘nftgeog“‘ﬁ‘o 1fl ow fromt he
junctiaop .af the, en y.generating .el enents, the ampunt of a, current
supplié%ﬂfﬁnﬁﬁ%h oﬁﬁ%ﬁéqéﬁgﬁﬁyag%ﬁéfﬁ%ﬁﬁ&“&ﬁénéﬁFgeisngoﬁtF6FF88 nd the
divectian §f dde d ik ahached fham Whe R9Agligahs gonkr okhgd: According to
a fourth aspeé} of the present 1nvention, a I'iquid ejecting device having a
line h fs |4 f r 5 term ned
direct?%ﬁﬁ?gkg%gvi égfﬁ#ﬁgaﬁ%%%ggéggﬁﬁgﬁéaﬁo?%g§q6§aaagﬁgﬁg ity of - 10
liquid ej eciyhad Rathi angnakkanded pBspaish! b kRitheipk edet ermi ned
direction. The liquid ejecting portions each include a liquid cell for

cont ai ’NG vdr@d hedird cagle Y RREAQY wBERE! at shgipkemBBksprovi ded in the
liquid cell which produces a bubble in response to the supply of energy,
and a mezZlcedire ejegriridiy drherl iiguige it blee plriigtted .ceFbrbyxumpbhg,t he bubbl e
produced by the at |east one energy generating elenent. In the liquid cell,
t he enerigycegenaratumeg telcandiites ldke dasneehngdbilankeppesibnspne anot her and
are arranged in parallel in the predeterm ned direction. The liquid

ej ecti mgrded o8 lilnclakebock med thi agedylat iioh iconts of d mredvhi CPongrsaigpl yi ng
equal amounts of currents to the connected energy generating elenents in
the |i dai dheeldaseparft i tdot eolPhodogmarht hmapeqindalmoeteslédtheom t he
nozzle, and a sub operation controller provided for each of the liquid

ej ect i ReFdraniso wHiidH-iingc IPgies Jatl f| @astl ignE etiribnisnferwedei REuit
connected to a_junction of the energy generating elenents, and in which, by
usi ng Hd lcdrrdntofiiGedP & rcuit to allow a current to flowinto or to flow
fromthe junction of the energy generating el enents, the anmount of a
current supplied to each of the energy generating elenents is controlled
and th j i t quid ejected fromthe nozzle is controlled to
change%Pgb@ﬁﬁlﬁ&gagﬁéﬁﬁﬁﬁ%@%gh?ection wWth respect to a direction in which

liquid is ejected by the main operation controller.



- 11 According to the present invention, by incorporating a main operation
controller and a sub operation controller including a current-mrror
circuit, for exanple, in a digital circuit, the formed integrated-circuit
structure which is suitable for a head is obtained. According to a fifth
aspect of the present invention, a liquid ejecting nethod using a head
including a liquid ejecting portion or a plurality of liquid ejecting
portions arranged in parallel in a predeterm ned direction is provided. The
liquid ejecting portion or each of 4l -iquid ejecting portions includes a
liquid cell for containing liquid, at |east one energy generating el enent
provided in the liquid cell which produces a bubble in response to the
supply of energy, .and,a nqQzzl or ejecting the. liquid i he liquid cel

by using thgﬁb f%‘ﬁ?@&ﬁ%e fﬁﬁﬁf%é”%Fepéagpvgﬁglgﬁngypggﬁéggt%ng el enent .
In the Jiquid cell..the, ene J [ | ed in series
to one %ﬂ%@ﬂ%re%%%t%ég %%QH%%?&gfﬁﬁ%g%éﬂgﬁfJﬁﬁﬁgﬁglgighgﬁgﬂﬁﬁﬂed di rection,
and at . t s . £l i3 FAan ' tion of the
ener gy %ﬁ%ﬁ%?@%&%ﬁe%n??f%% ctghéef#%%lurigz from%ﬁsg%n%%z eelcygq}cont rolled so
as to he, gl eriedip g é‘tl%\ﬁ?ﬁi éjggb@iﬁcj KA Ho I J8GHd WNhda Usid1%ad nl@i n
operati‘on-control step i ch, by supplying equal "anbunts of currents to the
connect £ £Ae1 @Ye PEFEL Y | B € BN Sl iduitdeddauing ¢RIdtWddout using the
at | east one current-mrror - 12 circuit, perforns control so that the
li qui d dsr&hesed eth fporaihel noard & innthe Eide ARMIdON-eAiiid ol step in

whi ch, by using the current-mrror circuit to allowa current to flowinto
or to fépycfednfide ¢arictlouiof &jwecteinrey @oganer dtd npredreridrdds, the anmount
of a current supplied to each of the energy generating elenents is
control |l ed ahe tdresdirtedinivem tdont peoviigieisd aejcécted tf fommt kbatozgl e i s
controlled. According to a sixth aspect of the present invention, a liquid
ej ect i et dwh pky ngpdtabie feadhoreas: Bf dnsanmgriating meaads odr r anged
in a predeterm ned direction is provided. The heads each are forned by a

pl ur al idgf gctingiel @Ferd | higipet tWioHs arheathed itehmediaad im t he
predeterm ned direction. The liquid ejecting portions each include a |liquid
cel | fol2R3IRRE M HLPT qﬁﬁﬂl%tﬁ%ﬁo%nez%{g“rwgdgnéﬁ‘ﬁ i299 2611 8e#e provi ded
inthe liguid cell whic roduces, a, hubbl e in response tqQ the supply of
ener gy, "B 8 H62 A THY &t i‘ﬁ]gl% ¥ igf AIHFRE O @ef|e|se§3 usi ng

t he bubpl roduced t he at l.east. one .ener ener at | l.ement. I n the
l'i qui db‘lgpe?%f ,c‘:t“f"lleone'ne%%/sog’enlenr a%t}enfreﬁsee%tnﬁgv%ﬁﬁggdng& %gml%r%lgerll gs to one

anot her NG a7 £1 a0y 308k AATA L8l d N de 6Ll REMedUd BGkkon, and at

| east one current=mrror circuit 1s connected to a junction of the energy

gener at¢ g elieitisayville 4 LA o tde gz s o ¢ariHed! | ed so as to be
ejected in at least two different directions by using a nain

oper ati on- CHdHaitERd B Wiirgh, aspeck3ofb¥nsuppk¥cnd edvahtapRUNLS of
currents to the connected energy generating elenents in the liquid cel

Wi t hout] itgh Y d{ec@ind edsdi @B EH -HEdd AmdQivdiwd a tHediidquid is
controlled to be ejected fromthe nozzle, and a sub operation-control step
i N Whi cdy edotyintgiggr ¢ hen canr reendFugaricty o ff Auiguitdo edldoniing @urtdphst o 1 ow
into or to flow fromthe junction of the energy generating el enents, the
anount afranged rentpaupbléledin & qaudaife nimeshakigeagear dtsi ng el enents is
controlled and the direction of the liquid ejected fromthe nozzle is
controlpmewided. The liquid ejecting portion or each of the liquid

ejecting portions includes a liquid cell for containing
liquid, at least one energy generating element provided in
the liquid cell which produces a bubble in response to the
supply of energy, and a nozzle for ejecting the liquid in

the liquid cell by using the bubble produced by the at least



According to a seventh aspect of the present invention, a liquid ejecting
devi ce having a head including a liquid ejecting portion or a plurality of
liquid ejecting portions arranged in parallel in a predeterm ned direction
is provided. The liquid ejecting portion or each of the liquid ejecting
portions includes a liquid cell for containing Iiquid, at |east one energy
generating elenent provided in the liquid cell which produces a bubble in
response to the supply of energy, and a nozzle for ejecting the liquid in
the liquid cell by using the bubble preduced by the at |east one energy
generating elenent. In the liquid cell, the energy generating el enents are
connected in series to one another and are arranged in parallel in the

predeterm ned direction, and the liquid ejecting device.includes a control
ini t prvt dEETOF G e 1T T of Batiiy ‘Wortichi® Wi aRe - 14

i ncl udes at | east One, cur rent -nm'sr ror cé rncnuicttecconlr}lect ercll 10 .8 jo%récti on of the
ener gy %ré%e?%tqeﬁrbe 1 ehEht S, andtl i Whi CH: eby using F5e Curtetnirror
Circuit,foal) oy ﬁ?Pé rmar{cf d Qw80 0 4, flaw Je%t}éﬁ&)n%%cu on of the
energy generating elenents, e anount of a current supplied to each of the
ener gy GERELAIdNg Oheleifuid SAIYAL efb AN LhR1dIJRCt aRef the |iquid
ejected fromthe nozzle is controlled. According to an eighth aspect of the
present,h dVenidPNeor +d Al 4 @l £ | NG, d/WP MY A herdidvaclydi ng a
liquid ejecting portion or a plurality of I'iquid e ecting portions arranged
in parahh@tents aPreaget ridecedi dirtdpydre Rt ded.emtha J ii@Uitheej ecting
portion or each of the liquid ejecting portions includes a liquid cell for
contai miguid quéTh, apet BAGis WENEREN Bo O8N alHaQ iRfaRENls Rrj@wWtdad in the
liquid cell which produces a bubble in response to the supply of energy,
and a nbzah etH®rnei£od | rahd he dulg Wk ratidre ddrpiad leal Ipdow idkidn@otrthe bubbl e
produced by the at | east one energy generating elenent. In the liquid cell,
t he enezaggyh gehetlae | hipel @it ctiare monneptedhirlsdridsides erte l@astther and
are arranged in parallel in the predeterm ned direction, and the |iquid

ej ect i mpelesiceen fronimeer ol 2Gwkt i omnRdtiadtting dninctgogviofedhieor each of
the liquid ejecting portions which includes at |east one current-mrror

Ci r cui tCRVFFAECIRL I/ NG @ VH-Df altk Ehetthrtyeher asiimg dbénents, and in
whi ch, by using the current-mirror_circuit - 15 to allow a current to
flow i MESFBRETFTERF fF ot e fURHVh DICHHEEN &y 1§&ndndCi RF éPenent s,

the amount of a current supplied to each of the ener enerating elenments
b sk O3 e koo o B A R R E L R S Rl

predet erymi ned direction he 0S| diregti heretq. According to
the pr ets}g%lta'??llflne%t? on‘—’,1 %d;ﬂgeor%ﬁ rsp%ﬁ?lnlge ﬁteo_ aer%:glntos cé"ec&rnreéﬁtys flowing in
ener gy &@#@Eﬂi&@ &l S {0 égr{)tfxecf]hlé'ﬁ difd QHRNCA e tS8h I e time

ed for generating y t

requir ubbl es e energy generating el enents. Based on

the di f{greingedbedifeut ik HoLirctiad ddfiiqd 1ie3; control l ed and is al so
changed. By defiecting ejected liquid, a position to which the liquid is

delivered cardpaGhanaeda Aecondi R@peetao fhd pepeehtOfintBRLPHRSENT
invention, a ninth aspect of the present invention, a liquid ejecting

" devi ce havidgid &der hwpdidwidehdying [ WHeald tindfudierds argasged in a
predeterm ned direction is provided. The heads each are forned by a

pl ur al iéyeof indg oot Byrecirt rey goortd lansy arfr dnged d rejpatdnlgelpoirt ibhe
predeterm ned direction. The liquid ejecting portions each include a |iquid
cell foarconged nimgdraguial, iat d qastdetreermemerdydigendrian ig el enent provi ded
in the liquid cell which produces a bubble in response to the supply of
ener gy,pranidedoz Tke forqwid @dant ire ganuion iar eechl ioduitthecdhluby usi ng

t he bubbl e produced

ejecting portions includes a liquid cell for containing
liquid, at least one energy generating element provided in
the liquid cell which produces a bubble in response to the

supply of energy, and a nozzle for ejecting the liquid in



- 16 by the at |east one energy generating elenment. In the liquid cell,
the energy generating el enments are connected in series to one another and
are arranged in parallel in the predeterm ned direction, and the |iquid
ej ecting device includes a control unit provided for each of the |liquid
ej ecting portions which includes at |east one current-mirror circuit
connected to a junction of the energy generating elenents, and in which, by
using the current-mrror circuit to allow a current to flowinto or to flow
fromthe junction of the energy genemati ng el enents, the anmount of a
current supplied to each of the energy generating elenments is controlled
and the direction of the liquid ejected fromthe nozzle is controll ed.
According to a tenth aspect of the pr nt invention, a liquid ejecting
devi ce i]rfgq‘hl‘fi"rf‘guh ‘*solr%dtqﬁ’y%é“%%ei@r A5 GsA t?é’a&@eagltaﬂrﬁéﬁti n a
predeterm ned direction s pravided. The ads .each are.forned by a
pl ur al iTRF ot T QUi % ‘H‘}&g et“l‘?r’((%s g[lﬂrg%‘ eéli%]‘biarcglelllel tﬁ% t he
predeterm ned directi.on. The |iquid ejecti r.ti .each include a liquid
cel | for cont aqenl}enrgat—lllncﬂjiedl,emae[r{ﬁ eé_’lgrte 5@&“5%%{3 l&e%’%ﬁraltelsngoepgﬁent provi ded
in the |1qgul ' rﬂjje% lg i;n T upply of
ener gy,éﬂaﬁg{% rﬁag{zdzl e g‘;rlﬂfa‘)"j{ ectl ﬁl} ?)haglﬁl%qc?ai cﬁ rﬁ%ﬁ?&&%ﬁggﬁeﬁ by using
the bubpl & producedy kgl dRASH N ARNYON rIANRIAL anGaghement . I n the
liquid cell, the energy generating elenents - 17 are connected in series
to one FOtdEl o NKb! & 1AId AREBEH N HRAISRIPAly iiny teh@ianr edetueill aed direction,
and the liquid ejecting device includes an ejection deflecting unit
provi dethf¥nt@acts afhd hediditicl RIRMgyNGapIrbitangy WlicalenitRclindeseat | east
one current-mrror circuit connected to a junction of the energy generating
el ementisiquairdl del Whipedy fdnmslsidig dle seurthantt -thier ndiqudidr dgi kjkeetadl ow a
current to flowinto or to flow fromthe junction of the energy generating
el enentfsgont hehanmrtleof and wr reat opeppltie tcondaol lefr prevededgyogener at i ng
elenments is controlled and the liquid ejected fromthe nozzle is deflected
i n the gr@ddetferttigdd abiirde et eort iavad pohve igpyso sitiehdiingduides eitelepst
According to an el eventh aspect of the present invention, a liquid ejecting
devi ce At P HEad i TR di i W b icppng cdiese ttiong panGtdfrrorfathrural ity of
liquid ejecting portions arranged in parallel in_a predeterm ned direction
i s proRRRIEY HRESGENP &1EA8TF p 3R s I&keh by WSRBI| it4Ei d ej ecting
portions includes a liquid.cell faqr. containing.liquigd, at |east one energy
Cner atiHy 1S G Gt & 1% KO 1oPad & “CE ikt f L8Fo 0 Ba0k Bllnbl o 1 &
responsg to the l.y. of. .energy,. .and nozzl e far .ejectin he liquid in
the |i qtﬁliod" celq™ Bt;ipegsj%{lr?g‘:ttlﬁél bu lﬁh% ﬁrn% S&egeﬁlfrt%ﬁé p © éeg‘gflttg’ne ener gy
ge”eratdﬂ(]@.a%lo‘ﬂ?d'tof I édl%:édtqléhugp‘ifi'e' » £ eRerLgy éﬂ%”%%&gpg elements are
connected in series to one anot and are arranged in paratlel in the -
18  preflatsrdd R Aidiaid0ns ahidlo11885 hneNe helieRltTbhl 8F ¢hpCUIt is
connected to a junction of the energy generating el enents, and by using the
at | east; ANG @Y MradPtHd Mozl o G saldoawra 1aehr @at chanfkowitAto or to
flow fromthe junction of the energy generating el enents, the anount of a
currentredpydt ab t0 Eadrtilort e edicgy 1gemedatiisng jeleeanby ikgecontrol | ed
and the direction of the liquid ejected fromthe nozzle is controll ed.

main operation controller.

According to a third aspect of the present invention, a
liquid ejecting device having a line head formed by a
plurality of heads arranged in a predetermined direction is
provided. The heads each are formed by a plurality of
liquid ejecting portions arranged in parallel in the

predetermined direction. The liquid ejecting portions each -



According to a twelfth aspect of the present invention, a liquid ejecting
met hod using a line head fornmed by a plurality of heads arranged in a
predeterm ned direction is provided. The heads each are fornmed by a
plurality of liquid ejecting portions arranged in parallel in the
predeterm ned direction. The liquid ejecting portions each include a |iquid
cell for containing liquid, at |east one energy generating el enent provided
inthe liquid cell which produces a bubble in response to the supply of
energy, and a nozzle for ejecting theld4quid in the liquid cell by using

t he bubbl e produced by the at | east one energy generating elenent. In the
liquid cell, the energy generating el enents are connected in series to one
anot her, an re aryanged i arallel in. the predetermned direction, and at
| east olr'l%cg‘ﬂl&?%n?-fnw T or %‘?nlr}gu#?ri%o%%anln%%f%gbt%u%&] uantcte‘lieoans'tofori%e ener gy

U0 al D ob S TERe 1 50 oot b Gt Qo | ESEn g DG BRI CL G e
ener 9y GengAling SLATED £ OGN, ofhd SIANSURRLIGH tapach of the

ener gy generating enents is controlled an e directl iquid

o] ect edndi o0 L Ror NOFEdeidg QANLT h£Y. 1 ACOU di i ety aRNLRY aspect of
the present i1nvention, a Tiquid ejecting device having a head including a
pl urali tye Obubb Hli r Sd®Esd NGy PO | DPS| S s@NGRE e RAF AddrRlrd th iy
predetermned direction is provided. The liquid ejecting portions each

i ncl udee Bethéfiti d mel thé OT iG@Id k@i NY théltkrdy dadsta iRy &IRM@BntEENer ating
el ement provided in the liquid cell which produces a bubble in response to
t he suppty edneeetgy,im sorvde t@Oromw eniotiget hend iape dadraridee limqui d cel |
by using the bubble produced by the at | east one energy generating el enent.
I n the pagalbeleln, thdepirde tengmibhededt searioronmBot eldiquideries to one
another and are arranged in parallel in the predeterm ned direction. The
liquid ejectimg device includkes a maim epration conmtraoller witiiadh, by
suppl yi ng equal anounts of currents to all the heating el enents, perforns
cont r ol bgosepRIYine ¢FeRt PRRURE R BCYFHRA Ehet ot COHREt®Sub operati on
controll er which supplies currents, to all the heating elenents in the

i qui d LRETIY FRRSF hRg IS Rt thgll B ferBhe IRt e et ™ hount of the

current flowng in at |east. one, of, the heating elements and the anount of
the curfRREET] 0@ nghTh BroCHA bhet e 1 He Fhat 191 Bl Gmara.e p

control- based on, the -, 2 difference.so that .the ejected liguidis

def | ectse‘gbi %p?ﬁaet%)?nedce?%?%’oln]é%r SRR c|i:eocr11 5\?? hear(:e%poefcfél}eo lal({gllllrdgcti on in
whi ch | iguid. i ' ' rati I i quid

ej ecti n%%?ﬁl%réé%ﬁﬁsg% %ér}gp%%ﬁcg%;a% %]é\l/slcéd)er%{ eloncilgrrrae np E}laljlr?)? y of

bl ocks sprihpt Gsovdscad tde |{owtdi®l asf | it R AN drRsRAGH Vel y bel ong
to the blocks, and the liquid e ecting device includes a dedicated circuit
provi degh éRén€acha@d idewh i to®] @St di OO &k 19RSh t-3ick 1 1C QUM G T Cui t
provi ded for each of the bl ocks which i1s shared by the liquid ejecting
porti ongo bgl oagi Hgcieréhe t ofkow antkbovhbehtd nEl adesraat dirastunearitonof one of
the main operation controller and the sub operation controller and ejects
i qui d éf oth@nenefgy hperhérpt Tth e €bdmergt Porthieandeltondg rg duarddme bl ock.
According to the present invention, when liquid is ejected, one liquid

ej ecti nguppliedntcarnde @f eventeate fgwyaidectimy ammdrdrs liisqui d ej ecting
portion. In the case of such control, at least part of a circuit for

ej ect i ngohtyel Hedreandetipg old xkelt owi ol the omnidigiadtted dirom glheral ity of
liquid ejecting portions. This enables circuit sinplification for the
entire Peagle AczorEPtbed he present invention, by using a plurality of
energy generating elements and a current-mrror circuit to allow a current
to flow int Aweddad &9 dndogitofrsPRe tefdr i1 g OFEEEN NG ERPBREARS SO t hat

t he amounts of . ) ) ) .
a liquid ejecting device having a line head formed by a

plurality of heads arranged in a predetermined direction is

provided. The heads each are formed by a plurality of



- 21 currents flowing in the energy generating elenents differ, a

di fference 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. Mire specifically, it can be changed (shifted
fromperpendicularity with respect to 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 which liquid
ejected froma particular liquid ejegghing portion is delivered, the shift
can be corrected. Moreover, according to the present invention, in the case
of incorporating neans of changing ejected liquid with a head,
sinmplification (downsizing) of the entire circuit_ enables the neans to be
used evehdRdf @l AFHhNE RO hi POR AERANIBRI Hr PESTRETION @ THE DRAW NGS
Fig. 1 is an expl oded Eersgective vi ew, showing a head to which a liquid

ej ecti NBTBEGFRENHREE AL pFEEEAR - | nTRAt 1 BAUTY SPPFFERE B9TiOPA ¢Afd 2B are a

d il i ew, id i how ng. th f h i

dot | o e VP aRaR A S, SO DB e L ERSeT . et

defl ect | f ejected.ink;,Fi 4A B. hs. show i nmul at ed
g1 LRB ) ELFEEPhA%e) Sodie R T LRI I SRl 20, e
o 1k FPabhe b lechecLLgne Lol ok LBty OB sy ol

ooorh POngEELLLRnENLEL ey ERD flifeenieuk pRU Sy s O e
the bubble produced by the at least one energy generating
element. In the liquid cell, the energy generating elements
are connected in series to one another and are arranged in
parallel in the predetermined direction. The liquid
ejecting device includes a main operation controller which,
by supplying equal amounts of currents to the connected
energy generating elements in the liquid cell, performs
control so that the liquid is ejected from the nozzle, and a
sub operation controller 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 liquid ejected from the
nozzle is controlled to change to the predetermined
direction with respect to a direction in which liquid is

ejected by the main operation controller,.



deflection; Fig. 5is a circuit diagramshowing a current-mrror circuit
formed by MOS transistors; Fig. 6 is a circuit diagramshow ng an

ej ection-control circuit in a first enbodi ment of the present invention

whi ch includes a nain operation controller and a sub operation controller
including a current-mrror circuit; Fig. 7 is a plan view show ng the
structure of a line head in the first enbodinent; Fig. 8 is a front view
showi ng directions in which ink droplets are ejected from adjacent heads in
an alternate arrangenent; Fig. 9 is alsehematic plan view showing a state
in which the ejection-control circuit showm in Fig. 6 is nmounted on the
head shown in Fig. 1; Figs. 10A and 10B are a plan view and-si de secti onal

view show n%\ctchoer lrr{gaq:c!)er&net poges%%({[ iir}l%ern%%io%t,o%§' iiplc%rporating a
main operation controller and a sub operation controller
including a current-mirror circuit, for example, in a
digital circuit, the formed integrated-circuit structure
which is suitable for a head is obtained.

