1 DESCRI PTI ON Li qui d Di scharge Apparatus and Liquid
Di scharge Met hod Technical Field The present invention
relates to a liquid di scharge apparatus and a liquid
di scharge nmet hod whi ch are adapted for discharging
droplets from discharge holes. This Application
clains priority of Japanese Patent Application No.
2003- 311625, filed on Septenber 3, 2003, the entirety
of which is incor por%ﬁgggﬁ ref erence herein.
Background Art Hither t<f BFHQB{)arat us adapted for
di scharging liquid, there are |iquid discharge
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q?ggptlg%@ngquaggﬁgﬁ glhr%aflh{?@%h@g%é geemﬁi quid from
liquid discharge portions with respect to a recording
paper as .object to record i nmages and/ or characters.
The liquid discharge apparatuses using ink jet system

Tedhav&altHigldrerits that running cost is |low, and
m niaturization of the apparatus and realization of

col rint inage are easy. In the |iquid discharge
appgf%‘{)@g%%enasln oK rFﬁ‘Fg%%tae’%ﬂ“chl@SC@?r%f‘elaPB%a s and a
magenta, cyan and bl ack, etc. are delivered fromink

liquddr discHgget methéd | whidhd afe GldapRelr $orodiddharide diesiéks Ifom
portion, etc. The inks which have been delivered

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.

~ Background Art

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

The liquid 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




to the ink liquid chanbers, etc. are pressed by

pressure generated by pressure generating or

produci ng el enent such as heating resistor, etc.

di sposed within the ink Ii%uid chanber. As a result,

inks within the ink liquid chanbers are discharged

fromvery small ink discharge holes, so-called nozzles

provided at the liquid discharge portion. In concrete

terms, inks within the ink chanber are heated by
chamberis md 1rpad sliswhadie postish, wi¢. filre inks winichiHayeitsben delivered

chanber to produce bubbles at inks on the heating
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been discharged onto recording paper as object, etc.
genevatpng ot produyssg @bethont swdhaashexisg reAsstar, ldteudidposed within
di scharge apparatus enploying the ink jet system
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. di scharge head and the liquid discharge head is noved
dis¢harged dramdiere stmadhinkf disbhangedules, rmp-grdleek noizles pravided at
direction substantially perpendicular to carrying
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of *predeter ed col orsonto the recording paper.
Moreover, there is a liquid discharge apparatus of

aret heated- lyal heatingi resistendlisggsedi within cthesinks figutid atiamber to
the sanme range as width of the recording paper is

. " : . ! .
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portions arranged in width direction of the recordin

* butBperinksarndisabeed ramdheoiss epphrss inkiovhidichave been
serial type, when the liquid _
discharged onto recording paper as object, etc. to print images 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 moved in
width direction of the recording paper, ie., in a direction substantially
perpendicular to carrying direction 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 discharged from nozzles of liquid discharge portions

arranged in width direction of the recording paper.




di scharge head is noved in a direction substantially
perpendi cular to carrying direction of the recording
paper, traveling operation of the recordi ng paper is

st opped to discharge inks vt th respect to the

recording paper in a stop state while noving the

i quid discharge head to repeat such di scharge

operation to thereby performprint operation. On the
other hand, in the liquid discharge apparatus of the

i ndnh’éﬁdhqmdedlsthagel appadtatis seth theg seriaaiy pes vgemethad liguid

fixed to discharge inks fromthe liquid discharge
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oper at i on. For this reason, since the liquid
diretitwhef e mopadiaguspet, nrareelingwepmaoﬂt(yﬁotélel recoatingtpager is
so that the liquid di scharge head is not noved unlike

Sto%]g&okréeg&%gs gfébﬁﬁ& 0 pe @('Etal{? ﬁﬁofescbg " 8%3#5[536% ihY® '§toﬂ State

operation as conpared to the printer aﬁpar atus of the
- whdemayingythe liqwid slisararge head éo Irepeatdughslibehragge operation to
apparatus of the line head type, because it is

thei‘%@»egéﬁéﬂﬁyll)ﬁ]ﬁt Hgéﬁ%tfoﬁe Od i %t@éels feigll?aa’? %guid discharge

ctirve artridges can
result i nk capacity of the ink cartrldge can

appiapgne 85 dee ling headtype iiedignid slisehpege bpad as ggn@ﬁllmiéxed to

i ne head type, since the 1liquid discharge head is
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rOV|de respective ink_  cartridges and |liquid
tra\tﬁlwg@hng Aaperta hihihose s tchiheaely @etfés@rpra@fdomrauon
i quid di scharge apparatus of the 4 |ine head type,

Forg%%ﬂke@@ﬁu EAeY 18k liqEaedidekires SpparAas O thelitne HERERFbe 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 of 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 be enlarged. As a result, ink capacity of the ink cartridge can be
increased. In such liquid discharge 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

cartridges and liquid discharge head.

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



accuracy of the timng at which ink is hit onto

traveling recording paper. Explanation will be given

in concrete terns. There takes place the problem that

when, e.g., traveling spee& of the recording paper is

hi gh, print operation is perfornmed in the state where

recorded i mages and/or characters, etc. are expanded

in carrying direction of the recordi ng paper, and

whil e when traveling speed of the recordi ng paper is
lind bead pypert paperatirany icf peagoramd(bri charabter,setat elephrd arpon

recorded i mages and/or characters, etc. are contracted

' caF ryi ' t 0 £ di er.
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apparatus of the |I|ine head type, e.g., servo notor,
Explagatidrs willebe fgdverc amtcookrasé tewnor There takey gilacegthe problem
recordi hg paper, etc. Nanely, traveling speed is
_ d.to S e .
that GHEA e o PRRRSARY, Gk dRhordiRE (EBRERTHIERT pril bperation
~ to thereby control the timng at which ink is hit
is penfaymedein éh@rswtﬁgvlpaperecoai@g inageh endagechdraeters egtooare
notor as described above, etc. is used, while

cxp R iy CoAI I AR B0 e neff ol whil, yhen

slightly exists error of several mcrons at i npact .
travelingripesd afnbeoecerding papenisilow, papeeperebiosristpsitormed in

unevenness, i.e., unevenness of density of color may
the QK€ RIREE reBofRidr Yﬁlﬁge gl CRakidrbe efC/edchtracted in
paper. |n concrete terns, en control of traveling

speed, of the recording paper by servo notor is
cariysng degcdon ghtheg reserdidgancrni crons, col or tone
becones thick 5 at this portion. On the other hand,

whemn eRaér © sofe bhiéh pfcbi8h, 19 tI8PREG dCdiséf ge apparatus of the
line head type, e.g., servo motor, etc. is used for control of motor for traveling
recording paper, etc. Namely, traveling speed is caused to be constant so that
unevenness does not take place in traveling speed of the recording paper to
thereby control the timing at which ink 1s hit onto the recording paper.

Even in the case where servo motor as described above, etc. is used,
while expansibn and/or contraction of image, etc. are eliminated, there is the
possibility that when there slightly exists error of several microns at impact
timing of ink onto the recording paper, color tone unevenness, i.¢., 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 several microns, color tone becomes thick



recordi ng paper by the servo notor becones fast
slightly by several mcrons, color tone becones thin
at this portion. Further, when control of traveling
speed of the recording papet becomes 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 would take place over the range
in a direction substantially perpendicular to

at thar position. @n et otiver dfandh evhrecoomdiolgopiyeetravédmg kpeed of the
ot her hand, in the |iquid discharge apparatus of the
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operation in which so-called overlap portionis _
colqr tona bdcomes ghirf at rthid partsarc Fartinem veient lcantroheof traveling
previous print portion and current print portion
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color tone unevenness or white stripe from taking
sevptahdandreccaienpnsgtheire ¢alts placefa pardondoovbichgngagers. hit,ni.e.,
the liquid discharge apparatus of the serial type,
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above-nmentioned overlap portion is provided so that
substantiay perpanliewlar po canrymgpdirectianor hieslesarting paper.
and/ or quantity of ink used for print operation is

. hoa Aotk A0 % AGKNCOREANLE ThoABE R thOSekial type,

Application Laid Open No. 2000-185403 publication that
in gfophie traveling opetatias «f) theiokcardingf paparate operform print
' di sclosed in the US Patent No.

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 quantity of ink used for print operation is
increased.

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

Japanese Patent Application Laid Open No. 2000-185403 publication that



5172139 specification, i.e., the configuration in

whi ch plural heating resistors are provided so that

they are face-symetrical with each other at a pl ane

i ncludi ng center |ine of ndzzle at a position opposite

to nozzle of the liquid discharge portion which

di scharges inks to allow heat quantities of respective

heating resistors to be different fromeach other to

thereby control discharge direction of ink. In the
theraiseemplayied (@eed) suotasa iconfigusaticonsdisclosedhia thadahddagent No.

Patent Application Laid Open No. 2000-185403
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STRH0CORR R o 15y HELRBANE oL AR lynid Blrgd hA g resistors
m ght not be discharged in a desired discharge
are dpmogidddono that ahepswé tfacpisymmetrigahiwitly eaeh other at a plane
| onered. In practical sense, as in a liquid discharge
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I'Vered  tto pectiveé
resistors 202 are not suitable, balance of size of _
distharpe pordoa whick disdharges: nksrtosileot heat geantitiey of respective
resistors 202 produce at ink 203 becones poor. Nanely,

heaﬁﬂgt . %ﬁf&ljtsotﬂi‘tge ﬁi%&%ﬁf oA ¥akh VihéPo ﬂié}%g dontro Yischarge
possibrTity that bal'ance-of pressure tor pressing in

- 203 on respective heating resistors 202 becones
diraptionaili@kso t hat di scharge direction of ink may be

di verse. Mreover, in the liquid discharge portion

201 1.,i .
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pressing in eating resistors 2
becomes_unstabl e, there are instances where di scharge

ApplieatoroLard OpendNep 280011 85403 puhlkeation: in dhe mgse Where heat
becones too small. In this case, in the liquid

quattitie§ 3 19fespective heating resistors are not suitable, ink might not be
discharged in a desired discharge direction. As a result, picture quality may be
lowered. In practical sense, as in a liquid discharge portion (element) 201
shown in FIG. 22, in the case whére energies delivered to the respective
heating resistors 202 are not suitable, balance of size of bubbles 204, etc. that
the respective heating resistors 202 produce at ink 203 becomes poor. Namely,
in this liquid discharge portion 201, there is the possibility that balance of
pressure for pressing ink 203 on respective heating resistors 202 becomes
unstable so that discharge direction of ink may be diverse.

