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Di scharge Apparatus and Li quid D scharge Met hod 2 March 2007
Technical Field The present invention relates to a
i ‘liquid discharge apparatus and a |iquid discharge
met hod whi ch are adapted for discharging droplets from
di scharge holes. This Application clainms priority of
. Japanese Patent Application No. 2003-311625, filed on
Septenmber 3, 2003, the entirety of which is
i ncorporated by reference herein. Background Art

Hitherto, as an app tu t.ed for discharging
liquid, there are %&ﬁ@zﬁ?@bﬁrge appar at uses of the
ink jet type system which are adapted for discharging

Liquiti!Ibfscﬁﬁug‘ém@a&atuscuﬂcmqtﬁmIbisahlargecmémlaﬂr ge portions
Wi th respec to a recordi ng paper as object to record
i mges and/or characters. The liquid discharge
apparatuses using ink jet systemhave the nerits that
running cost is low, and mniaturization of the

TechiiPREFRIdS and realization of color print imge are

: easy. In the liquid discharge apparatuses using ink

iU R ACRE AN T
liquidMitlrichrl]la;z';eoinethod which are adapted for discharging - droplets from
discharge holes.

| This Application claims priority of Japanese Patent Application No.

2003-311625, filed on September 3, 2003, the entirety of which is

incorporated by reference herein.

Backgrqund Art

| Hitherto, as an apparatus adapted for discharging liquid, there are
liqﬁid discharge apparatuses of the ink jet type system which are adaptéd for
discharging inks which are higuid from liquid discharge portions with respect
to a recording paper as object to record images and/or characters.

The Iiquid discharge apparatuses using ink jet system have the merits
that running cost is low, and miniaturization of the apparatus and realization
of color print image are easy.

In the liquid discharge apparatuses-using ink jet system, inks of yellow,

magenta, cyan and black, etc. are delivered from ink cartridge to ink liquid




2 chanbers of l|iquid discharge portion, etc. The inks

whi ch have been delivered to the ink |iquid chahldara 2007
etc. are pressed by pressure generated by pressure
generating or producing el enent such as heating

resistor, etc. disposed wighin the ink liquid

chanber. As a result, inks within the ink liquid

chanbers are discharged fromvery small ink discharge
hol es, so-called nozzles provided at the liquid

di scharge portion. In concrete terns, inks within the

h Nk mber ,. heat ed by, heati. i st i d
chamts 51 AWE JisRhfed pIOChatise Tedaks S AYGHEBSIa vered
i nks on the heating resistor. By pressure produced by

to thedi¥bligsid cheaberse ett. wabPpraedditoprdskardgeadated b predsure
the i nks which have been discharged onto recording

er as qbject,, etc.. to,pri,nt Jinmages, and/or,. s
genergHRE arEpdUCINE ElemeiliehiaSHgE BERITR LIS Ushowsh wighin
the ink jet system -there is a printer apparatus of
the inlhéiqast chhmbypeAisra wsudt) inkk wihinr {ltgik $iquéddbdnbers are

attached to |liquid discharge head and the liquid

. i e I L8 0DV in i dt h direction of the.
dischi 3 1BbREv S it iR SR Yol sPisk TSkt bitfjded a
. perpendi cular to carrying direction of the recording

the ligapkdiscthatgeepetiiorhin coketeoferpise deks wiktiniadtheolndkr shamber
onto the recordi ng paper. Mreover, there is a liquid

L SGh a r.ap. of;: -¢al | li.me;. ) in
are HEaRSBLORRRE HEH T HishSed S it 3R, ol HARRE chifiber o
recordi ng paper is caused to be discharge range of
produchebubldes iateinksi ofisther beating resigied. Byorpressare gsrodficed by
l'iquid discharge portions arranged in width direction

bubblBS, RS 2FE AR AaPEP FRGH thé nbEIER (699 the inks which have been

discharged onto recording paper as object, etc. to print imagés and/or
characters.
As a liquid discharge apparatus employing the ink jet system, there is
a printer apparatus- of the serial type in which ink cartridge is loaded or
attached to liquid discharge head and the liquid discharge head is movéd in
width direction of | the recording paper, i.e., in a direction substantially
perpendicular to carrying direc‘tibn of the recording paper to thereby hit inks
of predetermined colors onto the recording paper. Moreover, there is a liquid
“discharge apparatus of the so—called line head type in which substantially the
same range as width of the recording paper is caused to be discharge range of
the ink, i.e., inks are diécharged from nozzles of liquid discharge porti_ohs

arranged in width direction of the rccording paper.




3 1In the liquid discharge apparatus of the seria

type, when the liquid discharge head is noved ihMarch2007
di rection substantially perpendicular to carrying
direction of the recording paper, traveling operation

of the recording paper isg stopped to discharge inks

Wth respect to the recording paper in a stop state
while noving the |iquid discharge head to repeat such

di schar ge operation to thereby perform print

operatlon On the other hand, in the liquid discharge

ar, of, | ine hea t he.l,i UId i S -
ok % i diFFomep Gamarus MRSt piat S siigh iR Aduid
I iquid di scharge head with respect to cont| nuousl y
- dischargavistddny meveddnrgdirepion subdtahtiblip perpeidicalar theambing
performprint operation. For this reason, since the

dicectityd B n BEORERE ABEF Bl chnd betgh B ¥cbriBle mbpsis

. unli ke the liquid discharge apparatus of the serial
stoppeg e, disthirgeocimks withsebperttto, theereordingi piper Speedtop state
print operation as conpared to the printer apparatus

whileZokiy FEE Wi Sfnal B0HF s et Jich pbih BDORRR o

: unnecessary to nove the |iquid discharge head,
therebye peefariny rimkopearationi Qye thee athdrehamd ,amg tk 11gnldadlscharge
~ result, ink capacity of the ink cartrldge can be

USRS Bl A 50050 BRIl 06

not nmoved, sinplification of the confl guration can be
-dischargal inksdfromnibe liquidediselargp dusicodth sespece ¢o atanyinuously

provide respective ink cartridges and |iquid
oS 8 I vl B A RS Ao,
For this reason, since the liquid discharge apparatus of the line head type is
adapted so that the liquid discharge head is not moved unlike the liquid
discharge apparatus of the serial type, it becomes possible to. perform high
speed print operation as compared to the printer apparatus (')f.the serial type.
Moreover, in the liquid discharge apparatus of the line head type,
'_because. it is unnecessary to move the liquid discharge head, respective ink
cartridges can bé enlarged. As a result, ink capacity of the ink cartridge can be
increased. In such liquid disbharge apparatus of the line head type, since the
- liquid discharge head is not moved, simplification of the conﬁguration can be
realized. Thus, it becomes possible to integrally provide respective ink
. -gartridges and liquid discharge head.

Meanwhile, in the above-described liquid discharge apparatus of the.




4 line head type, print accuracy of inage and/or
character, etc. depend upon accuracy of the tim Ngreht2007
which ink is hit onto traveling recordi ng paper. _

Expl anation will be given in concrete ternms. There

takes place the problem tljat when, e.g., traveling

speed of the recording paper is high, print operation

is perforned in the state where recorded i nages and/ or
characters, etc. are expanded in carrying direction

of the recording paper,. and while when traveling

. of the.recordi ng.paper is,low, print eration
line REEEPE, hefit FE0iy Y RRBSRuRuoF Shafiridh iefEqadbed upon
and/ or characters, etc. are contracted in carrying
accurtioyeofithe omingentrwhivhdinlg ipapierontbniraveling recading paper.
such problem in the liquid discharge apparatus of the

Explabffol i bBup if o ST PR ekl S RS R rpblem

Nanely, traveling speed is caused to be constant so
that when, e gnetrevelass sphedsotite tegloedinl er s high girimtgoperation
speed of the recording paper to thereby control the

o5 0l 2 AR, e

etc. is used, while expansion and/or contraction of
expahdedeln eacying edisddtivinatfethe tieeording paper, poslsivdhilé twhen
that when there slightly exists error of several '

LGl j £im Lok ' . 1 ecor di ‘.
traveliof e HEREhrdihg Pl 4 10 pfiRt GpblifichCE Pt ined in
density of color may take place in carrying direction
the sgatet wherecscdideg papges arnd?mc oharaaters; etersarencentracted in
control of traveling speed of the recordi ng paper by

cart R TSR oL AR o ), By peveral i rons

In order to solve such problem, in the liquid discharge apparatus of the
line head type, e.g., servo motor, etc. is used for control of motor for traveling
-récording paper, etc. Namely, traveling speed is caused to be constant so that
| uﬁevenness does not take place in traveling speed of the recording paper to
~ thereby control the timing at which ink is hit onto the recording paper.

Even in the case where servo motor as"dé'scribed above, etc. 1s used,
while expansion and/or contraction of image, etc. are eliminated, there is the
possibility that when there slightly exists error of several micréns at impact
timing of ink onto the recording paper, color fone unevenness, i.e., unevenness
of density of color may take place‘in carrying direction of the recording paper.

In concrete terms, when control of traveling speed of the recording paper by

 servo motor is delayed slightly by sevef_al microns, color tone becomes thick




5 at this portion. On the other hand, when control of

the traveling speed of the recording paper by thblarch 2007
servo notor becones fast slightly by several mcrons,
color tone becones thin at this portion. Further, when
control of traveling speeg of the recording paper
beconmes fast at |evel of several ten mcrons or

several hundred mcrons, there take place a portion in
which no ink is hit, i.e., so-called white stripe

woul d take place over the range in a direction

i &l I [.to cakryi di.rection qf
at thf} RO Oh e RBEF o, Yo sOpiRl Xl vl sERefiof he
di scharge apparatus of the serial type, in stopping
recordiaggiapey bypidveatervo métor ecoassr fsngiglebe bytseveeil fmictons,
print operation, print operation in which so-called

_ [ [ - OV] [ rforned i uch.a ..
colof YSAL A i 3 5 bG8 Py SHE koG hvetin
print portion overlap with each other within a
speegrafdthecrecondingrpappe beconies fastiatiZevel afetvieral tehanéabns or

to thereby prevent color tone unevenness or white

(T [ ' ' hEQction of .t he
seveS ARSI RGBSR EBORNLT AL b,
the serial type, color tone unevenness and/or white
so-called pehitet stripsarwolds ipke eplaecd, overt theeranges inha direction
problem that the above-nentioned overlap portion is

| i hat, ti. lyk.ed:: £ or | ration is
S TP Cdiilar ) Ry Biog of Mic Rogr B e
' operatjon is _ increased. In order to solve problens as
ded2n ithegthasdand, in the lignih disshaige apparateapditbe serial type,
Patent Application Laid Open No. 2000-185403 '
in stOPRIAE AraRilidg Fpefatil CGF 4RO ‘recording paper to perform print
operation, print operation in which so-called overlap portion is provided is
performed in such a manner that the previous print portion and current print
portion overlap with each other within a predetermined range at the boundary
portion thereof to thereby prevent color tone unevenness or white stripe from
taking place .in carrying direction of the recording paper. In the liquid
discharge apparatus of the serial type, color tone unevenness and/or white
stripe, etc. can be suppressed, but there is the problem that the
above-mentioned overlap portion is provided so that time required for print
_ operation is elongated, and/or qu'antity of ink used for print operation is
increased.

In order to solve problems as described above, it is proposed in the

I apanese Patent Application Laid Open No. 2000-185403 publication that




6 there is enployed (used) such a configuration

disclosed in the US Patent No. 5172139 specifi caMarsh 2007
i.e., the configuration in which plural heating

resistors are provided so that they are

face-symetrical with eachgother at a plane including
center line of nozzle at a position opposite to nozzle

of the Iiquid discharge portion which discharges inks

to allow heat quantities of respective heating

resistors to be different fromeach other to thereby

control discharge irection of ipnk, In,the c of
therg focmBlay st aeiaugh e i fion siSclandh bl G ERERRent No.
Application Laid Open No. 2000-185403 publication, in
5172189 sppeifivdtiorg itmathe cowfigurttion infwhebpsluraMecatiegties@tors
resistors are not suitable, ink mght not be

di scharged;in desired discharge.directiqgn.
are PiSTted 7 il Dot FpervpRiy iiEaeadth o g planc
sense, as in a liquid discharge portion (elenment) 201
inchslingwceinterFlifte of2nozzic bha pasitomupposasaognesleefithelrpid
to the respective heating resistors 202 are not

s Wl AR Plards SuR U35 AnBliSs f Pipective

203 becones poor. Nanely, in this liquid discharge
heatingr testntoR0th, be kfferdd from quhsothet ito ythetebly deiteoladisciarge
pressure for pressing ink 203 on respective heating

T ' kS 202 becones unstable so that discharge
dueé&ﬁjﬁ{eélfﬁ%{fﬁ of ink may be diverse. Mreover, in the:

liquid di scha&ge portion 201, in the case where
ballantiee afasprek dhe ecdrdrgurpnies sdinglosed p0thedapanese Patent
respective heating resistors 202 beconmes unstabl e,

App%?%% e?,%lfd %ﬁlgﬁ}em@i 54035506491 H 3hhE ke Wikere heat
quantities of respective heating resistors are ﬁot suitable, ink might not be
discharged in a desired discharge direction. As a result, picture quality may be
~ lowered. In practical sense, as in é' liquid discharge portion (element) 201
- shown in FIG. 22, in the cése where energies' delivered to the respective
lheating resistors 202 are not suitable, balance of size of bubbles 204, etc. that
the respective heating resistors 202 produce at ink 203 becomes poor. Nénflely,
in this liq_uid discharge portion 201, there is the possibility that balance of
pressure for pressing ink 203 on respective heating resistors 202 becomes
| unstable so tﬁat discharge direction of ink may be diverse.

Moreover, in the liquid discharge portiofl 201; n thé case where

- balance of pressure for pressing ink 203 on respective heating resistors 202

* becomes unstable, there are instances where discharge angle 6 of ink droplet i




7 fromthe nozzles 205 becones too small. In this

case, in the liquid discharge portion 201, sinceMarch2007

di scharge angle [theta] of ink droplet i becones too

small, ink droplet i cones into contact with edge

portion 205a of the nozzle 205 when the ink droplet i

is discharged fromthe nozzle 205. Further, the

di scharge direction is caused to be diverse. Fromthe
from #eonezrAleN20SNRLcHRE B0 driall B £HiS €R3¢, %8 Merlidia difasde

201, there are instances where inpact point'is

poiof 35 SRS 021 e o b o B

unevenness and/or white stripe, etc. take place so
dropletHzgompes infoecapiatt withnedgepottoon 268a dfitheinemzbd 20hewhen
above, in the liquid discharge portion 201, it is

the inkmaRsplént it AisiHat @Rl YrdiANfheChoRAB L FHH amrit r,esthé’fdischalgge
respective heating resistors 202 for discharging In
. .droplet i,fromthe nozzle 205, i.e., energy
_duectlaaéﬁlcpﬁ;eéist’ Qg diversgych as current, etc. delivered to
respective heating resistors 202 for the purpose of
Hrani the abepemdénimniedafactsy inethiesdisckargd 2porfioacthead) 01,
of the Invention Problens to be Sol ved by the

there 4r8\RSthh ' i VPR i HoM
cre 418 {ah G FRER B Dol Lo MhIREETAL IR (RRPIY bt

di schar nmet hod whi ch,can elim_.nate problens that
the prjqip} SHkTaCe, o1 g FGPEAN G BIRTH By AR 108Kt SagYeTIgES

present invention provide a liquid discharge 2 March
and/or20hite sBipe, etc. take place so that picture quality may be lowered.

In view of the above, in the liquid discharge portion 201, it is
important to suitably control heat quantities of respective heating resistors 202
for discharging ink droplet i from the nozzle 205, i.e., energy quantities, etc.
such as current, etc. delivered to respective heating resistors 202 for the

purpose of heating respective heating resistors 202.

Disclosure of the Invention
Problems to be Solved by the Invention

Embodiments of the present invention provide a liquid discharge
apparatus and a novel liquid discharge method which can eliminate problems
that prior arts as described above have.

Embodiments of the present invention provide a liquid discharge




apparatus and a |iquid di scharge nethod which are
adapted for preventing pressure bal ance for présMargy 2007
l'iquid produced by respec%ive pressure generating

el ements from being uncontrollable to thereby have
ability to prevent |lowering of picture quality.
According to a first aspect of the present invention,
there is provided a |I|iquid discharge apparatus

apparf@STHnds hNBqeiids aRh &k eC AEthed WERRSareN§iasted Sfor dpreventing
liquid chanmber for storing liquid; two pressure

enerating &l enents or..nore rLOVi at the liquid
pressuff ByBicBY (G CBRDihe T HRC quBRRted O besnaCuivenprcames

l'i quid chamber; and di scharge holes for discharging
generatieg | slemieatsavfitosh beisgbeeeontpolaltledtobyherkbyrkaye abilty to

pressure generating elenments in the state of droplet

preveﬁﬁ%érhﬁg b'fg}gtgréz ﬁﬁlﬁ;ﬁ)’- to control supply things and
supply tinmes of energies to the respective pressure

generating elenents to ntrol di.scharge angle when
SRt B & TSGRk g he prEnt HRveitioin hge Hangvided a
wherein the discharge control neans is adapted so
liquid tdistharge tdpparetns ycodapriising edistlargaeconftrdl haeaes prcluding: a
pressure generating elenments being as reference, the

liquid Th3a{Rr GBr Cs?&riﬁg i WB& Bwo Sﬁrblbérf].ﬁ% %gﬁgfzg% &ﬁmﬁé}ﬁs NGy

<
pressure generatin el ene ere timng

.1S§ shifted.i.n a tine of the range within_ 20% of suppl
provideg &t e liqred shambary japg segvings oy press liquid sﬁ@@éemtﬂuo tRe
supply timng of energy serving as reference. 2 March

liquid izgslzlr?teiﬁ,ozf]mb?iﬁg?ag@ietlmlas secéndhagpge th@figﬁfdewhﬁdﬁhﬁﬁ been
, s provided a liquid discharge
presseﬁ‘iadaﬂlﬁ‘ga I‘é%i)e@tﬂ/é ﬂi’és‘gupé ﬁgﬁ@aﬁﬁgaqu CRkUR HHchiel Be :drgplet
from the liquid chamber to control supply things and supply times of energies
to the respective pressure generating elements to control discharge angle when
the droplet is discharged from the discharge hole, wherein the discharge
control means is adapted so that, with energy delivered to one of the respective
- pressure generating elements being as reference, the discharge control means
delivers energy to the other pressure generating element in the state where
timing is shifted in a time of the range within 20% of supply time of energy

serving as reference with respect to supply timing of energy serving as

reference.




chanber for storing liquid;, two pressure generating

el ements or nore provided at the |iquid chamber? Mareh 2007

serving to press liquid sgored within the |iquid

chanber; and di scharge holes for discharging the

liquid which has been pressed by the respective

pressure generating elenments in the state of droplet

fromthe |iquid chanber, wherein energy delivered to
opdingHe a segamek aspsct pf Huspresegemyeationgtheire i pravided

caused to be reference, and the energy is delivered

a liquiHQiiEélﬁar?é hREthReoT U ggﬁﬁﬁ,&fs@hﬁﬂ@%_ ;ﬁ:{dﬁaggﬁ%: iﬁEludin%:h% liquid

substanfially the sa time tirm hat of

ref.erence ener.qy, or the enerqgy..is delivered thereto
chambief F6F S8R Be Gl v breesirs BEAHHRE elceRe o oS Bqyaded
from7.5%to 20% of supply time of the reference
at the dipndychdmber, expk serving tthepress digridestenat gyithinnthehdiquid
l'i quid di scharge nmethod according to an embodi nent of
chambbF€ an®" §%ERArgeN KBS e8! mgst}ﬁ’.e'liq‘iﬁﬂ \‘j’vﬁ/h'i(ﬂl HalCheen
pressure generating elenent a t1mhg Ichis 2
rch 2007 10 substantially the sane as _.that of
presseq Bhtheesbective, Prosh agrgling GePeos Batia Haioph droplet
the state where tinme is shifted in the range within
from the%iqfidtchaenbere winatetiu ehagywdeliveredf ©r ene efether ggpedtive
delivered with respect to reference energy so that
_ kS odet.l suli t.ab i.ni,ng,. qt .
pressufly Befalie Clenleif ds ShusBaZtd K tdTeichbbydng fhe eppry s
it i.s possible to discharge droplet from

) fact, it )
delivergf dtonthey athes| Rresswgr gensreting clement at snbstantially the same
accordance with the |liquid discharge apparatus and the

time tiing ad thaticfthe &@Erﬁﬁief@férgg,‘?&ﬂﬁbr&lei’gy endelev ered tiserefo in
the present invention, shift of
the state where time is shifted within the range from 7.5% to 20% of supply
time of the reference energy with respect to the reference energy.
In the liquid discharge method according to an embodiment of the

present invention, energy is delivered to other pressure generating element at a

timing which is




i npact point of discharged droplet is also suppressed.
Thus, print operation having excellent picture 2March2007

qual ity can be perforned. 0Sti [l further enbodi ments of
t he present invention and practical merits obtained
by the present invention will becone nore apparent

fromthe description of the enbodi nents which will be
given below with reference to the attached draw ngs.

substaiitiallfy Dessamet Aorthef of heféXeave F@ﬁr@ﬁor leresgq is delivered
per spective view showing a |liquid discharge appar at us

condi sent.:-knvent hbon. FLG .2 .0 S .
theret§IAONHE Pie G ERETR iR TR aria a2, ofi giame
. bsed in_the liquid discharge apparatus. FIG 3 is a
Perw(ﬂ dysingswhich reflerencevenarayi is deliverpd twish iraspanéda reference
cartridge. 2 March 2007 11 FIGS. 4A and 4B show an

energy B thaPehetgpak tdediverdie it iankuitd1é g, itS redRR6ed ¢
gsiynk j et prlggt head cartriadgel, wher ei 1 Fl Cr-le Iﬁ% IS ﬂg@&s‘ﬁre

el Vi how he state e the supply hole.is
generfEELING B 6 Ft I BuboWiblccts SRehiRB trblet godn
. where the supply hole is opened. FIG5 is a cross
dischagge holertawarid edesiredidagctibn. r el ati onshi p bet ween i nk
cartridge and ink di scharge head which constitute the
Ak at@rdBhédt whBathe Clitﬂﬁﬂ' ﬂ%haﬁ%e%gﬁgﬁftﬁé‘ dirﬁf’ BB quid
ti of In

val ve nechani sm at connection p
. cartri . wher.ein Fl 6A is a.cross sectional vige
d1schaggﬁjme#gg$ ﬁgcgﬁygé t%ﬁg&)mmeln%s St the present 1nven?10n, shift of

impact point of discharged droplet is also suppressed. Thus, print operation

having excellent picture quality can be performed.