According to a fifth aspect of the present invention, 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 is
provided. The liquid ejecting portion or each of the liquid
ejecting portions includes a liquid cell for containing
liquid, at least one energy generating element provided in
the liquid cell which produces a bubble in response to the
supply of energy, and a nozzle for ejecting the liquid in
the liquid cell by using the bubble produced by the at least
one energy generating element. In the liquid cell, the
energy generating elements are connected in series to one
another and are arranged in parallel in the predetermined
direction, and at least one current-mirror circuit is
connected to a junction of the energy generating elements,
and the liquid from the nozzle is controlled 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 the

liquid cell without using the at least one current-mirror



second enbodi nent of the present invention, and correspond to Figs. 2A and
2B concerning the first enbodi nent, - 23 respectively Fig. 11 is a
circuit diagram showi ng an ejection control circuit in the second

enbodi ment, and corresponds to Fig. 6 concerning the first enbodi nent; Fig.
12 is a circuit diagram showi ng another ejection control circuit in the
second enbodi nent, and corresponds to Fig. 6 concerning the first
enbodiment; Fig. 13 is a circuit diagramshowing a sinplified circuit of
the ejection-control circuit show_ip,Fig. 6; Fig. 14 is a circuit diagram
showi ng an exanple of the liquid ejecting device of the present invention
In which a dedicated circuit and a comon circuit are provided,

circuit, performs control so that the liquid is ejected from
the 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 liquid ejected from the nozzle is controlled.
According to a sixth aspect of the present invention, a
liquid ejecting method using a line head formed by a
plurality of heads arranged in a predetermined direction is
provided. The heads each are formed by a plurality of
liquid ejecting portions arranged in parallel in the
predetermined direction. The 1liquid ejecting portions each
include a liquid cell for containing liquid, at least one
energy generating element provided in the liquid cell which
produces a bubble in response to the supply of energy, and a
nozzle for ejecting the liquid in the liquid cell by using
the bubble produced by the at least one energy generating
element. In the liquid cell, the energy generating elements
are connected in series to one another and are arranged in
parallel in the predetermined direction, and at least one
current-mirror circuit is connected to a junction of the
energy generating elements. The liquid from the nozzle is
controlled so as to be ejected in at least two different

directions by using a main operation-control step in which,



Fig. 15 is an illustration of the concepts of 'a dedicated circuit, a
common circuit, and a block; Figs. 16A and 16B are circuit diagrans
illustrating the concept of a current-supply circuit used as a common
circuit in the present invention; Fig. 17 is a circuit diagramshow ng a
specific common circuit; Fig. 18 is a circuit diagram show ng an ejection
control circuit formed by a conbination 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 outpgt -obtai ned when the input of a
defl ection - 24 control switch in the ejection-control circuit in Fig. 6

I s changed and a current output obtained when the inputs of a control

term naj and ROl LIt o ShRNg8 WL COL SO LD FLY- 48 &G &hanged:
energy generating elements in the liquid cell without using
the at least one current-mirror circuit, the liquid is
controlled to be ejected from the 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 liquid ejected from
the nozzle is controlled.

According to a seventh aspect of the present invention,

a liquid ejecting device having a head including a liquid
ejecting portion or a plurality of liquid ejecting portions
arranged in parallel in a predetermined direction is
provided. The liquid ejecting portion or each of the liquid
ejecting portions includes a liquid cell for containing
liquid, at least one energy generating element provided in
the liquid cell which produces a bubble in response to the
supply of energy, and a nozzle for ejecting the liquid in
the liquid cell by using the bubble produced by the at least
one energy generating element. In the liquid cell, the
energy generating elements are connected in series to one
another and are arranged in parallel in the predetermined

direction, and the liquid ejecting device includes a caontrol

unit provided for each of the liquid ejecting portions which



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 |ine
head of the related art; and Figs. 22A and 22B are a sectional view and
pl an view showing printing by the line head shown in Fig. 21. DESCRI PTI ON
OF THE PREFERRED EMBCDI MENTS Enbodi nents of the present invention are
descri bed below with reference to the acconpanying draw ngs. First

Enbodi ment Fig. 1 is an expl oded perspective view showi ng one of heads 11
in an inkjet printer (hereinafter refgrred to as a "printer") in which a
liquid ejecting device of the present invention is used. In Fig. 1, a
nozzl e sheet 17 is bonded to a barrier |ayer 16. The nozzle sheet 17 is
shown, with it separated. In the head 11, a base menber 14 includes a

seni contheteies st Fe Tt i REr TFt e 51 cigicuit sopnesdedngor ési stors 13
(corresponding to energy generating ., - 25 elenents ijn the present

i nvent i BHC P O‘H‘%rf%“%{ﬁif A HINY SRt Ructdd dipetiste PS. The
heating resistors 13 are eJectrically connected to an external_circuit by a

conduct B Hor oL YR SHVWO F o i thé CofFEESTE SondtPlte 15. The
barrier, | ayer %? i s, made of qgghotosensitg¥§é%yclized rubber .resist or an
exposur]erl% rPhg U ET 1 st ,J‘éfh%t]iosr‘fo 5P S IGERG it PPesi st on
the entifefy,of tth’ﬁ syrface of the, féﬂtc%%gﬁt'%r ubstrat & (l3,@n which the
heat i ng"resi stors 3 Gre forhe , and using 6ho ol'I thogr aphy process to

renove S r 1] T t. 47 | P of nozzl es
éﬁg¥§§i§@HéE#%%ééﬂj eme{ﬁﬁﬂ%ﬁéﬁﬁ“&?ﬁgﬁdlan. $hd Ri¥et'dibh

18 therein,~7and 1s Y, ectrof orm ng technol ogy using

ni ckel .o fhgnbozzdes $heptcdda | Srdpnded 0 4 he Raid@layer 16 so that the
positions of the nozzl'es 18 can correspond to the positions of the heating

resistors 13cddt@lings td he RAZHES akPeernoeppasepibeeheat hGgnteshstors 13.

Ink cells 12 (corresponding to liquid cells in tﬁe
a liquid ejecting device having a head including a liquid
ejecting portion or a plurality of liquid ejecting portions
arranged in parallel in a predetermined direction is
provided. The liquid ejecting portion or each of the liquid
ejecting portions includes a liquid cell for containing
liquid, at least one energy generating element provided in
the liquid cell which produces a bubble in response to the
supply of energy, and a nozzle for ejecting the liquid in
the liquid cell by using the bubble produced by the at least
one energy generating element. In the liquid cell, the
energy generating elements are connected in series to one
another and are arranged in parallel in the predetermined
direction, and the liquid ejecting device includes an
ejection deflecting unit 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



present invention) are constituted so as to surround the heating resistors
13 by the substrate nenber 14, the barrier layer 16, and the nozzl e sheet
17. Specifically, the substrate nmenber 14 fornms the bottomwalls of the ink
cells 12, the barrier layer 16 forns the side walls of the ink cells 12,
and the nozzle sheet 17 forns the top walls of the ink cells 12. In this
structure, the ink cells 12 have - 26 regions are connected to ink-flow
pat hs (not shown). The above head 11 nornally 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 cel] 12 correspondin 0 e heating resistor 13 ¢ be ejected from

t he nozé?eaﬁgo%p%og?ﬁﬁe? eE?n£ﬂ€%lﬁ§E§. H]%t é?”ﬁ%%ﬁlﬁﬂF%étﬁﬁﬁgéé | 12 is
filled yeth in | i n.4 k t od A NEG- L he head
11. By a |€%%n§“§9§ﬁ|§§9%%%€£%?'?{gﬁ%éﬁﬁz;ﬁﬁgﬁgﬁ§t e ﬁ%a%{ng ré%ﬁ%tor 13 in
a short b8 ediOfo X20R! &F thd OCerge M r&gﬁﬁ?ggg% thehgatd ng resistor 13 is
rapidIyS%%§§§%. Ag a result, gé%-p ége In bubﬁ?es are proghced in portions
in cont@ghewhifehhendieals Ngi d@8h el A (R @PANY qiy of the ink

bubbl es di sl odges i nk of sonme volune (the ink boils). In this manner, ink

of a vohdfeeeabdl ifothdapr&ietontiad qoigestd fdn idhd P dddod deouchi ng the

nozzle 18 is ejected as ink droplets fromthe nozzle 18, and is delivered
onto theipecpiomgtpepefo. I N this Specification, a portion constituted by
one ink cell 12, the heating resistors 13 disposed in the ink cell 12, and
t he nozzl e IM-dbispiasedd hgregh@senits inefeartied ,t byasoanrdilhkng] bkl ng
portion (liquid ejecting portion)". It may be said that the head 11 is
for red &yoanps ushll cuyreafits nklowin@7in grectging@eponatonsy eRanmen(tisn twhi ch t he
ink cells 12 and the heating resistors 13 are forned on the sem conduct or
subst r adeffisy, o dhef¢reenicd 11 exetudimghhet iy Zteguwiiest fo7 is referred to
as a "head chip". In other words, a head chip to which the nozzle sheet 17
i s bond#eResathed Hedebhas BWekhea PR 98PV et £ 1PMets -ar Ba%§Ed i n t he
width direction of printing paper to forma |ine head as. shown in Fig. 21,
after tPfRe Headgdifergrcey ecgl,r%%ﬁq EIadad 124 Wi ch the nozzl es
the ink cells 12 of each

19 o0 SRS Banesd L oney seracapondl ng,f oyl e T £8P, 12
ligquid, a position to which the liquid is delivered can be
changed.

According to a ninth aspect of the present invention, a
ninth aspect of the present invention, a liquid ejecting
device having a line head formed by a plurality of heads
arranged in a predetermined direction is provided. The
heads each are formed by a plurality of liquid ejecting
portions arranged in parallel in the predetermined direction.
The liquid ejecting portions each include a liquid cell for
containing liquid, at least one energy generating element
provided in the liquid cell which produces a bubble in

response to the supply of energy, and a nozzle for ejecting

the liquid in the liquid cell by using the bubble produced



Figs. 2A and 2B are a detailed plan view and side sectional view show ng
the arrangenent of the heating resistors 13 in the head 11. In the plan
viewin 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 enbodi nent, one
ink cell 12 includes two separate heating resistors 13 arranged in
parallel. The direction in which the heating resistors 13 are arranged is a
direction (the horizontal direction in Figs. 2A and 2B) in which the
nozzles 18 are arranged. In such a-bijgected type in which one heating
resistor 13 is longitudinally separated, each separated heating - 28
resistor 13 has the sane length and a half wi dth. Thus, the resistance of
t he sep%rat%d hea inggresistors 13 is double that of the original heating

resi st oPY1¥hepitcdRASE: PRG ERETIEpIFrACEA ARt FhGTFRE! st bFs™3 in seri es,
t he sepgnape%_heigin% resistors 13 ha¥kn§ tge dogb!erresigtance are
connect éd 9% EFiTds, T86 FREFIVhECPSE Al PEsPAPRREES| 87 F ot REPEST tHAt of the

or | 9i nal. ealing Lesl shotndd AT 8 xaL e SC01 Al ped. phen Lhecipterval

(gap) of®6ac pai r of the arrange eati ng Fesisthbrs IS no% aken into
consi de i W] th t i .0t J e 12 may boil, the
heatingﬁﬁggggfgﬁgh%g ﬁﬁggegggﬁéagég Egesgggkg?n§?%#€£?§aé%véﬁ%un¥ of power

to theminyih%le'lssa_b%%ld%S1?GSEQYF98{)§&QEG@OIshéal?ﬁi&fi§hé'sf dfyej ect the
i nk. When the resistance is small, a current to pass nust De I ncreased.

However ojRyting asiAankhGniehi $haN68e8f athecheRl A E€SESt QIR ddr the ink
can be brought to a boil with a small current. This can al so reduce the

si ze of caricharsicehaeceedt k8 hi k@nkeiopassi BBet BReE4Y I §erd achieving a
reduction in occupied space. By reducing the thickness of the heating

resi st oegedntkheandsiat ahéehcanybasingr ensedur Honweviet r ravh st st der i ng
material selected for the heating resistors 13 and its strength

(dur abi ttot gl lowher euirseat! it Eabwoinito oedtici Aoy hErdrhi thkarepsnofidrhe
heating resistors 13. - 29 Accordingly, by separating the heating

resi st opf13hai eheugyr gdneragingsel hinekhessthehamoent st ncecwirerie heati ng
resistors 13 is increased. Wen one ink cell 12 includes the bisected
heat i ngskepildedr §o18acht of sthenfbArghagenhtating ¢hbemdnies pkoduci ng time)
required for each heating resistor 13 to reach a tenperature for boiling
the i nkcPatsedled pedeghal dipeatirrr ehckhpel i8ehdt BECHEEDI B-G ddifti ng ti mes
of both hea ing resisto&i %3 causes non-perpendicularity of an angle at
whi ch t R8%ZhR 8§ EPBEFRYI®Phus deflecting the ejected ink.

According to a tenth aspect of the present invention, a
liquid ejecting device having a line head formed by a
plurality of heads arranged in a predetermined direction is
provided. The heads each are formed by a plurality of
liquid ejecting portions arranged in parallel in the
predetermined direction. The liquid ejecting portions each
include a liquid cell for containing liquid, at least one
energy generating element provided in the liquid cell which
produces a bubble in response to the supply of energy, and a
nozzle for ejecting the liquid in the liquid cell by using
the bubble produced by the at least one energy generating

element. In the liquid cell, the energy generating elements



Fig. 3is 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 droplet i is ejected, the ink droplet i is ejected wthout being
defl ected, as indicated by the broken line. Conversely, when the direction
in which the ink droplet i is ejected is changed and the angle of ejection
is off fromperpendicularity by 8 (direction Z1 or Z2 in Fig. 3), a
position to which the ink droplet i is delivered is off by (err)L = H X
tan0 where the distance between the plranre of ejection and the surface (a
pl ane on which the ink droplet i is delivered) of printing paper Pis H (H
is constant). - 30 Figs. 4A and 4B are graphs each showi ng the

relationshig bet en di fference,in_bubbl e ﬁroduqin ti_me of %9ch bi sect ed
heat i ngF8steRRFCTS9ah] PRELGRGIR BFC eTReTeh IO (Fhe Urangssiy i

t - Si t 1 - di ti Mmhich i
coTPUL L SLTULEC o6 LRSULEBeL-FRRD 5Bl cENE el TRt han et ch 1o an
which d i i in Fig. 4A) i
it oot s opecPRha GREESETLb Gl LA DRI e 2 Db dR AL D B S ammet)

whi ch tpfo{)@aéaegoweg&ﬁ 8" ARget; qand dhecisl nRatd ;U WHith 1S a
Y-direction indicated by the vertical axis 8y of the graph in Fig. 4B and
whi ch doge1nQbsr §Preegst bhe beFi2Rptm] raxd scofcd e Wi ddd fd.a 4B) is a
direction (a direction in which printing paper is carried) perpendicular to
the X-diug6tion. ofi ghe46nébgR @Eadha Doy elemei i) lahdeas whadrdahy, where
difference in bubble producing tine between the bisected heating resistors
13, thatsisg ahdefhecéhdrmtbréentiresit neh cal bslv as difdeartenee filwwbubbl e
producing time between the bisected heating resistors 13, and an anpount of
def | ect ioho(act tal fyowefisom ethehpun ¢ tieowi f atrloe dreinmpeweneeartdzgl e and a
position to which ink is delivered was set at approximately 2 mm in the
posi ti oalewenhs chthakanguntl ¥ ek eduisenhdiurneikdsa tacdnglfe tidedi r ecti on)

of ejection of ink by the horizontal axis. Fig. 4c al so shows a case in

whi ch, @neRIY hgenarattngrehtmepts hbs heertrel ediatbrheldisaxid o 80 mA, the
defl ection current - 31 was superinposed on one of the heating resistors
13 and thectaR fremefletreozahe Heffettettedweh tremrgdetemimeddif f er ence
in prodgction.of bubbl| es bg t he he tiqg resistors 13 bisected in the

di rect i BhTPATHAR cAPHoY2F eRPRES HFe A TENGEY HEH9%s. 4A and 4B shows, the
angl e of ejgﬁ&gon.of i,nk iSéYH I eQ%k&%!%%ht gd t he aggle Ox (which is a

shift from perpoerﬁjcf‘lnc,%ltaori ny an e\[/)I\}m cif orresponds 6-8%'h Fi g. 3) of

el ect 0y gL L0y | M, {hEq ] 4 CEFL O 4D S 0 LI 1977 25,018 g ArARged

i ncreases in proportio tot e producing-ti

Accordi ngh¥idl By L0t SnGHORE (Bitor Dy WRh A 1Y S f WAlHi% oRRlking DY

provi ding the bl sected heating resistors 13 (trisected héating resistors 13

in a secopdi 6nHOosH FRMGe N £pd Sal A LT Kles Gt e rrdd oS WRRYtRGndi f f er ent
currents to the bisected heating resistors 13, a difference is set in

bubbl e psogusiid@edi MeTIOE 1h@uieadidgrimpisdionldr \Maeshely the direction in
which ink is ejected is changed. Wen the resistances of the bisected
heati nglig@sidt®fecting portions includes a liquid cell for ’
containing liquid, at least one energy generating element
provided in the liquid cell which produces a bubble in
response to the supply of energy, and a nozzle for ejecting
the liquid in the liquid cell by using the bubble produced
by the at least one energy generating element. 1In the

liquid cell, the energy generating elements are connected in

series to one another and are arranged in parallel in the



13 are not equal to each other due to, for exanple, a production error or
the like, the heating resistors 13 have a difference in bubble producing
time. Thus, the angle of ejection of ink is not perpendicular, so that the
position to which the ink is delivered is off fromthe correct position.
However, by supplying different currents to the heating resistors 13 for
controlling the bubble producing - 32 tine of each heating resistor 13
to be equal, the angle of ejection of ink can be set at perpendicularity.
Techni ques for changing the directiopgof ejection of ink include, at first,
changing a direction in which the entire head 11 ejects ink. Referring to
Fig. 22 for exanple, by changing the direction of ink ejected fromthe N-th
head to the right, the, ink can be ejected perpendicularly.to the surface of
or it NP P S hOA iy P e S (BIE GRLESR T UCEaT f r om t he
(N+1)-th. head 1.to the Ief(éj,tthe i nk £an bef eé'heect %derper p%rrlldircq:li%rl y to the
sur f aceSbf CPFF ntf nGOPRPere®. tSet chift St he fabdte FEIRT §588 P Tde

changi n Lrectij Ln i i i j.e r | e particular
nozzl e %%&%égéx%ﬁglg %%ﬁgt%£§£€e€%%%¢l%o d ecj%erpcr%?lgn%g i"%ﬂ froma
particu nozz i o) I | r i0 jecti of ink
fron1th%§%% g? %%z% %%éla,é%gﬂ%ﬁgﬂg%ﬁgg?hgﬁH?{éﬁfﬁgnqégké?ggﬁﬁ5ﬂ&3f i nk

fromt i r y4 e : ed b rallel to
Lholyi v supgelbg b £ tROZEErd g £40L] eeclgmeg’fesﬁoztg'%e?%fggtTﬁ’ifP%, t he

directi @rpéne] hPle@f n&a&@%ﬁ’etr@aémﬁdi dridla@Weg BQkrm@naiEpl e, when
i nk droplétsnar§§%$ected from adj acent nozzxg?.ﬁ aﬁd (ﬁ#l), a position to

whi ch the tektdsppé@tagfechediiramivizzd e dhamMitikeuly Rgickg gefihreat ed, and a
- 33 position to which the ink droplet ejected fromnozzle (N+1) w thout
bei ng deli¢ esdediar s repiesent«d. by delivery position n and delivery
position (n+l), respectively. In this case, the ink droplet can be ejected
from nozzl e A¢amrtdiiong threiang widffltdc tassghemrid odahbepdekentr ddventdehj very
position n, and can be delivered and delivered to delivery position (n+l).
Si mi | arayliqnediekect bpd evethed bes Bj@ect ddirfe draasdoLoiramedNbY) awi t hout bei ng
defl ected and can be delivered to delivery position (n+l), and can be
deflect@huémhlﬁ%l¢©eh%%ﬂ4cﬁ%ﬁﬁﬁgﬁﬁ)ﬂﬁxﬁﬁHﬁqgéﬁﬁrmm@ﬁdeﬂ&ﬁﬁpé}owhéﬁ nozzl e

(N+1) is clogged and unable to )
provideéd. The heads each are formed by a plurality of

liquid ejecting portions arranged in parallel in the
predetermined direction. The liquid ejecting portions each
include a liquid cell for containing liquid, at least one
energy generating element provided in the liquid cell which
produces a bubble in response to the supply of energy, and a
nozzle for ejecting the liquid in thé liquid cell by using
the bubble produced by the at least one energy generating
element. In the liquid cell, the energy generating elements
are connected in series to one another and are arranged in
parallel in the predetermined direction, and at least one
current-mirror circuit is connected to a junction of the
energy generating elements, and by using the at least one

current-mirror circuit to allow a current to flow into or to



eject an ink droplet, the ink droplet nust be unable to be delivered to
delivery position (n+l), so that a stuck dot is formed and the
correspondi ng head 11 is regarded as defective. In such a case, by using
anot her nozzle N or nozzle (N+2), which is adjacent to nozzle (N+1), to

ej ect and deflect an ink droplet, the ink droplet can be delivered to
delivery position (n+l) . Next, neans of controlling (changing) the
direction of ejection of ink is described below. In this enbodinent, the
bi sected heating resistors 13 in thejdnk cell 12 are connected in series to
each other. The head 11 includes a nmain operation controller that controls
the nozzle 18 to eject an ink droplet by supplying - 34 equal currents
to the connected heating resistors 13, and a sub operation controller for
each i nkl@f e6XgEporiuBi Wit G itha GRES It ICERSA RS SLEFERTSri rror
circuit (hereinafter referred to also as a "CMcircuit") connected to a
junct i orPSFAPRAM Hhatd P R s tsPP1ligd f #agdt odnéhsaePed@Yheat i ng
resistors 13 when three or nnore heating resjistors .13 are connected in