Moreover, in the liquid discharge portion 201, in the case where

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

becomes unstable, there are instances where discharge angle 0 of ink droplet i




portion 201, since discharge angle O 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 frofmthe nozzle 205. Further,

the discharge direction is caused to be diverse. From
t he above-nentioned facts, in the discharge portion
(head) 201, there are instances where inpact point is
shifted when ink droplet i is hit upon the principal

frosutlimnezzles 205 bevontad oo saskr IPthigrdse,onahetlandd discharge
unevenness and/or white stripe, etc. take place so

poliS, 201 HHEF g e b R EIei oo toc Sl ink

[ n’po.rtant to suitably control heat quantities of
drapdetpecoies iheatomgct edilstdgs paﬁi?on 206a difstheai@izihg 206 kwhen
droplet i fromthe nozzle 205, i.e., energy
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heating respective heating resistors 202. D scI osure

diredtiarhis dawsedito ba ddverséens to be sol ved by the
I nventi on An obj ect of the present invention is to

noveitors ant abfbe shlthodctanfs Al APRBRRL Pofh fheao) 201,

problems that prior arts as descri bed above have.
thepparchiastanispe stheoé impectpaint s shifted whemirksdtopletrias ihdieupon
a liquid discharge 8 apparatus and a liquid discharge
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ressure
and/or white stripe, 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 203, 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

An object of the present invention is to provide a novel liquid
discharge apparatus and a novel liquid discharge method which can eliminate
~ problems that prior arts as described above have,

Another object of the present invention is to provide a liquid discharge



generating el ements from being uncontrollable to
thereby have ability to prevent |owering of picture
quality. The liquid discharge apparatus according to
the present invention conﬁgises di scharge contro

means including a liquid chanber for storing |liquid
therewithin, two pressure generating elenments or nore
provided at the I|iquid chanber and serving to press

liquid stored within the |iquid chamber, and _
appdiraiuk sange ahlodasl dischatigechmtlipdh gvhichuird addpted Has preeenting
pressed by the respective pressure generating
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times of energies to respective pressure generating
generatimg tedemontso fitomo | belhg chmeayeraliaple tehtrercbly dplvet abdity to
di scharged fromthe discharge hole. Here, the

j I is adapted so that, with
preg%@tflgyegg}g@f;&gghgéi@ﬁ ‘'of the respective pressure

generating el ements being as reference, the discharge
contivg ligpiach sdiselenrige eappasaians ggcaadinge tot ther prasest unecntion
generating element in the state where timngis

ifted:d ti r Wit hi % .
coibbelisad LR O’ ARSRHE DIRGADERImEURY sorin
. supply timng of energy serving as reference. The
Hquid ¢hexevaithioh gwg Prapive gensraingoelgmeants or thereppwyaded at the
invention is adapted to deliver energy to other

iSRS SONIIO LT PRt QIR il Sharer,
elivers ener,g%( thereto, in.the state where tine is
G

anct Rischatgenfoisn arhdioeaAgn iqad Bhih 3t fagenpBicsees by the
respective pressure generating elements in the state of droplet from the liquid
- chamber thus to control supply timings and supply times of energies to
| respective pressure generating elements to control discharge angle when
droplet is discharged from the discharge hole. Here, the discharge control
means is adapted so that, with energy delivered to one of the respective
pressufe generating elements being as reference, the discharge control méans
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.

The liquid discharge apparaﬁls according to the present invention is

adapted to deliver energy to other pressure generating element at a timing



during which reference energy is delivered with

respect to reference energy so that energy is

delivered to respective pressure generating el enents

at a suitable timng. Thus? it is possible to

di scharge liquid in a desired direction fromthe

di scharge hole. The liquid discharge nethod according

to the present inventionis directed to a liquid

di scharge nethod for a |iquid discharge apparatus
whiahcisuibstangially the danieaasraferfence shergyy or ldetjwes energy thereto

therewithin, two pressure generating elenents or nore

. Rro . [ he e -8SS_ .
in {Hecfnis e, il o SPRTBC s TERaR 20 O el piod
hol es for discharging liquid which has been pressed
durinyg whach esfosatdevanepge ssdelévergd veitlaréspgceteerafetesice enetgy so
state of droplet fromthe |iquid chanber, wherein
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cenerqgy is delivered to the other pressure generating
sulgbéhbmingn ({hwssitas possibleta dischgrgesligidfineddéesire diraetion
of the range within 20% of supply tinme of energy
frogthbi A Rsod BhRY ence wWith respect to supply timng of
ener gy ser%lng as reference to control discharge angle
when the droplet is discharged fromthe discharge =
hol elha diquad diseharge anetheosk gecording do atheoprtisagt taveniion is
. present invention, energy is delivered to other
. i o ¢ i i . .
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. energy is delivered thereto in the state where tine
inclugling a ¢ bguidn chpmbeantys wiarkis wisdotherpythin, two pressure
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generating elements or more provided at the liquid chamber and serving to
press liquid stored within the liquid chamber, and discharge holes for
discharging 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 respective pressure generating elements is caused
td be reference, and energy is delivered 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 to control discharge angle when the droplet is
discharged from the discharge hole.

In the liquid discharge method according to the present invention,

energy is delivered to other pressure generating element at a timing which is



peri od during which reference energy is delivered wth

respect to reference energy so that energy is

delivered, at a suitable tinng, to respective

pressure generating el enedfs. Fromthis fact, it is

possi bl e to discharge droplet from discharge hole

toward a desired direction. In accordance with the

l'iquid discharge apparatus and the liquid discharge

met hod according to the present invention, shift of
substamtiellyptiensame aglitheth af gederdnoplartergys @t smergy is delivered

suppressed. Thus, print operation having excellent
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obt ai ned b%. the present invention will becone nore
perapbdnong Whivh rdferendesendrgy i isrdediverdtk vatth oespeentte reference
which will be given belowwith reference to the
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di scharge apparatus according to the present
generating elememnts.G Fromsthis frntsias tpossible eavditebargegdiopet from
jet print head cartridge used in the |iquid discharge

; I . sectional view show ng
dlS?ﬁ?%?Bﬁoﬁérﬁga%sg?Fﬁl?%gﬁl.11 FIGS. 4A and 4B show

an ink supply portion when ink cartridge is |oaded

i nt dnj agcqrdengs iwikh hibgd ligaid rdigefarganapmsiratus| and 4thei Equid

a model view showing the state where the supply hole
disdHargd a8iHod AReofdify t48hk HréséMdRbention, shift of impact point of
discharged droplet is also suppressed. Thus, print operation having excellent
picture quality can be performed.

Still further objects 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.




vi ew showi ng the state where the supply hole is

opened. FIG 5 is a cross sectional view show ng the

rel ati onship between ink cartridge and ink di scharge
head which constitute the ithk jet print head

cartridge. FIGS. 6A and 6B show val ve nechani sm 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
sholfI&t .thd &idadB shiweran irtle supplyeportiomperhed. inkl Grtridge is
is an expl oded perspective. view show ng i nk di scharge
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state where the |nk di scharge head di scharges ink
shosiing| the, statedwherea the espplyeholeoisatlovedvamh FlGngR hea model
state where ink bubbles having subst antially the same
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d| schar%ts i nk dropl et, and is a cross sectional view
shoWiilRl Stisen erass seatienal Vieky shayping thesrelaticnship etveen ink
toward the portion substantially imediately bel ow
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ere t I'scharge he rges-rn
droplet, and is a cross sectional view show ng the
cartgidgee where i nk bubbl es having different sizes are
formed within ink |iquid chanber.

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 1k 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 substantially the 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 portion substantially immediately below from nozzles

by two ink bubbles.



FIG 12 shows the state where the ink discharge head

di scharges ink droplet, and is a cross sectional view
showi ng the state where ink droplet is discharged in
substantial l'y oblique diredtion fromnozzles by two

i nk bubbles. FIG 13 is a side view perspectively

showi ng a portion of the Iiquid discharge apparatus.

FIG 14 is a block diagram showi ng a control circuit

of the liquid discharge apparatus. FIG 15 is a

ci r dliG. i slyrasntbtstite gvitirsctharigk discharge headtdiséharbes ink
control circuit. FIGS. 16A to 16C show t hat di scharge
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showing that ink droplet is discharged toward the
having dcfferent efzes laee fumedowithas itk bgeid clamis¢rant i al |y
i mredi ately below, FIG 16B is a cross sectional view

show r r-opl ' [ . in. .
one TGRS R 2 The ShitF afacrdpEdBR fibcllteirihl HioHarkds ink
di rection of recording paper with nozzle being as :
droplats end ismdcioss sedd@nalsviewe slossingethe statd whieeevidlodroplet is
expl aining the state where ink droplet is discharged
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g papeér with nozZle Bei ng

center. 13 FIG 17 is a characteristic diagram show n% )

t he I&i dt3 tnaiige veawpaispashively ghawing ¢ pértionr ok the liquid

supply timng of a pair of heating resistors which
dis&%?ééhbﬂéﬁtﬁﬁe i nk di scharge head and di scharge angl e.

FIG. 14 1s a block diagram showing a control circuit of the liquid
discharge apparatus.

FIG. 15 is 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 portion positioned
substantially 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.
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FIGS. 18A to 18F are nodel views show ng inpact points

of ink droplet discharged fromthe nozzl e when pul se
current is delivered to a pair of heating resistors

at ink discharge head in tH8 state where timng is
shifted, wherein FIG 18A shows inpact points when

shift quantity of current supply timngis 0% FIG

18B shows inpact points when shift quantity of current
supply timng is 7.5% FIG 18C shows inpact points

whertKhi It igaaharagienstic diagram: slonpiigy ther relatgonship Iutween
FI G 18D shows inpact points when shift quantity of

& U S im i OQ . i .

shifff Bty g Blateht ShBRly fAnfibEtor s Raic HF HOMIR RS, which
i's 21% and FI G 18F shows inpact points when shift

congiigmieithy 1w disgharget headppid/dischargg angle3 % FIG 19 is a
flomchart for explaining print operation of the |iquid
di s e p [1ng: . :
mvant o 18BN R oRE S Ficky SAGR kot points of ink

per?Jgectivel showi ng the state where head cap )

lsfg“xaég@tién@ e nazle when pplsesurient ishdelivayed do a pair of

di scharge apparatus according to the present _

hedt USRAEs, BT ichelgt RELT MU WA T meCls Sbred,
showi ng the state_ where heating resistors are

whegein fdod 18A shavws iapacihpetats yiheg thiftequansity ¢ current supply
recordi ng paper, FIG 21Bis a 14 plan view show ng

) - o gmt , . _ .

tlnﬁwﬂzte rlﬁsgl%,el:_ Th el SRt dHRG ﬁﬁﬁ%&?ﬂaﬁoi’iﬁss kel %}ﬂlﬁr BuRh@y 88eurrent

i nk chanber, and 21C is a plan‘view
J th te wh f . heati i stor: :
sup%?}gﬁ ¥ We].%% Eem ],%r&ﬁ sbgwg(rﬁﬂg}p%act Iprg)%ntrs e\?&llgn g}rnsft %ﬁgntlty 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 present 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 tb 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
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FIG 22 is a cross sectional view showi ng, in a nodel
manner, a conventional |iquid discharge portion
(el ement). Best Mbde for C%%ryi ng Qut the Invention A
liquid di scharge apparatus ‘@nd a |iquid di scharge
nmet hod according to the present invention wll now be
explained with reference to the attached draw ngs. As
shown in FIG 1, a printer apparatus 1 which is a
l'iquid discharge apparatus of the ink jet systemto
plaghview shoavingetherstaterwhkerei thred beatpy resisters aresprovaded within
di scharge inks, etc. with respect to recordi ng papers
; [ [ e [ g 0 [
ink chAR¥EL, A FICE 2REHE0A B QA shaFIAE InG Muflsl Bperg four
directed to the printer apparatus of the so-called
heatnngerenxv@ésHStayp@rovldedmlﬂnnitﬁa ink shamabge hol es (nozzl es)
are arranged in parallel in substantially line form
in w iskectd 3 rgli P; i [N
i . sl o cdéggekd%%@&g‘ﬁrgfv%%?g&ﬁf‘% in g fodel"midnner, a
correspondence with print wdth of the recording
conygpiipngl liquiel discharge papijen &lagientaccording to the
present invention conprises an ink jet print head
cartridge (hereinafter referred to as unit head
cartridge) 2 15 for discharging ink 4, and a printer
body .3 for. | oading or attaching the head cartridge 2.
Best:Mpde foi Catraing (i the leventionhe head cartridge 2 is
detachable with respect to the printer body 3, and
i nk £ i @g@q;,ailéé/ i i :
suppl 3{ qg"g%r ce are ??}%E%rﬁfeﬁrs é(;ﬂ(]edt:gclzwz:\lg?y C\Cf)la dﬁ%ﬂg?]dﬂéccordmg
ect too the heag

es : .
to the [ﬁ‘esent 1nvention Wlﬁ now be explained with reference to the attached

drawings.
| As shown in 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 in 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



cartridge 2. In the printer apparatus 1, ink cartridge
11y within which yellow ink is filled, ink cartridge
11m wi t hi n whi ch magent a ig% is filled, ink cartridge
He within which cyan ink is“filled, and ink cartridge
Ik within which black ink is filled can be used. In
addition, the head cartridge 2 detachable with

respect to the printer body 3, and ink cartridges fly,
11m 11c, IlIk detachable with respect to the head

for gliseharging ik 4s and augmuter body Hdor jngwis| astachpyg theshead

I'n such printer apparatus 1, a tray 55a for

s oad egﬁ Hﬁg}aﬁﬁég% oangl %)gpégl;ﬁ}évgl ‘%{@{,@% (?Et?ﬁgrqué with

bottom surface side of the front face of the printer
respesdyio dhe prisvtemhodin @i agd iink cposdigbs d1yol Feedlorl desdrving as

recordi ng papers P accommbdated within the tray 55a

PN h rﬁg.%& ayi o fed

lnki ﬂ%@l?hgﬁgw oadi n aun| tﬁgy Pﬁd}?ﬂ ?"r@n gfp%gjéqggﬁ tg h]gead
rinter body 3, recordl ng paper Pis fed froma

carkridge ol 0 G5 plinksr appAatic e Inkertradgas e varhin hinich yellow

printer body 3 by a paper feed/eject nechanism (see

inkFsGilfed) - inkn@afAdgY MEmdwiffh! %1@& rﬁﬁ§entﬁeﬁﬂ<rq NSiled, ink

paper P whi ch has®been sent towar e rear sur ace

Ef ? the . printer body, 3 is_inverted by inverting
- caririfigee {1 g vithige which £33n mku1§ nilpd, and Bk orarinidgedpkrwithin
is sent fromthe rear surface side of the printer body

whﬁh bIﬁ‘éﬁrﬁﬂé he ﬁl[éH“caﬁUEé afedsi dg Adwarien! teé Héﬁﬁ HRRelge 2
i de of outgoing pat For a time period until

detaq‘i@% S BB B BReL heTind Sar8EeSh S Mo, 11c
ej ected froma paper eject hole

11k detachable 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



56 provided at the front surface of the printer body

3, print data corresponding to character data and/or

i mage data inputted froman i nfornmation processing

unit (processor) 69 such a§6personal conmputer, etc.