Still further embodiments of the present invention and practical merits
obtained by the present invention will become more apparent from the
description of the embodiments which will be given below with reference to

the attached drawings.

Brief Description of the Drawings

FIG. 1 is a perspective view showing a liquid discharge apparatus
according to the present invention.

FIG. 2 is a perspective view showing ink jet print head cartridge used
in the liquid discharge apparatus.

FIG. 3 is a cross sectional view showing ink jet print head cartridge.




the valve is closed, and FIG 6B is a cross sectional
vi ew showi ng the state where the valve is openedMafh@007
7 is an expl oded perspective view showi ng ink
di scharge head of the ink jet print head cartridge.
FIG8 is a plan view showimg i nk di scharge head. FIG 9
shows the state where the ink discharge head
di scharges ink droplet, and is a cross sectional view
showi ng the state where ink bubbles having
substantially the sanme size are fornmed within ink
| i girsk G F (=Y . :
| i IGHS CRA RS AR th THE <BbPRy bORicH Rfer B8 SpdtGee is
cross sectional view show ng the state where ink

loadeqt amfioetnk get prist hwadecartdge,dwheeeipoitG.ohA is a model view

substantially i mredi ately bel ow from nozzles by two

oo BB BB ol L, S0y o

. and is a cross sectional view show ng the state where
viewjshrwing the state shieng tiag supplyholeiveperade formed wit hin
ink liquid chanber. FIG 12 shows the state where the

| niprdi $GRay Sﬁ)sF %étiéh@ﬁ%w @ﬁ?ﬁgkgs ggs{ fe&l%t\ﬁ&ns ﬁgn%e&l ink

cross sectional view show ng ere
droplet is discharged in substantially oblique
cartrigigee and olmks déﬁﬁhﬁtgezlgr@@dbwhlob qonstiputbihes inlkijet printi head
a side view perspectively showing a portion of the
cartrid'ﬁ@!ii d discharge apparatus. FIG 14 is a block diagram
shiowi ng a control circuit of the liquid

FIGS. 6A and 6B show valve mechanism at connection portion of ink
cartridge, wherein FIG. 6A is a cross sectional view showing the state where
the valve is closed, and FIG. 6B is a cross sectional view showing the state
where the valve is opened.

FIG 7 is an exploded perspective view showing ink discharge head of

‘the ink jet print head cartridge.

FIG. 8 is a plan view showing ink discharge head.

FIG. 9 shows the state where the ink discharge head discharges ink
droplet, and is a cross sectional view showing the state where ink bubbles
having substantiaily thé same size are formed within ink liquid chamber.

FIG. 10 explains the state where the ink discharge head discharges ink
droplet, and is a cross sectional view showing the state where ink droplet is
discharged toward the pdrtion substantially immediately below from nozzles

by two ink bubbles.




di scharge apparatus. FIG 15 is a circuit diagram
showi ng di scharge control unit of the control 2March2007
circuit. FIGS. 16A to 16C show that discharge contro

unit controls discharge direction of ink droplet,
wherein FI G 16A is a crossysectional view show ng

that ink droplet is discharged toward the direction of
the portion positioned substantially inmmediately

below, FIG 16B is a cross sectional view show ng the
state where ink droplet is discharged in one

su ni{ally obligque direction f wdth direction of,

” bl b Spagisr s SR B st g discatee bFad Fiiehansd ik
16C is a cross sectional view for explaining the state

dropléteramdi ik aderops seclisnaldvieahshg®#ing thetdigte where ink bubbles
substantially oblique direction of width direction of

. ' i th l.e .being. ter. 2 March
havipg LR PR Yo Tole T8 anE Ehid E0RRSFoim ahow o
the relationship between shift quantity of current

supBlG. 12 showsotheastmiai whefe tteairkndischaiss besd Vﬁﬁchhrgives ink
constitute the ink di scharge head and di scharge angl e.

* aonfSBpg 2 b TesReBA YISl Ko e T8 BRSO GRS i

. current is delivered to a pair of heating resistors
dischargedlin ditbstaatigHy lobdidue ditdetiontfad i ndweries by pwognk dbubbles.
shifted, . wherein FIG 18A shows inpact points when

SPGB iR e R G o i
supply timng is 7.5% FIG 18C shows inpact points
dischirga appafatugiuanti ty of

FIG. 14 is a block diagram showing a control circuit of the liquid
discharge apparatus. -

FIG. 15 ié a circuit diagram showing discharge control unit of the
control circuit.

FIGS. 16A to 16C show that discharge control unit controls discharge
direction of ink droplet, wherein FIG. 16A is a cross sectional view showing
that ink droplet is discharged toward the direction of the porﬁon positioned
substa_ntially immediately below, FIG. 16B is a cross sectional view showing
the state where ink droplet is discharged in one substantially oblique direction

.Of width direction of recording paper with nozzle being as center, and FIG
16C is a cross sectional view for explaining the state where ink-droplet is

discharged in other substantially oblique direction of width direction of

| recording paper with nozzle being as center.




current supply timng is 13% FIG 18D shows i npact

poi-nts when shift quantity of current supply tiZiviagch 2007

is 20% FIG 18E shows inpact points when shift

quantity of current supply timng is 21% and FIG 18F

shows inmpact points when ghift quantity of current

supply timng is 23% FIG 19 is a flowhart for

expl ai ning print operation of the liquid discharge

apparatus according to the present invention. FIG 20

Is a side view partially perspectively show ng the

st
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the present invention. FI GS 21A to 21C show ot her
shifteqzmsitysobuinekt dixpplyatigungeatia paieofeheatmgsreststars svhich

pl an vi ew showi ng the state where heating resistors
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view show ng the state where three heating resistors
ar FIervil 84dtani 18K are imtddhuidyes shawdngliGpagt paigtsaof ink
pl an vi ew showi ng the state where four heating

dropfe‘ﬁh&lﬂﬁ' e@HOMR Y hiSHe WidH ufs'%ecdrf%t‘i@a rcd'ﬂ)cﬁ of
Zed o 31, Bul ,

acro |ona VI ew s In a no
a conventional ui d di schar e portlon (elenent)
‘heatiBgstesiasoks abunlcah& arge h@ﬁdtme enslata ivdiera timipg & shifted,
dlscharge appar at us and a liquid discharge nethod
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timing is 0%, FIG. 18B shows impact points when shift quantity of current
supply timing is 7.5%, FIG. 18C shows impact points when shift quantity of
current supply timing is 13%, FIG. 18D shows impact points when shift
quantity of current supply timing is 20%, FIG. 18E shows impact points when
* shift quantity of current supply timing is 21%, and FIG. 18F shows impact
points when shift quantity of current supply timing is 23%. |

FIG. 19 is a flowchart for explaining print operation of the liquid
diScharge apparatus according to the pfesent invention.

| FIG. 20 is a side view partially perspectively showing the state where |

head cap opening/closing mechanism is opened in the liquid discharge
apparatus according fo the present invention.

FIGS. 21A to 21C show other examples of ink discharge head,

wherein FIG. 21A is a plan view showing the state where heating resistors are

| arranged in parallel in carrying direction of recording paper, FIG. 21B is a




As shown in FIG 1, a printer apparatus 1 which is a
liquid discharge apparatus of the ink jet syst ehiVach 2007
whi ch the present invention is applied serves to

di scharge inks, etc. with respect to recordi ng papers

P traveling in a predetengined direction to print

i mges and/or characters. The printer apparatus 1 is
directed to the printer apparatus of the so-called

l'ine head type in which ink discharge holes (nozzles)
are arranged in parallel in substantially line form

pin TP 67 SO0 W L B REREIa iy rovidhfvinn

) correspondence with print width of the recording
ink ¢hapaber. anth F1Or 212 1is applamtwiswl shewinglithng statet Wwhere four
present invention conprises an ink jet print head

heatifig rp4is € Ak B hAtRShETEFRIARAE L0 0. No% ok 4,

and a pr| nter body 3 for |oading or attaching the head
callo dife i9.2 kcrossheegsidnal eviewpphowing, in at ode¢amanner, a
cartridge 2 is detachable with respect to' the printer

Qm{y 11m 11c, Il k serving
conv mﬁ hc@ﬁﬂ qlwhafo%{ée ar eﬁ';flé&%éﬁe)r det achabl y | oaded
vvlth respect tothe head cartridge 2. In the printer

apparatus 1, ink cartridge |1y within which yell ow
ink is filled, ink cartridge 11m w thin which rmagenta

e He within which cyan ink
BeStI\M}‘éﬁ %Aﬁgﬂ'ﬁ Oﬁtﬂ}:egﬁ{vtemg’g‘ Ik within which black
ink is filled can be used. In addition, the head
cadt liguibdischargeanpasa@sandha ligspd dischargenmeiidhacgording
body 3, andlnkcartrldgeslly,IImIIc Ik

to thé E}se 2ih ﬁgﬁdarfs‘vﬁﬁﬁﬁﬁ&%et &plafmeeath (RIEAAIR dfe Qﬁgched
drawings.

As shown 1n FIG. 1, a printer apparatus 1 which is a liquid discharge
apparatus of the ink jet system to which the present invention is applied serves
- to discharge inks, etc. with respect to recording papers P traveling in a
predetermined direction to print images and/or characters. The printer
apparatus 1 is directed to the printer apparatus of the so—called line head type
in which ink discharge holes (nozzles) are arranged in parallel iﬁ substantially
line form in width direction of recording paper P, i.e., in a direction indicated
by arrow W in FIG. 1 in correspondence with print width of the recording
~ paper P.

The printer apparatus 1 according to the present invention comprises

“an ink jet print head cartridge (hereinafter referred to as unit head cartridge) 2




consumabl e supplies. In such printer apparatus 1, a

tray 55a for accommodating recording papers P iZMarch 2007
stacked manner is |oaded at a tray loading unit 5
provided at the bottom surface side of the front face

of the printer body 3, thaseby making it possible to
feed or deliver recording papers P accommopdated within
the tray b55a into the printer body 3. Wen the tray

55a is |l oaded into the tray loading wunit 5 of the

front face of the printer body 3, recording paper P is

for difthatEE Rl £ORR] o ey BoRS P MGk G BERhiRY thEGRad
mechani sm (see FIG 13). The carrying direction of the
cartridgec?.di hythsapantep aphaxsitush i sthedesadseartridgadisidetachalklarwith
surface side of the printer body 3 is inverted by
' ' 3 ELG. - 313h t
respogf | thé BRinia Dty 37ahd ik GeftridkEh 138, 116, ELEREIng as
. surface side of the printer body 3 toward the front
ink sipplpcsoustelarehButer detachablyppeadedi wathofrespectdionthe head

path. For a time period until recording paper P sent

t . f i . i . .
cartridg R ThARTprIRE SPpRALT, Rlk CIBIAR ALY iR Which yellow
.. eject hole 56 provided at the front surface of the
ink isr fidled; ipkdgagridgei himdacithinomhaelpomagenta ink drafillederink

data and/or image data inputted froman informtion
c [ inUQRi % S : I s
cartrRERCERS ythip Whict BRI MR HEN B SRWEREILK within
. and/or images_onto the recording paper P. The head .
whichablagk gk 36 ffdledysanoberiusgdpr Int addition; ithe headhcartridge 2

respect to recording paper P is |oaded fromthe upper
detachdblefathSledBeitolthe pritdt B6dP3dMnd ink cartridges 11y, 11m, 1lc¢,

11k detachaBIe with respect to the head cartridge 22 are caused to be as
consumable supplies.

In such printer apparatus 1, a tray 55a for accommodating recording
~papers P in a stacked manner is loaded at a tray loading unit 5 provided at the
bottom surface side of the front face of the printer body 3, thereby making it
possible to feed or deliver recording papers P accommodated within the tray |
' 55a into the printer body 3.  When the tray 55a is loaded into the tray loading
unit 5 of the front face of the printer body 3, recording paper P is fed from a
paper feed hole 55 toward the rear surface side of the printer body 3 by a
paper feed/eject mechanism (see FIG. 13). The carrying direction of the
recording paper P which has been sent toward the rear surface side of the

 printer body 3 is inverted by inverting roller 83 (see FIG. 13). Thus, the -




i.e., fromthe direction indicated by arrow Ain FIG

1 to discharge ink 4 with respect to the record Mgrch 2007

paper P traveling by the paper feed/eject nechanism

54 to performprint operation. In this exanple, the

head cartridge 2 detachablge wth respect to the

printer body 1 constituting the above-described

printer apparatus 1 and ink cartridges Ily, 11m 1lc,

Il k detachable to the head cartridge 2 will be first

explained wth reference to the attached draw ngs.

C@r:Lr] sgrves to chan in servin S

recordifi s &P if s din Bt Feve' Shufetcrids B the SEipE B3 3

that pressure generating or producing neans using,

towaed ghe frimcurfacalsiddtiaredf ar drsippen sgs o€ wuegoing path. For
el ectrical -nmechanical transformsystem etc. to

. dj I he 1iguid i rticle 2 rch 20 17.for
a tinft, BENBOSG b tcptfualB'sShe s BB "Gt Sithee blae B he
princi pal surface of object such as recording paper
printé;, bedy.3 towardrthe drentt anrface side dhejuetéd filbnGa. papearied hole
the head cartridge 2 includes a cartridge body 21, .
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respect to the cartridge body 21. It is to be noted
to chiaratter idata and/bolilagendata deputtedtfrom, ard iformatibni proesssing
ly, I I'm 1l1lc, ilk will be sinply referred to as ink

unit RSSO PRSI ST oSN e o

cartridge 2 includes a cartridge vessel 12 nolded by
chardobgrs ainidoor: mpagiisronto ¢k necarding papler et c.  such as

pol ypropyl ene, etc. having strength and/or ink

F gt AB4E® cartridge 2 for performing print operation ‘with respect to
fecording paper P is loaded from the upper surface side of the printer body 3,
i.e., from the direction in&icated by arrow A in FIG. 1 to discharge ink 4 with
respect to the recording paper P traveling by the paper feed/eject mechanism
54 to perform print operation. In this example, the head cartridge 2
| detachable with respect to the printer body 1 constituting the above-described
printer apparatus 1 and ink cartridges 11y, 11m, 1lc, 11k detachable to the
head cartridge 2 will be first explained with reference to the attached
drawings. |

The head cartridge 2 serves to change ink 4 serving as conductive

liquid into fine particles by pressure lthat pressure generating or producing

means  using, e.g., electrical-thermal transform  system  or

 electrical-mechanical transform system, etc. to discharge the liquid in particle




characteristic. The cartridge vessel 12 is formed so

as to take substantially rectangul ar shape in whMakch 2007
size in length direction is caused to be the sane

size as that of wdth direction of recording paper P
used, and is caused to bejof the. configuration to

i ncrease, as large as possible, ink capacity stored
therewithin. In concrete terns, at the cartridge

vessel 12 constituting the ink cartridge 11, there

are provided an ink accommodating portion 13 for

' hnk .4 ' I 14 fo
forn (LMY MR sefte GFardHieR SRR BenRGiPRLSREF o obiect
to the cartridge body 21 of the head cartridge 2, an

suchestrecowaling papemP,aati nin koheretStdrars, ha lshmndhrFIGSrQ tahd 3,
external into the ink accommbdating portion 13, an

the il PSP Lt ol 5POY LRIy Tok e AL 11y,

conmuni cation hole 15 into the ink accommodati ng
11mpblic¢,i bk 4&vimg at oreagel within ovhidll ifikr4 isefiled anel lpaded with
storing ink 4 between the external connunicating hol e

[ t a_hgl di .
respes? (Bofhet ey T2 1andP 3 YBn e gled 8y 35 B pHiawins
19 for holding the ink cartridge 11 at the cartridge
desctipdgn bk, Tiviridges hty drimedbtd, 1d kpeill besimlyfrefemed to as ink

space for accommodating ink 4 by material having high
[44n T accommodating portion 13 is
Cmﬁ%%ngd&s(gééég n%’tagkdek%slérggt antially rectangul ar shape,

and is formed so that size in length direction is
cause¢hownbin kst Inthalink cartridgerd 1l detachablesita ethef head
wi dth direction of the recording paper P used, i.e.,

cartri’(‘ig‘éti‘ includes a cartridge vessel 12 molded by injection-molding resin

material, etc. such as polypropylene, etc. having strength and/or ink resistance
* characteristic. The cartridge vessél 12 is formed so as to take substantially
rectangular shape in which size in length direction is caused to be the same
'.size as that of width direction of recording paper P used, and is caused to be of
the cdnﬁguration to increase, as large as possible, i.nk capacity stored
therewithin.

In concrete terms, at the cartridge vessel 12 constituting the ink
| cartridge 11, there are provided an ink accomrﬁodating portion 13. for
accommodating ink 4, an ink supply portion 14 for supplying ink 4 from the
ink accommodating portion 13 to the cartridge body 21 of the head cartridge 2,
an external communicating hole 15 for taking air f_rom the external into the

~ ink accommodatinig portion 13, an air introduction path 16 for introducing air




direction Wof the recording paper P shown in FIG 3.

The ink supply portion 14 is provi ded substanti al Marct2007
the central portion of the |ower side of the ink
accommodat i ng portion 13. The ink supply portion 14

is nozzles in substantiallysprojection shape, which
communi cates w th the ink acconmmodati ng portion 13,

and the front end of the nozzle is fitted into the
connecting unit 26 of the head cartridge 2 which wll

be described later to thereby connect the cartridge

wYE 338, ke Tk RSN e i

portion 14, as shown in FIGS. 4A and 4B, there is_ )
accqmmpiddtng pastippl A3, rosterdgbposions Lip foy tergporacily storting ink 4
bott om surface 14a of the ink cartridge 11. At the

e it B HEAF e A58 IE 15 RSP OGS

a coil spring 14d for biasing the valve 14c in a
and @i helding projectioospontion 48ppidy anhsingagamenbstemportion 19 for
openi ng/ cl osing pin 14e for opening/closing the valve -

ﬂl}lg%ﬁ%ﬁp lying ink 4,
hdd&#é I'S conn tkegangeE%%rﬁ?d éﬁfé%‘?f%g portion 26 of the

head cartridge 2, as shown in FIG 4A the valve 1l4c
i s Phedwl ageemmadading podiam 12 feims atspace der ac¢rmmodating
supply hole 14b by biasing force of the coil spring

: 4d..S ' [ A%; e

ink 7By S Bayiie Hips s BHRRCbrotorly" TG 1A% BELfhofing
of the head cartridge 2. Further, when the ink )

portiogy 43 igformed so| @%g@ dtake nsubstansiatlyr reqtaggulep phape, and is
t he opening/closing pin 14e is pushed upward in a

fornf¥id &5 AN AP RO I ANt Brdtis R%cAHsEETH R sbsthiRalfPle same
spring 14d by the upper

size as size of width direction of the recording paper P used, i.e., width

| .direction W of the recordihg paper P shown in FIG. 3.