Cor! os FSR Gt TR HLon G d SOOI Oy L ABRY LG RIEEEEaAn 03 THE heat i ng
resistg{$%13 throw&&it e currentm.rror, cir %E%lquleading a current from

t he he %f?eﬁﬂ%ﬁors fnugg%r%gﬁﬁfbﬁsofoa curfrent to each heating

resistor 13, rol. the . di ' L.ectio f i om the nozzle 18.
The sub opefﬁ%?%ﬁﬂ%ﬁﬁﬁfbglggl%ggghggeg%P?%gl%§ gggf%%ﬁée%éflection to the
directi | r di i . 41 swhy : : r esi st arranged
wth re%%é%ﬁ%%ﬁt hé; fcilfcﬁ'salcdt)irg néé(')chl\M?’ln(lglr(l"é’jFl g%t 2%%%;[/1 ej’? ﬁleqg%éai%lnq(;)lf):gérﬁgta Flgn

controld g3y A6 SR OPSIALI PR MY e tiBnkhhe raRBedl FBNpbatgfi iggpoONds to
a control” nmeans for controlling the direction of ejéction of ink, or an

ej ecti ofy, defpecdd NGBt didfeAiINiiRY pirlbe idietect rp@ afigejiaction of ink in
the present invention. The current-mrror circuit is briefly described

bel ow. & d&rtind ariddlidadh d@cdmde laustipatidnged 1CEbkerbnfai h@hgCi r Cui t
including MOS transistors. The current-mirror circuit is a portion of the
Circuitliquidb at ndagr dneMandrgyor@neirstdhgpedkeaentl provided in

nmet al - oxi desem conductor (PMOS) transistors Pl and P2. Since the gate and
drai n ofhe heiquizhsisltlowiRAZhape cdopesc tepubblehdngaespohsehsot thasi st or Pl
equal voltages can be constantly applied to the transistors Pl and P2, and
equal ciHRRK ©F |GWIgY t Femoatlehdoreleigetardokhge ldamiidoaduther (NVOS)
transistors N1 and N2 constitute a differential anplifier. The drains of .
the trahsd¥tdreeNI BhdNRGrtd e bkl B8 TPEUCRE BYaiths 6f LRasStr8RSi stors Pl

and P2, respectively. .
enerqgy genergQing element. In the liquid cell, the heating

elements are connected in series to one another and are
arranged in parallel in the predetermined direction. The
liquid ejecting device includes a main operation controller
which, by supplying equal amounts of currents to all the
heating elements, performs control so that the liquid is
ejected from the nozzle, and a sub operation controller
which supplies currents to all the heating elements in the
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



A power supply VGis 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 Pl and P2. In Fig. 5, when input
terminals A-In and B-1n have no inputs, the transistors N1 and N2 are
turned on because the voltage of the power supply VGis applied to them In
this state, a constant current supply Is supplies a current. Thus, based on
the characteristics of the current-mrror circuit, equal currents flowin
the transistors P1 and P2. Wen the flpowi ng current is represented by Is,
ls/2 flows between the transistors P1 and N1 and between the transistors P2
and N2. In this state, no current flows in or out at a termnal CQut. For
exanpl e, en zero vo npu rm A-In, and 5
vorte (B e§e|nﬁﬁu?°t5h?ﬁe% ) RaboR hatiig "Sac o ciRessd B "Bhe S ansi ot or
Nl is e%yal %o a. ba ate oltage Fec usgc%e 0 voIEs f{omg §Qe lcf t he
vol t age 5FdF Srﬂéﬁg ﬁp8F§19E; th o RS ? ?h% FFans?st of
Conver sel, he _g t age at er an a
backgatg égﬁ?a§g %bgﬁs P B |ﬁR£ &Q?ﬂegﬁggégﬁgﬁoggﬂﬁ§og£ CN'gégte of the
BEif

t ransi st S 1:an in of the
tranS|s&gﬁUl§ Eggconngcﬁggtgéﬁgh%§5§% ggolﬁ %E%%gﬁgfgﬁgr%bgﬁﬂ%%d P2. At

this t'q%totge GULReRt oaftB@oeﬁgsgan£hgaraﬁaap§ugplyhésli&@ﬁé in the
transi stor Because ?he constant current “supply Is is connected to the

dlffere@hb@klaqpbbitgbngoaégpbutedeby bBEohansi HOS1 Mk aNLNE. the
Accordingly, the current of the constant current supply Is flows also in

the transigatidr eféctang tbeicbaincladest hcde@icibed ceirenit npré@idedr cuit
cause the current of the constant current supply Is to flow also in the

t ransi stforr BhchHofevke, 1s$gntd thectiagspstoiond, | snd na Gkdmsémt e, no current
flows in the transistor nl. Thus, the current of the constant current
suppl y kdramiithppasédsdt Aroughchheft thasbiooks Pthitlowss ostafednby he
termnal Qut. For exanple, when 5 volts (ON) is input to the termnal A-In
and zer ¢bgoltéqui dFFjersingpnortéonhebebenghay B | dhe thkockanzidtor N2 is
turned off and the transistor Nl is turned - 37 on, conversely to the
above. Wh&Fht RECLEEAS] aEotleADti BaFR CEFOREaPE, LD BaFR cPREFABYRN I n t he
transistor P2, Also, the characteristics of the current-mirror circuit

cause nGOEGFPéﬁFrtGH?IBQFlﬁ“Ph%p?F%B§?§t6?§tFﬁ lepv@RRreI&5 e the current
I S EAE TR MG S A T
NL. the block.
According to the present invention, when liquid is
ejected, one liquid ejecting portion can be prevented from
affecting another liquid ejecting portion. 1In the case of
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 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



Fig. 6 shows an ejection-control circuit 50 including the main operation
controller, and the sub operation controller (ejection deflector) including
the current-mrror circuit. In the ejection-control circuit 50 in Fig. 6, a
portion corresponding to the nain operation controller, and a portion
corresponding to the sub operation controller is surrounded by the chain
doubl e-dashed |ine. At first, elenments and connection states for use in the
ej ectioncontrol circuit 50 are described below. In Fig. 6, resistors Rh-A
and Rh-B are the bisected heating regilstors 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

i ncl udes trang grs ML to eg tran5é§§€ o eﬁt ggl Nﬂ4 MLG,
MLO, and hpT" 9raﬁ5|s?0?% AP THE DT he? ?% RS % are’

t d Nﬂl, ML4
aagnSIS&9E§8rgﬁgé n%LNE% %%%2 ﬁi%@ggzﬁr eﬁ% Cl&g- cucuf’%\é'P pespectively.
The ej e@ﬁéPB%rCQQBéPét?héCé’iéméQténClHél@ércﬁ%lfu(r)§§£'éd WA rQfe Circuits. For

exanple, Inthée current=mrror circuit conposed t he tranS|stors M4 and

M6, theggakerandedrahd @iré8€16ﬁ38§'§ﬁé%té@ B{guf@nngctigd to the gate of
the transistor Mi. Thus, equal voltages are constantly applied to the

transi stehsrdi1aad l\ﬁorangpa&ﬂf),s&aﬁwal iEUEEENS ERdhddOW 4K them The
transistors M3 and Mb function as a differenti al anplifier, that is, a

swi t chi pgok! peEpéndsecadi sy 4cbhngespesenty 4 aslime sRIrdpndtiBAY Or circuit
conposed of the transistors M4 and M. The second switching elenent is used
to use Bhedefleeningi efoctedr Lidhisd} Oa passi @i anrt@nthidh otlgh Tiguidesi stors
Rh-A and Rh-B or to cause a current to flow out fromthe resistors Rh-A and
Rh- B. Pasrdebivéehedt cansbst ohsng®Bdand MLO, ML3 and ML5, and ML8 and M20 are
respectively second switching elenents for the current-mrror circuits
formed by tHehgreferef fide exanmiet orfs W rend sMel shNIE4 dmd aML6, and ML9 and
M21. In the current-mrror circuit conposed of the transistors Mfi and M,
and t hePRetbhanshPt ¢hifly bientdteioched Hyom e R3EhsFekat sLidiithd M, the
drains of the transistors M@ and M3 are connected tq each other, and the

- 39 dPAPREIBY PRECIPANLS s¥BFLVRECAndtvE S bt AR LT @t -

Moreover, according to 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



other. This also applies to the other second switching el ements. The drains
of the transistors M4, MB, MLl4, and ML9 which are parts of the
current-mrror circuits, and the drains of the transistors M3, M, ML3, and
ML8 are connected to the mdpoint of the resistors Rh-A and Rh-B. The
transistors M2, M7, M2, and ML7 are used as constant current supplies for
the current-mrror circuits, and their drains are respectively connected to
t he sources and backgates of the transistors M3, MB, ML3, and ML8. The
transistor ML has a drain connected 2mn series to the resistor Rh-B. It is
turned on when an ejection executing input switch Ais in the state "1"
(ON), and allows a current to flowin the resistors Rh-A and Rh-B. The

output te nlnal f AND at es to X9 are cted to t.he gates of the

Cransi stId o TSR 6 P B R T | nput

type, an e ates X9 are of ree-input ty east one
ter% 4 sa%@f i of T Rl den hitad s

of the ?np ga s connec 0 the
ej ecti e sSW tC ,XNCR gates X10, X12, X14, and X16 each
have ag@’f n%%fl éé?%lén n%gestb & % a deflection-direction switch C, and

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 of heating resistors in a
second embodiment of the present invention, and correspond

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



the other input termnals of the XNOR gates X10, X12, X14, and X16 are
connected to deflection-control swtches J1 to - 40 J3 and a

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

i nk-dropl et ejection between the direction in which the nozzles 18 are
arranged and the opposite direction thereto. Wen the deflection-direction
switch Cis in the state "1" (ON), one input of the XNOR gate X10 is "1"
The defl ection-control switches J1-t@3J3 are used to determ ne an anmount of
defl ection for changing the direction of ink-droplet ejection. For exanple,
when an input termnal J3 is in the state "1" (ON), one input of the XNOR

gate X1Q.l é "{ eIge output term nal of each of the XNOR gates X10,..., X16
i's connected td o input term nal of each of the AND gates X2,..., X8 and
i's connect edg epgh; of 9@% %iéﬁéf - sh&Hmnd %P P ternlnal of
each of the A gggeé g T%ﬁ%t tef%1naF% each of the AND

gat es X8 aRdoX9ci 3 GORNERL %Het Qeesnsl @%b&ﬂméﬁ‘ﬂ' eaﬁ&rwm@gomte@ KA
def | ecti on- anpl |tu8e control termnal Bis used to determne a current for

the trapgigst @ ¢oNRerningMKeUsedsasehbB8ataagtant current supplies for the
current-mrror circuits, and is connected to the gate of each of the

transistors g, .12 M7a &reeit heiapm GHdwihPfamicappropdwitan-vol t age
(VWx) to the deflectlon-anplltude control termnal B supplies a gate-source

vol t agecoM@splt eirhaigatasthé tbeohdassbstidnendl, and, cdlirespoidents flow in
t he - 41 transistors M,..., ML7. Here, the transistors M,..., ML7 have
di f f er edtignudbepscetniingnshet 6isstoamboditmenh; paral l el thereto. Thus, in
Fig. 6, in each ratio indicated by the parenthesized nunber in each of the
transistors Myg. .13 M7 dorcekanplagram ciirowimg fd avigndrichmade transi stor

MB to M2, and a current flows fromthe transistor MB to M.
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 circuit 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-



The source of the transistor ML connected to the resistor Rh-B, and the
sources of the transistors M2,..., ML7 which are used as constant current
supplies for the current-mrror circuits are connected to ground (GND). In
t he above configuration, the parenthesized representation "XN' (N =1, 2,
4, or 50) in each of the transistors ML to M21 represents a parallel state
of elenent. For exanple, the representation "X1" (MZ2,..., MI1) represents
a standard el enent. The representation "X2" (M/,..., ML1l) represents an
el enent equivalent to one in which_t standard el enents are connected in
parallel. In other words, the representation "XN' represents an el enent
equi valent to one in which N elenents are connected in parallel. The
transi stors M, M7, ML2, and ML7 have the representations "X4", "X2", "X1",
and " X1¢onteshesviveh yin Thius, e bgcbphyiont el aporoprt dtre Rigl + #geisacr oss t he
gate and ground of each transistor, their drain currents are in the ratio
of 4:2:g¢hdnged.angd aNgw¥repegrERwy e bpet athen ©ie tiivwwie@f on- cont r ol
circuit 50, at first, the current-mirror circujt conposed of the
transi sEORECRE BAEMMERL oARA tPRL 4 FhRsTSharee M bR Mgk d S 3 svi& chi ng
el ement therefor are described below. The ejection-executing input swtch A
is in tAESstRtRI®d? (ON) when an ink droplet is ejected. In this
enbodi ment, one Qﬁfd 11 is pravided with (64 x 5 =) 32Q nhozzles i8. The 320
nozzl es 18 418 didl ded 4 g Fie AT PN % SR T NG 8T015, 21 es 18,
Fig. 7 éf gfglan vi ew showi n i ne head 20 in, this .enbodinment. The |ine

s

-
head 20 1’%80%?/“%%%}15?‘%9@%% 1he%ops e[%erﬁ gl.nvlerlltnlopna;r allel in the width

that  shoan 508 ¢! 2 P WTcin, UREAERERIER el BRDBEAEE 2% T hae 320

nozzl es, g?géiagg@g_gﬁjparal!el._Each set of 64 nozzles 18 is used as an
ej ection and ink ejection is controlled in units of blocks. In the

exanpl e in Higs 7.2 @0 22e s A8 Al dHi\Wndad viikko ahiavg1Bhogkey I'n this
enbodi ment, when an ink droplet is ejected fromone nozzle 18, the

ej ecti oOshexesytpAnt Y tbPWMHE N né Shed d1ovae i Rig tate "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 croseconds (63/64)
are assigned to a period in which an ink cell 12 having ejected an ink
dr opl et DESCRIPTEON WDF MTHEAKRREFERRED 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 inkjet printe; (hereinafter referred to as a
"printer") in which a liquid ejecting device of the present
invention is used. 1In Fig. 1, a nozzle sheet 17 is bonded
to a barrier layer 16. 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



- 43 wth the ejection-executing input switch A set to be in the state "0"
(OFF) . For exanple, when the ejection-executing input switch Ais in the
state "1", the deflection-anplitude control term nal B has the voltage Vx
(anal og voltage), the deflection-direction switch Cis 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

ej ection-executing input switch A are input to the AND gate X2, and the
output of the AND gate X2 is 1. Hencd the transistor M3 is turned on. \Wen
the output of the XNOR gate is "1", the output of the NOT gate X11 is "0".
Thus, this output "O0" and the state "1" of the ejection-executing input

switch éﬂéﬁ Enﬁ%tt%% E?%f%ﬁ@wgﬁ5%n%§on§ofb??gdtBﬁ BQEpQ r?BCEthAND gate

X3 is " and the tran is turned o Accordi ngly, since the

drains tg{e a1 (AR %u%%tg% exs'isarei‘ﬁ@“ﬂé‘éft?ﬂgt Pe836RoeLNes and the

drain; t he prap5|stors are connected tp each ot her, when the
transi $hQr JYBdrsiida 1N Hoahe c2ed Rrﬁtseahr aaskshal Mbrbaiknp(Fh state, a

current flows fromthé resistor -Ato the transistor M3; but no current
flows k%dﬁw%ﬂb&ayﬁr%&%h NBo#u@hb@nh heoPhEdsbat enef stRecbhanststor Mb. Al so,
when no current flows to the transistor M, no current also flows to the
transi shrstMat@ueast.o t he characteristics of the current - 44 mrror
circuit. Since the transistor M is in ON state, in the above case, anong

t he transi sthesbMBribl, 18Mberabd M5, madeusf eatplovtyséhoinsi e om t he
transistor M3 to M2. When in this state the voltage of the resistor power
suppl y cyicliizeapplubder nee<iwtr ent &1l cawgpogundrecdriagsidatyorSi il maedi M5, and a
current flows in the resistor Rh-A. Since a current can flowin the

t ransi sinok 9B foamedr bantstpakdeyg theouglisheonethst ent Rhepyvandl bhanches of f
to the transistor MB and the resistor Rhn-B. The current passing through the
transi stgfage pdsdbe slerdggnduréorr aubssrateMed @hi ¢hifk theON state, and
is led to ground. The current passing through the resistor Rh-B passes

t hr oughedftd nor &RSiistor st 3 ﬂHPCﬁOF§egn eRdstatB9 and is led to ground.

Thus, the relationship in flowng current between both resistors is (the
cur 1 en®ReF o EDOGI AR, PRACRF > Lpt FEMBYFr BRECFRSCAEYr BRFELBRSRN-B) . I n

ot her words ghgoggigc%nggttbﬁ ﬁgg gﬁé{g%%ﬁg%f?gggggz%fegrﬁﬁuced while the

current is Fpomnng in € eac eat | case in ich the

def | ectipanedi eClic0n SWchfaCple £B; BRaRbaLe clochaseheRdescribed. Next,

a case is déséribedin which t ection-direction swtch Cis in the

state "QRehdldlgy isihle ndekkect | @RedhbeciboBhavtt €0 £5iBo88kqt Gnbave a
different 1nput " (the other switches A and J3 are set to be in the state "1"

sit mt | ardne varherahayer 1¥hes thatrdehkepbk9bidhsesti PReSHbtENe& 18 in the
S 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 cohstituted 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 forms the top walls of the

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



- 45 "0" and the deflection-control switch J3 is in the state "1", the

out put of the XNOR gate X10 is "0". This causes the AND gate X2 to have "0"
and "1" as inputs, so that its output is "0". Thus, the transistor M3 is
turned of f. Wien 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 Mb. During the ON state of the transistor
Mb, a current flows in the transistor M. This and the characteristics of
the current-mrror circuit cause a-cpgrent to flow also in the transistor
MA. 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 flaws in Si s or -B (the current
passi ng”?‘-’n’r?ﬁl%tf”ﬁec%%tteé{ %h lA’chofgso *hat? an@‘r?éfs 0 the transistor
M3 since it s |% gFF St%tﬁé.n Phe curcent ng %hrough t he
tranS|stor % PR S HFS RS $V RA* é |nc Fhe frahdi stor M3 is in
OFF sta The curyent p i thrQ t he t Si into the
transis ESl Agt%escrﬁﬁ' d a oven4£¥as c%%é{qﬁlmﬁic %ﬁl gﬁﬁection

directi V&Aéfl ov%/s}{ Ecrﬂzaer"ncrf] 1%§trees"1]s" C,Itshca‘_d_cur rent e%%%%l %g through the

resi st e resistor e transi st or

MB, V‘h'écﬁmﬁi}x@ ﬁao?r? L \@Hrﬁ!}c;lh%nqeg | BC N RGO a3 el +Grigs 1N the

state "0", not only the current passing through the resi'stor Rh-A,

but al Sﬂaéf’ﬁt&ﬂdrlrﬁrlts RASZUH y Wauah dde df RIStk ME fehewiinit 0 the
resistor Rh-B. As a resul the relatlonshlp between the currents fl ow ng

in bothcgesist %’cﬁrﬂe%p(dﬂﬁr@rﬂ&fﬁhéc lHaaitdighd Tddies tHrsiist @anRieA) < the
current flowng in the resistor Rh-B). The ratio is symetrical in both

cases (diwctsyd tftonC i inbz3Mlat 48 'obpoarichg’ @he iRk seflitli 1@ .t he anmounts of
currents flowng in the resistors Rh-A and Rh-B to differ in the above
manner, a diIfnf ertdece woadshetbet ink bebbl @2piedfi¢ilihgdt wirthbéhlween t he
bi sected heating resistors 13. This can change a direction in which an ink
dr opl etsuppleiesttfathm an ink tank (not shown) joined to the head 11.

By allowing a pulse current to flow through the heating

resistor 13 in a short time, for example, 1 to 3

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

onto 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



Bet ween the cases in which the swtch 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 applies 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 anounts
of the currents flowing in the resistors Rh-A and Rh-B can be finer set.
Specifically, by using the deflectiop-cantrol switch J3, the current
flowwng in the transistors M4 and M6 can be controlled. By using the

defl ection-control switch J2, the current flowng in the transistors M and
ML1 can be - 47 controlled. Also, by using the deflection-control swtch
J1, cur PRAFEIRPORPHRELIPASt he transi stors M4 and ML6 can be controlled. As
descri bed above, drain currents can be sqﬁglied to the transistors M4 and

MB, the trankdistofs? M LFRY WS IhCThES tTarR et e IAEH M6 in the
ratio of 4:2:1. T?greforg, bé using three,bita, nanplg, t he

def | ect FEALBRPFBI LIWPFEnEQ 44 87 35het RENAFPRAPPEAT | AUARFERCE nES) nk dr opl et
R i e o A e O
0, 1) .61, 1{1%%21,[Ch§é]d (1Iglwﬁémy§mg?a§ghgg&tQﬁ‘iéokéa@ﬁﬁf h&d between

t he gates of ransi st or 7 and ground, e anmount s

of the ﬁﬁggf@tghggﬁogg [ aggggedTEgsEhgphgggugi_of defl ection in one step

can be changed w thout changing t rain currents in the transistors in

the rati o ofyga?:d.pAfrLescy i Hedhahey e yrdisi fgh 1 s def 1ard iannd] rection

switch C, the deflection direction can be symetrically changed in position

to the direetion &8 Miﬁhiﬁ@%&?é%!@é t8rar & aihrangedd 48 ihwwhine head 20
in this enbodinent, as in exanple in Fig. 8, the heads 11 are arranged in

the w dthgdi pect hetepf tRei REAAY pPApP&teandrangedl rangeflotNl @ sepeat ed

pattern so that two adjacent heads 11 can oppose each other (one head
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. 2A4,
the position of the nozzle 18 is indicafed by the chain
lines.