(see FIG 14) are printed as characters and/or inmges
onto the recordi ng paper P. The head cartridge 2 for
perform ng print operation with respect to recording
paper P is |oaded fromthe upper surface side of the

reconding grappody i8 senfi from the orear iserface edde of thedpoatesdbady 3

arrow Ain FIG1 to discharge ink 4 with respect to

| g _
towpEE (ERRF SERRERRL RekdT 8 AERPRYr MR, O Boing pat.  For

In this exanple, the head cartridge 2 detachable with
a timgs pedod tuntilecprding grapeo &y santcros itheireargsurface side of the
above-described printer apparatus 1 and ink

: i : I t I
orifEf pOS TRyt e AP SHEfece SR B5CRR, fobs BBy BRFGhole
the attached drawi ngs. The head cartridge 2 serves to
56 preaided atnthedrenirsprfageay thopainden bedy Bj printidatataprrgspending

particles by pressure that pressure generating or

to JMaPAS BSta ARPOS iﬁ'ﬁg@ga@ 11?31&%@ ﬁe@%iaﬁaﬁn’ffyﬁﬁéﬁ% 1processing

transform system or ect ani cal transform
.system etc. to discharge the liquid in particle 17

uni ﬁws(sog)p@%yuqhnmenwﬂglecwau@rﬂ@tcd@@p|Fﬁ£1 df} are pranted as
princi pal surface of object such as recordi ng paper P,

haficfers landfH o8 dnfb Mo S eppFl GS. 2 and 3,
¢ t he rﬁéaad carta%tedge 2 ingﬁaes%\éﬁhgae?tpr':i dge body 21,

wherein ink cartridges |ly .LIm lie, Ilk servjng as
vesdde hﬁcﬁ CAtHEE 12 ifPk PETIOSIAN RSNt PRETAHAR SHith Hompect to

recording paper P is loaded from the upper surface side of the printer body 3,
1.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
ﬁrinter apparatus 1 and ink cartridges 11y, 11m, 11c, 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 that pressure generating or producing
means  using, e.g., electricalthermal  transform  system  or

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




respect to the cartridge body 21. It is to be noted
that, in the following description, ink, cartridges
liy, IIlm Ile, ilk will be sinply referred to as ink
cartridge 11 as occasion may demand. As shown in FIG
3, the ink cartridge 11 detachable to the head
cartridge 2 includes a cartridge vessel 12 nol ded by
injection-nmolding resin material, etc. such as
pol ypropyl ene, etc. having strength and/or ink
formes grapabemcinathecstatei of dwpldinentoaht rprilggépalessficeld olsject
formed so as to take substantially rect angul ar shape
whi.ch,.Si ze | rec nisc e
such etk BEpte.ciy T EbhGiEH Blpison’ SHOFHABTIER, 2 Fnas,
paper P used, and is caused to be of the
thedmaﬂiagmlrhig’eoh itcudes ncaseidgashddy @&, whepmindhblcartridges 11y,
capacity stored therewithin. In concrete ternms, at

b E2HE SS9y BB RIS Wi 4R 4 BoGhBY v dagasgy wit

portion 13 for accommbdating ink 4 an i nk supply
respantt ioothel 4aftrdge upmalyy i2dg ilhks 4of bomated thatykin the following
accommodating portion 13 to the cartridge body 21 of
: I
des§§§ i0f a]?lkk ?%Itéﬁgggse ;?% efféxfig;}ﬁoh}?ﬁw&%m%i&% &s ink
accommdatl ng portion 13 an air introduction path 16
cartriglgei bt aodegasian viay desnasd.ch has been taken from t he
external communication hole 15 into the ink
acc oIy I Qn or A r
t enpor aglallbdlp ?)lfllr(%}g% ﬁliéinﬁb %rﬁr@g@t]ﬁe dg(%g?%la t6"the head
comuni cating hole 15 and the air introduction path
cartrglge 2nacladps ladtatriggoyessel dd m@&dﬁpCbbyllaJ%m@namoldmg resin
engagenent step portion 19 for

material, etc. such as polypropylene, etc. having strength and/or ink resistance

characteristic. The cartridge vessel 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 configuration to increase, as large as possible, ink capacity stored
therewithin.

In concrete terms, at the cartridge vessel 12 constituting the ink
cartridge 11, there are provided an ink accommodating portion 13 for
accommodating ink 4, an ink supply portion 14 for supplying ink 4 from the
10k accommodating portion 13 to the cartridge body 21 of the head cartridge 2,

an external communicating hole 15 for taking air from the external into the

- ink accommodating portion 13, an air introduction path 16 for introducing air




hol ding the ink cartridge 11 at the cartridge body 21.

The i nk accommodating portion 13 forns a space for

accommodating ink 4 by material having high sealing

property. The ink accomoda ing portion 13 is forned

so as to take substantially rectangul ar shape, and is

formed so that size in length direction is caused to

be substantially the same size as size of width

direction of the recording paper P used, i.e., width
whitilr bat been Wlkeh fioe the exttirngl papsunicatiowholen 1§licto the ink

The ink supply portion 14 is provided substantially at

3 o r . .

accBnORIAE borRal 157 srab Hor R KA 3pRlock ! Qbring ink 4

is nozzles in substantiallﬁeﬁéo'ection shape, which
betweamih¢ eatersal edmhumteating lgmndl dn¢ aty iptroduction path 16,

and the front end of the nozzle is fitted into the

: - : c : : i |
an MG rolEtiiont ovlioh O, A ek BhEAAGHREN ll it 19 o
vessel 12 of the ink cartridge 2 and the cartridge
holdmngytheinkfcartridgedddatahe cartagge bodat2k.he i nk supply
portion 14, as shown in FIGS. 4A and 4B, there is
jRodating

pr ovy &W F lyi '
bot ;’%}%egﬂ(?? ace ggg#lgtp#gﬁoflﬂé %g?{tgr%/g]g%élfﬁf a%tce ne
. . bottom surface 1l4a, there are provided_a valve 14c for .
ink14 byewategiad baving high seding meperty4dheaindoiaccepunodating
14d for biasing the valve 14c in a direction to cl ose
. I e ’ ie i i .
R A e T A e
for supplying ink 4, which is conne%ed to

14 ) . Wh th
fOf@@Erﬁé’cﬂiahélzﬁoﬂ leagtiy dirertiopds xaused ke e ygstantially the same

)

size as size of width direction of the recording paper P used, ie., width
direction W of the recording 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 conmnecting unit 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



shown in FIG 4A, the valve 14c is biased and cl osed

in adirection to close the supply hole 14b by

bi asing force of the coil sgring 14d serving as

bi asing nenber at the stage before the ink cartridge

11 is loaded into the cartridge  body 21 of the head

cartridge 2. Further, when the ink cartridge 11 is

| oaded into the cartridge body 21, the

openi ng/closing pin 14e is pushed upward in a
opemiing/clasmg dppespply haebl4tsimgodispritg dad dor hhasingithe valve

spring 14d by the upper portion of the connecting

14 4 iftBciishn gs cldj€ 2% ﬁﬁlg/ﬁ{;olg ggﬁr 29 61 %hiﬁ%bﬂﬁ#gﬁm 14e
whi ch has been pushed pwardl y pushes the val ve 1l4c
for wpeaing/slosigg thetvabved 4ngAt thecsupyilythiede ddblifor sppplydng ank 4,

to open the supply hole 14b. In a manner as stated

_ 4 of . .

RSl SRR ORI of B oy o
head cartridge 2 to allow the ink accommodati ng

shopay n BIG. A, Tgﬁdfalvﬁ( 14¢ & bigeepand |cmseeﬂnta)dm¢ﬁmhtq:dpee the

wi th each other so that there results the state where

supﬁgkpﬁ’ilolfe Gip! l\'JEf b‘laé tl*?)? e | nt&@rédﬂ d gofﬁd %@r‘ﬂﬁ nbpd%ing

Mor e cartr I'S pu

(drawn)_ out from t he connect [ ng portl on 26 of the head
me@bﬁf ot @lge stage; before the inkpariridgec bt s ilgeded intpsthgocartridge
detached fromthe | oading portion 22 of the head

{ bR h%admﬁm({;g; PP SRS HBh ’éHéeuﬂtp@d}‘tﬁ %@ JLETS rlgaded

in 14e of the val 14C|sre eased. As a
g direction of t he COI

mt%@ﬁ ; 14 ' gedng?ﬁg élllf? ﬂgel?lleg Wnadn@ Ideqs pashed vpward in a
_ |nned|ately before the ink cartridge 11 is |oaded into
direction opposite to biasing direction of the coil spring 14d by the upper
portion 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.e., the ink cartridge 11 is



the cartridge body 21, it is possible to prevent ink 4
wWithin ink accomobdating portion 13 from bei ng | eaked
even in the state where the front end portion of the
ink supply portion 14 is di2Pect ed downwardl y. Further,
when the ink cartridge 11 is pulled (drawn) out from
the cartridge body 21, since the valve 14c
i medi ately closes the supply hole 14b, it is possible
revent ink 4 frombeing | eaked fromthe front end
detmhecﬁﬁonnmeslmpdmg portidno??2 o4 therheah oamridge Pl Gushingrup state
ext er nal connunlcatlng hole 15 is a ventilation hole
[ e l..i.nt.0
by P op@itiiBhe ARTME BLafE ETVa THE3S Bafel ARE el e
cartridge 11 is loaded into the [|oading portlon 22 of
valverd deaadnoued rin dgbiaing dereetior ofidhe mmhmprnmgatmdgohdbee the
15 is provided at the upper surface, i.e.,

sup?g)bﬂ)?é;%ié Lt%fg%hﬁﬁ@%a%lﬁq;efbﬁth%%ﬁr carfiX éaff 1§) cﬂﬁ into
the external at the tinme of Ioadl ng wth respect to

thet waririgigei hywdyor2l,ont 2 pwssiblehdoi pevaerdr tinkddle withis ink
| oaded at the cartridge body 21 so that ink 4 flows

acc@ﬁﬁﬁ&@tﬂ%pégﬁﬁr Ii %gredr@ lbgﬁ?%]fémg %'%/'e{i 9n Qﬂé L ageP wiere the front

comuni cating. hole 15 takes air correspondl ng to the
endgpariqn witthet inkl suprlyapartion 4t ise diretcdc dowmsaadiyn grurther,
unit 13 is decreased fromthe external into the ink

whé& "tﬁé iilg %aﬂ%ldgénl Rid hﬂ&(’i ‘{gi’ﬁﬁ)oguf)ﬁ‘olﬁé 1Re ‘%Jal-t;l%%et Bisdy 21,

i nk accommo I ng po t|on 13 xter

. conmuni catj ng, hol e 15 to conmuni cate with each ot her
singeythe valve 14¢’immediately 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
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- intrgdgeenaid whilely

i ntroduce air which has been taken in fromthe
external communicating hole 15 into the ink
accomodating portion 13. Thus, when the ink cartridge
11 is | oaded at the cartr@ége body 21, even if ink is
delivered to the cartridge body 21 of the head
cartridge 2 so that ink 4 within the i nk accommbdati ng
portion 13 is decreased and the inside thereof is
pl aced in deconpressed state, air is introduced to

inkt hewithin thee odmradesinwdatingi wnit 113 iy dedreasdd from the external
i ntroduction path 16. Fromthis fact, the interna

: ' e in equilibriumstate thus to have
mt(ggﬁlﬁ}l%&trg?% ﬁfibl y deliver ink 4 to the cartridge
body 21. The storage portion 17 is provi ded between
t he Anrtagr miroduotiomupath a6 adowslithe imk aocomheodaiting portion 13
i ntroduction path 16, and serves to tenporarily store

' hat. .i.nk. - 0 dde 3 t
and e, Sxfod bl MR8 U UEANLRLEN Ot s B o
i ntroduction %ath 16 comuni cating wwth the ink
pobeenriaken i tthe agterpal commuicagng hole
formed so as to take substantially dianond shape in

, I . . : ‘ .