The ink supply portion 14 is provided substantially at the central
portion of the lower side of the ink accommodating portion 13. The ink supply
portion 14 is nozzles in substantially projection shape, which communicates
with the ink accommodating portion 13, and the front end of the nozzle is
fitted into the connecting ﬁnit 26 of the head cartridge 2 which will be
described later to thereby connect the cartridge vessel 12 of the ink cartridge 2
and the cartridge body 21 of the head cartridge 2.

At the ink supply portion 14, as shown in FIGS. 4A and 4B, there is

provided a supply hole 14b for supplying ink 4 onto bottom surface 14a of the

ink cartridge 11. At the bottom surface 14a, there are provided a valve 14c for




portion of the connecting portion 26 of the cartridge
body 21 constituting the head cartridge 2. Thus? Margh 2007
openi ng/ cl osi ng pin 14c which has been pushed

upwar dly pushes the valve 14c upwardly agai nst bi asing
force of the coil spring f9dd to open the supply hole
14b. In a manner as stated above, the ink, supply
portion 14 of the ink cartridge 11 is connected to the
connecting portion 26 of the head cartridge 2 to
all ow the ink accommodating portion 13 and ink

ope B RERESHE S ofs SUTHTLAR Bl T R B 03P

the ink cartridge portion 31 can be nmade. Moreover,
14c inadiestionrti ddese tedypply boke b, sl grdopemingdaiosihgqin 14e
the connecting portion 26 of the head cartridge 2

' RY-E j (A ' - 20
for g Eifing R yRY 587 M ESbhl) ok MY Bl G8fpind i,
.cartridge 2, pushing-up state by the opening/closing
whighi §5 camnestted He thel canneating partibaadeof the headesartidge Be as
valve 14c is noved in a biasing direction of the coil

. _ ) 14D 4
showl RICIR, U FAIRE A0S pikelRind clgh g2 dirbPliSn o losedbe
the cartridge body 21, it is possible to prevent ink 4
supphy thole kdb byakiesingoferce mf ther codrspring déeh deeving he ditasing

even in the state where the front end portion of the

men'l;/\l%ék aittﬁeléfagé’ beksie. %léeih% 1%2?%%&? ﬁégﬁ‘(’%‘ﬁﬁé&“iﬁm fﬂ%{ F%ﬁ]ﬁdge

en the ink cartri L rawn) ou

body Eﬁ@??é:e@{e?a%& sdadeq &éFgéiagﬁf}vﬁgf @Ké'z‘uﬁf ca:allflfiﬂge pdsisi lorded
to prevent ink 4 frombeing | eaked fromthe front end
into e ERErilpk b%@?@]){ tRObhkRihg/closing pin 14¢ is pushed upward in a
| direction opposite to biasing direction of the coil spring 14d by the upper
portioln of the connecting portion 26 of the cartridge body 21 constituting the
head cartridge 2. Thus, the opening/closing pin 14c¢ which has been pushed
upwardly pushes the valve 14c upwardly against biasing force of the coil
spring 14d to open the supply hole 14b. In a manner as stated above, the ink
supply portion 14 of the ink cartridge 11 is connected to the connecting
portion 26 of the head cartridge 2 to allow the ink accommodating portion 13
and ink storage portion 31 to communicate with each other so that there
results the state where supply of ink 4 to the ink cartridge portion 31 can be
made.

Moreover, when the ink cartridge 11 is pulled (drawn) out from the

connecting portion 26 of the head cartridge 2 side, i.é., the ink cartridge 11 is




14. As shown in FIG 3, an external communicating hole
15 is a ventilation hole for taking air from tHeMargh 2007
cartridge 11 external into the ink acconmodating
portion 13. Also when the ink cartridge 11 is | oaded
into the |oading portion222 of the head cartridge 2,

the external communicating hole 15 is provided at the
upper surface, i.e., at substantially the center of

the upper surface of the cartridge vessel 12 which is
the position facing to the external at. the tine of

detaélﬂﬁdfraﬂl et l'@)aﬂlfi?géftldrpﬂ'?ﬁ the b TaRe dg‘e"l‘ I?t?shn\/%lﬁg state

Ink cartr 11 1s | oaded at the artrldg
21 sothat |nk4flows downwards  fromth

by thecepamnelosigepin 16 Ofathpowelm lﬁﬁésc@ﬂfﬁspﬂgé\sb%d%“i& the

side, the external comunicating hole 15 takes air

valvé: Q%q‘é Hﬁﬁ%d‘ﬁ’ntaobia@ﬁ@ daREtiby dfivak c%ﬂ\@f)ﬁﬁgzﬂ?ﬁo élbse the
hin the ink accommdatl ng unit” 13

decreasdfromthe xter to.the in cartrldg
suppiy holgnl hm,rxaaue&a@ﬂy farey %1%%&1&&6 T 1oaded into

accommdatl ng portion 13 and the external

the %ﬁfﬂiﬂgb‘?iﬁdd&g @P' Qtl%tﬁowm@%c%@v%ﬁ hirgach Qshﬂﬁﬁ ink
i nt roduce air which has been taken in fromt e
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11 is | oaded at the cartrldge body 21, even if ink is
end f6itiote ¥ kheoinkh @uﬁ? pbﬂﬂ@n berlys dRdbceid doviveadly. Further,

cartridge 2 so that "i nk W|th|nthe i nk accommdatlng
e Pl B ST P e o 2,
the ink accommodating portion 13 by the air
sincd they palvet idunimatadiately closes the supply hole 14b, it is possible to
prevent ink 4 from being leaked from the front end of the ink supply portion
14.

As shown in FIG 3, an external communicating hole 15 is a
ventilation hole for taking air from the ink cartridge 11 external into the ink
. accommodating portion 13. Also when the ink cartridge 11 is loaded into the
loading portion 22 of the head cartridge 2, the external communicating hole
15 is provided at the upper surface, i.e., at substantially the center of the upper
surface of the cartridge vessel 12 which is the position facing to the .external at
the time of loading with respect to the loading portion 22. When the ink
cartridge 11 is loaded at the cartridge body 21 so that ink. 4 flows downwards

from the ink accommodating portion 13 toward the cartridge body 21 side, the

- external communicating hole 15 takes air corresponding to the quantity that




16. Fromthis fact, the internal pressure is kept in
equilibriumstate thus to have ability to suitabMarch 2007
deliver ink 4 to the cartridge body 21. The storage
portion 17 is provided between the external

conmuni cating hole 15 and 4ihe air introduction path

16, and serves to tenporarily store ink 4 so that ink

4 does not suddenly flow out to the external when ink

4 is |leaked fromthe air introduction path 16

conmuni cating wwth the ink acconmodating portion 13.

PR A T XSO ——

line is caused to be Ilength direction of the ink

into tecimknaaderidgegl bortion 13, and is adapted so that the
air introduction path 16 is provi ded at the summt

Bl BRI AR Bh 16 8pN3 RS jpR B sphPieorion 13
the 2 March 2007 22 shorter diagonal |ine. Thus, ink

and theaextietna dcdmomnibating hoke dﬁnmo@tahhnglicmrwnhmatﬁ other to
be returned to the ink accommodating portion 13 for a

introffiEP Al whICIE gt hEh P, R i b SPpined ShptEwhiEetag hole

_of the ink cartridge 11, and is engaged with an
15 inda dhe emle accomineodatmgf portech 3. Fhusgtwhen éveinkCdartfidgendl is
cartridge body 21 of the head cartridge 2. The

| r t
toad A SUEE 9 20T he AGREF P Mitddboay
substantially perpendicular to the side surface of
21 of the head eartndgedatd thyt pok ¢ withiBtheaind advonimadating portion -
surface thereof is forned in a manner inclined from
13 is! fcrehdd S HRE $ndiB¥Rh&ebPSs YPRRY in decompressed state, air is
introduced to the ink accommodating portion 13 by the air introduction path
16. From this fact, the internal pressﬁre is kept in equilibrium state thus to
- have ability to suitably deliver ink 4 to the cartridge body 21.

The storage portion 17 is provided beiween the external
communicating hole 15 and the air introduction path 16, and serves to
temporarily store ink 4 so that ink 4 does not suddenly flow out to the external
when ink 4 is leaked from the air introduction path 16 communicating with
the ink accommodating portion 13. The storage portion 17 is formed so as to
take substantially diamond shape in which longer diagonal line is caused to be
length direction of the ink accommodating portion 13, and is adapted so that

the air introduction path 16 is provided at the summit portion positioned at the

lowest side of the ink accommodating portion 13, i.e., at the lower side on the




surface. An engagenent step portion 19 is provided at

the upper portion of the side surface opposite 2Matdhe?2007
side surface where the engagenent projection 18 is

provi ded of the ink cartridge 11. The engagenent step
portion 19 is conposed ofgsan inclined surface 19a of
which one end is in contact with the upper surface of
the cartridge vessel 12, and a plane 19b continuous to
the other side surface of the other end of the

inclined surface 19a and substantially in parallel to

t he .upper, surfa t her eof . . the.result of the fact, ..
shorienciABREAl Bgagdiitty 10K dp agRitiedn g he Rl Aefdmprlating
ink cartridge 11 is forned so that height of the side

portidrr FResn Meereturnd tolthe¢nk Aechmmodiige goition 496or bhwszond
the upper surface of the cartridge vessel 12 by one

. Step, and is engaged with an 2 March 2007 23
‘Umeengagenent piece 23 of the cartridge body 21 at this
step portion. As the result of the fact that the

engadsiTditg picjectdeg tpoeiod 18 & angegesion provided at one side

engagenent” pi ece 23 of the | oading portion 22 side of

surfi e of 1ganr b f bF ki 1 Ba & afteddf Eh an

inserted into the | oading portion 22 of the head

engagandionit hiote 24a foenahgegtrrehlevatBpophd caridge bedy 83 ofsthe
rotational fulcrumportion when the ink cartridge 11

IS | ogded, i he.l oadi ng portion 22., The.ink :
head, Gy -1 116y MORUnEoReRFE Poffal 18 I BaEq v that the
' conprises, in addition to the above-descri bed
uppet supfaeerthsreof ig formedrat sicly agpiant isubpstatetly tpenpendicular to
~portion (unit) for detecting the remaining quantity of '
the i st Withe ink accoramodating portion 13, and the lower surface
thereof is formed in a manner inclined from the side surface toward the upper
surface.
An engagement step portion 19 is provided at the upper portion of the
side surface opposite to the side surface where the engagément projection 18
is provided of the ink cartridge 11. The engagement step portion 19 is
~ composed of an inclined surface 19a of which one end is in contact with the
upper surface of the cartridge vessel 12, and a plane 19b continuous to the
other side surface of the other end of the inclined surface 19a and substantially
in parallel to the upper surface thereof. As the result of the fact that the
engagement step portion 19 is provided, the ink cartridge 11 is formed so that

height of the side surface where the plane 19b is provided is lower than the

upper surface of the cartridge vessel 12 by one step, and is engaged with an




the ink accommobdating portion 13, and a discrimnation
portion (unit) for discrimnating between ink 2March2007
cartridges I ly, I Im Ilc, ilk, etc. Then, the head
cartridge 2 to which ink cartridges Ily, 11m Ilc, Ilk
wi thin which inks 4 of yel$pw, magenta, cyan and bl ack
are accommodated are |oaded, which has been
constituted as described above, will be explained. As
shown in FIGS. 2 and 3, the head cartridge 2 is
conposed of the above-described ink cartridge 11 and

enedBigPEsr oat e HRIRE GO R e At IPPE” s e

npméereferred to as | oading portion when the
resuhno yachthagothei engagtimentesfept postiinc H9i iskengaged Mdde an
11 is | oaded, an engagenent pi ece 23 and a latch | ever

R e R

ink cartridge 11 in a taking-out direction,
providethatcthersjde sutfaom of éhe trsertcore dnd cide When e mlpphl;mdge 11
portion 14 and supplied with ink 4, an ink discharge
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surface of the loading portion 22 to which the ink
step partion dSeservas as rotatibeal bdetmiportionrakien theainkneartridge 11
take substantially recessed shape as

is 105@&?{]&%@%%4&}%%@@1 n| ng of the ink cartridge 11

en car ge 11 is | oaded thereto. In

this exanple, four |nk cartridges 11 are accommodated

i n Thaenk parridge détafdhe sobfiganatien hy statadpahraiieccomprises, in

width direction of the recording paper P, i.e., in
addifi8h" X6 "3héll 566Hd-ABsGibddCchBpBhehRY e.g., remaining quantity
detecting portion (unit) for detecting the remaining quantity of ink 4 within
the ink accommodating portion 13, and a discrimination portion (unit) for
discriminating between ink cartridges 'lly, 11m, 11c, 11k, etc.

Then, the head cartridge 2 to which ink cartridges 11y, 11m, 1ic, 11k
within which inks 4 of yellow, magenta, cyan and black are accommodated
are Joaded, which has been constitated as described above, will be explained.

As shown in FIGS. 2 and 3, the head cartridge 2 is composed of the
above—describcd ink cartridge 11 and cartridge body 21. The cartridge body
21 includes loading portions 22y, 22m, 22¢, 22k (hereinafter simply referred
to as loading portion when the entirety thereof is indicated) to which ink

cartridge 11 is loaded, an engagement piece 23 and a latch lever 24 which are

| ~adapted for fixing the ink cartridge 11, a biasing member 25 for biasing the




paper P. As the result of the fact that the ink
cartridge 11 is acconmpdated at the | oadi ng pordMereh 2007
22, the loading portion 22 is provided in the state
elongated in a direction of print width simlarly to

the ink cartridge 11. The24ink cartridge 11 is
accommodat ed and | oaded at the cartridge body 21. As
shown in FIG 2, the |loading portion 22 is a portion to
which ink cartridge 11 is | oaded. The portion where

ink cartridge fly for yellowis |oaded is caused to

i ] . . i . .

ink cARridgeaRciT S ithl oo dhektioh, 8 PRALLANE PORIH A bomested to
_Ioadin? portion Zégg the portion where ink cartridge

- the inksupply pysiton 44 andisepplicd sitdeink 4, 198 iak diseharge head 27
portion 22c, and the portion where ink cartridge Ik

_ s ey . o !

for diThabiRE fyles 4. A0 Rheq B R for fhotoctiL IR fithagge head
are 2 March 2007 25 respectively partitioned by

27. partition walls 22a. In this exanple, because use
quantity of ink is generally many, the ink cartridge

|| TOapRlrAgeice SOhETdading Rottioll 2X1AwIAGR Afd Bcearridge

above that the internal “capacity becones | arge.

.Therefore, width of the ink cartridge Ilk is greater
11 isttecbe loasied isriopmedrin; 3 manngy tpjtake substpntigliyyecessed shape
For this reason, the |l oading portion 22k is broader

as insefoWitdraoag c!'i;tﬁbﬁﬁfti’%tbp"(ﬁezﬁl\k c4AMdgé2q1! Bo that the ink

correspondence w i ckness of the™ink cartridge
o j ] K. reover t the openi ng end of_ the | oadi ng
cartrq@iﬂet b doaqe thereira 1 ik his Al four fak, es g are
shown in FIG 3, there is provided an engagenent .
accommodated in-line in a direction substantially perpendicular to width
direction of the recording paper P, i.e., in carrying direction of the recording
paper P.  As the result of the fact that the ink cartridge 11 is accommodated at
the loading portion 22, the loading portion 22 is provided in the state
elongated in a direction of print width similarly to the ink cartridge 11. The
ink cartridge 11 is accommodated and loaded at the cartridge body 21.

As shown in FIG. 2, the loading portion 22 is a portion to which ink

cartridge 11 is loaded. The portion where ink cartridge 11y for yellow is

loaded is caused to be a loading portion 22y, the portion where ink cartridge

11m for magenta is loaded is caused to be a loading portion 22m, the portion

where ink cartridge 11c fm" cyan is loaded is caused to be a loading portion

22¢, and the portion where ink cartridge 11k for black is loaded is caused to

‘be loading portion 22k. The loading portions 22y, 22m, 22c, 22k are




pi ece 23. The engagenent piece 23 is provided at one

end edge in a length direction of the |oading poviaicgz007
22, and is engaged with engagenent step portion 19 of
the ink cartridge 11. The ink cartridge 11 is

obliquely inserted into tZ#e |oading portion 22 with

t he engagenent step portion 19 side of the ink

cartridge 11 being as insertion end, and can be | oaded
into the loading portion 22 in such a manner to

rotate the side where the engagenent step portion 19

respe:cﬁveﬁpgaﬂit%ﬁ% ?farﬁt‘i'@n 'VWILSC AT 1 HPthid %X&%,%éd&ﬁse use

oadi'ng porti side wt engagemnment p ion

het ween engagenent step_portion 19 and englglgenent
quaniifyeof 1ol 1 Epnerally mank, te gk ¢astridgeohlc foryklack ie formed to
cartridge 11 can be easily |oaded at the | oading

ti - I 4 j
be tHigk!a® Heddribdd e%ﬂq%c Bo! @' the 1ﬂt§rrfa‘l’rrfﬂiﬁcﬁgu§§tg§iég§ large.

eaf spring, and is provided at the srde
| ece 23 of the_ | oading

opposi t.e .t o _the epgagenpent .
Therﬁ%?@; mgﬁlzpf e an : gﬁ%ﬁﬂ?kz@ greater thanttheseiofeother ink
surface of the other end in length direction. The

cartrid@e§ 11yeYem, 136. | FrARR! RAsER, edbaliiie paeoncIZk is broader

portion thereof is integrally provided at the bottom -

syrface_side of t sl de rface of the other . end. in
than P&tﬁﬁﬁa%ﬁng&qm@ﬁs %Bﬂéﬁmb &&icrig Q%@SP@B@WF& W&httﬂWEQQ of
the front end side thereof is forned so that elastic

the ik eMladeednk. is perforned in a direction close to the
side surface or away therefrom and an engagenent
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the |oading portion 22, the latch lever 24 is caused
cartridge UNd ¢y Ysadeldaat ishown in FIG. 3, there is provided an engagement
piece 23. The engagement piece 23 is provided at one end edge in a length
direction of the loading portion 22, and is engaged with engagement step
~ portion 19 of the ink cartridge 11. The ink cartridge 11 is obliquely inserted
into the loading portion 22 with the engagement step portion 19 side of the ink
cartridge 11 being as insertion end, and can be loaded into the loading pbrtion
22 in such a manner to rotate the side where the engagement step portion 19 is
not provided of the ink cartridge 11 toward the loading portion 22 side with
| engagement position between engagement step portion 19 and engagement
piece' 23 being as fulcrum of rotation. Thus, the ink cartridge 11 can be
éasily loaded at the loading portion 22;

The latch lever 24 is formed by bending leaf spring, and is provided at

the side surface opposite to the engagement piece 23 of the loading portion 22,




dlsplacenent so that the engagenent hole 24a is

engaged with the holding projection 18 of the ikiarch2007
cartridge 11 to prevent the ink cartridge 11 | oaded at
the | oading portion 22 fromslipping off fromthe

| oadi ng portion 22. A biasithg nenber 25 is provided by
bendi ng | eaf spring which biases the ink cartridge 11

in a detachnent direction thereof on the bottom

surface of the side surface side corresponding to the
engagenent step portion 19 of the ink cartridge 11.

i.e., A thdsRR AFFARBLhatHet &Yl R RelgtiRiFRefionh! ‘I*hehﬁﬁclﬁ lever

>summ t portion formed by bendi ng,” and is caused
undergo el astic _ di splacenent in a_direction cl os

24 ig h@améd serthattreabasecend Ryiiom teseobis ik gralE pyoy d at the

bott om surface of the cartridge 11 by the summ t

bottdta! §drﬁ{bet SidBi S the8idel Srfade OFItHE Dhdr bﬁ’@qﬁdleﬁ?tﬁ la@fecuon
oading portion 22 in a taking-out direction f

| oadi ng portion 22, Wien engagenent, state
CONSEHH: ading BOTIAN ARdCHEORCR sige %J]e@g ¥f§ 4t that
portion 18 of the latch lever 24 is reI eased, 2 March

elasti®Qisplacerhéit R pSifEEMER ThEE ddRclbRU1Ssd 1P the ide surface or
cartrldge 11 fromthe | oading portion 23. At

ntially center in a ire
away @ OfRLAT) aai%agﬁmmtéwie 5%9 IS% fﬁz %@ﬁentmé‘r%de

are provided connecting portions 26 to which ink

thertﬁ:lfPF"A(t BRS shARSs tikde ObhémetheNnke dhitfidggerl lis oalédinto the
lc, Ik are connected when ink carfridges ily, Ilm
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[ nk suppl y path for supplying ink 4 fromthe ink
dispRidemeyit ROr thiapthd 4nigagefirent Mole ddachasipgbdawith/the holding
projection 18 of the ink cartridge 11 to prevent the ink cartridge 11 loaded at
.the loading portion 22 from slipping off from the Ioading portion 22.