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



- 48 11 is disposed with it rotated 180 degrees with respect to another
adj acent head 11). In this case, when a common signal is sent fromthe
defl ection-control switches J1 to J3 to the two adjacent heads 11, the
deflection directions in the two adjacent heads 11 are reversed.
Accordingly, in this enbodi ment, 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 forned by
arranging the heads 11 in the repeatedg pattern, the deflection-direction
switch Cis set to be in the state "0" for heads N, N+2, N+4, etc., in
even- nunber ed positions anong the heads 11, and the deflection-direction

itch Ci th t "1 N+L1, . N+3,  N+S, et
axgrgbythzs PFeE? B aegF§8?ﬁ8ﬂg%ﬂ 338h hgﬁgf FiEhR- | v %eéﬁhéo can be
set to be gg@s%ggt F%g 8 |grg gro t |em1§gg¥gggrs {ectlons |f whi ch i nk
droplets 57 Sjectgg onv Hjace 9 €ads 1l arranged Th t%e repeated

pis e Yty S

respectlvely I On SWi s not provtd

case, ¥F§§E5k88 EQSPBH& E?§19€89§ hNyang P%%tEQ dﬁﬂée§%p£ ﬁ%reCt'O” of

i nk-dro t ejection rom perpendi cularit as F ws, both

heads hﬁ¥§t§H5hr§¥ﬂH€BEbC@b Fl!a(z?ﬁ&' ens etueteCtéenstQﬁéet herdirection of
ejection fromthe head N is changed t direction Z1 and the

di recti epnAbcebactigdsbroaxt thheﬂgtNﬂ]}é eoehangedlgeadéé ect i L2 because
the heads N and N+1 are positioned so that one is disposed which it rotated

180 degtemeswthhtrefetracerigiandt heatihgwereistas 19. t hikiembothaent, by
providing the deflection-direction swtch C, and, for exanple, setting the
def | ect isnedtaéntdonhemi thh Cnterbeli ighhp sfatacHOpaforof hehdead N and
setting the deflection-direction swwtch Cto be in the state "1" for the
head N+drréhgedi hegting oésipeorsoh3f iemohethkad Mtan be changed to
direction Z1 and the direction of ejection fromthe head N+1 can be changed
to di recphehdgZratign.that the direction of ejection can be set to be
constant in the direction in which the nozzles 18 are_arranged. As

described diRRe, by uppryrhati deat iekl igefthectndn csildndls meyr botd (ot her
swi t ches. and changin nly the_input of the deflection-djrection switch C,
the dirEBEi BRETHR efgﬁ B%r?roﬁtTﬁ%th@ﬁdgeﬁie%r?%nﬁ%ﬁpt¥FWQE?repeated
pattern_cap_be |dent£ca£l set hdef #lon angl e correcting switches S
Pd K aPeeCrn APSTRECRE HBFFEeEPoRnEBnt r A Sl s CHEce S5 1§78 n ow th 1 or
chang! ngehbEfLacehLoforl LOKGILAPLE! FLEELOD. uhbt dhlderhd swiich for
use in correc an angle of ejectron o dro [ et |s enbodi ment

two bi t§e¥‘@é€§n£8rﬂét9ﬁaﬂff'QCI:hPPeH@gLG 5955 GbE DO, 5W A GhES S and K ar e

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.



- 50 wused for correction. The ejection-angle correcting swwtch Kis used
to determ ne whether or not correction is perfornmed. The ejection-angle
correcting switch Kis set so that correction is performed when its state
is "1" and correction is not performed when its state is "0". The

defl ection-angle correcting swwtch Sis used to determne in which
direction on the arranged nozzles 18, correction is performed. For exanple,
when the ejection-angle correcting switch Kis in the state "0" (no
correction is perforned), both the_oygputs of the AND gates X8 and X9 are
"Cs" since, anong the three inputs of each of the AND gates X8 and X9, one
input is "0". Thus, the transistors ML8 and M20 are turned off, thus
turning off the transistors M9 and M21. This causes no change in the

current®FPEMRGLY n PheseRRTIEHRE Rhe Aot th-EES iRfershivit t he
ejection-angle correcting swwtch Kis jn the state "1", it is, for exanple,
assunedr?ﬁggl?ﬂelﬂﬁfF%t??%ﬁgﬁngF%eCB??%%Y??EF§%?f@ﬁ5éﬁ@?*?gthe state "0",
and the deflgctiop-direction smétch Cis in the state "0", the output of
the XNFEGAEEC5A6M 7 s 120CTR33% Yt hree is are input to the AND gate X8 and

its output i§ "1". turni the transist S f the input
of “the D g e S AL Sl TS e Mo Bt ot The avo
- 51 . 15,50" 5th ' f i st T qre, the OFF
state o THESPFL o ohE hRoteleR tnaliche BOME Aok PRRLRAMEL (o

M21. Th@ixﬁ@ﬁrﬁﬁéﬁﬂ»ééi £or Oéa%/ﬁgh&%%ﬁ tfé‘éiéh@ér Ci4 ol L &RYPE, nO current to

flowalso int transi st or er, the ON state of the transi stor

ML8 C?‘U‘@Sxﬁ;t)@rgk'ﬁfgnfo{*%J)ll)%(ﬁr\@l%tDﬁk”igp&iz@tt&fbé hey£si stprs Rh-A and
Rh-B into the transistor ML8. Thus, the current in the resistor Rh-B can be

reduceddi hpar&haé HELEHEEn I €8é Shabb Rb-Prodeeidli thiphes dheangl e of ej ection
of ink droplet is corrected and the position to which the ink droplet is

del i vereeda g bee £0¢ t @cé ell3 byaas @ enlen g ent pratd pamlet i iy dfeardiaredtd on i n
whi ch the nozzles 18 are arranged. The above correction is performed in
units odtiwkich 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 droplet 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 ejected is changed

and the angle of ejection is off from perpendicularity by ©

(direction 21 or Z2 in Fig. 3), a position to which the ink

droplet i is delivered is off by
AL = H x tan®
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 (H is constant).



ejecting portions or in units of heads 11. It is common that directions in
which ink droplets are ejected fromthe ink ejecting portions of one head
11 are not physically identical and have sonme error. Normally, the range
of. the error is defined, and when each direction (position to which an ink
droplet is delivered) of ejection of ink droplet is within a predeterm ned
range, the direction is treated normal. However, for exanple, a shift in
the direction in which an ink droplet is ejected fromone ink ejecting
portion is large conpared with the-oB8her ink ejecting portions, the
uniformty of an ink-droplet delivery pitch - 52 deteriorates, appearing
inthe formof a stripe. To correct such a positional shift, correction for
each ink ejecting portion ds perforned (the directi of ejection is

| Fdt el ar 07 EPRC AP SR Bhe

changed) . As U gque ejecting
h Ceristi . . : F1 : ti ¢
R R R B T Y

appear Seasn thesdbi L8 BLLt PEy Brands sopel i npasech StdiPe GohoymdnFig. 22
In such a case, for the entire head 11 having a |large shift" in direction of

ej ectiofr e, dikn@CLhOR ObmShesEtlolmiiBa vl f PLIRL:s Regat duh et i on of
the direction of ink-droplet ejection, after a position to which an ink

dropl etths gedivesedosawiwecwbiai agdxwiikédride pedaeiwsdigiednange by
perform ng effective correction one, the anount of correction does not need

to be changedalniess ® hef cties agtash sin asif 4heant negidiomoefs @joact i on
change with tine. Accordingly, it is necessary to determ ne for which of
t he i nkrepeesémy pioet honszoaft@heakieadoilthe oyraget iion Mgt 479 per faor med, or
for which of the heads 11, correction nmust be perforned, and what anmount of
correctdbrectiomelithe i ditdet taseinfwhichi thegheorirertianistors gt chi ng t he
determ ned correction, the deflection-angle correcting switches S and K may
be tur nede onraaegedr . in nwhiheh cike »Pzpbed ok ke therasmdd @nd ddis on, by
- 53 providing, for exanple, a 2-bit nenory for each ink ejecting portion,
when pr¥ﬁ‘f‘b¥e‘bg%\%? (¥hiepls e, Yodt 2o i ehel pMRA ] P¥%tYed bef or ehand
(l oaded) into each head 11 in prior to the operation _(,printing Egeration)
of ej ecY$REIFHk HFHDI R L 1He HEFAOVE dntfbdi D Rd 9% B9eFoPRed by t he
defl ection-angle correctin jtches S . and K are used..to perfarm
cor r oot TORESTRhEVERE B5HH At EAL I R85 1t i v b F s e nunber of
r n i i ing paper is carried)

MeMOri €83 L& 0860 CPL T EEFLOD: GAN RERELH B PRk

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

bubblg broducing 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 to 80 mA, the deflection current



When the direction of ink-droplet ejection is changed by using the sw tches
J1 to J3, and S and K, the current (deflection current ldef) is represented
by the followi ng expression (1) : ' ldef =J3 x 4 x1Is +J2x 2 x 1Is + J1 X
s + SXKxIS- (4xJ3+2x1J2+J1+SxK) x1Is {1) In the above
expression, +1 or -1 is given to each of the deflection-control swtches
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 K As can
be understood fromthe above expression,- setting of the deflection-control
switches J1 to J3 can set the deflection current to eight levels, and the
defl ection-angl e - 54 correcting swtches S and K are used to perform
correction separat el %ron1the setting of fhe deflection-contral swtches
31 to JHS SO THROIRT | SRIPBR Shr FRAICAHITE RSP our Ao
positive val ues and fcgur Iegeéf ag negative val ues, the direction of

i nk- dr obPet "% et FoheLan " Be SEte6°Che direction in which the nozzles 18
are arranged.and the opposite directiaon thereto. For. exanple, in Fig. 8,
with refer e(r#{qcheerf ottl}eﬁ:ee Ver tT cta medi(ﬁe% e|Lro}er§1,C def ggtofigﬁttl8nt éf left by 8 (the
directi in Fi e d : tion.to the right by 9
(the dik?lg%%ll}%%% \??]e @%geg?gc]é%g{)ée&%g%%?%d;ee%e?vlﬁ Ecéleof 8, nanely, the
amount &hﬁ@éi ton, P@haﬁbkﬁﬁée'is’ Qﬁesgfréw&p Y QRS ¥R Y

changi ng the voltage (used as t gat e-source voltage Vgs of each of the

transi Sigrsndls , Mine - adgpé &hecslelt a6t i onaml i {Ude CimpIndiiyanal B, the
current value of each power supply is changed. Fig. is a plan view

showi ngasad St eahdi dwd:ch(wah 86t | DH-LWHID! BidE WelrpehAian1shawy bhdFi g. 6
are provided in the head 11 in Fig. 1. Each ejection-control circuit 50 is
connectwigi ¢l doordepdndyg tesh siwrsid3 3)n ehcd dottiegr alfedn® Aauithel2, as
shown in Fig. 6. In this manner, each ink ejecting portion is provided with
t he e) edirentiant iwlwiticlhutihe 580z Thes el cdrommoentganl icior@astessAn s nmount ed
on the sem conduct or - 55

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 is delivered is off from the correct

position. However, by supplying different currents to the

heating resistors 13 for controlling the bubble producing



substrate 15 described with reference to Fig. 1. An ejection-control signal
(executing) signal is input fromthe control unit of the printer to each

ej ection control circuit 50 on the sem conductor substrate 15. The

ej ection-control signal controls switching of the switches (the

ej ection-executing input switch A the deflectionanplitude control term nal
- 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 ejggts an ink droplet froma selected ink
ejecting portion in a predeterm ned direction (perpendicularly to printing
paper or in a direction of deflection). In the head 11, main operation
control l ers and sub operation controllers (constituting ejection-control

ci rcui tsim®)of nercli hgating eres M F2BriTite e B pridin FWien®fa plurality
of ink ejecting portions which include the pain operation controllers and
the subtbpetri®fonf coRkrofPebPe S¢t & IRFTRPIF PRIl in an i nk-dropl et
deflection direction (the direction.in ich.the nazzl.es 18 are arranged).
Second Errbodq‘?éﬂ'tl% ,Poar A S ec&f”f“hé’%l%?@ﬁtloinn\?gnti on is
descri bgd bel ow. -_p6_. Al though the fjrst enbodi nent .uses .the bisected
heat i ng“?' s}%?jfl)v‘r‘geifét E%rﬁébo#ga%%%%iArren]tre(cﬁsocnr ?%edv%leq%o heuses

trisected heating.resi 1 Fig .and, 10B. ar e n_yl nd side
sectiona tﬁ%wﬁ% %w‘f%ggﬁ gé%ar ggﬁgenéﬁfégélﬁgafénglgés?gt glrjg f%gﬁ%ﬁlltghe

second @gbeﬁéﬁgg{lg 2nd &9%8%9&9@&tpnfiegfeocrtgé%la%&%hg S\ﬁﬁﬁcme% y. Also

when t hree or separate heating resi 3 are used as in the second

enbodi nept ALEREL T PR Pnphigh Bdee et d NG d S Rt b3 A aieanged s
t he di P%%]ttlc%% i%éﬁfﬂ'cﬁ ?hen%\,g&zzl es 18 are a%)ra]ﬁgéedl(the wiygth direction of

printi nguPAREL) ot VHRINEDEgt PASEr OF, N ® ISERH AL MEAHN GRS s 13 are
used, they are connected In series to one another.

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 techniques 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
barticular nozzle 18, it can be corrected so as to be
parallel to 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+1l), a position to which the ink droplet

ejected from nozzle N without being deflected, and a



In Fig. 10, the trisected heating resistors 13 are referred to as resistors
Rh-A, Rh-B, and Rh-C. In this case, techniques for supplying current to the
heating resistors 13 include the following two techniques. As Fig. 10A
shows, when reference nunerals | to IV each denote an el ectrode connecting
adj acent 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 | and |11 (betvveen the resistors Rh-A and Rh-B) or
to fl ow between the el ectrodes 11 S |V (between the resistors Rh-B and
Rh-C) . - 57 (2) In a second techn %1 the current required for changing
the direction of ink-droplet ejection |s supplied so as to flow across the
el ectrodes | and Il (in the resistor Rh-A) or to flow across the el ectrodes
11 andpddi¢iontbe wiekilstidre RmIC droplety.e ikl tshbvis-can rejzedtd ofN+dont r ol
circuit 50A in which the above first technique is enployed, and corresponds
t o Fi g.wbthmtchostysie hieafattd om-remnessntedd dyi tdeB0 viaryt pe Sfiitdsin

enbodi ment. Differences of Fig. 11 fromFig. 6 are nmainly described bel ow.
A heat img@resistbyeqs pes Forared(bil k hreasnasiistans RATA LIRS Basand Rh-C

whi ch are connected in series to one another. The resistor Rh-Cis

connect’é‘betbmf HereR L th &n the %Jreﬁfs’?dst%owozﬁ'@ dF A idhprt NG ansi st ors

M4, ML4, and I\/&E are connected to the T oi nt of, the resistors Rh-A
and Rh ‘dethected A3 AT (B d5LNER r? I\ﬁ? IWPES @ MPs &€ connect ed
to the md 0|n of the.,resjistars C The cher feat res are

i dent i cBP 1R tHOEE TP E C§6£6(Cﬁt]hve’1ﬁ‘€? stto RN ECS YO8/ ¢t - the

ej ection-cont.ral. ci,rcuiit 5QA.i S de rlbed th.reference to on a
current - rrirpgt C]IBrclLY’t t&‘o 3ok d*s thecfafla#sm 81‘%698% n%zaénd MB. When

t h.e SW 1YA‘ v!r cﬂ.ﬂ; @?f&ftq?ef"l]e" c}:e{cﬂ%rﬁi’“é gﬂ b%sldlse]_I Qre%%[ §:t ate "1", the

switch |S|n esta e swit ate"l" th

out put &Eli&@%§@ﬁ§%£ﬁﬁéh>@éhlﬁ,"éﬁd égﬂk%e 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+1l), to eject and
deflect an ink droplet, the ink droplet 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



- 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 "1", the 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 Mo is
turned off. Therefore, a current flows in the transistor M, but no current
flows in the transistor Mb. No current flowing in the transistor Mo causes
no current to flow also in the transkgtor Mi. In this condition, when the
vol tage of the resistor power supply Vh is applied, no currents flowin the
transistors MA 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, e@eatusnerenpastpngheheonypcted Reattngrrepisioranthesamifato the
Rh-C and the transistor M3. Thus, the currents in the resistors Rh-A Rh-B,
and Rh- €Pha9§efﬁ§l?BIF%QFﬁ@liﬁFafP6n§%?% ipkueiepting mertajon %Qlﬁhent in
Rh-B) > (Current in Rh-C) Wen the deflection-direction switch Cis set to
be in thBCipdes aé"l??ﬁE %F%t%%rB?“Fﬁ%lERPFCﬁéEC%&tB““%ﬁﬁﬂﬁ?%ﬁ% i dentica
to those as descri be above%,"ége outg £"0f th XNOR gate X10 is
"0". ThfS§ 856§ stPhd  ARFYa (o R 1117 lni)%‘i‘%e“h‘ada‘h% PR tate of

h "l ha "o hu
turned B rooRhohea e TRE Shobtt 181 (Ehel SRR Ba b1 st --%P%%%f‘é”r%f;ﬁ[ of
NOT gat "1n "1 d"1"
(theggtg giéFS?ﬁe}%mnﬂ%ﬁ BP%%S"ﬁgpﬁgfﬁuseéggﬁﬁﬁ%égﬁg e tﬁ%ﬁ3|sto?nwﬁ The

ON stat gophelBeqt ANSLELOL BB OHENSnOMLRP LIABSIRION By Afithifigg

transi st or IS also turne ased on aracter

current aMLAEPERE! £5ULRe H@é‘@m& h§e§§§t§£§r1@%fo§¢'tppé% Vi, Sases currents
to flow respectively in the resistor Rh-A, and the transistors M4 and M.

The curgheptopasstpgithepupBadhegr £sést PénfRNEFoh| NG HeH©idde resistor Rh-B.
The current passing through the transistor Md flows into the resistor Rh-B.

All therésisedtspassi tges heonghol hef reststoenRhtB dd@shddding he resi stor
Rh-C without flowing into the transistor M3 (since the transistor M3 is in
OFF st ateyisAceoldi hgl yonthel cuhne edi sedtDow NGt | & ¢dreioress Stiorks Romd, Rh- B
and Rh-C have the follow ng rel ationship:
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



(Current in Rh-A) < (Current in Rh-B) - (Current in Rh-C) Also, in the

ej ection-control circuit 50Ain Fig. 11, - 60 Also, in the

ej ection-control circuit 50Ain Fig. 11, simlarly to the first enbodi nent
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
flowwng in the resistors Rh-A, Rh-B, and Rh-C can be perforned. By turning
on/off the switches S and K so that the currents flowing in the resistors
Rh-A, Rh-B, and Rh-C, the angle of _egection can be corrected simlarly to
the first enbodlnent Fig. 12 shows an ejection-control circuit 50B using

t he above (2) second technique in the second enbodi nent, and corresponds to
Fig. 6 showing the first enbodinent. In Fig. 12, the drains of the

transi siorEign, SMehiphoconails i 90 fir p-clonmeel etk tal tdridgdpoi nt of the
resistors Rh-B and Rh-C. The drains of the transistors M3, MB, M3, and M8
are conpediedndpctps ﬁ?ﬂ%@intréﬁsiﬁéoﬁés?%t%ﬁ% $3r/\$ﬂﬁpﬁ%iﬂ? gt ot her
connections are identical to those in . In Fig. t he
ejectloﬂnéoﬁFﬁbp EfrEU?ttBGEﬁiétﬂésﬁ?lﬁéﬁ %@%Qﬁf%ﬁQPFQEﬁQQéﬁﬁéadﬁiy to a
current-mrror circuit g ngosef of the transistors and Ms. Wen
the swiFR® BF?ESFﬁt?ﬁeP t atguéd "VO}F%g%ﬁA?%% ??l%?%ﬁtﬂﬁF ¥nﬁﬂﬁﬁ}%ﬂﬂtage)
the swifch C |§ in sta%f 1& 3 ge SW fch J3 is Uﬂ_the state "1",

t he out pfit tBf ﬁénﬁ 53 B>aRdi B2 v 1209 @@ L { I DU O hind the state
"1" of Lhe €. . " switch A are input to the AND gate X2, so that its

out put FgeMn ThIS turns on the transistor M.