15 Mftb3lle 1R IELo e polfon B3 PSS S BB iplWBthee 11 55
adapted so that the air introduction path 16 is

loagedat thejcantridge bodmid . qyentif ok podeliveneddoathetaastridge body
| onest side of the ink accommodating portion 13, i.e.,

21 8f thd'Red PWATrid) [ &l il ' i
O iR A IEE 2, Ll tpP e RIGH e IR Rimbliting portion
portion 13 can be returned to the ink acconmodatin o

13 podesreaserband the 1masde thereof ie plasedomngdespmpispeast piage, air is
portion 18 is a projection provided at one side

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 between 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

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



surface of short side of the ink cartridge 11, and is
engaged with an engagenent hole 24a forned at a | atch
| ever 24 of the cartridge body 21 of the head
cartridge 2. The hol ding pféjecting portion 18 is
adapted so that the upper surface thereof is forned
at such a plane substantially perpendicular to the
side surface of the ink accommodating portion 13, and
the | ower surface thereof is forned in a manner

sharter| diagdnél et h&hsisgdénls u¥ adadttedwroth e indppicommodating
surface. An engagenent step portion 19 is provided at

porkSe P85 HRIEhER % shE S BB EBRLBRER 18 54 \Boona
provi ded of the ink cartridge 11. The engagenent step

timportion 19 is conposed of an inclined surface 19a of
whi ch one end is in contact with the wupper surface of

tne SHUBMEPEHE pbfiof 18,8 BiRBRCARE RVIRY R 3nt Sice

i nclined surface 19a and substantially in parallel to
surfdve wppshors wiflacef tther ek .cafsidgee llesand isf engemetdactith an
that the engagenent step portion 19 is provided, the

enge RSt HOLEPE: el AL, Bt 02 of A8 APbids 085, LR whe

the upper surface of the cartridge vessel 12 by one
heagh eqriridgel 2. s Brghgldingi priojentin23pertyay & Seist adsi s@3het the
the cartridge body 21 at this step portion. As the

f t : j

upfef Sirfact bSSE RS Rrnh Qe bich, THIBRE MRS RAR, BOfrdbldr o
portion 22 side of the head cartridge 2 provided at

thetside shface of fthe enlofacepmmodasing portisnd 13 aed Whe lower surface

ink cartridge 11
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 engagement 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



is inserted into the |oading portion 22 of the head

cartridge 2, the engagenent step portion 19 serves as

rotational fulcrumportion when the ink cartridge 11

is loaded into the |oadingZfortion 22. The ink

cartridge 11 of the configuration as stated above

conprises, in addition to the above-descri bed

conmponents, e.g., remaining quantity detecting

portion (unit) for detecting the remaining quantity of
engagemenbiptibden 23t die then karduwd dgenbodyt 2 haat phist step fdtioand As the

di scrimnation portion (unit) for discrimnating

RSB0 R, 67 e 9 oot 15 Sbfged i en

11c, Ik wthin which inks 4 of yellow, magenta, cyan
engagentEna gliecr 23 aufcthrenbddineg poatien [ X3asidd, ofwtliecchedthsatimdge 2
constituted as described above, will be explained. As

ety e bR A SAROPY o e 1

. cartridge body 21. The cartridge body 21 includes
is 1hgeatichtp dhe leading pertiae R G2Abe 122k qaneidgenaftherengagement
simply referred to as |oading portion when the

e ¢ of i indi . . cartri
steff PoHASH Yo 8Y &2 Lt tGRICRIGEN, prfiH Shenthe (ERICHHLAR 1
. .24 which are adapted for fixing the ink cartridge 11,
is leadsidaigitor thekoaging pertfasr 2Bi asing the 24 ink cartridge

11 in a taking-out direction, a connecting portion 26

con : : he : .
¢ ek SRARELL B R Enatiohdf) shitcBbot B ives, In
i.nks 4, and a head cap 28 for protecting the ink )

addgfier hip gtheealpyerdescribed components, 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 11y, 11m, 11c, 11k, etc.

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

As shown in FIGS. 2 and 3, the head cartridge 2 is composed of the
above-described ink cartridge 11 and cartridge body 21. The cartridge body
21 includes loading portions 22y, 22m, 22c¢, 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



The upper surface of the | oading portion 22 to which
the ink cartridge 11 is to be loaded is forned in a
manner to take substantially recessed shape as
i nsertion/wthdrawal openiﬁé of the ink cartridge 11
so that the ink cartridge 11 is |oaded thereto. In
this exanple, four ink cartridges 11 are accomvdated
inline in a direction substantially perpendicular to
width direction of the recording paper P, i.e., in

ink cartridiged ldinr etakiogroat direetiom wcolmmﬂg:tm;gqnmmﬁ 26hconrteeted to
result of the fact that the ink cartridge 11 is

the J6F TBRNEDOMSH, 14 Bk R uRE LCR, B ik 2fauRpt §aa 27

direction of print wdth simlarly to the ink

for discharglgg inks 4,T4ed aihekd capt2§ figeprifectingabe ankddaharpe head
and | oaded at the cartridge body 21. As shown in FIG

27 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 be a
| oadihegupgeertsuofacg 2f, the Heagingtpartionti & whikcte thet inkdepartridge
| Imfor magenta is |loaded is caused to be a | oading

o oy . N .
11 ﬂotr 1569 Toa]?d%ﬁ‘ 48 J%?%leg éhlség gjatn\f{%g 4§ té?%a%@gtﬁﬁﬁﬁ%f réée%sécgghape

and the portion where ink cartridge 11k for bl ack is
as insedéen/vathiawell apening obdbie npkpeartridge22k. sarhidat the ink
| oadi ng portions 22y, 22m 22c, 22k are 25

cart%ﬁ&gefi iié.’*l})é(dé%g"tl’iér%‘c&”eﬂl Bis R t&ﬁ 1607 Miahkl? caffidgk 11 are

exanpl e, because use quan
gener al | the ink cartridge He for black IS

accoanm@atc% lnbémf:hnua diregtionr sulrstaniisdlpe peeperliculaneto width
internal capacity becones |large. Therefore, w dth of

dircfcﬁ%ni SKtHeAFdcbt HaE pdper 15 1Y SR Blrriih@Ndir8dish OF thé P&ording
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 1s
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 fo1; cyan is loaded is caused to be a loading portion
22c, 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



cartridges fly, IIm Ile. For this reason, the | oading

portion 22k is broader than other |oading portions

22y, 22m 22c in correspondence with thickness of the

ink cartridge 11 k. MoreovéP, at the opening end of

the | oading portion 22 where the ink cartridge 11 is

| oaded, as shown in FIG 3, there is provided an

engagenment piece 23. The engagenent piece 23 is

provi ded at one end edge in a length direction of the
respeliely partitiowed B pastition svadlsg2Zred lai this engmplerdrecause use

step portion 19 of the ink cartridge 11. The ink
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the ink cartridge 11 being as insertion end, and can
be kickoasletbscribedt dleoveoadi that phet indernak Zapaciychecomes large.
manner to rotate the side where the engagenent step
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position between engagenent step portion 19 and
carridgegeltont Inpildece  Fridbiswpasen,fthiedpadingf portioat 2Bnis broader
Thus, the ink cartridge 11 can be easily |oaded at
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surface opposite to the engagenent piece 23 of the
the iplagarigdgeridikon 22, 26 i.e., at the side surface of
the other end in length direction. The |atch I ever

24
'S ?\%gé[cﬁ%rsgt &%?gdéng&?g {éﬂg%ﬁﬁe IBQ&ihg&?br‘ti%ﬁrfwaH e the ink

i ntegr orovi bottom s ace side o
side surface_of the other end in length direction

cargislget 11 us loadads &s| Swavmdn gdkx iBokhere, istprevideshan emgagement
side thereof is formed so that

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 Joading portion
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 engagefnent
piece 23 being as fulcrum of rotation. Thus, the ink cartridge 11 can be
easily 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,



el astic displacenent is perforned in a direction close
to the side surface or away therefrom and an
engagenent hole 24a is fornmed at the front end side
thereof. At the same time when the ink cartridge 11 is
| oaded into the 1oading portion 22, the latch |ever
24 is caused to undergo elastic displacenent so that
t he engagenent hol e 24a is engaged with the hol ding
projection 18 of the ink cartridge 11 to prevent the

i.e.] akthrasidei sigface lofl ihedettienendtindehgthddirgctpen.t i The 22tch lever
fromslipping off fromthe |oading portion 22. A
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direction thereof on the bottom surface of the side
bottamfarfacei side cafr thes sidedsurfpceoof Hee etipagememn length direction
portion 19 of the ink cartridge 11. The biasing

co poﬂ}?ﬂ&aﬁe foﬁdﬁ&o@é@ 22! grﬁdgﬂleglﬁcéggé el%ergéf'@?g&med so that

elastic displacenent in a direction close to the
elagtint displacanienteisoperfomyed e mediroption clgreets thehsidsosurbne or
surface of the cartridge 11 by the sumit portion to
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portion 22. \Wen engagenent state between t_he
thegaggagdriethe shaleetizmm vglmj'l tthe ink| eartiddge ojleds ilpgded into the

portion 18 of the latch |lever 24 is rel eased, 27 the

S ki€ 406, 1 t ;
loaﬁir%zl 1 po%nﬁgesela?&{ 1ehvBe bak; afﬁlfseﬂ §o %nﬁél?@ d18stic

At substantially center
|l ength direction of respective | oading portlons 22y
dlsalzmmzm: sozthpt theyengagement Boleddda dsrimeeged gvpb rttlmomldmg
26 to which ink supply portions 14 of the ink

profeion PYSF thé Ynk afidskell #d Bre¥eft the ink cartridge 11 loaded at
the loading portion 22 from slipping off from the loading 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
summit 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,




connected when ink cartridges Ily, 1lm Ile, ilk are

| oaded into the |loading portions 22y, 22m 22c, 22Kk.