A biasing member 25 is provided by bending leaf spring which biases
the ink cartridge 11 in a detachment direction thereof on the bottom surface of
the side surface side corresponding to the engagement step portion 19 of the
ink cartridge 11. The biasing member 25 is an eject member which has a
summtit portion formed by bending, and is caused to undergo elastic
displacement in a direction close to the bottom surface or away therefrom to
press the bottom surface of the cartridge 11 by the summit portion to bias the
ink cartridge 11 loaded at the loading‘ portion 22 in a taking-out direction from

_ the loading-portion 22. When engagement state between the engagement

hole 24a and the holding projecting portion 18 of the latch lever 24 is released,




In concrete ternms, as shown in FIG 5, the connecting
portion 26 includes an ink storage portion 31 f»March2007
storing ink 4 supplied fromthe ink cartridge 11, a

seal ing nenber 32 for sealing the ink supply portion

14 connected to the connegfing portion 26, a filter

33 for renoving inpurities wthin the ink 4, and a

val ve nmechani sm 34 for opening/cl osing the supply

path toward the ink discharge head 27. The ink storage
portion 31 is a space portion connected to the ink

' . fQry St Ori i nk. 4 .
the BiRRE/mBRiHe: 75 deBMle SR ERiREd (81 1oddingortion 23
menber 32 is a menber provided at the upper end of
~ t heAtnsubstantigjly wentdrom 3 Jength direvtisn tof sespective loading
portion between ink storage portion 31 and ink supply

ti LN [ toward the
porlis 220, 3Pt G 2k st e by IR BanbPUHE pofsiSns 26 1o
.cartridge 11 is connected to the ink storage portion
whigh isk supply pentons dgt pbrthe dnk2éartrddges éy, 3Buserices 1% are
March 2007 28 to renove rubbi shes such as dust, etc.

' ] I i e 4 t.1 e, of .
confUuel whith PESGuIEAGH 1L AR LLE ik B dobda ghifF)gqding
IS provided dommrdl%her:el ative to the ink storage
portimst 2280 ZAm, Rie, VRkve ltennectiyy partibnd26 semessiown ink
in FIGS. 6A and 6B, an ink flowin path 34a supplied

I he 1 pk ol Ll . ang 4 i .
supplt fth Yor g K AP O TR Spef) gigfil s nf e ink
) ltqheinkflowin path 34a, an ink flow out path 34c
dischargmbgadedy.ink 4 is caused to flow out fromthe ink
chanber 34b, an opening portion 34d provi ded between

thern Bbnére® thfins, as shown in FIG. 5, the connecting portion 26

includes an ink storage portion 31 for storing ink 4 supplied from the ink
cartridge 11, a sealing member 32 for sealing the ink supply portion 14
connected to the connecting portion 26, a filter 33 for removing impurities
within the ink 4, and a valve mechanism 34 for opening/closing the supply
path toward the ink discharge head 27. |

The ink storage portion 31 is a space portion connected to the ink
supply portion 14 and adapted for storing ink 4 delivered from the ink
cartridge 11.  The sealing member 32 is a member provided at the upper end
of the ink storage portion 31, and serves to seal the portion between ink
storage portion 31 and ink supply portion 14 so that ink 4 is not leaked toward
the outside when the ink Supply portion 14 of the ink cartridge 11 is connected

to the ink storage portion 31 of the connecting portion 26. A filter 33 serves-




path 34a side and the ink flow out path 34c side of

the ink chanber 34b, a valve 34e for openi ng/ cl®Mag 2007
t he opening portion 34d, a biasing nenber 34f for

bi asi ng the val ve 34e ina direction to close the

openi ng portion 34d, a nehative pressure adjustnment
screw 34g for adjusting strength of the biasing

menber 34f, a valve shaft 34h connected to the val ve

34e, and a diaphragm 34i connected to the valve

shaft 34h. The ink flowin path 34a is a supply path

to refAVE Bliskishel Sl APHus@eko ﬁtﬂa@)% Jﬁéﬂ i'lﬁgstﬁe 3k 4 at

to have ability to delfver 1n
acco da |g}g or |on 13 of the |nk cartrldge
the figieon 0 1gg theptik rartridges d1t gtc.j mzd is provided

di scharge head 27. The ink flowin path 34a is

dowﬁWd]@ﬁ‘élz‘Mxté‘ﬂd‘thTefiﬁkrsﬁﬁﬁ e pogfibi B, Dot tom sur face si de
o thé ink storage port 31 t0 the ink chanber 34b.

hanber 34b is a space portion so as to take
E’gﬁ%ma W WCF@ Bhgth iacludes ans shepngadKhapeA aud €B, an
|s formed 2 March 2007 29 integrally with the ink
ink flb@wi paesda 3 ﬂd]%tpkmé UoBD AL theP I s(R45 g@ﬁérﬁ&?ﬂ an

openi ng portion and is adapted so that
aused flo |nfr mthe nk_flow in path 34a to
ink cha ifﬁ}twf igh i Bug crvssd tonlorim pawhsuink e w-ingpath
t hrough the opening portion 34d. The ink flow out path

34a, 3fcinkslewsottPath BAcrosURRIdIERkM E@céﬂ&éd“totﬂtﬁxﬂl{ﬂﬁ ff&ﬁ the
openi ng portion 34d fromthe ink chanber b,

o RSBk i b 6 oo

surface side of the ink chanber 34b up to the ink .
path @4eckidegmd dadindld flow-out path 34c side of the ink chamber 34b, a
valve 34e for opening/closing the opening portion 34d, a biasing member 34f
for biasing the valve 34e in a direction to close the oﬁening portion 34d, a
negative pressure adjustment screw 34g for adjusting strength of the biasing
member 34f, a valve shaft 34h connected to the valve 34e, and a diaphragm.
34i connected to the valve shaft 34h.

The ink flow-in path 34a is a supply path connected to the ink
accommodating portion 13 so as to have ability to deliver ink 4 within the ink
accomumodating portion 13 of the ink cartridge 11 through the ink storage
portion 31 to the ink discharge head 27. The ink flow-in path 34a is
provided within the range from the bottom surface side of the ink storage

- portion 31 to the ink chamber 34b. The ink chamber 34b is a space portion‘

~ 5o as to take substantially rectangular parallelepiped shape, which is formed




The valve 34e is a valve for closing the opening
portion 34d to divide it into the ink flow in paMarch2007
34a side and the ink flowout path 34c side, and is
di sposed within the ink chanber 34b. The val ve 34e
noves upwardly and downwd%dly by biasing force of a
bi asi ng nmenber 34f, a restoring force of a diaphragm
34i connected through a val ve shaft 34h, and negative
pressure of ink 4 of the ink flow out path 34c side.
When the valve 34e is |located at the position of the
; r hel ni
ntogry Rt i TIRSE R 1t AT AT TP b otk Bl1d the
flowin path 34a_side and the ink rom#out ath 34c
Opergna@%om Addy aughds adanted sefthapmaksd icausedtakdlowdnfoom the
path 34c. Wen the valve 34e is |located at the upper
i - t
ink 09 lggﬁvtg@gggbgag}dn@tlge 4B 9 Béw!dIR frot ARk TRPSTucHath 34c
di scharge . head .27 w t hout |nterrupt|ng (separating)
throygietheppeninginortignB4dat oThaink Hrw-enbpathrd4matsa gl path
side and the ink flowout 34c side. It is to be noted

supplieat wahMakeh BRTeh %ﬁb %? ﬁﬁiggﬁoﬁid}ij 390 fBhF ﬁhé‘lmk chamber

constituting the vave I's'not Imted,

e forned r ubber elastlc body
34ba§eﬁegffpege%ft%@%m$ 16 dhe. 1k dischagerhosg Zhs lhe mﬂg flow-out
cl osing property. The biasing nenber 34f is, e.qg.,
path GAR0E @xEéMiedCRom B boonmehiifac®¢lde e $nk haRing ?étb up

negative pressure adj ust ment screw 34g and val

bet en t he upper,. surface of the valve 34e and the
to the il fisg @cléga@fﬁzhe ink chamber 34b to bias the

val ve 34e by biasing force in a direction to close the
opeftiogalveridecis 3¢alve Toe clxind ieopéans Portiad 3t tRdtvide

screw 34g is a screw
it into the ink flow-in path 34a side and the ink flow-out path 34c side, and is
disposed within the ink chamber 34b. The valve 34e moves upwardly and
downwardly by biasing force of a biasing member 34f, a restoring force of a
diaphragm 34i connected through a valve shaft 34h, and negative pressure of
ink 4 of the ink flow-out path 34¢ side. When the val{re 34e is located at the
position of the lower end, it closes the opening portion 34d in such a manner
to separate the ink chamber 34b into the ink flow-in path 34a side and the ink
flow-out path 34c side to interrupt supply of ink 4 to the ink flow-out path 34c.
When the valve 34e is located at the upper end against biasing force of the
' biasing member 34f, the valve 34e permits supply of ink 4 to the ink discharge

head 27 without interrupting (separating) the ink chamber 34b into the ink

- flow-in path 34a side and the ink flow-out 34c side. It is to be noted that




for adjusting biasing force of the biasing nmenber 34f,

and serves to adjust the negative pressure adju%bﬁmmmﬂﬂn
screw 34g to thereby have ability to adjust biasing
force of the biasing nenber 34f. Thus, although the
detail wll be described dtater, the negative pressure
adj ust ment screw 34g can adjust negative pressure of

ink 4 which operates val ve 34e for opening/closing the
openi ng portion 34d al though the detail thereof wll

be described later. A valve shaft 34h is a shaft

althOW kot ﬁtlfcéﬁﬁf ﬁstgﬁgﬂgct&l t\rb‘fvéé?:ét‘égg ﬁlﬁogcl ﬁg@{ibﬁ-{%galve

one end ereo ragm
ot her end thereof to erform noti on. The di aphragm
- 34e gy be farmgdnbyl @gt,ir@bgbmebas@@rbmi:y sd-calledt ¢lastontesy etc. in
end of the valve shaft 34h. The di aphragm 34i consists

% aloX of the ink flow out path 34c
ordelglfodgﬁh‘él e?ﬁgﬁafﬁh%z’m&%% and the other principal
surfacé. in contact with air, and is caused to undergo
el dsha bilasing prgedipenidf i ifes-g., tepmpressiond eodreprintge dtokand
fl owout path 34c side by air ------------ 2 March

serveRORY co?éhe@f ti%e nﬁfésﬁﬁ%aﬁﬂﬂl%trgéﬁig%fe%v @4% rﬁ‘fldd'vallv'é 3de

the val ve neclrani s as state ove

FIG 6A, the valve 34e is pressed by biasing force of
betweer the appeE swsfaserofathe value Bdesand, the spper sarfaee of the ink

di aphragm 34i so as to close the opening portion 34d

chanﬁfertm tdbiaschadnefe 348 byFﬁI HI?%Lfo rcf ih '&edﬁé‘&ﬁ)d"g?é@se the

is discharged from di schar ge
nega |ve ressure of the ink 4 of the ink chanber

Opengkﬁopomon ef PR Pisasure subusient Acvew ifgats a Rerew
openi ng portlon 34d is
for adjusting biasing force of the biasing member 34f, and serves to adjust the

negative pressure adjustment screw 34g to thereby have ability to adjust
biasing force of the biasing member 34f. Thus, although the detail will be
described later, the negative pressure adjustment screw 34g can adjust
negative pressure of ink 4 which operates valve 34e for opening/closing the
opening portion 34d although the detail thereof will be described later. |

A valve shaft 34h is a shaft provided in order to coﬁnect the valve 34¢
connected to one end thereof and diaphragm 34i connected to the other end
thereof to perform motion. The diaphragm 34i is a thin elastic plate connected
to the other end of the valve shaft 34h. The diaphragm 34i consists of one
principal surface of the ink flow-out path 34c side of the ink chamber 34b and
the other principal surfacé in contact with air, and is caused to undergo elastic

~ displacement toward the air side and the ink flow-out path 34c side by air




i ncreased, the diaphragm 34i is pushed upwardly by
negative pressure -of the ink 4 and air as show® March 2007
FIG 6B to push upwardly the val ve 34e agai nst biasing
force of the biasing nenber 34f along with the val ve
shaft 34h. At this tine, ghe opening portion 34d
between the ink flowin path 34a side and the ink

fl owout path 34c side of the ink chanber 34b is

opened. Thus, ink 4 is delivered fromthe ink flowin
path 34a side toward the ink flow out path 34c side.

pres s A pef FRR DS RRTIHE D" 1 < Festorod to orginal

“formby restoring force to pull downwardly valve 34e
al oigthe valveaineehatisimt 348 4h statediabsvegas shawndh Kk 6A, the
bi asi ng nmenber 34f so that the ink chanber 34b is '
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every time ink 4 is discharged, the above-described
forcopértheidiaphmgne 3daseds &t cloke thempeningporiont 8éd af@he ink
-~ when ink 4 within the ink accommodating chanber 13 is

' e he, i 3 i L1 0qn
chaffly S84 o B SRR 4 Mg b
. decreased. However, at this tine, air is admtted
dischargmbeiad 2, rwhen neghttve presspinelof 1be imk ¢ afttheiink chamber 34b
cartridge 11. The air which has been admtted into
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. the state where ink . drogl et i is discharged from
increpsed) theadigphnagm 341115 mshad spwardly batrsgativetprassure of the
there results equilibriumstate. At this tinme, there
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biasing force of the biasing member 34f along with the valve shaft 34h. At this
time, the opening portion 34d between the ink flow-in path 34a side and the
ink flow-out path 34c side of the ink chamber 34b is opened. Thus, ink 4 is -
delivered from the ink flow-in path 34a side toward the ink flow-out path 34c
side. Further, negative pressure of the ink 4 is lowered. As a result, the
diaphragm 34i is restored to original form by restoring force to pull
downwardly valve 34e along with valve shaft 34h by biasing force of the
biasing member 34f so that the ink chamber 34b is closed. In a manner as
stated above, at the valve mechanism 34; when negative pressure is increased
every time ink 4 1s discharged, the above-described operation is repeated.

At the connecﬁng portion 26, when ink 4 within the ink

accommodating chamber 13 is delivered to the.ink chamber 34b, ink 4 within




As shown in FIG 5, the ink discharge head 27 is

di sposed along the bottom surface of the cartriiglarch 2007
body 21, and is adapted so that nozzles 44a, which

will be described later, serving as an ink di scharge

hol e for discharging inkadroplet i delivered fromthe
connecting portion 26 are caused to take

substantially line shape in width direction of the
recording paper P, i.e., ina direction i nd| cated by
arrow Win FIG5 every respective col ors. shown in

v 8 SRR T3 S, URELs  iic

is detached fromthe ink dlscharge head 27 when print
admitipdrizeinothe sirpetrodnotan Ptk Hemtoctye @& cirtidgridd. The air
groove portion 28a provided in opening/closing

if.ec [ :
whicf AN agBAled inl 03 P 195 2R e M uoper
attached to the discharge surface 27a of the ink
portion £fHhegoksatidee. 1t Thhe, thei steteofetopmniontilecstats wipere ink
operation, the head cap 28 is adapted to be opened or

: dropl‘é ?91§ ‘alidhagél&{ Ho% n% oﬂggfwﬁlgﬁwgﬂf b‘é%ﬁ%@ﬁﬂggl r so that

oove |on rch
as the result of the fact that the cleaning
thererr@sulés egeilibrdimtséatenidit| this timeydhere resnitacquaiibrivmhstate as
di scharge surface 27a of the ink discharge head 27, it

' - e rface

the sGRZRABR, FCF A it SRR i e ROt T

roI I er 28b, ell%@h nmenber having hi gh water absorag@rlA on

dseshawn gn 5, |the dakidiseharzothwadpi a dispesed g the

not_perforned_ the head cap 28 serves to prevent ink
bottofh MihEd ofiBe 'cﬁhrﬂg%cﬁ@dﬁ ©1N%ad 18 adadptdll sHhAOnGI2188 444,
-which will be described later, serving as an ink discharge hole for discharging
ink droplet i delivered from the connecting portion 26 are caused to take
substantially line shape in width direction of the recording paper P, i.e., in a
direction indicated by arrow W in FIG. 5 every resmctive colors.

As shown in FIG. 2, the head cap 28 is a cover provided for the
purpose of protecting the ink discharge head 27, and is detached from the ink
discharge head 27 when print operation is performed. The head cap 28
includes a groove portion 28a provided in opening/closing direction, and a
cleaning roller 28b provided in a length direction and for absorbing excess ink
4 attached to the discharge surface 27a of the ink discharge head 27. At the

time of opening/closing operation, the head cap 28 is adapted to be opened or

closed in short direction of the ink cartridge 11 along the groove portion 28a.




The head cartridge 2 having a configuration as

descri bed above conprises, in addition to the 2 March2007

above-descri bed conponents, e.g., a renaining

quantity detecting portion (unit) for detecting ink

remai ni ng quantity wthin33dink cartridge 11, and an

i nk presence/ absence detecting portion (unit) for

detecting presence or absence of ink 4 when the ink

supply unit 14 is connected to the connecting unit

26. As shown in FIGS. 7 and 8, in correspondence wth

At tH1§‘ Iéﬁné’f R the RSV O tHE RO Maf thd Eﬁ:aﬁﬂ%/ follgszsy ﬁﬁﬁtdsnd@hlle
|scharge head 27 includes a substrate 41 serving as
irs of heating res stors{ﬁ?a 42h provided in

bemg;nggpngﬁt wathathe; ischarse surfgse £ai 91@%&%%% 26 1t

carrying direction of the recording paper P, i.e., in

absofbsdé}ibééb HRR4 @6 cBdart HR ﬂi%@ﬁ&!%enﬁlrﬁﬁ?:emfof%hé'lhﬁ‘ diScharge
or preventing Ieakage of ink 4, a nozzle sheet 44

’ vided with a |arge er of nozzles 44a fr
headmﬂ hgﬁnr&e Fleanng; selig Z’gﬁm ﬁ-gt-,hén%mbﬁre having oglgél water

an ink |iquid chanber 45 surrounding by these

absoﬁﬂ[ﬁippmgfeﬁqﬁ@dlséﬁfm Addifi®na wheMeremt (ﬁﬂﬂ,@itzoﬁis ﬁ@@ﬁ&formed,

Supplied wth ink 4, and anlnkflowpath4 for
suppl yi inks 4 to the ink.lLig hanber 4

the hEaB G ARESUTES 10 B! Sk dvitbIn it e %h%fgeiqaﬁg’gkﬁom
etc. and is adapted so that pairs of heating

beinggﬁha_tors 42a, 42b are formed on one principal
surface 41a thereof and the respective pairs of
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substrate 41. The discharge control unit 63 is an
compiises] in additiouid m@abbvem&lbdd components, €.g., a remaining
quantity detecting portion (unit) for detecting ink remaining quantity within
ink cartridge 11, and an ink presence/absence detecting portion (unit) for
detecting presence or absence of ink 4 when the ink supply unit 14 is
connected to the connecting unit 26.

As shown in FIGS. 7 and 8, in correspondence with inks 4 of
respective colors, the above-described ink discharge head 27 includes a
substrate 41 serving as base, pairs of heating resistors 42a, 42b provided in
parallel in a direction substantially perpendicular to carrying direction of the
recording paper -P, i.e., in width direction of the recording paper P, a film 43
| for preventing leakage of ink 4, a nozzle sheet 44 provided with a large

number of nozzles 44a from which inks 4 are discharged in the state of droplet,

an ink liquid chamber 45 surrounding by these components and serving as a




logic 1Cs (Integrated Circuits) and/or driver
transistors, etc. The pair of heating resistors 2¥asch 2007
42b are pressure generating elements which are heated
by pul se current delivered fromthe discharge control
unit 63 to heat inks 4 widhin the ink liquid chanber
45 to increase internal pressure. Further, inks 4
heated by the pair of heating resistors 42a, 42b are
di scharged in the state of droplet from nozzles 44a
provi ded at nozzle sheet 44 which wll be described
spaceafupplied Weith ihkd4 dnd anl K NeweshtR YO RS fip i'n@éihks 4 to the
surface 4la of the substrate 41. The film43-consists
filmresist of the exposure hardening

.. of, e.qg., dr
ink ]tl‘gz‘HQ.Ch%W@rf%-m 43 is | am nated substantially over one
princi pal surface 4l1a of the substrate 41.