N-channel metal-oxide-semiconductor (NMOS) transistors
N1l and N2 constitute a differential amplifier. The drains
of the transistors N1 and N2 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 terminals 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. In this
state, a constant current supply Is supplies a current.
Thus, based on the characteristics of the current-mirror
circuit, equal currents flow in the transistors Pl and 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



Wien the output of the XNOR gate 10 is "1", the output of the NOT gate X11
is "0". Accordingly, this output "0" and the state "1" of the swtch A are
input to the AND gate X3, so that its output is "0", thus turning off the
transi stor Mb. Therefore, a current flows in the transistor M3, but no
current flows in the transistor M. While no current is flowmng in the
transistor Mo, no current flows also in the transistor M6. The
characteristics of the current-mrror circuit causes no current to fl ow
also in the transistor MA. In this-ceadition, when the voltage of the

resi stor power supply Vh is applied, no currents flowin the transistors M4
and M6, and a current flows in the resistor Rh-A The current passing

t hrough_t he, resi stor Rh- gran hes(ﬂbg to the resistor Rh-B and t he
transisF%?mk%afsgﬁﬁ%'tﬁ%gt ah3t & of 1% %WP%ﬁu%ﬂeﬁnﬁ.teﬁmiqfarF%ht passi ng
t hrough_t he_r esi st or -Bflo in the resist Rh-C. The OFF state of the
LransiobBr KRS CAEE8sY Ab-adr r&ht 1D 110 15 6 tHo 11 SR 3P e to the

1 - H | . . . Rh_ A,
R, an Rt L S b T e AL Ml S
(Curtengo B8 end AP ab N my62 wlier ddie il Loh C s i the

state "0 states of the swtches A, B, and J3 are identical to those

descri bed, aboyedr fihe %@Mr%1§,het9®?%@@t&1&1a0;é %f &he This causes the
inputs of the AND gate X2 to be "0" and "1", respectively (the switch Ais

in the siah€isdor N30ié hgtedtsr OHMIta iBackyatel RSl tddee toransi stor M3 is
turned off. The output "0" of the XNOR gate X10 causes the output of the
NOT gateuidind cobethd"trdisibstdheNna nputise AN tdatA\NB Qathe X3 are "1" and "1"
(the switch Ais in the state "1") thus turning on the transistor Mc. The
ON st aterafisidieot renstsios &b the nsras ity @Ailsigid P2 Mbecand e e
characteristics of the current-mrror circuit also turns on the transistor
M4. Accdraimgdf, theet rauss ¢ oor pidvers suppigectidd daudds gatresntos tthef | ow i n
the resistor Rh-A, and the transistors Md and M. The current passing

t hr oughtxdwes re¢ss of 1 RIRA Bdes not flow in the transistor M3, but all flows
into the resistors Rn-B and Rh-C. The current passing through the

transi stor N fitois GipahdheGuirantReicththeoggtrBht SUFFS®RENg in t he

resistors -A, Rh-B, and Rh-C have the follow ng relationship: (Current in
Rho ) SURBIY oht TIOHR-E) T G Ante (4T A dEcatse THE constaht

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
transisfor N1l 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 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



- 63 Also, in the ejection-control circuit 50Bin Fig. 12, simlarly to
the ejection-control circuit 50A in Fig. 11, in addition to turning on/off
the switch J3, by turning on/off the switches J1 and J2, the currents
flowing 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.
When the ejection-control circuit 50A in Fig. 11 and the ejection-control
circuit 50B in Fig. 12 are provided i3 the head 11, either circuit are
nmounted for each ink ejecting portion. The ejection-control circuits~50,
50A, and SOB 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 anal og value, a
directi 8Ri RORKPERSAN EAKTBROoPPRYSts delivered can be changed. (2) As shown
in Fig. 9, each circujt is,suit%ﬁie,for t he head 11, whose basic structure
is an integr®ey ¢ cLFINSHHRE iNe b B R etrddtSed % Ydigit al circuit.
(3) It ii difticgbt or _eac ciéguit to be %ff cted di st urbance such as
a chang&lPHSvalt 588 SFABRThRTcPfcui fLE8nt FBFsCRARRGRNOTHITHFS Qb rent .
Accordingly, in the head 11.when it _enploys a thernal er g, t hod

(ther mal ey ey b S a P EPec it an: SeRaRe e frodt bt R PR (e T o

ensur ed s 4),,Eac j it o] d igital . circui tions
Plst bersrastRiopkntt Friohbyell [ ) AgOtE QY 0 OFl ol "CdelY o
per f or m.gt-ahhe gga%&gl TW EDOWE DRI pHeatierbedibY R THCEEASEHE N Tts
tenperature, etc. (5) In general, PMOS transistors are inferior in

wi t hst apdovgl taderandtREr £8Phisharacter taki 68rr&PVeFBSws theL PME _
transistors are sinply used for current-mrror circuits as in each circuit,
and a vehtageankidtdVYhnor less is always applied to each PMOS transi stor
since it is positioned between the junction of the resistors Rh-A and Rh-B,
and the resiBig@r @osweswsufpleddtidceasih gl Voiddig tPMOS itmdAnsiisigor s can be
used wi t hout problens. Al though one enbodi nent of ~the present invention has
been desbei bhedn bherptésentontvebhieon asdnbhel subtapetatide above

enbodi nent, but can be variously nodified as follows: (1) In the above
enbodi meantrohles Weischienudefleorodef frctidingobhe ctuiwempr-ovindiony t he
defl ection-control switches J1 to J3. However, the nunber of

def | ect FéREBALr ol IBWEhEhesersiarnreREF9L Fireditrd? t¥urfig. det é mined how
many. defl ection-control switches are grovided, and it is arbitrarjly

det er mi REILABH AARYCHPPRALPE HReBNf ofa 4Bf PREIF BHPR TR 01O I 50,20% t he

above enbodi nent, two bits . are ed for correctjon of the angle of ejection
oo ok B BaF BEohy chF Borbrig ThEr FacthontuforeS it Pl i i T as™s ohack

However o bl obRaBaPhY " Bht! ¥ndeh eaBhned- AW 08 NY; def ! &gt 1o o ¢,
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, M11, M1l4,
Ml6, M19, and M21 are PMOS transistors, and the other

transistors are NMOS transistors. Pairs of the transistors



- 65 angle correcting swtches are provided, and it is arbitrarily

determ ned how many bits are used for the correction. (2) In the above
enbodi ment, the transistors M2, M/, 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 values. Regarding transistors used as
constant 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, regagding the transistor ML7 for
correcting the angle of ejection, any nunber of transistors M7 may be
provi ded in accordance with the nunber~of deflection-angle correcting
switches S. en a plurali of . defl ectjon-angle correcting switches S are
provi deld? ?ﬂggMaav%Qaﬂngr%i¥ra¥§ r &t d”% - BT Mg t%éll n the above
enbodi nment j ection-executi h Ais used to allow a

t N t it
currentC?BSngﬁfgncgﬁﬁﬁnﬁﬁTfﬁﬁ?r2??%%&55??g%?%b%ﬁ W Y% tiTHE (a period of

1.5 i0ts).in.which ink is ejected.,However, the current supply time is not
Iinitedg?%cFﬁenp%?P ﬁ?ibﬁ%£?%5€ca9réﬁ ¥%$??oro%ﬁr%ﬁﬁﬁeqﬁéf%ﬁgxgbntroIIed SO

that a gygégg£scan al ways flow therein. For exanple, it is preferable in
poi nt such as power consunption that, the current be allowed to flowin a
peri od Tn Wiah AL@lfe! 118 GRIMEANG dri GlME0.0% 11283 boboh Ber ! od, o
ina - 66 perloéﬁ%n Which the eafﬁhgj?esisngsulg as %ﬁergy generating

el ement gnar erauPpht66s Wk Nagaengy £RE bdouighgiectipnorepart of the
period. Here, the "part of the period" may be the difference in heat val ue

in a predeheistoeduti HecatbRhedtbhvabi @ReOhathecirNknej eehhBgseermpad since
it is sinply required that the bisected heating resistors 13 have a

di ff er emrés| nefieal valv&gedhibei SohetantSEy idppBidWttalwmys required that a
difference in heat value be produced in the entirety of the period in which
t he i nktepaest shgrsortraadd 86 gi ¥ed. a hes @bayes emhodtererd dwas fllesn idescri bed
with the heating resistors 13 as an exanple. However, the exanple is not

i mtedth@mreto, but any type of energy generating elenents for generating
energy for liquid ejection may be used. In the above enbodi nent, the line
head 20 for Tt tranmistigetMpbrand ¢° iingdd@massan eidpirentépldescri pti on.
The present invention can be applied to.a serial printer in which the head
11 i s udBalifiarsi Hypk 4hit2 FHItEeiRGselerheldRoand BWHEchifighgl e unit,

.t he deflgction-d%rection switch Cis unnecessary. The present invention can

a

be appl ¥ ﬁm?%Fb ?BuEh?y%%§r%ﬁtTT%ﬁﬁ?Feﬁ%ﬁﬁ?%@_ _ W s bei ng
L o0 S BLLILE Sy b RTP! e LB B15 58N B o o e 2 00 €0
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 M20 are respectively second switching elements for
the current-mirror circuits formed by the pairs of the
transistors M9 and M11l, M14 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



- 67 Dbiological 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 description. However, the
present invention can be applied to a liquid ejecting device provided with
a single ink ejecting portion (liquid ejecting portion). Third Enbodi nent
The present Inventors actually nmade a head having a resolution of 300 dp

in which an actual head is provided with the above-described circuits. As a
result, the present Inventors have_fqynd that a large area is required by a
circuit for each nozzle which deflectS ejected ink since the circuit is
conpl ex. Accordingly, by further inproving the above technology to achieve
sinplification (downsizing) of the entire circuit, the present |Inventors
have crdagédst hé thehtohogysappbi ¥8 enénMb oaheadenpeGied o readt uti on of
600 dpi or greater. A third enbodi mrent of the present invention is

descri beth@rth FBierahée eBPLhesageoRrPaNFhGr dbeeRPysSwWikchirg description
of the third enbodi nent, operations and arrangenents identical to those in
the firsle®RAB&Ei nent are omtted, and onIy portions characteristic in the
third enbodi nent are descri bed. - The ejection-control circuit 50 (in
Fig. 6) descFir®edrd tns h%ffW%tt’é‘?l%%b‘ﬁf%‘?‘ﬁ Mibrs M3hve M1 4 &\M%@'lla)dvant ages: (1)

By usin tch to control, a val ue, a

& oot 1 8neh rbonakhlihe’ Bhaopireptt a‘BHE‘éFe‘a“é%‘hl‘b%n L Yy e

circuitd% SUIt?b%Ee ;akge gead %} 1§a5|qd§&{gct%ge H? aq;(ptegrated
circui t SSPAEE Pt can belitégPated’ n a g|taT citeui s (%ﬁ

difficuky faL ﬁagpﬁghEpgktt g b %gf%eghbx 9%§ kﬁtgwme such as a change

in vol tage since e Circui con he anoun current. Accordlngly,

in the head tilljr?"‘@?é‘néisf?é’@é P> 3M"F hagml anenay 'H%Ié"g%e(cf %}%r type) and a

large current flows 1n it, stable operation is ensur Each circuit is
formed ByndightakbugkERy guafaubenﬁokugﬁeb@&@f@nmﬁlﬂmlcﬁagﬁtg or ink

droplet ejection. The circuit can perform stable control w thout being
af f ect ednby t8BikN@E8AHE hPel t8shBAREVALYI €on®é€ted to the sources
and backgates of the transistors M3, M8, M13, and M18.

The transistor M1 has 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 deflection-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



(5) I'n general, PMOS transistors are inferior in withstand voltage and
current characteristics. However, the PMOS transistors are sinply used for
current-mrror circuits as in each circuit, 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. Accordingly, the PMOS transistors can be used w thout problens. - 69
When the above ejection-control circuit 50 was provided in a head 11 having
a resolution of 300 dpi (an interval4between nozzles 18 of 84.6 Vim, no
probl em particularly arose. However, in this enbodi nent, when a head 11
havi ng a resolution of 600 dpi (an interval between nozzles 18 of 42.3 Vim
was proyj ded, wit he .above ejectiqn-c rol_ . ci.rguidt i . chip size
al nmost 3e/jquaarfd t0 ({]%E_a]te%tﬁi()tqhean lsee dé)f%ae G etsn(%o uS_twi(ié:r?_%o]‘s ’3%%5_3%(:,%1? %29
e!eCt!On'COQ%EOEF%ﬁr%%ﬁ%n?giqggtﬁgnbgwEQEﬁ.%'gglhgb?dtﬁFggitgﬁ.ﬁﬂgms a
sinplified exanple (ejection-control circuit A) of the ejection-control
circul tanfds 8 Gor Gnld NN, (& AliA! RAVRA ftfle dilkBllioa0skn FI g 6

i ncludes four current-mrror circuits, the ejection-control circuit 50A in
Fig. 13HN0l udes YN & SIPU R GHYRfedNddOtHe bpds iteorneeedigh
transistors M3l and M32), whereby sinplification of the entire circuit

st ruct ufge kSt AChivad. tHd ddva daUio e iIE P s t&h @UiilS inn thieg. 6, the

transistors MAd and Mo are represented by "X4", the transistors M@ and MLl
are repesent et byoN)X2"andarnithgdie dff airsd ANORS g4 1@ N6 *amd t he
transistors ML9 and M21 are represented by "X1", in the ejection-control

circuit 50AThe MefletdioteviontsolepweseheedIbytbX83 are used ts the

transi stors M31 and M32 so as to have capacitance equal to those of all the
above tdetrsimsinr san mndun tejet tdeml-agritarolfogi h@ingi5@ the- digecWien " X8"
devices are used as the transistors M3l and M32, they have |large size. In

t he cagef dinkiidpusiely aierision or Fdm examinleui Wwhedi gimt 1WPtitng terninal s are
needed for each transistor since it has a drain, a source, etc.

Accor di tRyingbrbhried i thee dese ofl "di PBsi g enamputs &isitdeoX¥ORnd | eadi ng
eight wires fromeach transistor, the case of | eading eight wires froma

si ngl e 93EMTEY oS grieat |y reduces the required area for the entirety, even

if the t j. st itself is | . Th f i i ngl
L he Uransh el Gr el s L e DO S1010, BUpROLLER Ragol e
(e, etk £ LGS LY CE, S ot Rehor R L one

dedi catok & Lyl { Andp SO Shided fyf WatreBAONOTOBa e descr bed

bel ow. I rst’” the reason that entire circuit can be divided into the

dedi catyedh ci r cuit;and tdike GRIPTRN drinfdiadl o deer idredn\VigD aatkrk dropl et
has been ejected froman ink

X3,..., X9. 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 application of an

appropriate voltage (Vx) to the deflection-amplitude control

terminal B supplies a gate-source voltage (Vgs) to the gates

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



ej ecting portion, the ejection loses ink in the ink cell 12. Accordingly,
in order to fill 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 fromthe periphery. The period
required for filling the ink cell 12 with - 71 ink is called a refil
period and is set to be approximately 1/300000 to 1/10000 seconds
(approximately 30 to 100 tines the ejection period). Accordingly, it is

i npossi ble for each ink ejecting pgr%&og to perform consecutive ejection of
ink droplets. Even if a plurality of ink ejecting portions 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
struct uteanaishoch, Mdhen. ealdh7i nkHere| tRei srauppsieds M4 h. i nk,Mlthe ink is
supplied froman ink path which is common to ink ejecting portions, if

ej ecti ohave fhkferentanuebensnof nkrepetstags pe?riefitent obudexsral Ishenomenon
in which, in the ink path, ink noves to enter the ink cell 12, the
phenomefiBATEEOt r afBHFL t €8 FdIt he. i hR eafh 1othe pdifrred drY difkting
portion in the formof waves, Thus, an adverse effect on the ink cell 12 of

an ink @FéSPFHSSbB?QiBHmRﬁFcﬁni%aﬁhj%Eeﬁ?etBr??Eﬁ??ﬁF%ﬂ¥%%ing'55#&40n
havi jected t ink d | et be | d. Thj t ificall
nopears THE SXEHANGe CrGHFEB0E) EEARP | HEPD FROCF SIS TRESK 1 o Mo nozzi e 18,
Wh th i f f th i f,e] i ink d l et f
anot her SPAK=GFEFFRG  BOPEFofromn bRatEaBe St g hn [nk ef ecting
portion frorq.rg){e%é'lpg &l Oelcthpeg POLLL A0 1 Ny BIS8CId e %gCQ%%ge in size of

r o a

the ejected 1I'n opl et due change i n neni scus. nsequently, the

effect 90ReRLS, a8y3p, and2enENaBERLD JPL LRl ZerallAlidss iy egularity in

. an .
picture quality. ?o avol is probl'em adjacent ink ejecting portions are

prevent pd,f pam-Rebpe QResahsdcshoubhane@rsbyt osupph ide £&F idhe peri od.
Accordingly, in the case of providing a comon circuit for a plurality of

i nk ej eehirPEnPORLoAs €9RERCULT ¥ebycahnapoed td pesahd elonmnd
time-divisionally using the comon circuit, no problemparticularly arises.

Therefore, imnttiee pesSeNt cdifaqit oLt ol hetipd Waldritheafizaak ej ecting portions
arranged in parallel are divided into a plurality of blocks, and sone ink
ej ecti ngeporteohataoe 48N giEd=t b, b2| ohg ¢o BAChiblexdh dedileated circuits
are provided for the ink ejecting portions, and a conmon circuit ~is
provide@rﬁgsiegghstéckp M21 represents a parallel state of element.

For example, the representation "X1" (M12,..., M21)

represents a standard element. The representation "X2"

(M7,..., Mll) represents an element equivalent to one in

which two standard elements are connected in parallel. 1In

other words, the representation "XN" represents an element

equivalent 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.



The common circuit is shared by all the ink ejecting portions belonging to
the block. It includes at |east part of the nmain operation controller or
the sub operation controller, and is used to eject an ink droplet from any
one of the ink ejecting portions belonging to the block. Fig. 14 is a
circuit diagramshow 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 dedi cated
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 - 73 common circuit, the nunber of conmon
circuits mhhg@(is reqyuiﬁg féH the a ov§1kﬂ$t$jectin .%prtions

. ext . re operatil ejection-control . .
consecutively arTané%dfln arat |8 may e one. 1 RIC S Cexanpl éC a circuit

for 5“p8£¥%99t356“r5@”%&&2'flggoé‘gr%‘.ﬂ{—cxﬁ‘i £ SIERNY; v dssed‘%%essgry

for the sub operafion contr I's used as the common circuit. I'n Fi 14,

resi st ogfe Rz A ands s Bug 0l b A0 SEAL MR ddlanti£alnd g hose shoun

in Fig. 13. Acurrentmrror circuit conpo transistors M3l and MB2 i s

identicgbef0a5Nat sRNPUNIAG El Bmed8: tdfe SV tLh N Ll amRY e3@kpnd switching
el enment) of this current-mrror circuit only consists of transistors M3

and M34. | n mides &t fdsn-&:8bu SREP Nhp tsGhitkd @l eReRLS tAke skakepr ovi ded as
in Fig. 13, and only one second switching elenent is provided. In Fig. 13,

the tranmgi'sf{ony WBeAndnMbnar arbppeesest edebyedX4" Int BRikr anbbatAestMB and
MLO are represented by "X2", and the transistors M3 and ML5 and the

recei vednsi gaatl M 8isndrditdded ewt elpr e6ent el Hy 32X hoAdwiscas .r emhesent ed by
"X8" are used as the transistors M33 and M34 so as to have current

capaci t aBGeneguhést b8t ane diviadddt hetabbires teperstiistronsl daksFigpchl3. The
source and backgate of the transistor ML are connected to ground. The

sour cesha¥inget ¢ rapsibesr 58 B3 and M34 are connected to the common circuit
(current suep]y), and their backgates are connected to ground. NOR gates
X21, - 74 F3@2 7 gl 2B athietwhrdawedse et ilidley heganéet é8 thishe gates of
the transistors ML, M3, and M34, and the input termnals thereof are
descri b88PPaiBent; n The tige %?a%r%@i%ﬁrEF%P?Qnﬁﬁn??ﬁqqﬂﬁqq Y i ncreasi ng

he nungerss! ihrkig) °PL R POLEL 1S4 DugRe, PPl S, Ly comon ol reurt
ope! atigp; OF s A9CpLBLAl Ofndey] Ce3 M. E0 S¥F S fOMEH L] 1 N CTIRY 3Nd Whi ch

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) during 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 period in which an

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



not in operation, and an increased nunber of wires, the space cannot be
saved as expected. Secondly, an increased nunber of ink ejecting portions
in one conmon circuit reduces the nunber of ink ejecting portions capable
of perform ng simnultaneous ejection, thus |owering printing speed.

Accordi ngly, an appropriate nunber of blocks which is suitable for the
object of the liquid ejecting device nust be determ ned. The upper |imt of
t he nunber of ink ejecting portions in one conmon circuit is represented by
(the number of all the ink ejecting pgrtions in the head 11)/(ink ejecting
portions controlled to perform sinultaneous ej ection) . Fig. 15 shows the
concepts of dedicated circuits, a common circuit, and bl ocks. Although, in
the exanple in Fig. 15, four consecutive ink ejectlng portions are treated
as a blBtklr the ﬁm%’é?ﬂo?ﬂfei‘%%u*é}%ﬂwtbo?‘ﬁ% A ponddiksckn Shgrbitrary,
as described ab - 75 As shown in Fig. 15, the four dedicated
circui t8take | QOVKQEE)Mﬁth one common CIrCUIt As shown in Fig. 14, the
conmon CIrCUIt is used as current, su C|rcu|t i,ncl udin

a
current- SLunﬁ%Feﬁ¥ﬁﬁﬁﬁ3 f%ﬂleﬁ?%I%%%ﬁ t3IRg &QE“taﬁHgtghcénnected

t 11 the.d ted f h head, 11 t (f
cgn?rol??ﬁbns %Cgﬁg?F%;§ oﬁm%p$%£ﬁ??ﬁiﬁ$%%@ﬁ}iﬁﬁﬂﬁn? a'Ert'plr'fglls(p?(r)vided

and est blishe go nec% on b mp cks strlb Les signals, and
control %?bﬂ%f guft h% v% ag%b ??\ %%nﬁb <ﬁe) lﬁ in this

nbod I | f
crbod! RO o DIk LSy LORULL LR AT 00,2 il enlesuanly LETRIL for |
16A anddéﬁﬁeébwhu;&nepafe@h@éhti@ fyrmnéhe%%a@ GiyncUidhd QJupRG the

common circuit In this embodinent. I'n Figs. 16A and 16B, an output current

froma gerEg8txRURPEYteNiNv 1, Fhus, )twd) Aifanged dny aneol tage Vx
(corresponding to the voltage Vgs applled to the gates of the transistors

M2, ..., sMte appl bedthe epsbtorasts@ltimy nidialt (Kardaspordiendnpatt he
defl ection-anplitude control termnal Bin Fig. 6). A change in the voltage

VX propesttheahlNy gheages, timed oth@uu it 6ot . tHUAND et & ilsn if.rom t he
n-th current supply I~ is represented by In =m"' f (W) - 76
Hence, the transistor M3 is turned on.

When the output of the XNOR gate is "1", the output of
the NOT gate X11 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 drains of the
transistors M6 and M5 are connected to each other, when the
transistor M3 is in ON state and the transistor M5 is in OFF
state, a current flows from the resistor Rh-A to the
transistor M3, but no current flows to the transistor M6 due
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-



(2) where mrepresents a coefficient. Wien current supply In can be
switched on/off by an input to each control termnal D, expression (2) can
be represented by In =D m f (W) (3) where Dis "1" (conduction) or "O"

(non-conducti on).
current

t ot al

+Dnl1'" m1l1+. .. +DL nm) f (W (4) where m represents a
coefficient, and Dn is "1" or "0". Accordingly, by using the commn circuit

represented by expression (4) and Ln
termnal D, current |IMcan be changed. In addition, by changing Vx which
controls f(Vx) of each current supply In,
current while naintaining an effect

t ot al

mirror circuit. Since the transistor M2 is in ON state, in
the above case, among the tranéistors M3, M4, M5, and M6, a
current only flows from the transistor M3 to M2.

When in this state the voltage of the resistor power
supply Vh is applied, no current flows in the transistors 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 "1" 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 C is set to
have a different input (the other switches A and J3 are set
to be in the state "1" similarly to the above).