The connecting portion 26 serves as an ink supply

path for supplying ink 4 fi2dmthe ink supply portion

14 to the ink discharge head 27. In concrete terns,

as shown in FIG 5, the connecting portion 26

i ncludes an ink storage portion 31 for storing ink 4

supplied fromthe ink cartridge 11, a sealing nenber
the3dainp membens teferts the miliapirgridee 11 fond the vadiecpedidm?3.

the connecting portion 26, a filter 33 for renoving

i mpugities it-hin the.ink 4 nd..a val ve.nechani sm 34,.

tor “BheiBRianliby] fieth b of Jing® suetiBhuss eSS VR loting

di scharge head 27. The ink storage portion 31 is a
posionse2Dnr2imp 22en22k| eberecatehpraviled sompkytipg rportiond £26 to

and adapted for storing ink 4 delivered fromthe ink

Whéq?%@#%%ﬂﬁgﬁflpﬂéﬁ‘%éi?'éﬁﬂiﬂ"iﬁ? Bt AR i bk are

, and serves to seal the portion between ink
comtectawhpnrink aar@itigend liynk 1syddky 1 porare doaded into thaloading
ink 4 is not |eaked toward the outside when the ink

porfiRB by Bk a%or sy B, B0, 2breef e 88 A i

portion 26. A filter 33 serves 28 to renove rubbishes
supgply lpatls fonsupphting ki 4 Hréums theeenk sipply partwon A4 fonkhet ink
at the tinme of |oading/unloading of the ink

: i 11, etc., and is provided downwardly
dls?@ghh\%&?g'the i nk storage portion 31. The val ve

mechani sm 34 includes, as shown in FIGS. 6A and 6B, an
In concrete terms, 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



ink flowin path 34a supplied with ink 4 fromthe ink
storage portion 31, an ink chanber 34b to which ink 4
is caused to flowin fromthe ink flowin path 34a,
an ink flow out path 34c fE8muwhich ink 4 is caused to
flow out fromthe ink chanber 34b, an opening portion
34d provided between the ink flowin path 34a side
and the ink flow out path 34c side of the ink chanber
34b, a valve 34e for opening/closing the opening

to eatdvicorubbdghes aubhasi gt ,netobehiddthas been hiiasd ngtd the ink 4 at
valve 34e in a direction to close the opening portion

the it ot 1R el o e AR SRRt Rt A R ppeyided

shaft 34h connected to the valve 34e, and a di aphragm
- dowdwardipnelatiod toahe ek viokyge phdicn 3kh. The ink flow in
path 34a is a supply path connected to the ink

ot U0 Ve eRpiip A In A0S ASCURRUE AT PGS, o ey an

of the ink cartridge 11 through the ink storage

inkpidowHonpah 34n suppliedkwithsirtkad deoihethe 12K. stdtagei pdetionodd, an
in path 34a is provided within the range fromthe

.1 het f hd . [ _ i: t

ink bR LGOI RAEI A1 e dp T1BL A Ty RRDE 4AE 8 18 part
portion so as to take substantially rectangul ar

34apanahk dlapiqe pathh 3ge frarhivelichsnk d iseciiuzed ito auf §from the
with the ink flowin path 34a, the ink flow out path
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ink W, P, 2 BREREE MR Yipy BIEL henAlRP Al flow-in
ﬁath 34a to allowink 4 to flow out fromthe ink

path|3she- side gnak thesink flom-ouppatthd4eséde of therink omhagaher 34b, a
The ink flowout path 34c is a supply path

valve 34e for opening/closing the opening portion 34d, a biasing member 34f

for biasing the valve 34e in a direction to close the opening 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
accommodating 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

so as to take substantially rectangular parallelepiped shape, which is. formed



supplied with ink 4 through the opening portion 34d

fromthe ink chanber 34b, and is further connected to

the ink discharge head 27. The ink flowout path 34c

is extended fromthe bottodPsurface side of the ink

chanber 34b up to the ink discharge head 27. The

valve 34e is a valve for closing the opening portion

34d to divide it into the ink flowin path 34a side

and the ink flowout path 34c side, and is disposed
inteiray nwithethe nikkcflawber patb34Ththey alkv flosveutpads 34¢ and the

upwardly and downwardly by biasing force of a biasing
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pressure of ink 4 of the ink flow out path 34c side.
inkVibew-intpeath 8duao 3w snlt ddatfbav amt tfioam the sik iflow-ofit phth 34¢
| oner end, it closes the opening portion 34d in such a

tor L B o REBRELS 303, o AR o b iR s 2y pare

side to interrupt supply of ink 4 to the ink flow out
supplied 8#th. inkwWhethraugh thed opeitg perticoc3dddram theeinkppbamber
end agai nst biasing force of the biasing nmenber 34f,

v-al 4 ] ' heri

et 8 AR EaRiRETA R RUERY RS sl e p p i flow-out
the ink chanber 34b into the ink flowin path 34a

patBi¥de iarktended fionf thanbottom3siufadeddde lof the ink chember 84b up
that 30 al though kind of material constituting the

to tﬁgkl\ﬂgd&%ﬁ#%b%d %T_m’ted, the valve 34e may be forned

astic body so-called el astoner,
etc. in order to ensure high closing property. The

b |t asifhtg\éaiafntf’éle B4 valye for glosieg e epenisg putipnsifd tgdivide
it ir(letoctile ?Ek 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 34{, 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 34c side. When the valve 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



serves to connect negative pressure adjustnment screw

34g and val ve 34e between the upper surface of the

val ve 34e and the upper surface of the ink chamnber

34b to bias the valve 34e B) biasing force in a

direction to close the opening portion 34d. The

negati ve pressure adjustnent screw 34g is a screw for

adj usting biasing force of the biasing nmenber 34f, and

serves to adjust the negative pressure adjustnment
althargbvkvigof matérealebynstigvengabid ivalve 34@ad§ not linitakithg valve

force of the biasing menber 34f. Thus, although the

SaS L b il 5 FUBRE LGS oo PERRLA KEROFERLE n

i nk 4 which operates val ve 34e for opening/closing the
ordepamengnrpdrigh closddgipedpdrugh t he detail thereof wll
be described later. A valve shaft 34h is a shaft
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_ ot her end thereof to perform notion. The di aphragm
sergeli td scennelst meghtivei preptweeadjonimentedcrero 3dge andhealve 34e
end of the valve shaft 34h. The di aphragm 34i consists

beta)‘egﬁ ntﬁP Lﬁ{ﬁe? %'uEfﬁ'cESdfr tfh% 93—3 3t % alﬂq bnd {Jﬁﬁ&okﬁrfﬁ’@é B¢ #€ ink

ein arrber princi pal
surface in contact with a|r and i s caused to undergo

chashbest34b taibigsl theerabve 3doyr biasing foree s dedisentionnio ¢1ﬁ|se the
fl owout path 34c side by air 31 pressure and negatlve
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. by biasing force of the biasing nmenber 34f and b|a5|n
for fagjussings bippmgdiorphphtin Busingomgmbes 34foaed serves pe adist the
portion 34d of the ink

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 operatés 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 connect the valve 34e
connected to one end thereof and diaphragm 34i connected to the other end
thereof to perform motion. The diaphragm 341 is a thin elastic plate connected
to the other end of the valve shaft 34h. The diaphragm 341 consists of one
principal surface of the ink flow-out path 34c side of the ink chamber 34b and

the other principal surface 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



chanber 34b. Further, in the case where ink 4 is
di scharged fromthe ink discharge head 27, when
negati ve pressure of the ink 4 of the ink chanber 34b
of the ink flow out path 34¢ side divided at the
opening portion 34d is increased, the diaphragm 34i
i s pushed upwardly by negative pressure of the ink 4
and air as shown in FIG 6B to push upwardly the val ve
34e against biasing force of the biasing nmenber 34f
preshrBGndi idgative predsuee shafk 434h. At this tine, the
- opening portion 34d between the ink flowin path 34a

sid d the ink flow,qut pa 4c si de,of therkAk

charibeeialve s shis Sl v o GuphL PERG, 6y the

the ink flowin path 34a side toward the ink flow out
valpat3de3d presiedeby Biasihe forareghtlieviiapings menebarf 34fhand bkasing

4 is lowered. As a result, the diaphragm34i is

[ es ed.tq orighpal form restoring. for t Ly, . -
forfS Y APy BRbEs Ao 4R i ied AR QP Ag B Ry the ink

bi asing force of the biasing nenber 34f so that the

channtierc Bdb EurtRély instied osed where dnkehinierdiashargedtfedm the ink
above, at the valve nechani sm 34, when negative

. pressure i s i pere |

ais P84 25 TR s Pt b B ol el HRE: 340
connecting portion 26, when ink 4 within the ink

of v dnkoflawi-ont patnt3de didei divdded wdr the Dpenimg pokion 34d is
chanber 34b, ink 4 within 32 the ink accomodati ng

: rLhom 13 | r t [ -1 8, fa |
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_ink cartridge 11. The air which has been admtted _
inki tamd: tie dsnkhawntini s QB tospesdnupwewdlydthehwalygpd4e against

portion of the ink cartridge It. Thus, the state

biafifgYoRS% bPiHeWiasth8lReMBEF 84F Blong 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 is discharged, the above-described operation is repeated.

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

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



droplet i is discharged fromnozzle 44a which will be
described later so that there results equilibrium
state. At this tine, there results equilibriumstate
as the state where ink 4 Hardly exists within the air
i ntroduction path 16. As shown in FIG 5, the ink

di scharge head 27 is disposed along the bottom
surface of the cartridge body 21, and is adapted so
that nozzles 44a, which wll be described |ater,

the $6k \icB@maso i nighfodionc 13 g debdased. OHodlieseh aitghivgtinien air is
droplet i delivered fromthe connecting portion 26 are

aonGES 2 B RS RSB AT IBE . The s

direction indicated by arrow Win FIG 5 every

whiChstirgcbéste adalined intds tisdh oy cartride® Pl 18 kenthiawardathe28pper
is a cover provided for the purpose of protecting the

.nk di scharyge head 27,..and is detached fraomthe in .
porkipl Tk egaT S Ee TRtk e der s 1o Yhk e nihere ink
The head cap 28 includes a groove portion 28a
dropleo Vv iis elischargak fiong hokeki 44a diliiele twibhbe aledcrabed l#enbaghat
roller 28b provided in a |length direction and for
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of opening/cl osing operation, the head cap 28 is
the ahtpivbare mkbé hapyecisis withingbe aimnglodnttidi patt 16n of
the ink cartridge 11 along the groove portion 28a. 33

N B B Se, 0E s

with the discharge surface 27a of the ink discharge
bottomadugface iof thelswirisigechody 21i akd4s taslaptashso tha nozzles 44a,

di scharge surface 27a of the ink discharge head 27.
whi@ t\*éﬂleb@ HEQHUM TaPdy §4rvafPas Gndnk dTETREE: BBM R dls&hrging
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 respectivé 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.




absorption property is used. In addition, when print
operation is not perforned, the head cap 28 serves to
prevent ink 4 within the ink discharge head 27 from
being dried. The head cart??dge 2 having a
configuration as descri bed above conprises, in
addition to the above-descri bed conponents, e.g., a
remai ning quantity detecting portion (unit) for
detecting ink remaining quantity within ink cartridge

At flils tiang] arthe mksyit of ehe Ealhenthe detsingi rojlep @8bi mtates while
(unit) for detecting presence or absence of ink 4

beif etk M RSB ndlals 27 ERRRRE A 8uMAR pead 27, i

correspondence with inks 4 of respective colors, the
absettavexdgs dnk beth ictdandihechiaclyegh eadfa2zg 27acbfidhes ik discharge
substrate 41 serving as base, pairs of heating

- resistors..42a, 42b prqgyid in _parall [ .

heag; ?gct Bnﬂ?uﬁg?aéﬂpgaf%rpgggten%gcupge}n%)r g%rv ?hyg n%lgh water
direction of the recording paper P, i.e., in wdth

absdiptint papeoty ishaed elroadtitignpwhen pRintapierationt i ndtgperformed,
preventing | eakage of ink 4, a nozzle sheet 44
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an ink liquid chanber 45 surrounding by these
beigpdpedent s and serving as a 34 space supplied with ink
4, and an ink flow path 46 for supplying inks 4 to the

| Nkt a4led Cgﬁtﬁqgé%@"haﬁiﬁgsﬂbééﬁ%ﬁaﬁigni ds 3described above
sem conductor su rate of°silicor; etc. and is
adapted so that pairs of heating resistors 42a, 42b

comprasesp iredditom te the iabevealescribed components, e.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




surface 4l1la thereof and the respective pairs of
heating resistors 42a, 42b are connected to di scharge
control unit which will be described [ater on the
substrate 41. The dischargétcontrol unit 63 is an
electric circuit constituted by logic ICs (Integrated
Circuits) and/or driver transistors, etc. The pair of
heating resistors 42a, 42b are pressure generating
_ el ements which are heated by pul se current delivered
spate¢ supplie diitchkr gearmbat ik flow pathi346 tfor hepplyimkmls 4 to the
within the ink liquid chanmber 45 to increase internal