TheTk& stiBStrate B G8 %S vt dUHAUCENS sittistrat € BIVEHcHY, ete. an(cjl is

phot ol i t hographi c process. Thus, the film43 is forne

in . a nner. to. surround the paif. of heating resistors
adapied, so Aby pairssobleating réﬁworfse‘&i%g@d) s, formesk on qae prifigipal

43, portions which surround respective pairs of

surfARod 1 D eherest ahd'the Zedfictiv S o?%eéﬁﬂ% 1688t0r®42aa 42b are
portion of the ink Iiquid chanber 45. The nozzl e Sheet

44 is a sheet shaped .nmenber .havi ng. thicknes f _about
conrited, 65 1ERARTEF coisoN Batswhtel Wl deh degeined datef G the
droplet i are forned, and is | am nated on the surface

subsaapo41tThe diddhargd contrd]l enipH3r gt dikchic cirdeit tbhsithted by
The nozzl es 44a are very small hol es having di aneter

e L
opposite to the pairs of heating resistors 42a, 42b.
| n Tie paexdheating resistors 42a, 42b are pressure generating elements
which are heated by pulse current delivered from the discharge control unit 63
“to heat inks 4 within the ink liquid chamber 45 to increase internal pressure.
Further, inks 4 heated by the pair of heating resistors 42a, 42b are discharged
in the state of droplet from nozzles 44a provided at nozzle sheet 44 which will
be described later.
The film 43 1s laminated on one principal surface 4ia of the substrate
4.1. The film 43 consists of, e.g., dry film resist of the exposure hardening type.
The film 43 1is laminated substantially over one principal surface 41a of the
substrate 41. Thereafter, unnecessary pdrtions are removed by
photolithographic process. Thus, the film 43 is formed in a manner to

surround the pair of heaﬁng resistors 42a, 42b in substantially recessed form.

- At the film 43, portions which surround respective pairs of heating resistors




the nozzl e sheet 44 constitutes a portion of the ink
l'i quid chanber 45. The ink liquid chanber 45 i s 2aviarch 2007
space portion surrounded by the substrate 41, the
pairs of heating resistors 42a, 42b, the film43 and
the nozzle sheet 44, and 35 a space adapted for
storing ink 4 delivered fromthe ink flow path 46.
The ink 4 within ink |iquid chanber 45 is heated by
the pairs of heating resistors 42a, 42b so that
internal pressure is raised. The ink flow path 46 is
: ke : c of the
422, ggﬁ@gﬁgbgéﬁ]%%é‘y %@ Uél}"%@séi 4?)3 delivered from
the ink cartridge 11 connected to the connecting
porthemozelet &h&ﬁ% 44 i3 ewsheathsifapedsmadibeg having rthickness of
- respective ink liquid chanbers 45 comrunicating with :
ke g 4 - . -
about MR ed, IR Mere Bor dBERLY: ShEBICcRAgihE R Ufbplér i are
communi cate_ wi th each other. Thus, inks 4 delivered
formpdoand he laminated onithg surfacefappesitatto theeiricni substratsad h of
46 and are filled into the ink liquid chanber 45. -
- t =
the {1 4%, T DORAeha Rous 50y el hIpS HARMARRAGE! BF Bbout
42a, 42b are praovided every ink liquid chanber 45.
151 toh8pnnepenast M eisatangaape antheadoshae ¥4, andiate disposed
chanbers 45 in which such pair of heating resistors
; [ ; \Y r
in a e ePpONIR B O (AR SRCHIIERRRTHSIPAE 2L I8 lls sxgyote.
by jnstruction fromthe control unit 68, of the
the ng¥zle sheeh i soastiites 2 preden pf the ink ligeidihahesdiSst or s
42a, 42b are
The ink liqud chamber 45 is a space portion surrounded by the

substrate 41, the pairs of heating resistors 42a, 42b, the film 43 and the nozzle
sheet 44, and is a space adapted for storing ink 4 delivered from the ink flow
path 46. The ink 4 within ink liquid chamber 45 is heated by the pairs of
heating resisfors 42a, 42b so that internal pressure is raised.

The ink flow 'path 46 is co.nnected to the ink flow-out path 34c of the
‘connecting portion 26. Thus, ink 4 is delivered from the ink cartridge 11
connected to the connecting portion 26 to form flow path for sending out ink 4
to respective ink liquid chambers 45 communicating with the ink flow path
46.

Namely, the ink flow path 46 and the connecting portion 26 are caused
- to communicate with each other. Thus, inks 4 delivered from the ink cartridge

11 flow into the ink flow path 46 and are filled into the ink liquid chamber 45.




suitably selected and are heated. The ink 4 within the
ink liquid chanber 45 corresponding to heated paMarahf2007
heating resistors 42a, 42b is caused to be discharged
in the state of droplet from correspondi ng nozzl e 44a
to the ink |iquid chanbersgd5. Nanely, at the ink
di scharge head 27, ink 4 delivered fromink flow path
46 connected to the ink discharge head 27 is filled-
within the ink Iiquid chanber 45. Further, pulse
current is caused to flow for short tinme, e.g., 1 to
3p k f..heahi .S 2a,.:42 .
ThEE s, FogkRebited onctl BRohEYRCAGHE 2", Ppif G heating
. respectively and rapidly heated. As a result, ink 4 of
resistong $in,t48n are povided envery inkeligaid chambent45g There are
resistors 42a, 42b is headed. Thus, ink bubbles of

0 4N t.ai NV [
 provKRECELBIERG) M SR gl i HLE T A i Bele ot
“  (ink 4 is boiled). Thus, ink 4 having capacity
heatigguiegistarnt4dag 42beatenpravided evetiasespecnvecebarethkonaxridges

ink -bubbles at the portion in contact vith the nozzle
hes gk ' | g5 : [ Herrens
1. e, & e R B Chef £hAR 2T, 67 iR Bon R Firdtunit
March 2007 37 paper P. At the ink discharge head 27,
68 ofdhequinicr appamates 1a these peirshefaheaiing resistororad 22b are
42b are provided substantially in parallel to each
. L . Ll 1 |
suitafl@lecter 30 are Wealcll | TB 38 A IR 08 Ink MR Lhathoer 45
wi thin one ink |iquid chanber 45. Further, at the ink
corregpeRjaLq® hpdted perr afhbeating gesisioangda, #2br & caused o be
heating resistors 42a, 42b provided

discharged in the state of droplet from corresponding nozzle 44a to the ink

liquid chamber 45.

Namely, at the ink discharge head 27, ink 4 delivered from ink flow
path 46 ponnected to the ink discharge head 27 is filled within the ink liquid
chamber 45. Further, pulse current is caused to flow for short time, e.g., 1 to
3 sec. at the pair of heating resistors 42a, 42b. Thus, the pair of héating
- resistors 42a, 42b are respectively and rapidly heated. As a result, ink 4 of
the portion in contact with the pair of heating resistors 42a, 42b is headed.
Thus, ink bubbles of vapor phase are produced. Ink 4 of a certaiﬁ volume is
pressed by expansion (swelling) of the ink bubbles (ink 4 is boiled). Thus,
ink 4 having capacity equivalent to the ink 4 which has been pressed onto ink
bubbles at the portion in contact with the nozzle 44a is discharged from

nozzles 44a as ink droplet i. As a result, the ink 4 is hit upon the recording




substantially in parallel to each other in a direction
substantially perpendicular to carrying directiZMamh 2007
the recording paper P indicated by arrow Cin FIG 11,
i.e., inwdth direction of the recording paper P
i ndicated by arrow Win Flggz 11. In this exanple, in
FIG 11, positions of the nozzles 44a are indicated by
single dotted Iines. As stated above, since the pair
of heating resistors 42a, 42b take such shape to
di vide one resistor into two resistor portions so that

a eﬁ l engthy is the sane and the wdth is hal ved,
. PAPC &5 st ance” val ues of respective resistors
substantially beconme double value. In the case where
r eAsther mlkadisdhasge haad 27, ofs sleavnrigp FE3i 81 arpair 24 heating
42b are connected in series, there results the state

s RS 99 L AR Sub S RDE MINEE S it

resi stance value thereof is four tines greater than
one inkatiquwil ¢heembercdbst dfamelyia fwat of dediing seamstorsieiZa, 42h are
order to boil ink 4 within the ink liquid chanber 45,

{4 S,:10eC -ap pede j.ne .
providsd, SR HEATY I POl frplS S SRR, Sic gischarg
March 2007 38 resistors 42a, 42b to heat the pair of
headhZhtthexe aresaanged pharal 42ts. oftheating rgsisiors 4Ra 42rprovided
boiling, ink droplet i is discharged. Further, when

i | 446ad el : ;
subsfaRBRE AR TR ek FRL Ina firek R SRBSRHEIY Berpendipgler
the pair of heating resistors 42a, 42b caused to have
to carying direcéos lofithareeording papenk indicaied e drront € mdIG. 11,

resistor elenents has high resistance
i.e., in width direction of the recording paper P indicated by arrow W in FIG
11. In this example, in FIG. 11, positions of the nozzies 44a are indicated by
single dotted lines.

As stated above, since the pair of heating resistors 42a, 42b take such
shape to divide one resistor into two resistor portions so that the lengthy is the
same and the width is halved, resistance values of respective resistors
substantially become double value. In the case where resistors at these pairs
of heating resistors 42a, 42b are connected in series, there results the state
where resistors having resistance values of about double value are connected
in series. 'Thus, resistance value thereof is four times greater than that of the
resistor value before division.

Here, in order to boil ink 4 within the ink liquid chamber 45, it is

~ necessary to apply a predetermined pulse current to the pair of heating




val ue, it beconmes possible to nake boiling by pul se
current of small value. Thus, at the ink dischardlarch 2007
head 27, transistor for allowi ng pulse current to

flow, etc. can be reduced. As a result, reduction in
space can be realized. Itggs to be noted that if a

pair of heating resistors 42a, 42b are forned so that

t hi ckness becones snmal |, resistance val ue can be

further increased, but there is a predetermined limt
for reducing the thickness of the pair of heating

sl G5 6415016 ot 3. DAL IBEI00 P, A" i enrsy

and/or strength (durability) thereof, etc. For this
the timesof ballingsixdn drephetdie isvdiseharged duBunbert, hehen resistance
thi ckness to thereby increase resistance val ues of

a5 Rl 9, 0BRSSO ThE B B BERALE ) By

nozzl es 44a, when drive control of a pair of heating
Howewer, sintes the2pair 4fbhéatingpeasistorsed2 5,04 2th atugddne have adhape
until ink within the ink liquid chanber 45 is boiled

' Lo h I resi . : IR

such ool s €384 58 11882 B g B e
i's discharged fromnozzles 44a toward the portion

valug ubbeeomes ppgsiblentedivake byilieg by pulse cutuient aismalh vahe.
~case where tine 2 March 2007 39 difference takes

pl I n4b l:e1-0 1.0 ' 0 ai [
resis prast H%éﬁkééﬁ@ﬁ?{g’ebg%%%‘%?,d&a blgigtlﬂqt T(Erogg(r)g/g@ e{ﬂﬂse
i nk bubbl es substantially at the sanme tinme on the
currgpdite ff@whete: icay besediasds 42na ®enlt, redustionsinl spacerdan be
droplet i is discharged in the state shifted to any

realiff 013 Zigi {EEEEL\‘?‘?‘S%@?? 3 Pair’ opfxwﬁﬁﬁgifagist;{r@%ﬂ, A% are
formed so that thickness becomes small, resistance value can be further
increased, but there is a predetermined limit for reducing the thickness of the
~ pair of héating resistors 42a, 42b from the viewpoint of material selected as a
~ pair of heating resistors 42a, 42b and/or strength (durabiiity) thereof, etc.
‘For this reason, division is made without reducing the thickness to théreby
increase resistance values of the pair of heating resistors 42a, 42b.

Méanwhile, in discharging inks within the ink liquid chamber 45 ﬁom
nozzles 44a, wheﬁ drive control of a pair of heating resistors 42a, 42b is
performed so that time periods until ink within the ink liquid chamber 45 is
boiled by a pair of heating resistors 42a, 42b, i.e., bubble generation time

periods are the same, ink droplet i is discharged from nozzles 44a toward the

portion substantially immediately below. In addition, in the case where time




In concrete ternms, as shown in FIG 9, ink 4 is

supplied by the ink flow path 46 connected to tXhearchk007
di scharge head 27 so that ink 4 is filled within the

ink liquid chanber 45. Further, as the result of the

fact that pulse currents ggaving the same current

value are delivered to the pair of heating resistors
42a, 42b substantially at the same tinming, the pair

of heating resistors 42a, 42b are rapidly heated
substantially at the same tine. As a result, ink

e s 5 BB P g

in contact with the pair of heating resistors 42a, 42b
42a, 42@bt itheconmds diffionlt g proguetatkebubbles sulodtantially at the same
pressed by expansion (swelling) of -the ink bubbles

. - T ' S rge i, - -

time O} i Reafhy miGIRE 42202028t S s A arl 88 RO 1 i
ink 4 pressed substantially vertically toward the

dischaeged on the papeshiftedytotany onk off ditiection8wheBe agpair lof heating
portion in contact with the nozzle 44a is discharged

mSiSE wahd E?Qagfgﬁltrhﬁé’ed substantial ly directly bel ow from

€ Nozz a as®ink droplet i, and is hit upon the
recordi ng paper P. Mreover, at the ink discharge head
27 Ingonetesastennss, RsGhown whEHG. 20, vak dhis zapplied bypihedsk flow
currents are delivered to the pair of heating ‘ -

I | :
path BV BAEAR AR dBlchalic MERETY b TR A KNI PPNER the
. at ink 4 of the portion in contact with the pair of
ink ligudi ehpoatesri 43 .or Sunthar, asthe resulinef thesfacadhat pylse currents
expansi on (swelling) process by different tim ngs of

havhbé; Pﬁ@nsed‘.ﬁg CE‘;’%@E gg;u%%re RitliveRdd tb fiRVpdiP of hBAGHS +E¢iSoRE 2,
42b substantially at the same timing, the pair of heating resistors 42a, 42b are
rapidly heated substantially at the same time. As a result, ink bubbles Bl,
B2 having substantially the same volume are respectively produced at the ink
4 of the portion in contact with the pair of heating resistors 42a, 42b so that
ink 4 having a predetermined volume is pressed by expansion (swelling) of
the ink bubbles B1, B2. Thus, at the ink discharge head 27, as shown in FIG.
10, ink 4 having capacity equivalent to the ink 4 pressed substantially
vertically toward the recording paper P by the ink bubbles B1, B2 at the
portion in contact with the nozzle 44a is discharged toward the portion
- substantially directly below from the nozzle 44a as ink droplet 1, and .is hit
upon the recording paper P. |

. Moreover, at the ink discharge head 27, as shown in FIG. 11, when




Thus, at the ink discharge head 27, as shown in FIG
12, ink droplet i is discharged in the state sl?¥ast 2007
“toward ink bubbles having | ate bubble generation
timng of ink bubbles B3, B4 in width direction of the
recording paper P indicat4ed by arrow Win FIG 15 from
the nozzle 44a, and is hit onto the recordi ng paper
P. In view of the above, in the present invention, in
the case where supply timngs of pulse currents
: delivered to pair of heating resistors 42a, 42b,
puls%ecfu?fe‘?ﬁé:eargyhﬁﬁvéﬂéﬁr ?(?tthbs el by ;H BnbOr&idBR 499 Mo at
eat1 ng resistors of the %alr 0 eafi ng resistors
... 42a, 42b, and pul se current having substantially the
diffeenteimingse inkvauhldes $3,hB4 rask acepesively gwoducednt different

delivered to the other heating resistor in the state

i3 gk P R, SRS e R e BB oS
suI?pI y timng of the reference pulse current. Thus,

42b. atFrome thisidaat, dshexpansiesa swallingx paecsss by difBirennginings of
process by different timngs of ink bubbles B3, B4

a - a

these BB B2, i B e BSBLER I 1 88 i prsse
suppress _that discharge -------- - Semm----- R 2 .

Thusyt cthe2ipdr discharge sead o, o0ts shawar splE6. i12, snkadiopdet i is

Moreover, at the ink discharge head 27, since
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ting resistors 42b at sui
i nconveni ence_such that ink

geneygﬁ%isgfgi glﬂﬁp}g M{gﬁ?’ﬁﬂ{:@le@ d#3.aBd In width direction of the recording
paper P indicated by arrow W in FIG. 15 from the nozzle 44a, and is hit onto
the recording paper P.

In view of the above, in the present invention, in the case where
- supply timings of pulse currents delivered to pair of heating resistors 42a, 42b,
reference pulse current is delivered to either one of heating resistors of the
pair of heating resistors 42a, 42b, and pulse current having substantiaﬁy the
same current value as the reference pulse current is delivered to the other
heating resistor in the state where the time of the range within 20% of supply
time of the reference pulse current is shifted from the supply timing of the
reference pulse current.

Thus, at the ink discharge head 27, expansion (swelling) process by

different timings of ink bubbles B3, B4 formed on a pair of heating resistors

 42a, 42b becomes stable. As aresult, it is possible to suppress that discharge




with the edge of nozzle 44a. Thus, it is possible to
~suppress that discharge direction of the ink driodaeh 2007
i is varied. The printer body 3 constituting the

printer apparatus 1 to which the head cartridge 2
constituted as described afjove is | oaded will now be
explained with reference to the attached draw ngs. The
printer body 3 includes, as shown in FIGS. 1 and 13, a
head cartridge |oading portion 51 to which the head
cartridge 2 is |oaded, a head cartridge hol ding

: ﬂﬁﬁ{] 'Iﬁhna r: wng/ fixing the head cartridge 2
dlrea ﬁgi elgﬁﬂ%:tgr?lr?’i%%g' | oadi ng portion 51, a head cap

openi ng/ cl osi ng mechani sm 53 for opening/cl osing the
heddoceqgyeraap tpeink disdhaigedicade2 hasinsendiferfent pulse currents

perform ng paper feed/eject operation of the recording

: , e ' f ' e ..

are §3EoT 19% BARTSTAERThe RREILRT4PZ 196 ARERABR, tpings, it i
a _paper eject opening 56 in which recording paper P is

possgijledo qureveninndeavpnaisace stickdhaf ik dreplhtihicome3intdigentact
head cartridge | oading portion 51'is a recessed

: td h CRI:L I IS d '
w00, WS40 Nl R SARIE (Sl AR e
. discharge surface 27a of the ink discharge head 27 and

direqippeef herinksbopletmicadgb7 42 of the traveling

recordi ng paper P are substantially in parallel with

ea ' I f ' i o
Corsp RiFer, DA 7 EonstRuBAE (BETRLEP apPRRIAL 100 Which the
The head cartridge 2 is consunmabl e supplies because

headt gasteidge 2t genstdytedussr deststheds iabpvef 1eleadasdyavillaypow be
take place owing to ink clogging
explained with reference to the attached drawings.

The printer body 3 includes, as shown in FIGS. 1 and 13, a head
cartridge loading portion 51 to which the head cartridge 2 is loaded, a head
cartridge holding mechanism 52 for holding/fixing the head cartridge. 2 at the
hcad cartridge loading portion 51, a head cap opening/closing mechanism 53
- for opening/closing the head cap, a paper feed/eject mechanism 54 for
performing paper feed/eject operation of the recording paper P, a paper feed
opening 35 for feeding recording paper P to the paper feed mechanism 54, and
a paper eject opening 56 in which recording paper P is ejected from the paper
feed/eject mechanism 54.

The head cartridge loading portion 51 is a recessed portion where the

head cartridge 2 is loaded, and is such that the head cartridge 2 is loaded so

that the discharge surface 27a of the ink discharge head 27 and paper surface




within ink discharge head 27, etc. For this reason,

the head cartridge 2 is held by the head cartridgearch 2007
hol di ng mechanism 52 so that it is detachable with
respect to the head cartridge | oading portion 51. The
head cartridge hol di ng necfzani sm 52 is a mechani smfor
detachably hol ding the head cartridge 2 at the head
cartridge |l oading portion 51. By hol ding knob 52

provi ded at the head cartridge 2 with respect to-

bi asi ng menber such as.spring, etc. (not shown)

o B, U B k) i LY it

undergone positioning in such a manner caused to be in
in omleesteuperformt prnt wiperatioefiereonformityf with datappota dayeling
at the printer body 3. The head cap openi ng/cl osi ng

ecof SRS R L8500 Sl Elppulis g e

VWen print operation is performed, the head cap .
the capenvinepechexsissity of ctxahipge 382y feks plane owing taypnlkeglogging
all ow the ink discharge head 27 to be exposed to the

" e .
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head cap 28 to protect the ink discharge head 27. A
by thefmads cantridge dioldingh ardohangumi 2 |sedmt it ds i desaghable owith
for carrying 2 March 2007 43 the recording paper P,

respcfdgg?nﬁn%ﬁgﬁdEﬁrﬁﬁgég%ﬁcgg%ﬁgbgi g paper P delivered

e paper up to ink discharge

head 27 of the head cartridge 2 so that ink droplet i

di SKthearligad faasiidgee heddinge machanism 52 ds car mgchagism  for

printed recording paper Pt o the paper eject hole 56
detadtabtl Hiding MRV Edieri@ge & A%dheChead cartridge loading portion
51. By holding knob 52 provided at the head cartridge 2 with respect to
biasing member such as spring, etc. (not shown) provided within holding hole
52b of the printer body 3, the head cartridge 2 can be held and fixed after
undergone positioning in such a manner caused to be in pressure-contact with
‘reference surface 3a prbvided at the printer body 3.