When the deflection—-direction switch C is in the state

When n current supplies In are connected in parallel,
IMof the current supplies Inis represented by IM= (Dn mn

ytting "1" or "0" to each contro

t he

arbitrary scaling (changing the
in percent on the entirety to be



_ 77 _ simlar when controlling current by changing Dn) of |IMcan be
performed. In the case of enabling the common circuit shown in Figs.|6A 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
configuration and reduces devices for use. Wen expression (4) is weighted
by using the binary.system the result can be represented by IM= (2" ' Dn
+2n-1" Dn_ 1+ . . . +2 D2 + D1L 45 (VX)) (5) Fig. 17 shows a specific
common circuit obtained when n - 3 in expression (5). In Fig. 17, a control
termnal Z corresponds to the control termnal Zin Figs. 16A and 16B
(which carresponds to a first control termpal__in the present invention),

and cont Pol a8y fihgalde B citd o coBtredpsHd 18 Re *ontr diher StditFal'd 'on in
Fi . 16A d 16B ich d trol t inals in th
St AR BRAD) LD BRERCRBIS B, TS TR o ERLS cA SIS A
I t ' th ot +0f, t- I I ts. Specificall
the. our PBRE. SapbPy "8l 8ncit s 8o For A By to: 58  tBBREet | WY h b al 1 o1
(1) a cuprent zgu p'¥h?'%§§ﬂ%i§@@9533iQQ“EuLﬁeé 8?Ptrol term nal D1) formed
2 pply el enmen

by a transi'stor 2, ) a current-su (whose input is a contro

t . | D2 d i 4 MG,
erminal _D2) yRoAppRg o@%%ﬁ‘ooﬂé‘ﬁ'é'ﬁ&@fﬁsg%e ¢ oa“dc*%éio%g#p%sed of

current-supply el enent ose input is a control term nal

four trapskplok®dTMi8teMR91 MB2r1and Mhds ERRD ENHHEDTsFUPRL Yagherment is
formed by a unit ellenent (NMOS transistor) represented by "X1" or unit

el ement gawhi g are egmngghiedinn pPALA! LekniAhSOn tRe €BEiNSIANSH WOr
constituting each current supply el enent, each of transistors (transistors

Mil, M43, MiburMid, tM%ON Mlatansr Mg ©aals hsad Ns, clrdudtenaar ryi ng
capacity (ld-Vgs characteristic) equal to that of the transistor are
connect €doas eachhswttrahsthgtekemsnt fbhistaedcthe echasappeyietierendsf and the
control termnals D1 to D3 are connected to the gates of the transistors
consti t ahengutrirenswinticlipngcélrenéht sauka axpuesenbntd 5l owmtelsa in 3,
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 transistor 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 MS5.
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",



IM=(4 D3 +2"' D2+ D1l) f (VWx) (6) In Fig. 17, simlarly to the case in
Figs. 16A and 16B, when the appropriate voltage Vx is applied between the
79 control termnal Z and ground, and "1" is input to the control
terminal D1, the transistor Mil is turned on, thus causing the transistor
Mi2 to have a potential which is alnbst equal to the potential of ground,
so that a drain current Id which is obtained when a gate vol tage of
approximately Vx is applied flows in the transistor Mi2. Therefore, if the
inputs to the control termnals are @5, _IM- 1d Also, when "1" is input to
the control termnal D2 instead of the control termnal D1, two transistors
M43 and M4A5 are sinultaneously turned on, thus allowng a current double
t hat obtai ned_ when the control terminal DL is in ON state. Therefore, when
the i npPs ?BLY hENRoREFBENt PIFHENS Brreiah e sGsStagmRh 2 . httr-

Simlarly, setting only the input to the control term nal to be "1",
four trah3? 5%116‘? sc‘l’bﬁﬁ'gnﬁm‘égs%’ig yEs the l“s'ﬁarﬁﬁJtsal:r?é?oLli'é‘li fltcﬁ‘f A&t %n, t hus

%alfgnngha currept fg@gstlnxs ék@%su Ef“rh el fgugﬁl %ESRPQ§P| terninal
the currents flowing in both resistors is (the current
flowing in the resistor 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 C is in states
"1l" and "0", a direction in which an ink droplet is
deflected can be symmetrically switched in position 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 gnd off. 1In
addition, by switching on and off the deflection-control
switches J2 and J1, the amounts of the currents 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



IM= 4" 1d Accordingly, when the control termnals D1, D2, and D3 are
separately operated, IM=(4 D3 +2 D2 +Dl1) 1Id (7)) In other words, by
separately operating the control termnals D1 to D3, I Mcan be controlled
in eight steps ( represented by 3 bits ) fromO ( Id) to 7 ( Id) ( with Id
used as one step. The overall current can be proportionally changed because
the value of 1d can be changed by changing the voltage applied to VWx. Fig.
18 shows an ejection-control circuit 50B formed by conbining the dedicated
circuit in Fig. 14 and the common cij¢uit in Fig. 17. The ejection-control
circuit 50B" differs fromthe dedicated circuit in Fig. 14 in that it

i ncludes a NOT gate X24 and a polarity-change switch Dp. The

ej ection-control circuit 50B differs fromthe comon circuit in Fig. 14 in
that a SOREERIHRL el ePb??. oY BsEnPr ERE- dappeytérenepmtipl cavitehcdhnect ed
to a control terminal D3 are fornmed by transistors M6l and M52 each having
capaci t?uFé%’f‘E%ehlt%"ﬂ“lﬂ/ iy gehey nler 3hS T Thittidhialy! Memssn B a

current - sugg y %enent whi ch are connected to - 81 a control termnal D2
are forf88h9 1¥%nsi stors M3 and M4 each having capacity represented by

"X2". The dlffe Lence e such that in ord to.s ower - suppl y
el ements (i F %efad(r)rrreaveby unlltn ecluéfrxféarrtlts Cer ahgl §P8¥%)le§agﬁ havi ng

capact ty L epres ft@odrtjlvtgtgg}gtv@a BNREIE, Wy RAAMiS

ej ectl on-con circu FUC ure equi val en ranS|stors

connectgﬁl i Py P%]é&dseifﬁq 'aqt\égﬁtfé‘?frﬁcéﬁé'lz'fatﬂl%s &g, 3. liess nunber of

transistors. ate circuit in Fig. 18, an eject|0n execut|ng

i nput syt eh d?ré's %é%‘rgft Meed Qi f HanARVe esign. For
activation, d o" |§§l|,n ut oﬂthe e] e{C;StI OI’? exe@cuﬁr%gg%rfgut t;'Evvlql)tch A. The

ej ect 0@@%66&1'%&6@5 FMLAS A ithd I rekd ilch NeVeh3IeH Rneligld onship to
the ejection-control circuit 50 in Fig. 50. Accordingly, for activation,

"0" is dnpplet 0id hie £ @ctddreaxasditdihddtpto s8idnah shepand nOshdlcd | nput to
a NOR gate X21. Its output is "1", thus turning on a transistor

(Jl-state, J2-state, J3-state) = (0, 0, 0), (O, O, 1), (0, 1,

o), (0, 1, 1), (1, 0, 0), (2, O, 1), (1, 1, 0), and (1, 1,

1).

By changing the voltage applied between 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 deflectioh—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



ML. When the input of the ejection-executing input swwtch Ais "0", by
inputting "0" to the polarity-change switch Dp, the inputs of the NOR gate
X22 are "0" and "0", and the output is "1". This turns on the transistor
MB. In the above case (the ejection-executing input switch Ais in the
state "0" and the polarity-change swtch Dp is in the state "0"), the
inputs of a NOR gate X23 are "1" and "0", and the - 82 output is "0",
thus turning off a transistor M34. In this case, a current flows fromthe
transi stor MB1 to M33, while no currggt _flows fromthe transistor M32 to
MB4. Based on the characteristics of the current-mirror circuit, a state in
which no current flows to the transistor M32 causes no current to flowto
the transistor MBl. In this state, when the voltage of the resistor power
supply VA 5 dppppeqd nothuiEeretatedwl 80 degreeansi Bh oFeSIMBAL atRl MB2, and
a current flows in the resistor Rhi-A. Since a current flows in the

transi sBBPtRB3S, afdapgatebesdr blhh t AR Flif sEdFe RMIED dhEFPBER hes of f to
the transistor M3 and_the resistor Rh-B. The current passi t hrough t he
transustgnﬁé31Fss§BﬁtfFBmgFB%nﬁef#ﬁ%tt%?r%ﬁ?tro a§%+?éﬁ?%w%ﬂg

t I th d, Th th
Cur 1 ont &0 .ﬁht%h%wgﬁgfi%?fa?g%ga&'%h et ha€ P el S R IRA Y dnreﬂts i
Rh-A) > gcurrent in Rh: er._words vant Pf the sub

h e
operatl n cBn?ronacent ﬁ%% ?% %reeF?% r?%gmm?% A Curfent ows in each

heat | ”gtﬁHE”EHBoHQHSEtt hﬁgc\?k&}gi’ﬁfﬁﬁt’cﬁ’%,,&é’f‘ié@éi A’Wl?ﬂ- Leidg 1nput to the

ej ecti on-executng I nplt npu to the po ar|ty change

switch métbﬁecl ne%sdﬂe&bfomﬁgaéﬂé@él@ﬁ Oth@r@n Pre Sﬂéﬂd af{y to the

above, e, output is "I" s turning on the transistor
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.ll'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 0 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



- 83 Also, since the inputs of the NOR gate X22 are "1" and "0", its
output is "0", thus turning off the transistor M33. Since the inputs of the
NOR gate X23 are "0" and "0", its output is "1", thus turning on the

transi stor M34. During the ON state of the transistor M34, a current flows
in the transistor MB4, and this flow of the current and the characteristics
of the current-mrror circuit allow a current to flow also in the

transi stor M31l. Thus, when the voltage of the resistor power supply Vh is
applied, currents flowin the resigtq Rh-A, and the transistors M31 and
MB2. Al the current in the resistor -Aflows 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
passi ngdiheotigbnt At eprdnthetdiraBiiononb ¢totethef ramiheorhedd Bisi nce the
transistor M33 is in OFF state. The current in the transistor M32 flows

i nto théstehasgedokoMBireqhepf &2 cbecaugeldihe dieads theardr¥thta®assi ng
through the resistor Rh-A the_ current passing through the transistor M1
flows | RP®IEhENeAsFSt BRaRnOBe A3 @ifFRQEFE, ke ciir remta 9 td@0 resistors

Rh- A ana Rh- B haye the_rel ationshig éCurrent in Rh-A) < (Current in Rh-B).
Accor di A§PFeeS Wi Far FGEEBeRRg EPe?tPbRSEontrol circuit 50 in Fig. 6 or the

€ej ection-cor}%rol circuit, 50A .in Fi 84 a.c rre\% can be led from

.. .13 -
bet ween t he TEE 'S or SR-"A HFD U e E VA %W et ween t he

resistors - A, and .Rh- B, . Next .giff rences befween t{;e ej ection-gcontrol
i roul {986 PROEP g 6 ang Oheo BB G Riht BT SRR LS 5O T G 16 ar e

descri bageeLovyr The, 61 LELA O EPBAT 01 +§TpEULL B0 1D FLO-w 6 dags fiol have

any function of sw I'ng on eaCh current-supply circuit

Accor di H@%g’gt gggsgggeiﬁé Lhe. &éf?é‘&’ﬁ%l&ﬂé@tf&’l?%téﬁ @nyo qle of three

states, t preventing a current fromflowng, and the states "+"

and "-"jgagheaktQWEngia sHEr ERE KO A ! QW , HNEVE! re O O WENe €I &Ft T ON
command i s issued (on standby) does the second switching el enent take a

subst antirah ghat Be@®f NOcanVWenchiegseCoddd Bied€iv iz el at@nthdé S i n
operation, the output of the second switching elenent, that is, current IM
is repreaseateiloasofobiewsion from the head N+1 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 switches 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. In this embodiment, two bits which

form the deflection-angle correcting switches S and K are



IM= (4 J3 +2 J2+J1) 1d (8) where expression (8) is simlar to
expression (7), but in expression (8), each of J1 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) . - 85 Unlike
the ejection-control circuit 50 in Fig. 6, since the ejection-control
circuit 50B include the polaritychange switch Dp in addition to the three
control terminals D, D2, and D3, four bits are used on the whole, and the
output current IMis represented as égllows: IM=Dp ( 4 D3 +2 D2+ D1
) 1d (9) where Dp and D1 to D3 each represent 1 or 0. Therefore, in
expression (9), IMis one of fifteen values from-7 to +7 (x Id) in a form
in which it changes by 1. IMin expression (9) changes differently from
t hat ~i MESPrESi eRr{®tiothi s is because all the inputs of the control
termnals DL to D3 are Gs. In the case corrpl,¥i ng_w th expression (9), the
nunber of séttCaRIeEHPeRHHNE FOLrPRtE89odd 1t FRcKudtnyS88r &° Fig. 19 shows
di fferepnces between current output |M (.expr.essio 8 obt ai ned when t he
35 P s T e

i nput s W ETHRARATRTH DncUntt Ot SATTHELH 15 PET
ej ection; 00{11 ro_I‘_:1 Ci é:_uigr 50 é.nn Fisg”.._ 6c are ichasn eds,o @1% current aut put I M
(expres@%‘ﬁ J(%I}) ][al%edr%elh 1 re ]ifhﬁluts 5t Sthe “Cont ¥ T8 RTta1eE D1, D2,
ggg, Dg’rieé %%gcgﬁ% f]vh}:% fﬂ?@@aée"“itsch- 1P defy (G RIKG P LUYY of circuit
performed when its state is "0".
The deflection-angle correcting switch S 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 X9 are "0Os" since, among the
three inputs of each of the AND gates X8 and X9, one input
is "0". Thus, the transistors M18 and M20 are turned off,
thus turning off the transistors M19 and M21. This causes
no change in the currents flowing in the resistors Rh-A and
Rh-B.
Conversely, when the ejection-angle correcting switch K
is in the state "1", it is, for example, assumed that the
deflection-angle correcting switch S is in the state "0",
and the deflection-direction switch C is in the state "0",
the output of the XNOR gate X1l6 is "1". Thus, three 1ls are
input to the AND gate X8 and its output is "1", turning on

the transistor 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



- 86 19, the values of current output |IM based on expression (8) are

i ndicated by white circles, and the values of current output IMare

i ndi cated by block circles. In the case of the ejection-control circuit 50
in Fig. 6, the deflection-control switches J1, J2, and J3 are changed,

wher eby out put current | Mchanges to a total of an even nunber of val ues
excluding zero which are positively and negatively symetrical wth respect
to zero. In other words, it changes in the formof arithmetic progression
and the sum of the arlthnetlc progregﬁlons 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 nunber values which are asymetrical. Also, after it
changes fromO to -7, it junps to zero (the sign changes in the process of
change) gaThi ési §0'ncthventtemoéngno¢éntthel itiragsdstioected .ej dtterefore,
Accordingly, expression (9) is transforned so as to be equivalent to
expresstba’ PBF. spatei o8t thentesns bstobnME0) cabses| naysurpputtimg "1" to the
control termnal Dl (the state "0" of the control termnal Dl is

el i mi naféay, lantbeehrﬁﬁﬁbétoéfM%hlues of output current | Mcan be obt ai ned.
I n expression (9) when D1 = 1, IM= (4~D3+2 D2+1) 1Id - 87
- (4 Dp D3Fhex WCWW{;@S qfg thE( %lrmegltrnglrraoz €irryit |RYEED) I n
addi tion, X ErOV|d|ng a SI n changhng circuit in rglch an equal output can
be obt aPRed%FReREshBnELOY %Oeh%a ¢ nptAnSt Hhar M Y- dtfi r o

ciroui t 908 10 FF9nd OF, 5, JB5E W1 YALEDE 1004 hEe L eEL P15 OR L)
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 in the direction in
which the nozzles 18 are arranged.

The above correction 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 defined, and when each direction (position 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 ejected from one ink ejecting
portion is large compared with the other ink ejecting

portions, the uniformity of an ink-droplet delivery pitch



in Fig. 6. Fig. 20 shows a specific exanple of a signchanging circuit 60 in
this enbodinent. In Fig. 20, simlarly to the ejection-control circuit SO
in Fig. 6, input portions, nanely, deflection-control switches J1, J2, and
J3, and a clock-pulse (Ck) input portion are provided. In this exanple,

ti mng-establishing | atches or DFFs X33 which use XOR gates X31 and X32 are
provided so that the inputs of the polarity-change swtch Dp and the
control termnals D1 to D3 can be output. By providing the common circuit
in Fig. 18 with the sign-changing circuit 60, based on the inputs of the
defl ection-control switches J1 to J3, output current |IMtakes the eight
values -7, -5, -3, -I, +1, +3, 45, and +7 in a formin which it changes by
2 from-7 to +7 (x 1d) . Accordingly, the ejection-control circuit 50B" (in
Fi g. 18Yetprihrateabodbpearingsini khadfprnonfte sheipdvantfageervecthe

ej ection-control circuit 50 in Fig. 6, the following - 88 _ advantages:
(1) A dedrbafeBHogiféonglf shiéhchcprkeefteri hgrporehohnkad] petEvdst it ut ed
only by a current-mirror circuit and a second switching, element for

cont rol PPR§1EDr L8NPSFfATIRE (LPPeALRRFFEPRCPE B ECLTAR IR arn@RFPRY e
simplification of cjycuit. (2) In a dedicated circuit, in either a
current-mrrb? B¢ ctine ol'l‘e%é S%onn‘?f"%tw%i ngt e iUHEIRHFT M capacity

of each brans'stor iLs increased, This can r guce the area requjred for
Wi ring GREFPARSFITbIES - (2PCepRdbnE  YadPRaP eHIETT chft? ] Lah7OvT bt wi th one

t m i i aly. t - vol - [ | ogi i it
Coeu " Tha  HEESERSSH' br ST5ke 108 HBLACUR LROPAAPICLRL ADJas 0BT BALCLLLD 2°

bl ock (8ophur ALLEYeR hOKNERAE! L 10 BOKLEONSY . cRO! ¥ PDE SODIID £1LGHi T may

be provr _ onl'y ‘one common wting system nmay be used between the
comon ¢i,heph hpdBdat Berdsdi akRbwh! {hUFLg. ASSOT ALROLYeh WA T E4le SPAGE 1S

al nost unnecessary. By providing the signh-changing circuit 60 shown in Fig.

20, easenpfeHe€rai ALAGT 110nhbahgi & Basfat en{theig) @ctéonrontspl circuit 50
in Fig. 6) before division into a dedicated circuit and a conmon circuit

can be epsutedn, ABha desdttioh bhecpboveogi isupbrebfpédfi cation, the
entirety of the head 11 can be small-sized, and in the case of providing
t he ej ecti orRegmtdiolg ccocedt Héh iof it didexrtion 89F ieaciirdoiKlesj ecti ng
portion of the head 11, a resolution of 300 dpi is a limt. However, by
provi di agethéoheadftdrwat hosheiepetoi whiclhnanoinkidropie®0B; a resol ution
of &00 dpi or higher can be realized in identical specifications.

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 necessary 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 correction is needed in the

case of requiring correction. 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



One enbodi nent of the present invention has been descri bed. However, the
present invention is not limted to the above enbodi nents but can be
variously nodified as follows: (1) Although in this enbodiment the three
control termnals D1 to D3 (three deflection-control switches J1 to J3 in
Fig. 6) are provided, the nunber of control termnals is arbitrary, and it
is arbitrarily determ ned how many switches are provided and how many bits
are used for control. (2) Although this enbodi mrent has been descri bed using
the heating resistors 13 as an exanpk8, -heating elenents are not limted to
the heating resistors 13, but any types of heating el enents that generate
thermal energy for liquid ejection nay be used. . (3) In the above

enbodi . i h for Ase. | sl i,nt i s u S an
exanplgsféylégg%fig?foﬁgg%égepr%s%n l#ﬁ?%ﬁ #gntééﬁg%gpaﬁgTf%Haﬁgﬁg?seriaI
printer_j ich | e i hgl e P t. | of the
head 11p%£t£@f§[ nﬁ*gguﬁ??gt%%eb%é%?eg’? ?%%ﬁ%ﬂ%gt |%‘%&l§vﬁr’% ctfrlhécml?esn?u necessary.
(4) T_hei9r§§89éd'B¥P@fé9§n&?‘?l@f’d@cﬁ’)mir?gotgaq‘!ﬁrl'x% 1Y P&ES [ﬁfi?r'tcgo liquid
ej ecting devices wthout being limted to printers. For exanple, the
present thBVEPEE QP 6RN (PRI RPPhY e8bd Pa feMh £est f&f e &t 6 | Ntk NPt Al ned

sol utions fo? detéctng %iold%?%%l %anples. équIQR%LAINB: fQ'A liquid

ej ecting devigertm\dpigrad dudsslinl udithe aildudnRiedlyi RGeportion or a
plurality of liquid ejecting portions arranged in parallel in a

pr edet ediaf hedt tofieshdbd, coardot imgi shvefEleés g Hod tK creOrusathtof the |iquid
ej ecting portions conprising: a liquid cell for containing liquid; at |east
one enepgyfgemecatragtedbeneniopeovt deoly | insa¢alsing 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 Jl1 to J3, and S and K, the current
(deflection current Idef) is represented by the following

expression (1):

Idef

J3 X 4 X Is + J2 x 2 X Is +J1 x Is + S x K x IS

(4 x J3 + 2 x J2 + J1 + S x K) %x Is

(1)

In the above expression, +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 K.

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

deflection current to eight levels, and the deflection-angle



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
bubbl e 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: nain operation-control neans

whi ch, by supplying equal anmounts of currents to the connected energy
generating elements in said liquid_cghl. perforns control so that the
liquid is ejected fromsaid nozzle; and sub operation-control mneans
provided for each', of th.e liquid ejecting portions which includes at

|l east one - 92 current-mrror circuit connected to a junction of the
ener gy ErReGEing B dmins, S anfl ith aft dsebyruRatd atfe CORTCEHLIOR rr or
circuit to allow a current to flowinto or to flow fromthe junction of the
ener gy SRAATEEGHY BIamehte st nthtintthst defpatdmn-s@pditnodd to each of the
energy generating elenents is controlled and the direction of the liquid

ej ect eFHYoHeRi W A is controlled. 2. A liquid ejecting device having

G coting portiBs LT ARGa8 9 i enY 138 BPodBtert fRlFdt P Fon, said

I quid aeé ep%siin‘lgi é)r’\;z;lounesoraneciﬂcjbouolgc ]:[er{reellsi qausl CAeeigaei:(%l.tvienQIaZLues, 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 wvertical direction, deflection to the left
by 6 (the direction Z1 in Fig. 8) can be performed and
deflection to the right by 0 (the direction Z2 in Fig. 8)
can be performed. The value of 0, 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
ejection-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



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 elenents are connected in series to one another and are arranged
in parallel in said predetermned direction; and said liquid ejecting

devi ce conpri ses: - 93 main operagikon-control neans which, by supplying
equal amounts of currents to the connected energy generating elenents in
said liquid cell, perfornms control so that the liquid is ejected fromsaid

nozzl e; and ) , )
substrate 15 described with reference to Fig. 1.

An ejection-control signal (executing) signal is input
from the control unit of the printer to each ejection-
control circuit 50 on the semiconductor substrate 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 nozzles 18 are

arranged) .