. ressure. . Fycther, inks 4 heated by the pair of
| mkﬁ’éﬁ‘ll‘iﬁbaﬁr@g}'%ors 42a, 42b are discharged in the

state of droplet fromnozzles 44a provided at nozzle )
sheé&theddulvdiiatd 44 id a deenidendudtoedubstrate. ofTkidicon, rici3and is
is lam nated on one principal surface 4la of the
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| am nated substantially over one principal surface 4la
surfacet4ia thendst amd ¢heltespentive phirsrof beatbgessistorpdra,i 4its are
are renmoved by photolithographic process. Thus, the

conpbhi st BTt BB OB ke

form At the film 43, portions which surround ]
substraieett.i Tiee disichargef candenliungt 6345 en@lectss crait amstitgieh by
a portion of the ink liquid chanber 45. The nozzle

Togf R e e R O A o G may | ik
droplet i are forned, and is | am nated on the surface
oppd&iia pair of feating resistors 4Ba:42h areguresyure 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 is laminated on one principal surface 41a of the substrate
41. The film 43 consists of, e.g., dry film resist of the exposure hardening type.
'The film 43 is 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 heating resistors 42a, 42b in substantially recessed form.

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




the film43. The nozzles 44a are very small hol es
havi ng di aneter of about 15 to 18m opened in circul ar
shape at the nozzle sheet 44, and are disposed in a
manner opposite to the pai P8 of heating resistors 42a,
42b. In this exanple, the nozzle sheet 44 constitutes
a portion of the ink liquid chanber 45. The ink liquid
chanber 45 is a space portion surrounded by the
substrate 41, the pairs of heating resistors 42a, 42b

424t Bebffotmm Apomaivt ¢fherink iquid shembed45. and is a space
adapted for storing ink 4 delivered fromthe ink flow

. Nk thin ok liaud . s
e i g Al ¥ Skl SRR g of
- that internal pressure is raised. The ink flow path 46

‘abous kpnnewt ¢duno wierei ndzAiéovdauforpdisbh@¢ingfink hdroplet 1 are
connecting portion 26. Thus, ink 4 is delivered from
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respective ink |iquid chanbers 45 communicating with
the tfilen i43k THeomopaled 446 . arblararlyysmalhdolek haviog giattetercofatiout
the connecting portion 26 are caused to conmunicate

|t ch ot her. .Th | hks | iver I '
158Elgt T RAE Ao iU bt R et el bl fre fifposed
filled into the ink |liquid chanmber 45. 36 At the
in caimansedeppoditeett thagainsiofdieating rgeishaadi22742baln fupexample,
heating resistors 42a, 42b are provided every ink
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Pg?bﬁu@iiﬁgsﬁé}ﬁ: ?:h;égglaié? ii.%l g&%ﬁgg ipdoei\*tdiogvseligounded 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 resistors 42a, 42b so that internal pressure is raised.

The ink flow path 46 is connected to the ink flow-out path 34¢c 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.




11. Further, at the ink discharge head 27, by
instruction fromthe control unit 68 of the printer
apparatus 1, these pairs of heating resistors 42a, 42b
are suitably selected and3&re heated. The ink 4
within the ink [iquid chanber 45 corresponding to
heated pair of heating resistors 42a, 42b is caused to
be discharged in the state of droplet from
correspondi ng nozzle 44a to the ink 1liquid chanber

45. Aated ybowt-deswibetk ode siakadigehdrgachead, 27 npads of heating
delivered fromink flow path 46 connected to the ink

resiElR OB 7S i i iodseaB0e ok ik Endelbet, €)' Thgre e

for short tinme, e.g., 1 to 3p sec. at the pair of

prohfiid algoute$06 ttor SO0 dnk 4Rjnid Whasnbdrhet pan rwiichhasdti pgir of
resistors 42a, 42b are respectlvely and rapidly
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Thus, i nk bubbl es of vapor phase are produced. Ink 4
11. ome“clu:er; taihe inkldischarge hpad 23 cbly bystaxqiemsfrom the control unit
(smelling) of the ink bubbles (ink 4 is boiled). Thus,

o i RGP R EARRGL ) R YALGOTLboat e k0l e o are

contact with the nozzI e 44a is discharged from
suitablyzsalsctéd andsare fileatidopl ‘Ehe ink Aswidhimethel ink lidvadiohlamber 45
Is hit upon the recording 37 paper  P. At the ink

corfi BN 8Paes v ol YnE ReSiafino ol 215 Sheee g be

in parallel to each other within one ink |i UId
dlsm gn 4B¢ smmfydrcmlgafrmrotorr@apm@ngem@ﬂ@ Adasdigathe ink
liquid chamber 45.

Namely, at the ink discharge head 27, ink 4 delivered from ink flow
path 46 connected 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
3u sec. at the pair of heating resistors 42a, 42b. Thus, the pair of heating
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 certain 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




provided within one ink |iquid chanber 45. Further, at
the ink discharge head 27, there are arranged plural
sets of heating resistors 42a, 42b provi ded
substantially in parallel 86 each other in a direction
substantially perpendicular to carrying direction of
the recording paper P indicated by arrow Cin FIG 11,
i.e., inwdth direction of the recording paper P
indicated by arrow Win FIG 11. In this exanple, in
papet® 11, positions of the nozzles 44a are indicated by
single dotted lines. As stated above, since the pair
of heating resistors 42a, 42b take suc ape to .
di v iAo s 67k GECHREEE hRAD ZdSrHOVEY 37 3%6% X hBak ot hegating
the lengthy is the sanme and the width is hal ved,

rests@Ss AR AR bV telffovafied SEPGEAIINSY 18 PaFhlEISto each other within
substantially beconme double value. 1n the case where

resistors at the pairs . of heatj L esi stors a,
one 5K A gEReod1 n NsuRelica IO B RFALEE FesitnE 405,420 are
where resistors having resistance val ues of about

prodaldd eviwih Usnelisk dijuig cdiegnberndSer Fasthehatsthe ink discharge
resi stance value thereof is four tines greater than
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it is necessary to apply a predeterm ned pul se
substantiaily ih@aihléelnai gachfotherin ndirddtioe subitantally perpedidicular
to heat the pair of heating resistors 42a, 42b. By

ener. at .the time of .boiling,,in rqplet i jis.

to GRS GesiopfrhEre i pulty WRfcRef By Ciuc 11,
it is necessary to increase pulse current caused to

i.e.f imwidthHdirecteon of e seconéingapapeoP reficated byesirewoWs in FIG.
42a, 42b caused to have a shape

11. In this example, in FIG. 11, positions of the nozzles 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 cwrent to the pair of heating




such that one resistor is divided into two resistor

el emrents has high resistance value, it becones
possi bl e to make boiling by pul se current of snal

val ue. Thus, at the ink di 88harge head 27, transistor
for allowng pulse current to flow, etc. can be
reduced. As a result, reduction in space can be
realized. It is to be noted that if a pair of heating
resistors 42a, 42b are formed so that thickness

resRESOIRY, 40Blth heheficSpAROE healing rednope4bardaier By energy at
i ncreased, but there is a predeterm ned l'imt fof

reduci the thlc af . t air, of_h .

the, §ies ph ol ﬁ@&, TS Ko P fedipeh C rytit; ey resistance
sel ected as a pair of heating resistors 42a, 42b

vala®disosmatll €0dk hnéskskalyi kd tinkrdaker palse eirgent Eavsddhits flow.
reason, division is made w t hout reducing the
thlcknesstother |ncre er nce vagl ues of
HOPRYER ifceo enBa (g IGALDECeS Lo AL A7, CAUSSA, T 7 Shape
di scharging inks within the ink | | qui d chanber 45 from

suchahat efe fddastomiedivdded entoamta edsinbr alapadits bis Mgl rexgstance
resistors 42a, 42b is perforned so that tima peri ods

nk withi.n the k., li
valyf it bpeiied possible fgmake ponfhi by BATESfrét ol Smalfpfic.
© generation tine periods are the sane, ink droplet i
I s dilashaatgdst finkndisozaigeshdath Z’bmﬂadsisﬂme fqroallowing pulse
substantial ly i mredi ately bel ow. In addition, in the

curb o 5l line HbBaer 56 LSl 6 5B 51 40f an ve

42b, it becomes difficult to produce ink bubbles.
realipdrht ahtt isatd peanotelethaant a pameohheating pasistas 4dmgt42y are

resistors 42a, 42b. As a result, ink droplet i is
forlgl:eﬁcg tggfj th é&%@s Sﬁe%{)ﬁle%h E%léag? fegls?ﬂ%eo{}glu%f 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 (durability) thereof, etc.
For this reason, division is made without reducing the thickness to thereby
increase resistance values of the pair of heating resistors 42a, 42b.

Méanwhile, in discharging inks within the ink liquid chamber 45 from
nozzles 44a, when drive control of a pair of heating resistors 42a, 42b is
performed so that time periods until ink within the ink liquid chamber 45 i1s
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



resistors 42a, 42b are arranged. In concrete ternms, as
shown in FIG 9, ink 4 is supplied by the ink flow
path 46 connected to the ink discharge head 27 so that
ink 4 is filled within the3%ink |iquid chamber 45.
Further, as the result of the fact that pulse currents
havi ng the sane current value are delivered to the
pair of heating resistors 42a, 42b substantially at
the sane timng, the pair of heating resistors 42a,

différdncartaked plicdliy bnbblecgeridanimabf theapait bE heatimg resistors
time. As a result, ink bubbles B 1, B2 having
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the pair of heating resistors 42a, 42b so that ink 4
timbat iy papr efipesting nedstoed dda, ¥3bpr egsadebylteinfadsipdet i is
(swelling) of the ink bubbles Bl, B2. Thus, at the

. i,nk discharge. hea 7, as sho in FIG 10 ink.4 .
disqtRvesiy 7L B ais, Sotisf oY SHEOT Airbri, whibis b s of heating
substantially vertically toward the recordi ng paper P
resigtors H@aj #Rb brbinrasgddl.1, B2 at the portion in contact

with the nozzle 44a is discharged toward the portion
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Moreover, at the ink discharge head 27, as shown in
patlr46.cohhecteideto tho ipkdsseharge berds2ase thielink e sdilied whthin the
pair of heating resistors 42a, 42b at different
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contact with the pair of heating resistors 42a, 42b.
havilag the sdme cacent bgluexgradslivergd Wethei prgy op hoatérg regjstors 42a,

different timngs of
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 B1,
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 i, and 1s hit

upon the recording paper P.