The head cap opening/closing mechanism 53 includes a drive unit for
opening/closing head cap 28 of the head cartridge 2. When print operation is
performed, the head cap opening/closing mechanism 53 opens the head cap 28
to allow the ink discharge head 27 to be exposed to the recording paper P.
When print operation is completed, the head cap opening/closing mechanism

53 closes the head cap 28 to protect the ink discharge head 27.

A paper feed/eject mechanism 54 includes a drive portion for carrying




the apparatus. The paper feed hole 55 is an opening

portion for supplying the recording paper P to 2Merch 2007

paper feed/eject mechanism 54, and is adapted to have

ability to stock plural recording papers P within the
~tray 55a, etc. in a stacked manner. The paper eject

hole 56 is an opening portion in which ink droplet i

is hit to eject printed recording paper P. A contro

circuit 61 shown in FIG 14 for controlling print

operation by the printer apparatus 1 constituted as

the rEES O BEpd SR Loy (62 R ST B0 from
includes a printer drive unit 62 for performng drive

the papar fesd openiogécup e idkidischasge haad 2d ciathedxﬁagfcartmige 2
above-described printer body 3,- a discharge contr ol

o AT RSt | SRAYGEILL oo e Akt el LSt primes

_ respective colors, a warning unit 64 for warning the
recosidangipapar Ptoathei papss eject; ide 30 t ejack itplesvardethe sixternal of

an input/output termnal 65 for perform ng

. i . i )

the SGHRHHLEITY bopCPRea AOR f 2hdbni) ARGk OF difiine e
whi ch control prograns, etc. are recorded, a RAM

reconditag qper AT t@ $8e apst yiped/eiecrmeehgrupar Sty and ds asdgpted to
control programs, etc. which have 2 March 2007 44

reagk it Has [ :
haveQ@Aliey S5 SOk phftal holartiif papey’ P AT (ROuff 755, . in 2

controls of respectjive_ units. The printer drive unit
stacked menpes the papereiset bols Pt istathgPemagHRA§osain which ink
openi ng/ cl osi ng nechani sm 53 on the basis of a control

droplt 97¢hitt6 @edt BRinted recording paper P.

A control circuit 61 shown in FIG. 14 for controlling print operation
by the printér apparatus 1 constituted as described above will now be
explained with reference to the attached drawings.

The control circuit 61 includes a printer drive unit 62 for performiné
drive control of respective drive mechanisms 53, 54 of the above-described
printer body 3, a discharge control unit 63 for contrdlling current, etc.
delivered to ink discharge heads 27 corresponding to inks 4 of respective
colors, a warning unit 64 for warning the remaining quantities of inks 4 of
respective colors, an input/output terminal 65 for pérforming input/output
operation of signal to and from the external equipment, 2 ROM (Read Only
Memory) 66 in which control programs, etc. are recorded, a RAM (Random

Access Memory) 67 for temporarily storing control programs, etc. which have




control unit 68 to control the head cap

~openi ng/ cl osi ng nechani smin such a manner to ¢pdarchr2007
~close the head cap 28. Mrreover, the printer drive

unit 62 drives the drive notor constituting the paper
feed/ ej ect nechani sm 54 o4t he basis of a contro

signal fromthe control unit 68 to feed the recording
paper P fromthe paper feed hole of the printer body

3 to control the paper feed/eject mechanismin a

manner to eject the recording paper P fromthe paper
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circuit conprisi nfg a power supply 71 for allow ng
68 fapplestoroungeontroloof respeetivaupitsr of heating resistors
42a 42b respect ively serving as- resistors, swtching

ﬁnte?%ﬁ'i ?ltf&’ dfived Nevr‘ﬁb% P&fﬁsﬁ'ﬁﬁ@ ﬂg\lﬁgﬁg cap

operat on of e ric connec ion  between

heat i ng reS|stors 42a, 42b and the power supply 71,

. openingiclpsingrmethanismoh3 ron ther basis af3 af ccmtrohts;gnahfrgm the
swi'tching operations of the swtching eIenEnts 72a,

consff T35 D458 head oo B OMRERASak b 1

to flow at respective heating resistors. It is to be
manngsttedopamer whsedhe head sopr 28 uMrgovar, thg peiaitersddve amit 62
power supply for 2 March 2007 45 pul se current

drwe@%b‘(ﬁiveéjrx{d%ofﬁ nﬁﬁtﬁﬁgﬁ'tﬁe%ab%k"f&ed/@%ém r o un| ! G‘S‘Wn the

be direct |vere fro
etc. The SMAtChIng el enent 72a i s disposed between the

- basisrefza pontrebsigaabfrom the eortrelanig 6Stedfeed fhe seearding paper P

control ON OFF operation of pulse current
from the paper feed hole of the printer body 3 to control the paper feed/eject

mechanism in a manner to eject the recording paper P from the paper eject
hole 56 after printing operatioh.

As shown in FIG. 15, the discharge control unit 63 is an electric circuit
comprising a power supply 71 for allowing pulse cuﬁents to flow at a pair of
heating resistors 42a, 42b respectively serving as resistors, switching elefnents
72a, 72b for respectively performing ON/OFF operation of electric connection
between the pair of heating resistors. 42a, 42b and the power supply 71, and a
switching control circuit 73 for controlling switching operations of the
switching elements 72a, 72b.

The power supply 71 is connected to the heating resistors 42a, 42b
and servés to allow puise curreﬁts to flow at respective heating resistors.. Itis

to be noted that while the power supply 71 may be used as power supply for




flowng in the heating resistor 42a. The sw tching

el ement 72b is di sposed between the heating regildawh 2007
42b and the ground, and serves to control OV OFF
operation of pulse current flowing in the heating
resistor 42b. Further, thele switching el enents 72a,

72b deliver pulse currents fromthe ' power supply 71
to the pair of heating resistors 42a, 42b

substantially at the same timng or at different

timngs as the result of the fact that ON OFF

puls@RakRi Agiveted &5 RRE _télé/ﬁri%\/\&i&@ﬂi't,”?llﬁé RRANE A be directly
switched. The switching control circuit 73 is an

.elegtric circuit conposed of, e.g., logic ICs and/or
deh\’m@&omf%gsicgﬂwgyn& , eland serves to switch OV OFF
operations of the switching elenents 72a, 72b to

COMMIgS tswiltRimd WREmeMPPRY if Idispokédt bavRain! thef héRaig Pesistor
resistors 42a; 42b to brought” these heating resistors

into ON state, or to ground i.r of heati
42a fmfi flag grau a%ﬂdmwogoo?%ﬂf Bﬁ/ﬁ%{e OH@I@MOHQOf Batse cyreent
into OFF state. Further, the switching control circuit

flowitik ireshe tehtift Yesivlor dRs ANOswiehaigeicsmentof 28 ke disposed
sw tching elenents 72a, 72b to thereby control

ti mnpgs,at .which, pul se currents are respectively
betwgen; i SFaliBe Waisiah A2 andatiegTpuasls B Seryas topigontrol
or time periods during which pulse current is

ON/O¥H \opeestioretdf. pdlshheeiedQlowifp A (Hee hdhgadafegRtor 42b.

control unit 63 having a configuration as stated

b when the swi t chi trol. circyit 73 t
Furtfife e NG eipihrte 795, A debiEL pHlie, piant, fijm the

the same timing, pulse currents are both delivered to
powdrheuppisi 71 of tivephirngf hestimt odsistdBad 242408 sobathhgalbpaethe

supply 71 substantially at the
same timing or at different timings as the result of the fact that ON/OFF
operations of respective switching elements are switched.

The switching control circuit 73 is an electric circuit composed of, e.g.,
logic ICs and/or driver transistors, etc., and serves to switch ON/OFF
operations of the switching elements 72a, 72b to connect the power supply 71
and the pair of heating resistors 42a, 42b to brought these heating resistors
into ON state, or to ground the pair of heating resistors 42a, 42b to brought
these heating resistors into OFF state. Further, the switching control circuit
73 respectively switches ON/OFF operations of the switching elements 72a,
72b to thereby control timings at which pulse currents are respectively

delivered to the pair-of heating resistors 42a, 42b, or time periods during

which pulse current is delivered, etc.




same timng. At this tine, in the case where

resi stance val ues of the pair of heating resi st2dvlgrch 2007
42a, 42b are substantially the same, a pair of heating
resistors 42a, 42b are heated substantially at the

same timng when pul se cuggents are delivered. In

this case, at the ink discharge head 27, as shown in

FIG 16A, since a pair of heating resistors 42a, 42b

are heated substantially at the sane tim ng,

expansi on (swel ling) process of bubbles substantially

PRI HEBAR ) LG3Yekind RLoBBRLSpuS i aore,

substantially at the sanme timng on the pair of
wherh e switching conirel aanit4lh turnsihe switthiog ei¢ments 72a,e72b
di scharged toward the portion substantially bel ow

ON RRPAR, SO e PR Bttt ol RN B the

_unit 63 controls the switching control circuit 73 in
pair efib¢ating resistens 42a, fi2bdromuhe poveerssuippbihV hgubstantially ae she
ON to subsequently turn thé switching elenment 72b ON

j el : e ' : [ :
same) Bgingy B TRRS M crtl ROSR R et Plch DIWLE pair of
vari ed (ad'&ust ed) toward the heating resistor 42 side
beating resigtons 42apd Bhazopibstartiadly betsasie, wpiir of Beaang resislgrs
paper P. Nanely, as the result of the fact that the

42a, %‘gptﬁ'@il{&t&i Bt rggzﬁlﬂ(l Lp thd Eétheﬁﬁ]rgﬁ%“}'ﬂén 188 Hufrents are

se current 1s ered tot ating resistor
. 42a prior to the heating resistor 42b. As a result,
delivgtishl es are produced on the heating resistor 42a prior
to production thereof on

In this case, at the ink discharge head 27, as shown in FIG. 16A, since
a pair of heating resistors 42a, 42b are heated substantially at the same timing,
expansion (swelling) process of bubbles substantially become the same. As
a result, ink bubbles B1, B2 having substantially the same size are formed
substantially at the samé timing oﬁ the pair of heating resistors 42a, 42b.
‘Thus, ink droplets i are discharged toward the portion substantially below
from nozzles 44a.

Then, explaﬂation will be given in connection with the case where the
discharge control unit 63 controls the switching control circuit 73 in such a
manner to first turn the switching element 72a ON to subséquently turn the
switching element 72b ON in a delayed manner.

In this case, as Shown in FIG. 16B, the discharge direction of ink

droplet i can be varied (adjusted) toward the heating resistor 42 side of width




the heating resistor 42b. Further, expansion

(swel l'ing) process of ink bubbles B3 fornmed on 2March 2007
heating resistor 42a i.s developed in a manner earlier

t han expansion (swelling) process of ink bubbles B4
formed on the heating resiistor 42b. Thus, ink bubbles
B3 having large volune are first forned. As a result,
inks 4 are pressed toward the heating resistor 42b

side to discharge ink droplets i from nozzles 44a
toward the heating resistor 42b side of width

n
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72b are reduced, difference between generation tim
the swhtchinghelement 72agaifirst pracadr QN statei pelse sumeat lsmhvered
becones snal | . Thus di scharge angle (see FIG 22) of

to thgnﬁecﬂ r&glrégﬁt ?;ﬁfrggg thé. (H@aﬂﬂ Z{R5stdAAN t s a result,

e surface ing as r ference becones
| arge. Wen there results I ess difference in expan3|o
| bubdeI pradycest on dke henting resigiopHPa prig, toproguetiam thaseol on
the pair of heating resistors 42a, 42b, = volunetric

' en u i idf ink
e bl Soghelomen BurhchRthanion (adurag) fetss 41 i
are_hit at closer position at the heat ng, resjstor

- bubblem B dermed ron dbpdiating romster 44s mt dov i Hk @ manner
droplets i are ----------- - - 2 March 2007 48

earh@P &Hgﬁé sﬁmg@enhﬁg)p?fdde% of Ukt BabbRE B4 formed on the

'y bel'ow from nozzl e 44a. On the other
d, . according_as shjft en ON.timings o
heatmg remstor 42lo)| gfhus ink bul?bel WeBgl having rParge vo{ume are first

formed. As a result, inks 4 are pressed toward the heating resistor 42b side
to discharge ink droplets i from nozzles 44a toward the heating resistor 42b
side of width direction W of the recording paper P.

Here, according as shifts of ON timings of the switching elements 72a,
72b are reduced, difference between generation timings of bubbles on a pair
of heating resistors 42a, 42b becomes small. Thus, discharge angle (see FIG.
22) of ink droplets i discharged from nozzles 44a with discharge surface 27a
being as reference becomes large.

When there results less difference in expansion (sWelling) process of
ink bubbles B3, B4 formed on the pair of heating resistors 42a, 42b,
volumetric difference between both bubbles is reduced. Thus, it is ppssible
to discharge ink droplets i so that they are hit at closer position at the heating

resistor 42b side with respect to impact point D when ink droplets i are




swi tching elenents 72a, 72b becones | arge, difference

bet ween generation tinings of bubbles on the pa Mawh 2007
heati ng resistors 42a, 42b becones large. As a

result, discharge angle (see FIG 22) of ink droplets

di scharged fromthe nozzlgs 44a with the discharge
surface 27a being as reference is reduced. Nanely,

when difference between expansion (swelling) process

of ink bubbles B3, B4 formed on the pair of heating
resistors 42a, 42b becones |arge, volune difference

discli R hRRp. ' WnEbn SHATERARY FumiGiiely, beldy from the

h|t at farther position at the heating resistor 42b
nozzl;&déavvith respect to inpact point D when ink droplets
i are discharged toward the portion substantially

beI [0 z £ d
or DR O SRS, StBrait o S belEn DR 10ARs of the
control led by a switching control circuit 73 so that
swit¢hingeelemenént/2ae 72bebecpmes latge, rdifferangerasivepor gamaation
is caused to be reference, and pulse current is
tumﬂj? bY Bubl1dsCoh qﬁeﬂﬁaﬁ:{ bg%éa?ﬁl' %é%istél%bﬂzﬂ 491 bekies large.
: ere timng ne of 1 range w t hi
20% of the tlms Ferlod during which pulse current is
As acr@smlv,edle@argetamg ehegeillg. 223 ioftink dooplets it diselaupged drarp the
the timng at which pul se current is delivered to the

nozzE2 R GwiRS it ﬂiscﬁgﬁn snﬂfﬁ&e @iﬁ%t 59 Qﬁgr&#]céo 8%0 gé

I'n connection e case

di scharge.  control unit 63 control s the switchin
Namebntwletn differanee betwaenserpangionesling hprocess of Tbulplles
switching element 72b ON to subsequently turn the :

B3, B4 Y6RhES &h BNpaif 26F Hlatiflgdrddfdtansed28PANB! becomes large,
volume difference between both bubbles becomes large. Thus, it is possible
to discharge ink droplets 1 so that they are hit at farther position at the heating
resistor 42b side with respect to impact point D when ink droplets i are
- discharged toward the portion substantially below from nozzles 44a.

Further, at the discharge control unit 63, switching elements 72?1, 72b
are controlled by a switching control circuit 73 so that pulse current delivered
to the heating resistor 42a is caused to be reference, and pulse current is
delivered to the heating resistor 42b in the state where timing is shifted in a
time of the range within 20% of the time period‘ during which pulse current is
delivered to the heating resistor 42a with respect fo the timing at which pulse
current is delivered to the heating resistor 42a .

Then, explanation will be given in connection with the case where the




In this case, as shown in FIG 16C, the discharge
direction of ink droplets i can be varied towardMalh 2007
heating resistor 42a side of width direction Wof the
recordi ng paper P. Nanely, as the result of the fact

that the switching elenenfg 72b is first brought into

ON state, pulse current is delivered to the heating
resistor 42b prior to the heating resistor 42a. As a
result, bubbles are produced on the heating resistor

42b prior to production thereof on the heating
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devel oped in a manner earller t han expansi on
mangeviel firsigprprnbe syatakiing relemenb78b @Y tomsubsequentlyeturn the
heating resistor 42a. Thus, ink bubbles B4 having

swi{é}ﬁﬁeg éﬂ%ﬁt‘*ﬁzd éﬁh{atgae%g}gdr%qmg aresult, inks 4 are

owar d I"Ng Tesrstor 42a side to
d| scharge ink droplets i fromnozzles 44a toward the
hednithgs cest,savshagm inikdEG 016G the disohacge alirastionh of ink

recordi ng paper P. Here, according as shift between

dropl?t\.LT ); tA B@%a? fedWularl'ihg h%hﬁﬁg Eéfilstrzr)]% %2373%&6 of v%xlﬁfﬁ’ ‘c‘lﬁ‘éctlon

erence etmeen genera Bbub
the pair of heatin reS|stors 42a, 42b is reduced.
W oftthe, ragosdingr gapeindl e Nemely| @ the)resalti ok theofacétthat the
di scharged fromthe nozzle 44a with the discharge
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Accordingly, when there results less difference in
to thexpeatingoegistael 43 griorpta dhe Swatiog Tasistouddaes 43,2 mpult,
formed on the pair of heating resistors 42a, 42b
bubb s”éﬂea%ﬂo\ﬂutc@d it s akaidhg fbsis b Biowy plibF %o Ciirf)ﬁﬁ&ﬁé‘l‘i fhereof
on the heating resistor 42a. Further, expansion (swelling) process of ink
bubbles B4 formed on the heating resistor 42a is developed in a manner
earlier than expansion (swelling) process of ink bubbles B3 formed on the
heating resistor 42a. Thus, ink bubbles B4 having large volume is first
formed. As a result, inks 4 are pressed toward the heating resistor 42a side
to discharge ink droplets i from nozzles 44a toward the heating resistor 42a
side of width direction W of recording paper P. Here, according as shift
~ between ON timings of switching elements 72a, 72b is reduced, difference
between generation timings of bubbles on the pair of heating resistors 42a,
42b is reduced. Thus, discharge angle (see FIG. 22) of ink droplet i

discharged from the nozzle 44a with the discharge surface 72a being as

 reference becomes large. This is similar to the case of FIG. 16B.




bubbl es becones small. As a result, it is possible to
discharge ink droplets i so that they are hit & March2007
nearer position at the heating resistor 42b side with
respect to inpact point D when ink droplets i are

di scharged toward the porgg on substantially

i mredi ately bel ow from nozzl es 44a. On the other hand,
simlarly to the case of FIG 16B, according as shift
between ON timngs of the switching el enents 72a, 72b
becones | arge, difference between generation timngs

AccqP AT BT 0o Rliibaph R SR ofRlne)

22) of ink droplet i discharged fromnozzle 44a with
processes difsiniabyfebles B3 B4 Z6ambdicgtheapaireffchenivg tesitomsd2a,
smal I . Nanely, when difference between expansion

420 bW BOERAGT Pl I8 Pahitie Ao bR i bon

volune di fference between both bubbles becones |arge.
‘bubbles beearnes smalt i As paesub) # is podibbdto dischatgedindpdrepiets i
i so that they are hit at farther p03|t|on at the
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portl on imedi ately below fromthe nozzl es 44a.

respaair tohempagt poiet I selen gek odnoplets iunre déghasgéd dowvard the
el ements 72a, 72b are control I ed by the sw tching

LS 2 March 2007

pomég@gb?da\l}grﬂel ﬁm%%aﬁﬁ%atl ng reS| S /6"584 di's caused to

be reference, and pulse current is delivered to the

he4on tee ptherdiaad, simailatly tothescaseeofifi&r d 6B, rcagrdisg as shift
shifted in a tine of the range within 20% of tine

betwBEA | ON AHhid}e WPI B BWiteRing elements 72a, 72b becomes large,

difference between generation timings of bubbles on the pair of heating
resistors 42a, 42b becomes large. As a fesult, discharge angle (see FIG. 22) of
ink droplet i discharged from nozzle 44a with the discharge surface 27a being
as reference becomes small. Namely, when difference between expansion
(swelling) processes of ink bubbles B3, B4 formed on the pair of heating
resistors 42a, 42b becomes large, volume difference between both bubbles
becomes large. As a result, it is possible to discharge ink droplets i so that they
are hit at farther position at the heating resistor 42a side witﬁ respect to impact
poini D when ink droplets 1 are discharged toward the portion immediately
below from the nozzles 44a.