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

described below.



sub operation-control neans provided for each of the liquid ejecting
portions which includes at | east one current-mrror Circuit connected to a
junction of the energy generating elenments, and in which, by using the
currentmrror circuit to allow a current to flowinto or to flow fromthe
junction of the energy anb~t~t of a current supplied to generating el ements
is controll~ liquid ejected fromsaid nozzle respect to a direction in

whi ch nai n operation-control means. generating el enents, the each of the
energy 'd and the direction of the-isgcontrolled to change with liquid is
ejected by said 3. Aliquid ejecting device according to one of clains 1
and 2, wherein said main operation-control neans and said sub

oper ati on-caont r ol ans including the current-mrror, circuit axe nounted on
t he head. 4.Ar1ﬂ%qci dhg oSty eé‘ctcé’rsﬁsnmhteo%éﬁffc(’iﬁé gfaaf:ﬁ@gpr ecedi ng

lains. wh St liquid eiecti Ci i nel udi . .

opor at | ERE LB bl | heaes SHRECH G ho e ot [ GO b P Tgks TH%8 udi ng t he

current.mirror circuit are nnunteddﬁy. t_ 94 the head in a form arranged
rec

in paraft 67°F 3 al d pradiet e nea ion. 5. Aliquid ejecting device

having a |1 ggddlaea%fzxora%d R a4 uraly tnyv‘lfewh%?\‘&s s@él'éggg%(EilPﬂail

predetermn I'Tection, the heads €ach being forne a plurality of

li quid @1@&%@97%% DS, A LANGEh & No P4 Blg | b S@ld A adetier miped

direction, t I quid ejecting portions each conprising: a liquid cell for
cont ai ng ohd Kthishd Bhed €2 n @ NG SRS HENSS atid elenBpf g, ovided in said
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. In this case,
techniques for supplying current to the heating resistors 13
include the following two techniques.
As Fig. 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).



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 .
bubbl e produced by said at |east one energy generating el ement, wherein: in
said liquid cell, the energy generating 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: nain operation-control neans
whi ch, by supplying equal anmounts of currents to the connected energy
generating elenents in said liquid cgjl, perfornms control so that the
liquid is ejected fromsaid nozzle; and - 95
(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 I and II (in the resistor Rh-A)
or to flow across the electrodes III and IV (in the resistor
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 Mi. The drains of the transistors M4, M9, M14,
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,



sub operation-control neans provided for each of the liquid ejecting
portions which includes at | east one current-mrror circuit connected to a
junction of the energy generating elenments, and in which, by using the
currentmrror circuit to allow a current to flowinto or to flow fromthe
junction of the energy generating elenments, the anopunt of a current
supplied to each of the energy generating elenents is controlled and the
direction of the liquid ejected fromsaid nozzle is controlled. 6. Aliquid
ej ecting device having a line head_fggned by a plurality of heads arranged
in a predeterm ned direction, the heads each being fornmed 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
cont ai n¥mEs | PyEPEE A1 | 2t tlemeS eme gyl Gembriate Bt dhemtapr oliRidd in said
liquid cell which produces a bubble in response to the supply of energy;
and a nb2ztee A0 g2k i hy tHRA | 1eRi e FRusat® 1 'qui d'ee¥4 By using the
bubbl e produced by sajd at | east one energy generating el enent, wherein: in
sai d Iigﬁ?ﬁstﬁ'?? bﬂiel%nE?’@'}e eferating el enents are - 96 connected in

series to ong another d are arra i all.el j.n saiq .preqetermned
di rection; %ai'd* Tt quid Oeetéac"{fi r?&ggﬁg{ﬁ gg&?{)rﬁ?ﬁes Q’ Mgt i
operati on: trpl i ch, . by.suppl yi e mount s, of currents to
t he con%%%ﬁ'gg ée‘ﬁe?%%algé%e %ﬁ?n“@gelgrrbnt%i‘:;l%e s%?fig I?a"&ﬁﬁdt cel | ,anp&erfor ns

control 59 LPaLe thenlLAULRL T S PLEST R0 EL OMSEL 0GR Ganhte 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-A,

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



sub operation-control neans provided for each of the liquid ejecting
portions which includes at | east one current-mrror circuit connected to a
junction of the energy -generat-ing elenments, and in which, by using the
currentmrror circuit to allow a current to flowinto or to flow fromthe
junction of the energy generating elenments, the anopunt 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 r_egﬁegt to a direction in which liquidis
ej ected by said main operation-control neans. 7. Aliquid ejecting device
according to any one of clains 5 or 6, wherein said nain operation-control
means and said sub operation-control nmeans including the current-mrror

ci rcui tXNPR gadbat¥H0 ohs e4eh- of Thhe ¢rasles f oher MNP sEd ek |Ahethdmie 97
8. Aliquid ejecting device according to any one of the clainms 5 or 6,

wher ei niepiats | (I ceregl ettt nftporetare Phctimli $igl seh d® ned n' WPper &2 on- cont rol
means and said sub operation-control neans including the current-mrror

ci rcui tthd® hbbeetPoh BachOof thaufeathe fordnsbssay 413 idfe HePd n a form
arranged_in parallel in said predetermned direction. 9. Aliquid ejecting
nmet hod %Efng a head including a liquid ejecting portion or a plurality of

liquid ejecting portio arranged i ar in a.predeterm ned direction,
said |iqui d-"-]eﬁaberct‘ﬁhr?d’- g%l’e- eliidipids %%&ﬂ GaFq iﬁui@ gj &€ ng portions

conpri sing: | pquid cell cong ai ni liquid, at |.east e ay

gener at?lﬁg‘mé?e?r%%ggr%%#%e%ﬂ nlés)ai g*l i ggtll%s ’Ce\%'l?(é v%q%%tsproofdﬁ:g‘ees%‘a ubble in

responseatg xfessupely glasner ayinandk a.aos7| @l ory slapti ng, thel fauid i

said liqurd cel y using the bubble produced by said at |'east orfe energy

gener atyiNgs el @FRIMNg IWEFR: N rAfs 8¢ IMmHui d cell, the energy generating
el enents are connected I n series to one another and are arranged in

paral | el inga ¢oradaterdd ned dideEiAbr MY @irnseast tfae current-mrror
circuit is connected to a junction of the energy generating el enents; and

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 M6. 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. All 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,



98 the liquid fromsaid nozzle is controlled so as to be ejected in at

| east two different directions by using: a main operation-control step

whi ch, by supplying equal anmounts of currents to the connected energy
generating elements in said liquid cell wthout using said at |east one
current-mrror circuit, perforns control so that the liquid is ejected from
said 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 elgrents, 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. 10. A

liquid ej ' th ] | i f dDb I lit f head
ar ranged | nP4oRr caBt PR ROACHRPBCEPBREOLhEL FRaS SOk Bor iy (Vmed by o

I ity .qf liquid,.ej N ti . d i | Lel i id
or ediot SAhiret i et (Tion L e RS B e tng Lfor b one 8GRt EORPIPSi ng: a
l'iquid | I, f i, A i gui d- | t . ' I t
or ovi asii g i R v R pPyasse B0 anre?) P oshohed% o the

E;ppl ydgfg 29y v%’}qﬁ%”%@gﬁgf 0T () g@%ggébgt&: bRuLflel Bygabgdeliquid cell

using the ble uce east oOné enéergy generating

el emente; eGPt S ol hiical, | mrlBe snar g -geperaging elenents are

connectéd in-series to one another and aré arranged I'n parallel in said

predet ?@mf%%e@i.re@tg hrndnd 3h /23St hRNewGYERERt SMTLEHOK SLTERAE 1S

connected to a junction of the energy generating el ements; and the liquid
from sand RYEFZtsS AAGMING lied the aestietbeseRRChEdRhAB ?t ah§agh-¢ \Wo

different directions by using: a main operation-control step in which, by
suppl yith@ angle of ejection can be corrected similarly to the
first embodiment.

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 the midpoint of the resistors Rh-B
and Rh-C. The drains of the transistors M3, M8, M13, and
M18 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-control 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



equal amounts of currents to the connected energy generating elenments in
said liquid cell wthout using said at |east one current-mrror circuit,
the liquid is controlled to be ejected fromsaid nozzle; and a sub
operation-control step in which, by using the current-mrror 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. 11_ g¢liLquid ejecting device having a head
including a liquid ejecting portion or a plurality of liquid ejecting
portions arranged in parallel in a predeterm ned direction, - 100 said
liquid ejecting portion or each of the liquid ejecting portions conprising:
a |iqui 8WEkFh Aopreohrihi by FheuiliD gate obdt smetlerleris gurarut iy el enent
provided_ in said liquid cell which produces a bubble in response to the
supply of"enef3y® GnEns PRzthe Faanejseerdd3the liquid in said liquid cel
by using the bubble produced by said at | east one energy generating

el enent, wheP§th:ths WHRPY iYuitdceNOR Gl gy gener dien@UéPEkent s are
connected | n series 1o anof her d are. arranged in parallel in said
predete?ﬁi%%% @éte%?f%n?fgnﬁﬁsa d i fﬁ?Fi;?ﬁithﬁhﬁii% LR ses contro
nmeans p i ach,of .the |iquij jectin ortio i i ncl udes at

| east o%{gacg&?e%€-%gr ri(;r %:? r@?ﬁ ts"glo{n%ég‘% et T o’gnagp'j%n%? ?%h%@r‘?ear%&er gy

gener aty g e S;+and . i { Chyqby [ . cur t-mrror circuit to
al | ow ak%Ur%)an?R?% H%W&f%w;irgt 00f1 oévﬂgi]gtné{}ﬁle&#udr’]% itoﬁr? of the energy
gener at | pg, el eppptgs the amount of a current supplied to each of the energy
generating elements is controlled and the direction of the Iiquid ejected

From sai d nofzd: iy SO0 [Rlhtthe Wowd Lz Shaclingodevisceriavigg a head

including a liquid ejecting portion or a plurality of liquid ejecting
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 transistor 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)



- 101 portions arranged in parallel in a predetermned direction, 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; and a nozzle for ejecting the liquid in said liquid 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 _aggd are arranged in parallel in said
predeterm ned direction; and said liquid ejecting device conprises ejection
defl ecting neans provided for each of the liquid ejecting portions which

i ncludes 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 | o current t flom1| to to flow fromt uncti on of the
ener gy gene%‘?‘hg e?f”élnvsh Jﬂ"t osftaatec ‘ttr%%pcﬂiai (]J each of the

|l h | d
nosz e PESGaFrbEdes fn e a'ﬁ?e%%t%%% hen bt %t?%n{@éj e e o0 ¢
di recti gnoLPr ebR oyt 920f1§»? AdkofiUd, 81855 19 A8V ConpEeargiag, to ol aimm

12, wherern: $Sal e ec I on de ectln ans I hcTudes the curre mrror

C|rCU|t§hean?gQ§ SPrEEQtAﬁbrégﬁe *écgbtﬁeln@¢Lg§aamlJeast two different

current-mrrof circuits having different amounts of currents flow ng

therei Nyed8plctively (the switch 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 "1" (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_tfansistor 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)



said ejection deflecting neans gradually controls the anmount of the current
supplied to each of the energy generating el enents by using the
current-mrror circuits to allow a current to flowinto or to flow fromthe
junction of the-energy generating elements. 14. Aliquid ejecting device
according to claim12 or 13, wherein said at |east one current-mrror
circuit included in said ejection deflecting neans is provided for each of
the liquid ejecting portions and corrects an angle at which liquid is
ejected. 15. A liquid ejecting devicgsaccording to any one of claims 12 to
14, wherein said ejection deflecting nmeans perforns control for supplying
current to said at |least one current-mrror circuit either in one of a
period in which a liquid ejecting command is issued and part of the period,
or in one ofAks@erimdhe sitehi @neeytisl stigptiidd IO tive Fiter 2 (gener at i ng
elements for ejection of liquid and part of the period. - 103 6. A
liquid é]i@éi-ﬁﬁng‘évi teehaieagliantraptheddcibeEnel BYAalpl Bkal i 1Y, ofn heads
arranged in a predeterm ned direction, the heads each being forned by a

pl ural i BJABELIPRQEP dterRERI NG HOEE| BRE &V BABedS i nPYaburrend | on4et &
predetermned,direction, the_ liguid ejecting_portions each conprising: a

| i quid EBFISVchﬁﬁﬁtﬁfn?ﬁ% f?qugﬁ? ﬁPkFEHE? Bﬁ%wbﬁ%rb9 g@%erating el enent

provided in said |jquid_cell which produces a bubble in respanse to the
Dbty BPebAESEY: Rar aRic 1 B oRnEFCERR nhe CRErFrUR Y FHESaiY |1 qui d cel
by using_the bubble_propduced. said at .l gast pne, eperg nerating
eIenent?uﬁﬁé?giﬁ?/?ﬁpsggﬁ fYﬁg¥Ee%eglénghg %%egﬁitgg%%réﬁfgéf%\éﬁ%nts are

connect gflci P SeLESSS R0 ORC ANOBNCLANANAECCART AROEe | Nbar ALLFL Jp sai d

pr edet erm ne rrection; said I'Tquid efecting delice conprises control

means pEo¥Lded,fohnepghc9f -Lheeki quid ejecting portions which includes at
| east one current-mrror circuit connected to a junction of the energy

generating eiedlnive ¥kt ibiMisherdY &isidgi ¢ X Ui etg M1 @i reuit to
allow a current to flowinto or to flow fromthe junction of the energy

%Szer at thg el esenbh~cbheraleNtcol tasenr iknkiguPP: i gt tpr@atdedfinhe -
the head 11, either circuit are mounted for each ink
ejecting portion.

The ejection-control circuits 50, 50A, and 50B shown in
Figs. 6, 11, and 12 have the following advantages:
(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 Eid. 9, each circuit is suitable 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
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.



energy generating elenents is controlled and the direction of the liquid
ejected fromsaid nozzle is controlled. 17. Aliquid ejecting device having
a line head fornmed by a plurality of heads arranged in a predeterm ned
direction, the heads each being formed by a plurality of liquid ejecting
portions arranged in parallel in a 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 thecsupply of energy; and a nozzle for
ejecting the liquid in said liquid cell hy 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 arrehgdddm Paraitelis fommaf frye dbitoErtd In ed rfivide piogitloaved Jggitd | qui d
ej ecting device conprises ejection deflecting means provi ded for each of
the |i QTP &g g nedr t5taee it Rt duprds tatellesdsorone @ rent - mirror
circuit connected to a junction of the ener, generating elenents, and in
whi ch, By PithFaheGhrEhtsraliorcadti@l ¢7itdany HRing affpgfedcdyrent to
flowinto or to flaow fromthe junction of the energy generating el enents,

the anfUht*$HF SRS urredttSdFPRER Y Ta&tf the energy generating el enents
is contyqlled and the Ijgud ejected fromsaid nazzle is.deflected in the
pr edet e{sﬁi nlgnd c-’tﬁnreercatqi ’or%J l\'gl):#dd‘t’iﬂflenSo;"psgcoosrist &G réctrol t Héy & %ng.ndA l'i qui d
ej ect| ng, dewice According. (& SlalD T e eigh, JI9N0 (e gads, two
adjacent]he s 1 n sal preéé erm ne &iredtion are di sposed across a

LT qui d-f | QW d}seﬁreé“%&gﬂnalhﬁd %ﬁoﬁr‘a rgz;egiﬂl‘?ﬂr‘lio.rre%fiir%gni%% %Eat one head

is positioned on one si er IS positioned on the other

side, wif R R4f b ORRAY NGRAGD WihGlge S Q/‘%jv‘?Ffd;Arﬁ.rie%%f 'i%%imgygﬁans

conprises deflection direction sw tching neans ich, by controlling

currentapiBRld ad t AR reas!i ANE GURN LTIl Yostitiche, Switches the
direction of the liquid ejected fromsaid nozzle between two synmetric
di r ect iv¥tSvadi RtHee SPRGIL ilch S GtHY adelierdiinie Rndia edid ®h-B3ndndntaee of the
two adj acent heads in said predeterm ned

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, three bits are used for

deflection control by providing the deflection-control

switches J1 to J3. 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

control. Also, in the above embodiment, two bits are used

for correction of the angle of ejection of ink droplet by

providing deflection-angle correcting switches S and K.

However, it is arbitrarily determined how many deflection-



direction, said deflection-direction switching neans switches a direction
in which ejected liquid is deflected to a direction which is symetrica
with respect to that obtained by the other one. - 106 19. Aliquid

ej ecting device according to claim 17 or 18, wherein: said ejection

defl ecting neans includes the current mrror circuits, and the
current-mrror circuits include at least two different current-mrror
circuits having different anounts of currents flowing therein; and said

ej ection deflecting neans gradually ggntrols the anount of the current
supplied to each of the energy generating el enents by using the
current-mrror circuits to allowa current to flowinto or to flow fromthe
junction of -the energy generating elenents. 20. A liquid ejecting device
accor di RGIHE SRYLERE1BFaSHE tehepoate, PRAXAEPH  saPd 4t feast one
current-mrror circuit included in said ejection deflecting means is
provide&rP&FrégéHYoﬁeFﬁémPP&GiHOHi@éPVn81§8r?FﬁngsﬁﬂdeBngEts an angl e at
which liquidis ejected. 21. Aliquid ejecting device according to any one
of claiﬁgrf?cﬁéoﬂc, wherein said ejection deflecting nmeans performs control

o STl et e AR T B
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22. A liyqui.q .6{ ﬁgu}eggrqe;ehge ruigego% head i gelydi egreehicgu%gi ghecting

portion or a plurality o iquid ejecting portions arrange n parallel in
a predehgpicRgd +di kRet LAAuesal drbbAYHdng €¢hhBYsRPOEL QBeQragach of the

liquid ejecting portions conprising:
constant current supplies, any ratio of drain currents may
be used. For example, the transistors M2, M7, and M12 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_ié used to allow a current to flow in each current-
mirror circuit within a time (a period of 1.5 pus) 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



aliquid 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; and a nozzle for ejecting the liquid in said liquid cel
by using the bubble produced by said at | east one energy generating
el ement, 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 |east one current-mrror circuit is
connected to a junction of the . eneggy-generating el enents; and byl usi ng
said at |east one current-mrror circuit to allow a current to flowinto or
to flow fromthe junction of the energy generating el enents, the anount of
a current supplied to each of %he energg genegitlng el enents is controll ed
and t hePgft® tf%nwgfc?h fi Bae l%?eﬁ?% i ?Frﬁﬁﬁﬁ%yls controlled. -
108 23. Al ﬁU|d ej ecti Eg nmet hod u {lnghgead gpd by a plurality
of head¥®4Fta b%% Fna°h def%rﬁ?%%d i r et BUC bei ng fornmed

I on

by a pl usglifx,of,! gw;d | £L g pos i ons-ar Ay eﬂh%f% R Ayleel n sald

pr edet er Red”d |rec ion, ej ecting’ por ising: a

I|qU|de§g£loéor%g?nggl th #fgﬁ progﬁggétgaﬁﬂggeﬁgy generating el enent

provid sai i qui le in response to the

suppl y Bie&@%ga{mé@dt@m@og%{grfQétfbge_{wgof hend I i bidbSaigl |iquid cell
by using the bubble produced by said at |east one energy generati ng

el ement cohSh & Binkd $8I ds!| sy Cebhuitb@® e WhJaledaiddp el enents are
connected in series to one another and are arranged in parallel in said

predet erda peslg di 684 t6Ps BRGhatel| £a81 f POLefdd BNt hdA 1 wd F CUWiHid S
connected to a junction of the energy generating el enents; and by using
sai d atisecbstavse turienheth alwsiysi requiréd 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 head 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 head 11 is used as a single unit. 1In the 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



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 - 109 nozzle is controlled. 24. A liquid ejecting device
having a head including a plurality of liquid ejecting portions arranged in
parallel in a predetermned direction, the liquid ejecting portions each
conprising: a liquid cell for containing liquid; at |east one energy
generating el ement provided in said khquid 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 |east one energy

generating el enent, wherein:
biological samples.

(7) In the above embodiment, the head 11 in which a
plurality of ink ejecting portions (liquid ejection
portions) are arranged in parallel is used as an example for
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 present Inventors actuaily 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
technology applied even to heads having a resolution of 600
dpi or greater.

A third embodiment of the present invention is
described with reference to the accompanying drawings. 1In
the description of the third embodiment, operations and
arrangements identical to those in the first embodiment are
omitted, and only portions characteristic in the third

embodiment are described.



in said liquid cell, the heating elenents are connected in series to one
another and are arranged in parallel in said predeterm ned direction; said
liquid ejecting device conprises: main operation-control neans which, by
suppl ying equal amounts of currents to all the heating el enents, perforns
control so that the liquid is ejected fromsaid nozzle; and sub
operation-control neans which supplies currents to all-the heating el enents
in said liquid cell, and which, by setting a difference between the anount
of the current - 110 flowing in-aggleast one of the heating el ements and
the amount of the current flow ng in another one of the heating el enents,
performs control based on the difference so that the ejected liquid is
defl ected in_said predeternineg di;rection wi th respe F to a djrection in
whi ch i qui dhies e3esdteod HPrdEP ﬁéirﬁubﬁeggt i(6R- Eoft r ﬂﬁaﬁ&kﬁﬁe li quid
ejecting pqrtions arranged | aral l.el are di.vided into a plurality of
bl ocks &b % tf%ﬁﬁﬁuﬁﬁh§§%Wﬁﬁh§hﬁﬁ(fqﬁ J%Fﬁﬁﬁ”ﬁﬁ%f#%ﬂﬁgﬁﬁgfﬁéctiver bel ong
to the H)Océ(f’usainrgg Saalcgiéilt%ﬁ! dln%uec(:tfor}g eda% | 651 %% rt'osec'\:so'ntrol an
analog value, a direction in which an ink droplet is
delivered can be changed.
(2) Each circuit is suitable 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
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) Each circuit is formed by digital circuit portions just
before the final stage for ink droplet ejection. The
circuit can perform stable control without 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.



a dedicated circuit provided for each of the liquid ejecting portions; and
a common circuit provided for each of the bl ocks which is shared by the
liquid ejecting portions belonging to the block, and which includes at

| east part of one of said main operation-control neans and said sub
operation-control neans and ejects liquid fromone of the |iquid~ejecting
portions belonging to the block. 25. Aliquid ejecting device according to
claim 24, wherein: one end of the connected heating elenments in said |iquid
cell is connected to a power supply §gr_supplying current to the connected
heating el enents, and the other end - 111 thereof is connected to a
first swtching el enment which perforns switching for supplying current to
the connected heating el enents; and said dedicated circuit conprises: a
current - mi r rgRer; t@i IbHh @ Edl Ay @ s e gt jtumd i gfroelegonnect ed
heating el enents; and a_plurality of second_sw tching el ements which

per f or nsPcenbeef i AgVERP de cEpsehitipnrot 309 Pt P thtemahrrent s

allowed, to flowinto or_to fl romthe junctjon
between nozzles 1& OE QX{é Hm) , nojprobiem particularly

arose. However, in this embodiment, when a head 11 having a
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 ejection-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 S0A 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 M6 are represented by "“X4", the
transistors M9 and M1l are represented by "X2", and the
transistors 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 used as the
transistors M31 and M32 so as to have capacitance equal to
those of all the above transistors in the ejection-control

circuit 50.



of the connected heating elenments. 26. A liquid ejecting device according

to claim?24 or 25, wherein: one end of the connected heating elenents in

said liquid cell is connected to a power supply for supplying current to

t he connected heating elenments, and the other end thereof is connected to a

first switching el ement which perforns 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 ements; and a second sw tchigng el enent formed by a pair of

swi tching el enent portions in Wich, when one of the swtching el enent

portions has one as an input and t he ot her - 112 switching el enent

portions has zero as an in a current is allowed to flow into a junction

of the heatlﬂﬁe%IE%% %%l%@Fs%ﬁ cAF reht -teanokstaredidl 3ae whi ch,

when one g tch el epent portions has zero as an input and the

ot her st Chl &Ye h 88?t?6ﬁ§ has one as an |nput a current is allowed
of the heatin using said

to flow out fro the unc nts n

Loy ent ot EhOhe (b SE ATS0a8 CER BT TR Rttt el amant

por tiong,h %ewé%28§5t8§m HEEES 0, SURLENE LS gLl oped Lo flowinto and to
flom/fro he juncti on o ﬁeatln e enents % asing sald Curréent-mrror

ci roui t 429 Aal Wil ehechlagodeutee ageap amﬂttg aeamgtr&{il LomcRd Lo 28

wherein: one end o e connectéd heating el ene cell is
connect edsk0oz BOWBLsIHEPhYNYOL-SHRRLYLEY GHAT £0halfgt DEofienpepted heating

el enents, and the other  end %hereof I's connected to a fifst swtching
elenentfwhmcaaeﬁrt95ﬂ§1§ﬁbtchtﬂg EQEeSHPPL ¥h89n§UELSRE Lorbhersgnrngct ed

heati ng el enents;
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 circuit 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 fill 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



said dedicated circuit conprises: a current-mrror circuit connected to at
| east one junction of the connected heating el enents; and a second
switching el ement which perforns control using said current-mrror circuit
so that a current is - 113 allowed to flowinto or to flow fromthe
junction of the connected heating elenments; and said conmon circuit
conprises: a current-supply elenent used as a current supply for said
second switching elenment; a first control term nal which performs anal og
control on the value of a current supplied fromsaid current-supply el enent
to said second switching el enent; and a second control term nal which
perfornms swtching

ink is called a refill period and is set to be approximately
1/300000 to 1/10000 seconds (approximately 30 to 100 times
the ejection period). Accordingly, it is impossible for
each ink ejecting portion to perform consecutive ejection of
ink droplets. Even if a plurality of ink ejecting portions
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 ejeéting portions, if ejection of ink
from a certain ink ejecting portion produces a phenomenon in
whiéh, 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 droplet cannot be ignored.