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




these ink bubbles B3, B4, ink 4 having a predeterm ned
volune is pressed. Thus, at the ink discharge head

27, as shown in FIG 12, ink droplet i is discharged

in the state shifted tovvaré i nk bubbl es having | ate

bubbl e generation timng of ink bubbles B3, B4 in

width direction of the recording paper P indicated by
arrow Win FIG 15 fromthe nozzle 44a, and is hit

onto the recording paper P. In view of the above, in

pulsdecupraagendrei delévdrednto Itheghtﬁr cefs heating eresupsl $2a, 42b at

timngs of pulse currents delivered to pair of heating

ity R o8 s . ATEE BHhr Tl BERsR giditferen
pair of heating resistors 42a, 42b and pul se current

timiegs atdnkubsf trt pattion ih@ntsaneitl the pair ofdleatingsetistors 42a,
reference pulse current is delivered to the other
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pul se current is shifted fromthe supply timng of t he
theseeflmi{ &ubblgsuB8e Belyrinkrd ha¥ingsa medeteemimdd sdohoharigeressed.
head 27, expansion (swelling) process by different

g, J Bl PS80 % R b, PG 42 ot

result, it is possible to suppress that discharge 41

d1s<charged| on thé stake dshaftedt towarsl \inki bubbledr bavimg, late tbwbble

i nk di scharge head 27, since different pulse currents
serBE UGS, ik BuPPh 3, BES BRIAEHRAUREE of e réicing
i nconveni ence such that |nk droplet i comes into

papeo#t melicated 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 substantially 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 a result, 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 droplet
i is varied. The printer body 3 constituting the
printer apparatus 1 to whié¢h the head cartridge 2
constituted as descri bed above 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

direvtionrdfdar Roplet | padated.a head cartridge hol di ng
mechani sm 52" for hol ding/fixing the head cartridge 2
at e head cart.rjdge .l oadin rtion a head ca
o e MAE bt e bk lsehanes soad B, st Rlterfydiage ERBents
head cap, a paper feed/eject nechanism 54 for

are Riliverdd fw apsaieof firadhe] esistapetRy, i4Ph of siiteble aoairdisndt is
paper P, a paper feed opening 55 for feeding

d Ptoth f.eed ' 54 d
posk RIS I P GRS B AR BRI e
ejected fromthe paper feed/eject nechanism 54. The

withehd eiget of doezleobth. ibhywgrit iopoSdibles t@ suppessatiat discharge
portion where the head cartridge 2 is |oaded, and is

. such that .the head. cartridge 2 is | oaded so that the
du%%@gﬁ;ggl%ﬁf%ggplz}fav%?e he i nk di scharge head 27 and
paper surface 42 of the traveling recordi ng paper P

ar e Thebptiater i dyy 3i comptitating thevprinteaappaahsr 1 torwhich the
order to performprint operation in conformty wth

heaShRRE 5" R ah: S-SR T R8s A ORaFRCwal, gow be
the case where necessity of exchange may take pl ace
expiainedy with reference ggithngyattached 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
head cartridge loading portion 51, a head cap opening/closing mechanism 353
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 55 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 cartridge
hol di ng mechanism 52 so that it is detachable with
respect to the head cartrié@e |oading portion 51. The
head cartridge hol di ng nmechanism52 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

of thB&ﬁﬂMng&ﬁb@Fdlﬁ% plapes Pspeisobstaatially (nqaralbelwajth each other
provided w thin holding hole 52b of the printer body
e he d cartrid can be eId and
in Gilgb o 78, b PRErafiono e Aon e it 88 Bb Hhaysfing
pressure-contact with reference surface 3a provided

recadding @aper. Aherhdaddyarfidgh? ibeadswrapblepsipipligs beosusegthere is
mechani sm 53 i ncI udes a drive unit for

the GASh DR b xR oniy: 18F, PR offl pRk dossing

openi ng/ cl osi ng mechani sm 53 opens the head cap 28 to
within il dibehdrgk htad Harege Faratio@ason pheehqadsediridge Ras held
recordi ng paper P. \When print operati on is conpleted,
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paper feed/eject nmechanism 54 includes a drive portion
respeat te the héadgcarBridgelaading gortgprpaper P, and serves to
carry the recording paper P delivered from the paper

ng? car :rlﬁgé:gﬁﬁlﬂget ﬁ{)Lcﬂhg hﬁe%@?f&% h§?d1&l sch afr:% tom_for

fromthe nozzle 44a is hit to carry the printed
detachabtyihaldipgpbe heatdcartvidgsad et the dead origides RO@de}gep@rtlon

it toward the external of
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 the
paper feed/eject mechanism 54, and is adapted to have
ability to stock plural reddrding 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

theapesrding®papdryP, tan€ sei-vey 1o cazppeicateesrding papet Puledi@epsl from
descri bed above wll now be explained with reference
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control of respective-drive nmechanisns 53, 54 of the

so Bhovek desglet bdikchardadt Ronbddyndzzle 4dase har gecaentthelprinted
unit 63 for controlling current, etc. delivered to

recpRin8 sRper PIOAME deines cieriaTE ol Siast ftgpNekd nd xtsypal of

_ remai ni ng quantities of inks 4 of respective colors,
the aippargyus./ Dt papert foedi nale 355isf air operiihgrpurtign for supplying the
i nput/out put operation of signal to and fromthe

rec i, hneF 3k RS e TPRRATRE ST il deied o

(Random Access Menory) 67 for tenporarily storing
haveoatitio} tersogrkaphirakrecordhige paprarg P Avithinctherteayl 56at eko in a
that they are read out as occasi on demands, and a

s el e RRodOEieRE bR 55" 0P R0R kSR GhiePink
constituting the head cap opening/closing mechani sm

dropB:tams hitdolsgeit profed remnting papeydal from the

A control circuit 61 shown in FIG 14 for controlling print operation
by the printer 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 performing
drive control of respective drive mechanisms 53, 54 of the above-described
printer body 3, a discharge control unit 63 for controlling current, etc.
delivered to ink discharge heads 27 cormresponding 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 performing input/output
operation of signal to and from the external equipment, a 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 mnmanner to open or
cl ose the head cap 28. Mreover, the printer drive
unit 62 drives the drive d##tor constituting the paper
feed/ ej ect nechanism 54 on the 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

beenrrraé routt 8o ehaicthet age rexbowl avgograpen derhamds, ihd gpapdrol unit
eject hole 56 after printing operation. As shown in

68 EIG 1? t.he di crfarge control ynit 63 is an electric
R annggrpm |§18 Eesﬁgﬁg‘r’e ug E‘I y 71 for all ow ng
pul se currents to flow at a pair of heating resistors
42a, TH2prinesphritd upityoSdrivendrias mesirstomsfutaw thehhergt cap
el enents 72a, 72b for respectively perform ng OV OFF

- onchfRe Rl dhehfivte, 83 I8 RE hn S DAL R rSin the

: and a switching control circuit 73 for controlling
congmal tuntit 68 topzomdatdlthe hefadtdap openinghuloging Ineeehanssiidda, such a
72b. The power supply 71 is connected to the heating
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‘noted that while the power supply 71 may be used as
dripswie dupp nyotbo congitptingehe yrapenteetttject methavisnné4 on the
electric circuit, pulse current may be directly
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resistor 42a and the ground, and serves to control

frolnherrpspSeed ihole of the psimterupedsn8 to control the paper feed/eject

mechanism in a manner to eject the recording paper P from the paper eject
hole 56 after printiﬁg operation.

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 elements
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 serves to allow pulse currents to flow at respective heating resistors. 1t is

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 disposed between the heating resistor
42b and the ground, and serves to control OV COFF
operation of pulse current4®lowing in the heating
resistor 42b. Further, these switching el enments 72a,
72b deliver pulse currents fromthe power supply 71
to the pair of heating resistors 42a, 42b
substantially at the sane timng or at different
pulsé cungat dsliveed gsthd elfctiibeifcadt; pulset cahieiFmay be directly
operations of respective switching elenents are
switched. The switchingocontrol circuit 73 is an
delléqeg%cffrlogl,(ﬁ.g.eﬁpﬁﬁggmﬁgde , e.g., logic ICs and/or
driver transistors, etc., and serves to switch OV OFF
operitd ewstching blensenitt £2d g dédpesedtietWien thethaating resistor
connect the power supply 71 and the pair of heating

resistors 42a, 42h to brought [ r sl
424 3 BSE R oS3 SR AR, QRIORF G it itrrent
resistors 42a, 42b to brought these heating resistors
flowingoirOktfe heating résistohe2a. t Athes switchinggeleorant dl2bcisr digposed
73 respectively switches OV OFF operations of the
chi.n . y n
beefEbh e Bp AT RS Bife 220, AR R BPEMRELREETSG s, to control
delivered to the pair of heating resistors 42a, 42b,
ONMOFF opemdionodd pulsengurrenti dlowingsén dber beating resistor 42b.
delivered, etc. 46 At the discharge control unit 63

Furfiy! @%s%g&vggéf?i?lg @feh?éht?%@%afz%dd@ﬁ%gpg%@?@ﬁ?%@ from the
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SW t circuit turns
el ements 72a, 72b ON substantially at the same .
powernsupply pUl te thaupaisrafsheatingorasistons 426 b sepstartiallyapt the
of heating resistors 42a, 42b fromthe power supply 71
santH B2AiRBt bAldk Ydifferddi®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 values of the pair of heating resistors

42a, 42b are substantially the same, a pair of heating
resistors 42a, 42b are hedfed substantially at the

same timng when pul se currents 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 timng,
expanshedischugdd ¢orgyolpice3 haoingoabbhgusitiost asratatet | agpove,
become the sane. As a result, ink bubbles Bl, B2

whefhe Sudteing Shntol Lt WS he sfistfl Eiégents 724, 720
heating resistors 42a, 42b. Thus, ink droplets i are

ONdisbsshanitgdll hotler shrhbeiming ipuhses cinsestaral Both elliverdd torthe
nozzl es 44a. Then, explanation will be given in
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such a manner to first turn the swtching el enent 72a
san@\tindng ubgephéntime, tinithe chee wieird odsistaned gakwes ofzhe @ir of
in a delayed manner. In this case, as shovvn in FIG

s AT LA BB s

of width 47 direction Wof the recordl ng paper P.
4200\l 3re meatedhsubstantisllpfat the shmet timieg whenepgla taviniangs are
element 72a is first placed in ON state, pulse current
delL livered to the heating resistor 42a prior to the
I'ng resistor 42b. As a result, bubbl es are

produced on the heating resistor 42a prior
pr oduchisoeasehat éefingrdischarge head 27, as shown i 1n 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 same timing oh the pair of heating resistors 42a, 42b.
Thus, ink droplets i are discharged toward the portion substantially below
from nozzles 44a.

Then, explaﬁation 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 subsequently 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
(swelling) process of ink bubbles B3 fornmed on the
heating resistor 42a is developed in a manner earlier
t han expansi on (swelling) P¥ocess of ink bubbles B4
formed on the heating resistor 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

dirdctim W blifehdeatdrding papsit Br  Alknels de tlod revudt bf the fact that
direction Wof the recordi ng paper P. Here, according

as .shift f ti.m f th i 1 chi I ts J72a,
o33 Pt S e Bl BECILSHA RS ROEAL R gefgeree
of bubbles on a pair of heating resistors 42a, 42b

to {RCASRNS FBdiktor TAUS pridvrsehiicg dcatigs ackbaw B2k AXh wkult,
ink droplets i discharged fromnozzles 44a with

bubbiFHE HREHCThBRANS BERREraNE: 474 PEOETogro T apuhsTeR! on
(swel ling) process of ink bubbles B3, B4 forned on

‘thet heatixg rresfstdtre@2bng Fasthst,oespatdéon 4@kwelling) yretessc of ink
di fference between both bubbles is reduced. Thus, it

btk 1 ieeed (S the JURAG, i O Pl SOpbA Tt Bhnner

42b side with respect to inpact point D when ink
earderohaat expamsien 48wdllag)apwedss ofidnk bitblpo4 dormed on the
substantially i medi ately below fromthe nozzle 44a.

nealig BSLPony SARALE Hel g AT, v v
| arge, difference between generation

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 possible

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 1 are




ti mngs of bubbles on the pair of heating resistors
42a, 42b becones large. As a result, discharge angle
(see FIG 22) of ink droplets i discharged fromthe
nozzl es 44a with the dischdége surface 27a being as
reference is reduced. Nanely, when difference between
expansi on (swelling) process of ink bubbles B3, B4
formed on the pair of heating resistors 42a, 42b
beconmes | arge, volune difference between both bubbl es

dis¢IRe8E® Ssomaird etheT postion t substaRRiliyb iemmédiaglp cheboe fratls the
dropl ets i so that they are hit "at farther position at

g? heating resistor 42b side with respect to inpact
nozglg 442.p when ink droplets i are discharged toward the
portion substantially below fromnozzl es 44a. Further,

at tthe thesether Qﬁln@lorﬁcb@fdlﬁgl ds GRift Dotvebn @Neklmgg sof the
72a, 72b are controlled by a SWI tchi ng control

circuit 73 so a se cur ivere
SWIGIHRE (IeTEBTo T o 138 PO AP o IBETEBr e wgen Ksgeration
pul se current is delivered to the heating resistor

tim#figly ohbhbblest i eha\dgﬁneof hehtigg iresistirk 4, i42babeddrres ddrge.
the range within 20% of the t| me period duri ng whi ch

I A R R R N .

is delivered to the heatl ng resistor 42a . Then,
nozekpl ddatwh thiel disbeargevanface 28arsihg s véfetendeeiscrshiced.
where the 49 discharge control unit 63 controls the

Nafidls} S ERnE {t‘g{?%ﬁgxg%ﬁw@m Slifk) FREE& of ik bubbles

subsequently turn the swtching elenent 72a ON in a
B3,dB4ayednediroterthe | pait lofs heatimg rasistdrowh2a,n42h baedres hage,
di scharge direction of ink
volume difference between both bubbles becomes large. Thus, it is possible
to discharge ink droplets i so that they are hit at farther position at the heating
resistor 42b side with respect to impact point D when ink droplets 1 are
.discharged toward the portion substantially below from nozzles 44a.