Further, at the diécharge coﬁtrol unit 63, switching elements 72a, 72b

are controlled by the switching control circuit 73 so that pulse current




current is delivered to the heating resistor 42b with
respect to timng at which pulse current is del2 Merch®007
to the heating resistor 42b. In a manner as stated

above, at the discharge control unit 63, timngs of

OV OFF operations of switghing elenents 72a, 72b are
controlled by the switching control circuit 73,

thereby nmaking it possible to change di scharge

direction fromnozzles 44a of ink droplets i toward a
direction in which a pair of heating resistors 42a,

oo SR BT 4 Shbsb PR e
di scharge angle of the ink droplet i when pulse

curresifiris eddlivesediabi therleshting tdvistbeafdanm tessait©rwHée timing is
the state where timng is shifted (delayed) with

.~respect. to e heating,resistor . 42a wiith the tinge.
shiftsF 3R & liecot [ PR HPERUT 203} O 41188 mirid i Enk lficheputse
portion inmediately below fromthe nozzle 44a being
curreas 13 dehveredetoi the ivatingiresistds 42b with fespedtto thimifig at which
quantity of supply timng of pulse current delivered
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pul se current is delivered to the heating resistor
42fniss neminkt ad stategp abovepit thensdisoharge tdomitrod vatit 6Aj timings
pul se current is delivered to the heating resistor
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state where discharge direction is changed with the
switchimg cantnohicitcuitnk3 dthepelet snakiagdt pdissible tgelangevalistharge

the portion substantially below from nozzles 44a is
directiBBflom nozzles 44a of ink droplets i toward a direction in which a pair
of heating résistors 42a, 42b are provided in parallel, i.e., width direction W of
 the recording paper P.

Here, measurement result of discharge angle of the ink droplet i when
pulse current is delivered to the heating resistor 42b in the state where timing
is shifted (delayed) with respect to the heating resistor 42a with the time point
when ink droplets i are discharged toward the portion immediately below
from the nozzle 44a being as reference is shown in FIG. 17.

In FIG. 17, shift quantity of supply timing of pulse current delivered to
the heating resistor 42b is shown on the abscissa. In concrete terms, what
percentage timing at which pulse current is delivered to the heating resistor

42b is shifted in point of time with timing at which pulse current is delivered

~ to the heating resistor 42a being as reference is shown.




on the ordinate. In FI'G 17, unlike FIG 22, it is

i ndi cated that discharge angle when ink dropl et2sMarch 2007
are hit toward the portion substantially imediately
below is set to 0, and according as di scharge angle is
greatly shifted toward the heating resistor 42b side

so that ink droplets i are discharged, discharge

angl e becones great. For neasurenent of the discharge
angle, there is used ink discharge head 27 in which

t hi ckness of the nozzle sheet is caused to be about

2B 0T s indle SRR dfixctialed, R SRHE T the stife; where
17, it is understood that supply tim ngs of pul se

dischauge afitectivn fis rohapged watha tipaitimef athediichngnkedrcgtletssi are
42a, 42b are shifted so that discharge direction of

dsct PR eSS RE AR T AE008 Fis shown

when pulse current is delivered to the heating
on theeoirdimate.42m FIGa 17atmliked 816y 2a@) it isvimdicated thatpdisekarge
' to the heating resistor 42a, ink droplets i are

ang PRk A g B, 0 B30 B Spmeciatety

droplets i discharged fromnozzles 44a are hit upon
belowds aredito @° papd acEomshing ashdifthargeamigle issgreatlysipfitg toward
timngs of the pulse current are 0% 7.5% 13% 20%
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these sanples 1 to 6 are shown in FIGS. 18A to 18F.
anglérbenomeal great. diorrmeasurensindvaf the disdsirge amgle, thers 15 msed
sanples 1 to 4 in which ink droplets i are discharged .

ink diSMfHe HaGdLAH BhilE ThitkRbss 0P thd nbPSle sheet is caused to be
about 131 and the diameter of nozzle 44a is caused to be about 17um.

From the measurement result shown in FIG. 17, it is understood that
supply timings of pulse currents with respect to a pair of heating resistors 42a,
42b are shifted so that discharge direction of ink droplets i discharged from
nozzles 44a are chariged. In concreter terms, it is understood that when- pulse
current is delivered to the heating resistor 42b at a later (delayed) timing as
compared to the heating resistor 42a, ink droplets i are discharged toward the
heating resistor 42 side.

Moreovef, in FIG. 17, impact points D in which ink droplets i
discharged from nozzles 44a are hit upon recording paper P when shift
quantities of supply tiﬁﬁngs of the pulse current are 0%, 7.5%, 13%, 20%,

21%, 23% are caused to be samples 1 to 6. Further, the states of impact points




state where supply timng of pulse current is del ayed
in the range within 20% of supply tine of pul se March 2007
current of the heating resistor 42a with respect to
supply timng of pulse current to the heating resistor
42a, there is no wunevenn&8s at inpact points D of ink
droplets i even after the discharge direction has
been changed. Accordingly, it is understood that ink
droplets i are discharged fromnozzles 44a at a
predet erm ned di scharge angle. Particularly, in -
I i j ' 0 tr§ 1iepar e di schar ged
D of BB samle 148 A o O R B L e whor o
' supply timng of pulse current is dela¥ed,mﬁthin t he
r a%gem‘ eatugtiengesiiposhorn duBloy. d8Adoof8Hingsamples 104
current of the heating resistor 42a with respect to
- - r - % - 4 - th
in wiERnK HopIad neRs g D8A Uk LORIE Rt 120 I the
respect to shift quantity of supply timng of pulse
state syheresupply timige offpuae chrrent ssadelayedian $y rangguwithin Y0%
of supply timing of pulse current is caused to be
i1y tine {8¥E phRBIGurERNDT thEOHAIAS FesishGr 8DY WRkI Rpbét to
°fS¥Q§£f gtggpstabﬁy&perforn1 con?gofsgf t he discharge
direction. It _is understood that in the range ere,
suppbhitiming 0ft puseorcusigspl tp they heatingr resistos ¢dayr dhgrej & no
above 20% (sanples 5 and 6), unevenness takes place in .
EARAG! aP dphst Botits! DK ofllifR! 8fopléts ¥ VB CiftetOfhe distharge
Hnev hi's i% begausgoit IS 80#3idef§h that when shift g
. quantity of suppl ti mng of  pul se current is ahov )
direcfign hasabeatt chapgad ARG lﬁiqﬂﬁefﬁi%g abat Tngf %rwiets 1
bubbl es fornmed on a pair of heating resistors 42a, 42b
are disth@QEd RYRIo2HEs 44a at a predetermined discharge angle.

Particularly, in samples 2 to 4 in which ink droplets 1 are discharged
tbward the heating resistor42b in the state where supply timing of pulse
curreﬁt is delayed within the range from 7.5% to 20% of supply time of pulse
current of the heating resistor 42a with respect to supply timing of pulse
current t§ the heating resistor 42a, change quantity of discharge anglé with
respect to shift quantity of supply timing of pulse current is large. From this
fact, the shift quantity of supply timing of pulse current is caused to be within
the range from 7.5% to 20%, thereby making it possible to stably perform
conirol of the discharge direction. |

It is understood that in the range where shift quantity of supply timing
of pulse current is above 20% (samples 5 and 6), unevenness takes place in

- impact points D of ink droplets 1.




i nk bubbl es produced earlier resultantly becone too

| arger than ink bubbles produced |ater so that 2March 2007
pressing state of ink 4 by ink bubbles becones

unstabl e, and unevenness takes place in discharge
direction of ink dropletssy discharged from nozzles

44a. Moreover, it is also considered that when shift
quantity of supply timng of pulse current is above

20% discharge direction of ink droplet i discharged
from nozzl e 44a becomes too oblique, so ink droplet i
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unevenness takes gl ace in di scharge direction.
timindcabpulisa gluyrent iih aboee 26% talandeeokexypinssons (swmellidg) process
since inmpact points D of ink droplets i are varied,
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I'nvarying arge
i discharged from nozzl e 44a, if control is made such
ink budsless prdduceduearticr yemiltanibpbgceing tog birgguthaa nkr bebbles

is caused to fall within 20%to deliver pulse current
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in the range within 20% of supply time of puls

and uneveanessofa heplmm digchargesdisectitmnof snkadropetsa @a@igﬂrged
timng of pulse current to the heating resistor 42a,
Jﬁﬁ&ﬁ? J10 unevenness in 2 March 2007 55 di scharge

Irection of ink droplet i so that i mpact position of

ink droplet i can be stabilized. It is understood
t hadoragver, i iseplsorsonsidered taah wheneokidi quastity of supply
stabilizing inpact position of ink droplet i.

timing of pulse current is above 20%, discharge direction of ink droplet i
discharged from nozzle 44a becomes too oblique, so ink droplet 1 comes into
contact with the edge of nozzle 44a when ink droplet i is discharged from
nozzle 44a so that unevenness takes place in discharge direction. Accordingly,
in the case of the samples 5 and 6,'since impact points D of ink droplets 1 are
~ varied, picture quality is lowered.

From facts.as described above, in vai'ying discharge direction of ink
droplet i discharged from nozzle 44a, if control is made such that shift
quantity of supply timing of pulse current is caused to fall within 20% to
deliver pulse current to the heating resistor 42b, i.e., if supply timi_ng of pulse
current to the heating resistor 42b is delayed in the range within 20% of
supply time of pulse current of the heating resistor 42a relative to supply

timing of pulse current to the heating resistor 42a, there is no unevenness in




Accordingly, in the above-described di scharge control

unit 63, the switching control circuit 73 contrdMarch 2007
ON OFF operations of switching elenments 72a, 72b so

that when the discharge direction is varied to

di scharge ink droplet i Esomthe nozzle 44a, pul se
current delivered to one of a pair of heating

resistors 42a, 42b is caused to be reference, and

supply timng of pulse current with respect to the

other heating resistor is shifted, on the other "hand,
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the supply timng of pulse current serving as .
be stakilizedntels Thderstoad thiae thisi ist eey appartantifrom aj viemgpoint of
possi bl e to suppress unevenness-of inpact positions
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Irrection s changed from nozzle 44a. As a
result, color tone wunevenness and/or white stripe can

be Avcovdingdy. imiths aboverdesspdedt disaharge eentrplenndr Add the

at excellent picture quality. It is to be noted that

et AL L € A [ .t as ivzh ofP :
SWItC\é\@lrlé eﬁﬁﬂﬁéyg‘é Clc@ér?d 0 éé‘fgt H@@E@?é’?ﬁ 42a ggd'd{ﬁﬁ:hmg
supply time of pulse current being as reference jin

elemenis 2eq| 12kt $@ tlatsiaom the) dischargel dirgeidon & vamed to discharge

invention is not limted to such inplenentation, but,
. Qtet 3 C e r r§8h ¥ of
ok g PRSP ULCHEIACAGE LS S A HERSE B SEATi

March 2007 56 this case, OV OFF operations of |
heatingiresiiiong 4@nretdniscanzad to bs rgferenspians supply Bpnipgof pulse

switching control circuit 73 so that supply tim ng of
curret hith t&dpeto HiR biter heating resistor is shifted, on the other hand,
in a time of the range within 20% of supply time of pulse current serving as
reference with respect to the supply timing of pulse current serving as
reference. Thus, at the printer apparatus 1, it is possible to suppress
unevenness of impact positions of ink droplet i discharged in the state where
discharge direction is changed from nozzle 44a. As a result, color tone
unevenness and/or white stripe can be prevenied. Thus, print operation can be
performed at excellent picture quality.

It is to be noted that while evaluation is made with timing at which

pulse current is delivered to heating resistor 42a and supply time of pulse
current being as reference in the evaluations shown in FIGS. 17 and 18, the

present invention is not limited to such implementation, but, e.g., pulse

current delivered to the heating resistor 42b may be caused to be reference. In




heating resistor 42a is shifted in the range within

20% of supply tine of pulse current of heating 2 March2007
resistor 42b relative to supply timng of pulse

current to the heating resistor 42b at the discharge
control unit 63. The warnggg unit 64 shown in FIG 14

is display neans, e.g., LCD (Liquid Crystal D splay),
etc. and serves to display informati on such as print
condition, print state and/or ink remaining quantity,

etc. Moreover, the warning unit 64 may be voice

i GHFLP TR Docfifys SPERREDIE Byl g 28 B, conole

and/or ink remaining quantity, etc. are outputted by
by theswdthing costrobcibeninGBes thabsupply timing ebpulse tcuseenidy the
caused to be of the configuration both including

e, 50 TERE s PR M PEATE of A0 e

etc. of information processing equipnent 69. The
currenh pfihéating nesistor di2hatkeladtyester supply timingrafhpulse iearrent to the
above-described  information such as print condition,

heati-tgéiréﬁtj%@f a?ﬁlag:ﬂ?éﬁfsch d SRk gyanmtity, etc. to

on ocessing unit 69, etc. through
interface. Mreover, the in{Jut/oqt put termnal 65 is
sufijaei wdrnihg amit 16d shewnnial FlGni4dswtisplay pneaes;s¢.gg LCD
unit 69, etc., with control signal for outputting the

. - i 1 f H - . h .
i RGAF395bEE, b SR8 A ghy BEGFhoRBICH prin
and/or print data, etc. Here, the above-described 2
conditiong hpdo Atats 7 andfosr wek | Kengingte spiangityinetc. cMowoxgr, the

el ectronic equi pment, e.g., personal conputer or PDA
warnffE bR pRyPbbaloifs Yuth@inkans! €., speaker, etc. In this case,
information such as print condition, print state and/or ink remaining quantity,
etc. are outputted by voice. It is to be noted that the warning unit 64 may be
caused to be of the configuration both including display means and audio
output means. In addition, such warning may be performed by monitor or
speaker, etc. of information processing equipment 69.

The input/output terminal 65 serves to transmit the above-described
information such as print condition, print state and/or ink remaining quamtity,
etc. to external information processing unit 69, etc. through interface.
Moreover, the input/output ‘terminal 65 is supplied, from the external
information processing unit 69, etc., with control signal for outputting the

above-described information such as print condition, print state and/or ink

~ remaining quantity, etc., and/or print data, etc. Here, the above-described




At the input/output termnal 65 connected to the
informati on processing unit 69, etc., e.g., serdBslarch 2007
interface and/or parallel interface, etc. nay be used
as interface. In concrete ternms, such interface is in
conformty with the standgrd such as USB (Universal
Serial Bus), RS (Recommended Standard) 232C, and/ or
1TEEE (Institute of Electrical and El ectronic
Engi neers) 1394, etc. Mreover, the input/output
termnal 65 nmay be adapted to perform data

. conmruni cation with t A nformation processing

inforaaRl GOCETIRE WAl OF dF L RIRCHaNiS FRU ORI Ee iRFFonal
or wireless communication. In this case, there are

compEESP PIIAAPeAMNal Digitf0&ssid@nt)eees. as the wirel ess

onmuni cati on standard. Network; e.g., Internet, etc. .

may i ntervene petween the input/outpu termnal. 65 .
ancAt nihe repiRuinY draeieli By e%'inﬁﬁ%ﬂ‘t o thf n ipipPmation
case, the input/output terminal 65 is connected to
kit 69 Bte., AN SdipdlahtepfRe arlompatalle]l BBNace, etc. ma
proc(Eﬁi]itﬂ%gr;t ed Sgr\lﬁo%le Di gi t al l\letworkgv,p xDSL (Di gital Y
Supscr.i ber. Line), FTHP (Fi ber To.The.Hone). CALV . .
be upe A G LB SRrcol: (U ST BT RS oRtiRa ity with
Satellite), etc. The data communi cati on nay be

the RefidaEdesudly ¥#arI8Bs (Wmveasal sSatalh Bis) TARS! PRecommended
(Transm ssion Control .Protocol/Internet protocol),

sanfly Aol S BRI o5 i B e e

and i s adapted so that prograns of respective

1394166 ENFiregveh ahe igutdantpuoternmnal 68 may beradapéedto perform
stored. The stored prograns

data communication with the information processing equipment 69 in any

form such as wire communication or wireless communication. In this case,
there are IEEE802.11a, 802.11b, 802.11g, etc. as the wireless communication
standard.

Network, e.g., Internet, etc. may intervene between the input/output
terminal 65 and the information processing equipment 69. In this caée, the
input/output terminal 65 is connected to network, e.g., LAN (Local Area
Network), ISDN (Integrated Service Digital Network), xDSL (Digital
Subscriber Line), FTHP (Fiber To The Home), CATV (Community Antenna
Television), BS (Broadcasting Satellite), etc. The data communication may be
performed by various protocols such as TCP/IP (Transmission Control
Protocol/Internet protocol), etc.

The ROM 66 1s a memory, e.g.., EP-ROM (Erasable Programmable




are loaded into the RAM 67 by the control unit 68. The
 RAM 67 stores progranms whi ch have been read out2 Maasn 2007

the ROM 66 by the control unit 68, and/or various

states of the printer apparatus 1. The control unit 68

controls respective unitssgn the basis of print data

inputted fromthe input/output termnal 65 and/or

remai ni ng quantity data of ink 4 inputted fromthe

head cartridge 2, etc. The control unit 68 reads out,

fromthe ROM 66, processing prograns for controlling

: spectjive units on the asis, of an inputted control .
Read: Pl Meiory; slag gré fnadabistogp Bt iMbEtae GhaRFspEgtive
to performcontrols and/ or processing of respective

procénsings tigat theecdmasdlsurdf 6Bhserforias ass stttedr PHE 8tBred programs
: Nanely, the control unit 68 controls the discharge

contral  unjt n he basi s o r.0cessi,.ng r
are 153064 dnis €he | RAMIGORE 885 contiol; FHiE &t Hhe RUREIO T stores
allow, e.g., pulse current delivered to one of a pair

progeimd adiith havedwleatrend ohe &om2he tRIOM 66 R EShtrdNehit 68,
shift, on the other hand, supply timng of pulse
current to th%

ther  heating resistor in a tinme of the
and/QTyATIoUS SHAYGS O ég@/(PB'Ptf‘é’_&d’&aﬁgqlPﬁe of pul se current
serving as reference with respect to supply timng of

. pulBe contraintinis G8viondrals réspfeetiesamitscon et babis o prige data
directions of ink droplets i discharged fromnozzles

. 4a are not. varied. |t i.S be noted that whil
inpuife sl 8 ipPRlioTiput sbrmidel BastndlBt Fomaiiiia diantindata of
59 ROM 66 in the control circuit 61 constituted as .
ink 4 imhettdafione thebdad daoiridgst By eteg Theocaseolngnip 68greads out,
are not limted to ROM 66, but various recording
from the ROM 66, processing programs for controlling respective units on the
basis of an inputted control signal, etc. to store those programs into the RAM
67 to perform controls and/or processing of respective units on the basis of the
processing programs.
Namely, the control unit 68 controls the discharge control unit 63 on
the basis of processing programs, etc. stored in the ROM 66, etc. in such a
manner to allow, e.g., pulse current delivered to one of a pair of heating
resistors 42a, 42b to be reference, and to shift, on the other hand, supply
timing of pulse current to the other heating resistor in a time of the range
within 20% of supply time of pulse current serving as reference with respect
- to supply timing of pulse current serving as reference so that discharge

directions of ink droplets i discharged from nozzles 44a are not varied.

It is to be noted that while processing programs are stored into the




media, e.g., optical disc, magnetic disc,

magnet o-opti cal disc and/or |IC card where proces®ang 2007
progranms are recorded, etc. may be used. In this case,
the control circuit 61 may be caused to be of the
configuration in which theg control circuit 61 is
connected, directly or through the infornmation

processing unit 69, to drive units for driving

various recording nedia to read out processing

prograns fromthese recording nedia Here, the print

peration of th r| nt aratu constitfuted as
ROM [ dn' oguntdf it B ZPRSEAET o8, SRk abbveomiatia for
fl ovvchart shown in FIG 19. This operation is executed

storilyy padcdsbimg! progRaecazshadlingted toOROMWGE, Brittvarlous recording
Pr ocessi ng nit) which is not shown within the control '

nit 68 on the basis processi ng pr.o r
medif g ORs Bege aseReniBs, Taepeltipueal R smdler faughrd
the printer apparatus 1 perfornms print operatlon

wherdgocessingipesgepes até eacdreeds et )mPp el useel dn BiPehsedhe
at the printer body 3 to give instruction. Then, at

contrd et GG Do Grusiote. e b Ale eI IS i Sich he

at. respective I oadl ng portions 22. Further, when ink

controhcirciitgdsisldomfecped; diiteuthy ﬁﬁdn@ﬁ% R ithe aiformatichaiioressing
| oaded into all |oading portions 22, processing by the

anic SR 1o, 6% BERAER, LGS e et i o

portion 22, processing by the control unit 68 proceeds

processing mmsdr(ﬁnl\tHBWIem@dingﬁﬁedimhi bit print
operation. At step S2, the control unit 68 judges

V\’hﬁcl}&r i [H‘?ﬁt Bﬂiéra‘t]io\f‘fi bF! et Bremter apparatus 1 constituted as

stated above will be expiained with reference to the flowchart shown in FIG
19. This operation is executed by arithmetic processing, etc. of CPU (Central
Processing Unit) which is not shown within the control unit 68 on the basis of
- processing programs stored in memory means such as ROM 66, etc.