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



for the supply of the current fromsaid current-supply elenment to said
second-switching elenent-: 28. A liquid ejecting device according to any
one of clainms 24 to 27, wherein: one end of the connected heating el enents
in said liquid cell is connected to a power supply for supplying current to
t he connected heating elenments, and the other end thereof is connected to a
first swtching el ement which perforns swtching for supplyi-ng current to
t he connected heating el ements; said dedicated circuit conprises: a
current-mrror circuit connected taq at, l.east one junction of the connected
heati ng el enents; and a second sw tching el enent which perforns contro
using said current-mirror circuit so that a current is - 114 allowed to
flowinto or to flow fromthe junction of the connected heating el ements;
sai d comhemas riguidotc drimd s ddrate urs et LRI L Eh e ight Bl Gisete s aliryYent
supplies for said second swtching el ement which are connected in parallel
to one dforeld &bdis profdRfy opdierrNtal tkhFdRCitdngoRAEELRAS| ATE
prevented from being operated simultaneously or in the
refill period. Accordingly, in the case of providing a
common circuit for a plurality of ink ejecting portions
consecutively arranged in parallel, and time-divisionally
using the common circuit, no problem particularly arises.
Therefore, in the present 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 portions belonging to the block.
Fig. 14 is a circuit diagram showing an example 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. Conversely, regarding the



common,to said current-supply elenments and whi ch perforns anal og control on
the total value of currents supplied fromsaid current-supply elenents to
said second switching el enent; and a second control termnal which is

provi ded in each of said current-supply elenents and which perforns
switching for supplying a current fromeach of said current-supply elenents
to said second swtching elenent; and a constant ratio of currents in said
current-supply elenments is naintained by controlling a potential applied to
said first control termnal, and the idtal value of currents supplied from
said current-supply elenents to said second switching el enent are
controll ed by independently inputting one or zero to said second control
ter m naleohlonRat s 1 aikfoC Bk SUPRIInECTRNLSL (39w rAck! Qi d ej ecting
devi ce according to any one of clains to , Wherein: - 115 one end
of the 85180 ASAlHAY oYL (e 3118l i 068! Lohs coRageisd to a
power supply for supplying current to the connected heating el enénts, and
the ot h%rrr%_@@ehhﬁrrxe?;aﬂail%qnﬂ_@@t e bRed fimStenW bhinpdeel ament-cyhicch
perfornms switching for supplying current to the connected heating el enents;
sai d dedicratsRehpAiyildi o CUFHeneTo A GlidoRldl sHifticBling klehentoRngehed to at

| east one junction of the connected heating el enents; and a second
swi t chi g eleemaiarghifolr peérkf erims opettardlonusiond redile rc Ukl @dednatr @heCi r CUi t
so that a current is allowed to flowinto or to flow fromthe junction of

t he conmeotmech lrdataudid .el ements; said conmon circuit conprises:
current-supply elenents used as current supplies for said second sw tching
el enent whi chnaFégcohAecredibhopar Bhi-3] ahd BheBanatdea; tmafisistorontr ol
termnal which is connected in common to said current-supply elenents and
whi ch p&lf emes igleaitdgadoror dlhoge shewnotial Rigl-ud 3of Auchmestsuppl i ed from
said current-supply elenents to said second switching el enent; and a second
cont r ol THEHANM AL BAiidh GeePesed @dd tirrrsaditost d8ild aggr M8kt 1suppl y el enent s

and which perforns switching for, supplying a current fromeach of said
current%ﬁﬁﬁﬂﬁfal 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 other 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", and the
transistors M13 and M15 and the received signal M18 and M10
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 transistors M33 and
M34 are connected to the common circuit (current supply),

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



- 116 elenents to said second switching elenment; 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 val ue of
currents supplied fromsaid current-supply elenents to said second
switching elenent is controlled by independently inputting one or zero to
said second control termnal for each of said current-supply el enents; each
of said current-supply elenments is forned by a unit element or by unit

el enents having identical characterd stgics which are connected in parallel
to one another; the connected current-supply elenents are arranged in
parallel so that the unit elenents are in the ratio of powers of two; and
when one _or zero_isS indeEendentI ingut to the second control termnal in

each of X84 d2Bdr ¥éAt YE4FPI §T8I ERERBE T YLV FRRRESHRDI FR RS PR 1SR d

Currentaiueggytgggggg grgOMT?IQBB, and M34, and the input terminals

thereof are described later.

In the case of providing a common circuit, by
increasing the number of ink ejecting portions in one block,
saving in common circuit is achieved. 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 number 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
performing simultaneous ejection, thus lowering printing
speed. Accordingly, an appropriate number of blocks which
is suitable for the object of 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
common 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.



second switching elenment is changed in units of powers of two so as to

satisfy the expression: | - ~2n . pn + 2n-1 Dn-1 -f- ... + 2

D2 + D1) |~

where 1o represents a current supplied for a unit elenment, n represents the

total number of second control termnals, DI, - 117 Dz, ...

Dn each

represent one or zero as an input to one second control termnal. 30. A
| iquid ejecting device according to any one of clains 24 to 29, wherein:

one end of the connected heating elenents in said |liquid cel

i's connected

to a power supply for supplying current_to the connected heating el ements,
and the other end thereof is connected to a first swtching el ement which
performs switching for supplying current to the connected heating el enents;
said dedicated circuit conprises: a current-mrror circuit connected to at
| east one ofAst Isdicsoniectféd .hédt i nheelfermuntdsdigatied sétondtswharehi ng el ement

whi ch perfornms contro
provided with one common circuit. As shown in Fig. 14,

common circuit is used as a current supply {(circuit

the

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 described below.

Figs. 16A and 16B show the concept of the current-
supply circuit forming the common circuit in this embodiment.
In Figs. 16A and 16B, an ocutput 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 transistors M2,..., M17) applied to each Z-control
terminal (corresponding to the deflection-amplitude control
terminal B 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

I, =m « f(Vx)



using 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 elenments used as current supplies for
sai d second swi tching el enent which are connected in parallel to one
another; a first control termnal which is connected in common to said
current-supply elenents and which perforns anal og control on the total

val ue of currents supplied from - 118 said current-supply elenents to
said second switching el enent; and-a7€eeond control termnal which is
provided in each of said current-supply elenents and which perforns
switching for supplying a current fromeach of said current-supply el enent s
to said second switching elenent; a constant ratio of currents in, aid
current-supply elements is mai nt ai ned by controlling a potenti al Zplied to
said first control termnal, and the total value of currents supplied from
sai d current-supply elenents to said second swtching elenent is controlled

by 'ndeQﬁngnﬁl¥e§?89&ﬁ£99a09§e?%léféﬁtt0 said second control term nal for

each of said current-supp enment
When current supply I, can be switched on/off by an

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

represented by

I =D m -+ f£(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—l mn_]_ + ... + Dl * ml) * f(VX)

(4)

where m, represents a coefficient, and D, is "1" or "O".
Accordingly, by using the common circuit represented by
expreséion (4) and inputting "1" or "0" to each control
terminal D, current Iy can be changed. 1In 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



in one current-supply el enent anong the current-supply el enents which has
the least current supplied to said second swtching elenent, by controlling
the input of the second control termnal to be always one, the total val ue
of the currents supplied to said second switching elenment is prevented from
bei ng zero; and when one or zero is independently input to each of second
control termnals other than the second control termnal controlled to be
al ways one, the total value of the currents fromthe current-supply

el ements to said second control termsal-is changed into an even nunber of
positive and negative val ues which are symetrical with respect to - 119
zero, and the total value of the currents supplied fromthe current-supply
el enents tqQ _said second control termnal_in response to the input val ue of
sai d sefdfd1l@Enh6n CePKFRAL NG CHERGRE PH QF?PﬁhﬁgiEnbﬁﬁ@ﬁ%s§P8nP631. A
liquid ejecting device according to any one of clains 24 to 30, wherein:
one endP&FHOFESConnect ed heating el ements in said liquid cell is connected

and-t ho. of hot Rehliet RErBar i SheaFER: Ea° 6T 1 SPEet | GG ebent whi ch
G2l o dodi B 4T PR, TPRC Rty FeBeSHSRRT kahe KOFFERTCRY il PERMER: oo To ot
uhi ch parr Sraenc sher BPEE T deRk: B2 BB P e RE o B Pl M cisront
I's allowgd ©nhk9WsyRi@mOtokOwkiGWeihg™a LYBGL I Ofn 0L [Decause
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 = (2 - D, + 2771 - D + ... + 2 + D, + Dy) - £(Vx)

(5)

Fig. 17 shows a specific common circuit obtained when n
= 3 in expression (5). 1In Fig. 17, a control terminal 2
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 common circuit in Fig. 17, current-supply
elements consist of three types of current-supply elements.

Specifically, the current-supply elements are formed by



connected heating elenments; said common circuit conprises: current-supply
el ements used as current supplies for said second swi tching el enment which
are connected in parallel to one another; a first control termnal which is
connected in - 120 common to said current-supply elements and which
perfornms anal og control on the total value of currents supplied fromsaid
current-supply elenents to said second switching el enent; and a second
control termnal which is provided in each of said current-supply el enents
and whi ch perfornms switching for suppkying a current fromeach of said
current-supply elements to said second switching el enent; and in one
current-supply el enent anong the current-supply el enents which has the

| east current supplied to said second switching el enent, by controlling the
i nput otonmectiRGndieopr¥allelr nihala t@1eers) vwaipp lohelameatt dwhlos@al ue of
the currents supplied to said second switching element is prevented from
bei ng ZERRUL ah¥ Shepnbrel ckereimal le)ndﬁep@mam Vi TRns sd oda i 2ef second
control termnals other than the second control termnal controlled to be
al ways bk, 2t FeT VR tieS PP hee beReht 6VH i yHRI e urT entCd Sy el enents to
sai d second, control termnal is changed into an even nunber of positive and

negat i vECTAIRRY WAl cFOBPRSeY ikt FR abraf i+ tuh ettt L M%8 . aMd the total

val ue OL t he cgrrent§ s%$ﬁ¢ie fron1{ e current-su plxxgk%ﬁgnts to said
second toht? of“EEFI nBfPRHY resPie 595k Fith Vadué §ai d second
cont rol té%ﬁﬂé‘f" D3P Eé‘@g&egd'é‘f af(')l%}lhr@}ér?sfgto LM LNMsYd 3 d Jhlgaui d
ej ecting device cOnprises a sign-change
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 transistor constituting each current-
supply element, each of transistors (transistors M41, M43,
M45, M47, M49, M51, and MS53) each having a current-carrying
capacity (Id-Vgs characteristic) equal to that of the
transistor are connected as each switching element for the
current-supply element, and the control terminals D1 to D3
are connected to the gates of the transistors constituting

the switching elements.

In expression (5), when n = 3,

Iy = (4 - D3 + 2 - D2 + D1) -+ f£(Vx)

(6)

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

when the appropriate voltage Vx is applied between the



- 121 «circuit in which, when one or zero is input the second control
termnals in predeterm ned order, the order of currents output fromthe
current-supply elenents is changed.
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(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 (I4) to 7 (Ig), with I  used
as one step. The overall current can be proportionally
changed because the value of I, can be changed by changing
the voltage applied 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 ejection-control circuit 50B' differs from the
dedicated 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 Mé2 each
having capacity represented by "X4" and that a switching

element and a current-supply element which are connected to
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a control terminal D2 are formed by transistors M63 and M64
each having capacity represented by "X2". The differences
are such that, in order to simplify the power-supply
elements (in Fig. 17) formed by unit elements (transistors)
each having capacity represented by "X1" which are connected
in parallel, the ejection-control circuit 50B' has structure
equivalent 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-
executing 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 the
ejection-executing input switch A, and 0s are input to a NOR
gate X21. TIts output is "1", thus turning on a transistor
M1.

When the input of the ejection-executing input switch A
is "0", by inputting "0" to the polarity-change switch Dp,
the inputs of the NOR gate X22 are "0" and "0", and the
output is "1". This turns on the transistor M3. 1In 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
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output is "0", thus turning off a transistor M34.

In this case, a current flows from the transistor M31
to M33, while no current flows from the transistor M32 to
M34. Based on the characteristics of the current-mirror
circuit, a state in which no current flows to the transistor
M32 causes no current to flow to the transistor M31.

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 transistor M1,
and is sent to ground. Thus, the currents in the resistors
Rh—-A and Rh-B has the relationship (Current in Rh-A) >
(Current in Rh-B). In other words, the advantage of the sub
operation control 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 M1l.
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Also, since the inputs of the NOR gate X22 are "1" and
"O0", its output is "0", thus turning off the transistor M33.
Since the inputs of the NOR gate X23 are "0" and "0", 1its
output is "1", thus turning on the transistor M34. During
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 also 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
the 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-A) < (Current in Rh-B).

Accordingly, similarly to the ejection-control circuit

50 in Fig. 6 or the ejection-control circuit 50A in Fig. 13,
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a current can be led from between the resistors Rh-A and Rh-
B and a current can flow between the resistors Rh-A and Rh-B.

Next, differences between the ejection-control circuit
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 second 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+ 2+ J2 +J1) - I4

(8)

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

Accordingly, Iy is one of 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).
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Unlike the ejection-control circuit 50 in Fig. 6, since
the ejection-control circuit 50B' include the polarity-
change switch Dp in addition to the three control terminals
D1, D2, and D3, four bits are used on the whole, and the

output current Iy is represented as follows:

I,=Dp + (4 - D3 + 2 + D2 + D1) - I4

(9)

where Dp and D1 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 the 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 J1, J2, and J3 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.
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In the case of the ejection-control circuit 50 in Fig.
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. 1In 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 Iy 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 "0" of the control
terminal D1 is eliminated), an even number of values of
output current Iy, can be obtained.

In expression (9), when D1 = 1,

I,=Dp + (4 + D3 + 2 + D2 + 1) - I,
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il

(4 - Dp * D3 + 2 - Dp * D2 + Dp) - I4

(4 + J3 +2 + J2 + J1) + I4

(10)

In addition, by providing a sign changing circuit in
which an equal output can be obtained in response to an
equal input signal, the ejection-control circuit S0B' 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 Jl1 to J3,
output current Iy 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 Ig).

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
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advantages:

(1) A dedicated circuit for each ink ejecting portion can be
constituted only by a current-mirror circuit and a second
switching element for controlling currents in the current-
mirror circuit. 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 can 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 circuit. 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-control circuit 50 in Fig. 6 to
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each ink ejecting portion of the head 11, a resolution of
300 dpi is a limit. However, by providing the head 11 with
the ejection-control circuit 50B, a resolution of 600 dpi or
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 J1 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
limited to the heating resistors 13, but any types of
heating elements that generate thermal energy for liquid
ejection may be used.

(3) In the above embodiment, the line head 20 for use 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
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for ejecting DNA-contained solutions for detecting

bioclogical samples.
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CLAIMS:

1. A liquid ejecting device having a head including 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 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 - N,

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,lthe 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 eacﬁiof

the liquid ejecting portions which includes at least one
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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

liquid ejected from said nozzle is controlled.

2. A liquid ejecting device having a head including 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 liguid 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 nqzzie 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

sald liquid ejecting device comprises:
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main operation-control means which, by supplying
equal amounts of currents to the connected energy generating
elements in said liquid cell, perfbrms 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
liquid ejected from said nozzle is controlled to change with

respect to a direction in which liquid is ejected by said

main operation-control means.

3. A liquid ejecting device according to one of claims
1 and 2, wherein said main operation--control means and said
sub operation-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

operation-control means including the current-mirror

circuit are mounted on
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the head in a form arranged in parallel in said

predetermined direction.

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
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 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
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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

liquid ejected from said nozzle is controlled.

6. 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
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
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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
liquid ejected from said nozzle 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 according 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.
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8. A liquid ejecting device according to any one of
the claims 5 or 6, wherein the liquid ejecting portions
including 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 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 liquid--ejecting-portien-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 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 the

energy generating elements; and
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the liquid from said nozzle is controlled 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, performs control so that the liquid
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 liguid 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
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
liquid cell which produces a bubble in response to the
supply of energy; and

a nozzle for ejecting the ligquid in said liquid cell by
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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 the
energy generating elements; and

the liquid 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 amounts of currents to the connected energy generating
elements in said liquid cell without using said at least one
current-mirror circuit, the liguid is controlled to be
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

liquid ejected from said nozzle is controlled.

11. A liquid ejecting device having a head including a
liquid ejecting portion or a plurality of 1liguid ejecting

portions arranged in parallel in a predetermined direction,
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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 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 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 liquid ejected from said nozzle is controlled.

12. A liquid ejecting device having a head including a

liquid ejecting portion or a plurality of liquid ejecting
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portions arranged in parallel in a predetermined 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 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 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 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.
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13. A liquid ejecting device according to claim 12,
wherein:

said ejection deflecting means includes the current-
mirror circuits, and the current-mirror 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 energy
generating elements by using the current-mirror circuits to
allow a current to flow into or to flow from the junction of

the- energy generating elements.

14. A liquid ejecting device according to claim 12
or 13, wherein said at least one current-mirror circuit
included in said ejection deflecting means is provided for
each of the liquid ejecting portions and éorrects 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.
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16. 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
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 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
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energy generating elements is controlled and the direction

of the liquid ejected from said nozzle is controlled.

17. 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 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 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
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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.

18. A liquid ejecting device according to claim 17,
wherein:

among the heads, two adjacent heads in said
predetermined direction are disposed across a liquid-flow
path extending in said predetermined 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;

sald 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 said predetermined
direction, said deflection-direction switching means
switches a direction in which ejected liquid is deflected to
a direction which is symmetrical with respect to that

obtained by the other one.
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19. A liquid ejecting device according to claim 17

or 18, wherein:

said ejection deflecting means includes the current-
mirror circuits, and the current-mirror 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 energy
generating elements 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 liquid is ejected.

21. A liquid ejecting device according to any one of
claims 17 to 20, 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.
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22. A liquid ejecting device using a head including 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 ligquid 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 enerqgy; 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 anoﬁher 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 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

nozzle is controlled.
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23. 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
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
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 at leasf 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
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nozzle is controlled.

24. A liquid ejecting device having a head including 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 heating elements are connected
in series to one another and are arranged in parallel in
said predetermined direction;

said liquid ejecting device comprises:

main operation-control means which, by supplying
equal amounts of currents to all the heéting 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 cell, and which,

by setting a difference between the amount of the current
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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 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 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 said sub operation-control
means and ejects liquid from one of the liqqid'ejecting

portions belonging to the block.

25. A liquid ejecting device according 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
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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 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 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
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 current-mirror 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 the

switching element portions has one as an input and the other
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switching element portions has zero as an input, a current
is allowed to flow into a junction of the heating elements
by using said current-mirror circuit, in which, when one of
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
zeroes as inputs, no current is allowed to flow into and to
flow from the junction of the heating elements by using said

current—mirror circuit.

27. A 1liquid ejecting device according to any of
claims 24 to 26, 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
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 the connected heating elements; and
a second switching element which performs control

using said current-mirror circuit so that a current is
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allowed to flow into or to flow from the junction of the
connected heating elements; and
said common circuit comprises:

a current-supply element used as a 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 said 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- switching 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
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 the connected heating elements; and
a second switching element which performs control

using said current—-mirror circuit so that a current is

10:
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allowed to flow into or to flow from the junction of the
connected heating elements;
said common 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 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 current-supply 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 independently 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

claims 24 to 28, wherein:
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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
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 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 common 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 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 current-supply elements and which performs switching

for supplying a current from each of said current-supply
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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 currents
supplied from said current-supply 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;

each of said current-supply elements is formed by a
unit 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 = (2D, +201 - D ;4 ...+ 2 Dy, + D) ¢ I

where I, represents a current supplied for a unit element, n

represents the total number of second control terminals, D,
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D,,..., D, each represent one or zero as an input to one

second control terminal.

30. A liquid ejecting device according to any one of
claims 24 to 29, 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
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
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 a junction of the
connected heating elements;

said common 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 current-supply elements and which performs

analog control on the total value of currents supplied from
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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
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 currents
supplied from said current-supply 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 wvalue of the
currents suppliéd 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 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
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zero, 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.

31. A liquid ejecting device according to any one of

claims 24 to 30, 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
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
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 a junction of the
connected heating elements;
said common 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
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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 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 said second
control terminal is changed into an even number of positive
and negative values which are symmetrical with respect to
zero, 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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currents output from the current-supply elements is changed.