First, in order that the printer apparatus 1 performs print opefation,
user operates operation (console) panel, etc. provided at the printer body 3 to
give tnstruction. Then, at step S1, the control unit 68 judges whether or not
ink cartridges 11 of predetermined colors are loaded at respective loading
portions 22. Further, when ink cartridges 11 of predetermined colors are
suitably loaded into all loading portions 22, processing by the control unit 68
proceeds to step S2. When the ink cartridges 11 are not suitably loaded at the

loading porﬁon 22, processing by the control unit 68 proceeds to step S4 to




connecting portion 26 is |less than a predeterm ned
quantity, i.e., is in inkless state. Wen it i s March2007
judged that current state is inkless state, the
control unit 68 warns that effect (fact) at the
warni ng unit 64 to inhibitggprint operation at step
S4. On the other hand, when ink within the connecting
unit 26 is the predeterm ned quantity or nore, i.e.,
ink 4 is filled, the control unit 68 permts print
operation at step S3. In performng print operation,
. h.t.Ee.cgntroI.unit 68 perforns drive control of
inhiiL PHBEPPGRUAY: ve mechani sns 53, 54 by the printer
control unit 62 to nove the recording paper P up to
t heA poiept $Dnthehenrdlhmit 68 dudey wirgiesr ¢ saninkbé within the
printed. In concrete ternms, as shown in FIG 20, the
coptrol unit,68 drives drive not.or.,consi.jtuting.hea
conrafig ot 24 o iy hen acbieliFicgBifta ARk dicy ¥ 4 Bhtess
toward tray 55a side with respect to the head

state¢ 3Vhen dgis Ridgedaihaowurrent state 4¢tdnldess beaté, the diomeiod gt 68
head 27 to be exposed. Further, the control unit 68

warr DAERER elTat b SDARMERRR A4 4 FRBT BB RRRRITE swer

ternms, the control unit 68 pulls (takes) out

S4. Gaccahdi othepahand,Pwhenpapler withé thel tenn&tiny emit 28y is the
55a to carry one recording paper P which has been

oS RSRERY .7 D80 4 RLEBRELR e 1 8 rapis

to inverting roller 83 to invert the carrying
printhperationat stepr®hf ter to carry the recording paper P to
2 March 2007 61 carrying belt 84 to control paper

| SO oS 5 B, 5GP BB s B, ookt i
contfoolSoiftriaggéctirv%(_:grrigé nmgec%ggi%rms 53, 54 by the pririter control unit 62 to
move the recording paper P up to the position where the recording paper P can
be printed. In concrete terms, as shown in FIG. 20, the control unit 68 drives
drive motor constituting head cap opening/closing mechanism 53 to move
bead cap 28 toward tray 55a side with respect to the head cartridge 2 to_'allow
nozzle 44a of the ink discharge head 27 to be exposed. Further, the control
unit 68 drives drive motor which constitutes paper feed/eject mechanism 54 to
travel recording papef P. In concrete terms, the control unit 68 pulls (takes)
out recording paper P by paper feed roller 81 from tray 55a to carry one
recording paper P which has been pulled (taken) out by a pair of separation

rollers 82a, 82b rotating in directions opposite to each other to inverting roller

83 to invert the carrying direction thereafter to carry the recording paper P to




P which has been carried to the carrying belt 84 so

that position where ink 4 is to be hit is deterhMasd.2007
Furt her, when the control unit 68 confirns that the
recordi ng paper P has been held at the print

position, it controls thegdi scharge control unit 63 in
such a manner to discharge ink droplets i toward the
recordi ng paper P from nozzles 44a of the ink

di scharge head 27. In concrete terns, as shown in FIG
16A, in the case where ink droplets i are discharged

carryg ety h o BB Pl PN oS Ll g dbner o
control l.ed so that pulse currents having substantially

allow heldiagemeans 8fitto hodd ust apeedibimpreddpasitian pescording paper
heating resistors 42a, 42b substantially at the sane

P il CbASPeRRERRL 1o b8 LB HREL DRSS SRR Sibukifisd s
is changed toward the heating resistor 42b side from

to bertoiz i3 detefdhineals shown in FI G 16B, the control unit 68
controls the discharge control unit 63 so that pul se

curgent hayi '

o Hiers A8 Rl 68, AR T T4 Tt Beper P

_ resistor 42a is delivered to the heating resistor 42b
has tatent helidrag thatpeint tpeaitian, it cgntrolsathiecdisgharge congnod amit 63 in

delivered to the heating resistor 42a. Further, in the

ca Le 4 ) | J r hn t
such i B8 ikiontt, B8 B ot B QhfURY SEBrq R o B fom
heating resistor 42a side fromnozzles 44a as shown in
nozzkis@460f the inkrdisclzagy head A7he Inormcodte deims,e8 shoven bt F1G.
‘ t he di scharge control unit 63 so that pul se current

16A 31 18 _SHRStibd ahky aldileRATarE UiisEhire¥d! v i 'poRlion
pu ere

se current deliv

substanﬁally immediately below from nozzles 44a, the discharge control unit
63 is controlled so that pulse currents having substantially the same current
value are delivered to a pair of heating resistors 42a, 42b substantially at the
same timing. Morelover, in the case where ink droplets i are discharged in the
state where the discharge direction is changed toward the heating resistor 42b
side from nozzles 44a as shown in FIG. 16B, the control un_it 68 controls the
discharge control unit 63 so that pulse current having substantially the same
current value as that of pulse current delivered to the .heating resistor 42a is
delivered to the heating resistor 42b at timing later than timing at which pulse
current is delivered to the heating resistor 42a. Further, in the case where ink
droplets i are discharged in the state where the discharge direction is changed

~ toward the heating resistor 42a side from nozzles 44a as shown in FIG. 16C,




to the heating resistor 42b is delivered to the
heating resistor 42a at timng Ilater than ti m rigMatch 2007
whi ch pulse current is delivered to the heating
resistor 42b. Further, when ink droplets i are
di scharged from nozzles 4 in the state where the
di scharge direction is changed, the control unit 68
controls the discharge control unit 63 so that pulse
current delivered to one of a pair of heating
resistors 42a, 42b is caused to be reference and
pul se current is el jvered to th th heatin
the cPBEPLEBH Gt COMEOLK tgl@éilﬁﬁt&fsenomrn urlst &hsethat PRisg current
time of the range within 20% of supply tine of pulse

havir%‘ Eﬁ@ﬁﬁnﬁﬁ[}\’ Y s@the EBt&itenge Wsithat 66 palse élﬁt@rwo@élilvered
m ng of pul se current servi ng as reference Thu

at. the ink, discharge possi b _ .
to the Jisatiagsresidi rtagse & wqrﬁéatet thqanngn%eSb%tor fida at timing
droplets i which have been di scharged from nozzles

later ﬁi‘aéh tithihfat SAAEE pUey Qurkéift idideiberedaodhe Qr‘éhtlﬁg rBgistor 42b.
been changed. Thus it is possible to prevent col or

tone eve essad/ r white st state Y%
B B dropleis' Hake Aischaed, GRmnopzeles it e
|nk 4 haV| ng the sane quantity as quantity V\,here i nk

state Wik ehé dischafz¢lifebasn es changed, wiie dbntr6] dnit 68 controls the
suppl enent ed fromthe i nk flow path 46 into the ink

anbe t he tatere he origi nal
discligrh £OREOLABNGD3 ekl WBSS vt dLVeRedoie 0ué ol Jhir of
di scharged fromthe ink discharge head 27, the valve

heatiggeresivtorgh424,042b ppeanstgl porHd oefetdtepfaridulsek current is
-chanber 34b by biasing force of 2 March 200 63 the

et A R e R L8 0 5P R3PS i o
. pressure of ink 4 wthin the ink chanber 34b of the

time of the range within 20% of supply time of pulse current serving as
reference with respect to supply timing of pulse current serving as reference.
Thus, at the ink discharge head 27, it is possible to suppress unevenness of -
impact positions of ink droplets i which have been discharged from nozzles
44a in the state where the discharge direction has been changed. Thus, it is
possible to prevent color tone unevenness and/or white stripe.

As stated above, when ink droplets i are discharged from nozzles 44a, |
ink 4 having the same quantity as quantity where ink droplets i are discharged.
7_ is immediately supplemented from the ink flow path 46 into the ink liquid
‘chamber 45, the state returns to the original state as shown in FIG. 6B. When

ink droplets i are discharged from the ink discharge head 27, the valve 34e

which closes opening portion 34d of the ink chamber 34b by biasing force of




ink flow out path 34c side divided into opening

portion 34d is increased when ink droplets i arkMarch 2007
di scharged fromthe ink di scharge head 27 as shown in
FIG 6A, the diaphragm 34i is pushed up by negative
pressure of the ink 4 and.,atnospheric pressure. As a
result, the valve 34e is pushed up agai nst bi asing

force of the biasing nenber 34f along with val ve shaft
34h. At this time, the opening portion 34d between

the ink flowin path 34a side and the ink flow out

path 34c sid f the i.nk charrb 34b opene

the hl%%;ugtme et 44 and Jipsing feees o mapiréagrnk?) 1| lmgaategawhat
34a side toward the ink flow out path 34c side. Thus,

in thb RKsé wihiers W@ghw@ gmauﬂer@ﬂnw witty tRtifik $Radbet B-% 'oli"fhe

|scharge head Further, negative pressure of

is | ower SOt t he di aphragm 34i turns to '
ink fb}wgmﬁmath 3% 5 @@cF IHg GRSNERE POTHRN ﬁ4§éwqr%sed when
val ve 34e al ong with the val ve shaft 34h by bi asing
ink drepkes Phrd Hﬁchhﬁgddnﬂoﬁiemeihk%ﬁécm ge Heall A& §idwn in FIG

chanber 34b is sed. In a manner "as stated above,
hanls en negative gress re of

t he yval ve
6A, e diapiEagaR & Br§ shed e Phineza 1961 RFesSyre plethe 1nk 4"5nd
di scharged, the above-descri bed operation will be

atmospheat Pilessuie. aAWfb@mta&zestr@l&zeOBzﬁmvgus}rdaaﬁ eE&inst biasing
' and/or i mages correspondlng to print data |n or der

forecythe BREGHY ) GebeTShhlANE W aa vabus Ehit 4P b biscmenghe

papers P in which print operation has been conpl eted

opendig Rireiohe844r beovarpethecjiglet fibwla patidY34aheide Mad cthe ink
2007 64 paper feed/ ej ect mechani sm 54. As expl ai ned

ﬂowa%g ath 't A8 st o i gnlg{:ﬁamgetggéigpg %E)%}lgg ﬁs a resuelt ink 4 is

delivered from the ink flow-in path 34a side toward the ink flow-out path 34c
side. Thus, ink 4 is supplemented into ink flow path 46 of the ink discharge
head 27. Further, negative pressure of ink 4 is lowered so that the diaphragm
34i returns to original form by restoring force to pull down the valve 34e
along with the valve shaft 34h by biasing force of the biasing member 34f SO
that the ink chamber 34b is closed. In a manner as stated above, at the valve
mechanism 34, when negative pressure of ink 4 is increased every time ink
droplets 1 are discharged, the above-described operation will be repeated.

In a manner as stated above, characters and/or images cqrresponding
to print data in order with respect to recording paper P traveling by the paper
feed/eject mechanism 54. Further, the recording papefs P in which print

operation has been completed are ejected from paper eject hole 56 by the




di scharge nethod according to the present invention,
di scharge control is perforned so that when i nk2March 2007
dropl ets are discharged fromthe nozzles in a nanner
to vary discharge direction, pulse current delivered
to one of heating resistqgys is caused to be
reference, and pulse current is delivered to the other
heating resistor in the state where timng is shifted
inatinm of the range wthin 20% of supply tinme of
pul se current serving as reference with respect to
Sﬁ%gbx.tininﬂ ofafshse current serving as reference.
Paperfefd/ejeqt meeipig di schar ge apparatus and the |iquid
di scharge nethod according to the present invention,

it As eﬁEMhM %.bb@e,pfrﬁt/lf&’lﬂlqh uiid clisohange apparatishabdahe hquld
when in dropl ets are discharged-fromnozzles in the

t h t
disclyrge R G apeaig 10r U preteipiapatin, JERRBtRe Sl i
i nconveni ence such that ink droplets conme into

perfaramidasd thiat hwhidre ikl g:EopIetSI argl éscliagtddtomi trhaogeles in a
direction is varied. As result, i1t |s p033|bleto
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been varied fromnozzles. Accordingly, in the liquid
resistbrs dh@agsedafipbe atfesencr] ddiephlsguimiraiit 3¢ deligeredetchtite other
according to the present invention, since variation of

heatipBOREluBE I b eI RERRE T R, L b0 e danee

and/or white stripe, etc. is prevented. Thus, print
withimp20 %t obsupply ime2oiMpulsh @G0t 5vimgdes mfemncelwmhtrespect
picture quality. In addition, in the liquid discharge

to suﬁBﬂ?‘fiﬂhﬂg o?'f)%l§eh§1r}érﬁL§egvﬂlngﬂ}aeT&%nce.

Thus, in the liquid discharge apparatus and the liquid discharge
method according to the present invention, it is possible to prevent
inconvenience such that when ink droplets are discharged from nozzles in the
state where the discharge direction is‘changed, the discharge direction of ink
droplets is varied, and/or inconvenience such that ink droplets come into
contact with the edge of nozzles éo that discharge direction is varied. As a
| result, it is possible to suppress unevenness of impact position of ink droplets
_discharged in the state where discharge direction has been varied from nozzles.
A¢cordingly, in the liquid discharge apparatus and the liquid discharge method
according to the present invention, since variation of impact positions is
suppressed, deterioration of picture quality resulting from color tone

unevenness and/or white stripe, etc. is prevented. Thus, print operation can be




nmet hod according to the present invention, since it is
possi ble to prevent density unevenness of col or2z March 2007
and/or white stripe, etc. w thout provision of

overlap portion at the tine of print operation as in

the prior art, tine requirggd for print operation is
greatly reduced, thus naking it possible to print

image of high .quality. It is to be noted that

expl anation has been given in the above-nentioned
description by taking, as an exanple, ink discharge

madg B dller DR BB S % at i direct fon of
recordi ng paper P, the present invention is not
| i nint adtitions ur khealiguid descharge bpparatusi anid thesligaidgéischarge
head adapted to control timngs of pulse currents
mettfifl aKE0RnG o Breftf SRURRASE" BnEk R cb BT e Brgyent

ink droplet i can be also applied to ink discharge
densifyauneeennes9 lof tolorshndior i white GRipeletm ®itfiouf grovision of
exanple. In this case, the ink discharge head 91 is ’

> A 9 _

overEBAAHLTER, R FEbfinebplRbhI8 3R 2can R e
recordi ng paper P, the ink discharge head 101 is_

for pattdepedatsan ishgneatiyredudrh thuymakngs itqrossitde 4o ptidBimage of
103c are disposed within the ink I'iquid chanmber 102,

: qﬁgl e ink discharge head 111 is adapted so that
hlghf ur{tﬂeati ng resistors 113a, 113b, 113c, 113d are

giess]f:ﬁ;\;el(\j/g)vw tbréiAnmqt) ha_ ldlhgt“ dhl;garrtti)er ééz. lé Mar c_h_ 2007 e
di schar ge controﬂqn;ans ¢ OFIGPpAal CEEtorpIEe! M
above-mentioned description by taking, as an example, ink discharge head 27
in which pairs of heating résistors 42a, 42b are provided in parallel in width
direction of recording paper P, the present invention is not limited to such a
structure, but an -ink discharge head adapted to control timings of pulse
currents delivered to plural pressure generating elements to thereby have
ability to change discharge direction of ink droplet i can be also applied .to ink
discharge heads 91, 101, 111 shown in FIGS. 21 to 21C, for example. In this
case, the ink discharge head 91 is adapted so that a pair of heating resistors
92a, 92a are provided in parallel in carrying direction of recording paper P, the
ink discharge head 101 is adapted so that three heating resistors 103a, 103b,
103c¢ are disposed within the ink liquid chamber 102, and the ink discharge
bead 111 is adapted so that four heating resistors. 113a, 113b, 113c, 113d are

- disposed within the liquid chamber 112.




including: a liquid chanber for storing liquid; two
pressure generating elenents or nore provi ded at2 Maeh 2007
liquid chanber, and serving to press liquid stored
within the |iquid chanber; and di scharge hol es for
di scharging the liquid which has been pressed by the
respective pressure generating elenents in the state
of droplet fromthe Iiquid chanber to control supply
timngs and supply tinmes of energies to the respective
pressure generating el enent®® to control discharge
CLAI | e when the droplet is discharged fromthe
scharge hol e, wherein the discharge control means is

adapted so that, with energy delivered to one of the
respecti ve pressure generating elenents being as

1 reAdiqia]liséhiRgapphaiteeconptishly dRERS o8 dntR] nddhf
energy to the other pressure g€nerating el enment at
includimgst antial |y the sane tinmng as that of the reference
energy, or delivers the energy in the state where tine
i sa biginfd ebhmmher for stemge liguidn 7. 5% t o 20% of supply
time of the reference_energy with respect to the .
r dWQ PrRSSUregenggpting elarnenisapomore proviviad atitheiliquid chamber,

and g Bivss QR afieed &vilashedianid ShRDeReiid Schar go
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respedtliF PREBAr A RRALARHNY bIHeHs M the state of droplet from the liquid
chamber

to control supply timings and supply times of energies to the respective
pressure generating elements to control discharge angle when the droplet is
discharged from the discharge hole,

wherein the discharge control means is adapted so that, with energy
delivered to one of the respective pressure generating elements being as
reference, the discharge control means delivers the energy to the other pressure
generating element at substantially the same timing as that of the reference
energy, or delivers the energy in the state where time is shifted in the range from

7.5% to 20% of supply time of the reference energy with respect to the reference

energy.




a liquid chanber for storing liquid; two pressure
generating el enents or nore provided at the | i qu Biarch 2007
chanber, and serving to press liquid stored within
the liquid chanber; and di scharge holes for
di scharging the liquid which has been pressed by the
respective pressure generating elenents in the state
of droplet fromthe Iiquid chanber, wherein energy
delivered to one of the respective pressure generating
el ements is caused to be r@&f erence, and the energy is
delivered to the other pressure generating el enent at
substantially the same tine timng as that of the
reference energy, or the energy is delivered thereto
in the state where tine is shifted within the range
from7.5%to 2 March 2007 68 20% of supply tinme of
the reference energy with respect to the reference
energy. 4 The liquid discharge nmethod as set forth in

2 c dienhiridwhiscleirge thpamitscamsedotthl insclaine 1pr ovi ded in
paral l el in substantially line form_ 2 March 2007 69

Asggar ther mecansvisnadanied ssadihasctheddiseharge holes are

char ge ap tus adapted for discharging
provuie,ql%glpqrgt@dl,r@?pgaé@ioaﬂa f#-ch conprises a control
unit (68) for controlllng a di scharge control wunit
(63), wherein the control unit

3 A liquid discharge method for a liquid discharge apparatus including:
a liquid chamber for storing liquid;
two pressure generating elements or more provided at the liquid chamber,
and serving to press liquid stored within the liquid chamber; and
discharge holes for discharging the liquid which has been pressed by the
respective pressure generating elements in the state of droplet from the liquid
chamber,
wherein energy delivered to one of the respective pressure generating
elements is caused to be reference, and the energy is delivered to the other
pressure generating element at substantially the same time timing as that of the
reference energy, or the energy is delivered thereto in the state where time is

shifted within the range from 7.5% to




controls the discharge control unit in such a manner
that pulse current delivered to one of a pair dMarch2007
heating resistors (42a), (42b) is caused to be
reference, and pulse current is delivered to the other
heating resistor in the state where timng is shifted
inatinm of the range within 20% of supply tine of
pul se current serving as reference with respect to
supply timng of pulse current serving as reference.
Thus, it is possible to sulpress unevenness or
variation of inpact positions of ink droplets
di scharged in the state where discharge direction has .
. . o : e

20% of 17 ARG e TRt rlorgl FHE KR! IR reREhIA fnerey.
white stripe, etc. is prevented. Thus, print
operation can be perforned at excellent picture

4 qheiliguid discharge method as set forth in claim 3,

wherein the discharge holes are provided in parallel in substantially line

form.