Further, at the discharge control unit 63, switching elements 72a, 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 to 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




droplets i can be varied toward the heating resistor
42a side of width direction Wof the recordi ng paper
P. Nanely, as the result of the fact that the
switching el ement 72b is fif#st brought into ON state,
pul se current is delivered to the heating resistor

- 42b prior to the heating resistor 42a. As a result,
bubbl es are produced on the heating resistor 42b prior
to production thereof on the heating resistor 42a.

dis¢hargd eontreX pais 68 rednsids Ithe gvihdoe eonedl cirkuittIi®bh each a

B4 forned on the heating resistor 42a is devel oped in
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Thus, ink bubbles B4 having |large volune is first

switeHing @lemente722ON in a delsyed maenar essed toward the
heating resistor 42a side to discharge ink droplets i

of PR S5t SHOWRO™ FdCbr gt twige gitgctiof oiCink

according as shift between ON timngs of swtching
dropletsrenhs bédaricdowasd tiee heating dedistor ddaaiddef wadth direction
generation timngs of bubbles on the pair of heating

W bRtk pabey Ry SRS “as, I Rso oS HTTRL B che

nozzle 44a with the discharge surface 72a being as
switairg elanemtet2nissfitsa byeughihing ON siate,|parse ourémt s akedivered
of FIG 16B. 50 Accordingly, when there results |ess

to GebFAGETeS et B I, (o I ehfhg REBIF 232, Cas ffeult

42a, 42b simlarly to the case of FIG 16B, vol une
bubblds erceprreltsed e thebbeating uetistos 42bcpries te pabduction thereof

result, it is possible to discharge ink droplets i
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 1

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

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




so that they are hit at nearer position at the heating
resistor 42b side with respect to inpact point D when
ink droplets i are discharged toward the portion
substantially i medi ately b@l ow from nozzles 44a. On
the-other hand, simlarly to the case of FIG 16B,
according as shift between ON timngs of the
switching elenments 72a, 72b becones large, difference
bet ween generation timngs of bubbles on the pair of

Actmdingly, wiesi sthefes rédalts 42 hdiferasce dngexpaisien (swelling)
result, discharge angle (see FIG 22) of ink droplet

ProGePR. QL 1DF PURITE Ja sl ENEREhER Hedti-o! RATTE Freisiary 420
when difference between expansion (swelling)

42tprspoeades t@fthi nkaseubbl BKG. BB6 BBAvdlameedifferchbe Ipetiweenf both
heating resistors 42a, 42b becones |arge, vol une

Lfference between, both bbl es ones l.arge.. a .
butiles FEcOTs Faffoe hpf sttt st nos e s B ink Rrdgers i
- that they are hit at farther position at the heating
so thextitheprard Zait it decanert posiciopest tHeo heagpag resipmir 2D sideewith
ink droplets i are discharged toward the portion
i nredi at el bel ow frhom t he zzles 44a,. F r
respY o CoRartyBORnP: SiiRin I (0BT AEngisEHngdR; 0 g the
72b are controlled by the switching control circuit
porftdn substaatiafylimenediatebnbeliv fein nerelds ddat he heati ng
resistor 42b is caused to be reference, and pul se
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range within 20% of tinme period during which pul se
betwaen eON ithnuiwsi obrthd switchiaghekmienys r'édd, sTdr onmst harge,

respect to timng at which
difference between generation timings of bubbles on the pair of heating
resistors 42a, 42b becomes large. As a result, 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 with respect to impact
point D when ink droplets i are discharged toward the portion immediately
below from the nozzles 44a.

Further, at the discharge control unit 63, switching elements 72a, 72b

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




pul se current is delivered to the heating resistor
42b. In a manner as stated above, at the discharge
control unit 63, timngs of OV OFF operations of
switching el enents 72a, 72Blare controlled by the
switching control circuit 73, thereby nmaking it
possi bl e to change di scharge direction fromnozzles
44a of ink droplets i toward a direction in which a
pair of heating resistors 42a, 42b are provided in

- delbered 1t6! thel heatingvir8éibioti 425 tik aukédito bbaefaence agd pulse
paper P. Here, neasurenent result of discharge angle

f the ink droplet i whe I ! t is deli d .
caript tBlrehdB: B e 805t R sl LG e i
is shifted (delayed) with respect to the heating

shift€iif taotinfe2ef We frigeewithire 2064 of tind @eriodkdatiog vetish ipulse
are discharged toward the portion i medi ately bel ow

cark% W At RSy S LR b it
- pulse current delivered to the heating resistor 42b

pulss cetrentisafeliveeediisthicdsatingresstierddbe ternms, what
percentage timng at which pulse current is delivered

he h [ i 42b,. i s shifted i e f. .
i g SRR A PR BLISBEpp R Bl aPetimings
to the heating resistor 42a being as reference is

of ODNIOTEF Hpetationk @f switchiingcdlanpatsaighe7db ene dontbdeddy the
Is made In the state where discharge direction is

swifgt 8 opblet it s bt Mof0ablC OB HY chafl dischpree

nozzl es 44a is shown on the ordinate. In FIG 17,
diraptionk&ofil Mo24es #da iof inkdiroplictsdi tovedrddi dirhetigrein 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 1 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.




angl e when ink droplets i are hit toward the portion
substantially imrediately belowis set to 0, and
according as discharge angle is greatly shifted toward
the heating resistor 42b sﬁﬁe so that ink droplets
are di scharged, discharge angle beconmes great. For
nmeasurenent of the discharge angle, there is used ink
di scharge head 27 in which thickness of the nozzle
sheet is caused to be about |3 and the dianeter of
noz ZineF44 al 1, sligchasgel anglebehean dischargmis madenin ithe state where
measurenent result shown in FIG 17, it is understood
f I t t
dlSEﬁ'ﬁgS SH?&?%% tllb n'Eth?l g‘lgs M ﬁ%%ﬂﬁé ingﬁrgl‘ri\%ﬁ ;l ?R)gﬁéts P are
that di scharge direction of ink droplets i discharged
disehayged toware shepartiome sebrdanieally baloyo fimatnezzlesrdd, 1si shown
i s understood that when pulse current is delivered to
on ttﬂ@ diafidi09 II?SP‘I@%CW Al FiG! aber; éjglluﬁ}fﬁf%l fclj'ia'mcﬁ&harge
conpared t e RAeatl ng reS|stor 4 roplets
i are dlschaggfd toward the heating resistor 42 S|de

anglp ts1pye hitnigaard dbe postion isubstangally armediately
droplets i discharged fromnozzles 44a are hit upon
r a
bel bR S 19 PPTREU oCobARe R dibch BBl Regfhng Y] oward

th‘@g 23 %are caused to be sanples 1 to 6. Further,
thethratugagesisten 42hsade spdhat snlsﬂr@pl@fs t Bee dischapgeds disgharge
6 are shown in FIGS. 18A to 18F. From eval uati on

angl@%élcbﬁle‘é@’éﬁt 'Fbrﬂn@@sur@ﬁﬁzntt Q)fllﬁﬁ dllséha‘fgmﬁn%%e Iihkefe 4 used

whi ch ink droplets i are |scharged oward
resi.s n the state where ly t|

1nkcfﬁsit§|lﬂr} e Teafrehin ¥ qalaﬂas?&aewo e nange ke wcw & be
about 13y 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 changed. 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.

Moreover, 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 timings 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




of supply tinme of pulse current of the heating
resistor 42a with respect to supply timng of pul se
current to the heating resigtor 42a, there is no
unevenness at i npact pointé D of ink droplets i even
after the discharge direction has been changed.
Accordingly, it is understood that ink droplets i are
di scharged from nozzl es 44a at a predeterm ned
di scharge angle. Particularly, in sanples 2 to 4 in

D adtthese samplgs dpioct sra sharven dn EEG&r §84 totlBFar d t he
heating resistor42b in the state where supply timng
of ent. i R A gtah
7. sohien syfiialieliren ARy HIES 160G 1800R il 104

. heating resistor 42a with respect to supply timng of

in yhicheink droppts it aret dischargedrigwasditbe hicating registorgé2b in the
~quantity of discharge angle with respect to shift

g Ly _ - . _

stafd bl sty Haelof psPRuflent il 3612580 4 Mhe Fingchhin 20%
of pulse current is caused to be within the range

of supply 7tizy, 0b padsr, cumentiey thaihengingt resésier Yi2e withsrespegt to

perform control of the discharge direction. It is
efi dofgﬁﬂére r Wt e Hefistduanh] ey ;
S“"?Sﬁm y It??m ng " of Stﬁflhglé %rgrﬁ%nt |t§lgzgg§/1e 20% %’sarr% ess 1
5 and 6), .unevenness takes, place_in _inpact_points D '
uneyenness at dmpack noints4Drief sinks drdelssk cven; aftelo g dhscharge
that when shift quantity of supply timng of pulse

diréetionehis bee@RRYBzED YA cEHIMEG, Af isCuisiond thavehlt idPeplets i
process of ink bubbles forhed on a pair of heating

swcigissbgbeni B4 hetdire 4 BLAT e BB b aEE AR nan
e Pbal;tk;glﬂ(;ls‘ly, in samples 2 to 4 in which ink droplets i are discharged
toward the heating resistor42b in the state where supply timing of pulse
current 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 to. the heating resistor 42a, change quantity of discharge angle with
respect to shift quantity of supply timing of pulse current is large. From this
fact, the shift quantity of supply timing of pulsé current is caused to be within
the range from 7.5% to 20%, thereby making it possible to stably perform
control 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 i.




produced | ater so that pressing state of ink 4 by ink
bubbl es becones unstable, and unevenness takes pl ace
i n discharge direction of qk droplets i discharged
from nozzl es 44a. MNoreover, is al so considered that
when shift quantity of supply timng of pulse current
i s above 20% discharge direction of ink droplet i
di scharged from nozzl e 44a becones too oblique, so ink
droplet | cones into contact with the edge of nozzle
44a Thisnisi becamsepitas onsylated char gdenf slaifi quentitye of smpply
so that unevenness takes place in dlscharge di rection.
I
tife 8F Pl drrercls WGy 2% Haldpite EPRARioh Rfblling) process
picture quality is | owered. Fron1facts as descrlbed
of mkdwehblesh farmed ag adpaic hhhgating resdstotnd 21, 44xkis drstpyed, and
i discharged fromnozzle 44a, if control is nade such
ink! B@ble§ gfg&du&!@@%ﬂfe&‘ eyl @ }Seéé oolfar%étl ﬁl%nQHkrﬁﬁEbles
IS caus to fal mnthln ot ellver | se current
to the heating resistor 42b, i.e., if supply timng of
produred latey 5o gt pressing staéaof Hk 4 &yi iskdubbles %@cm%y@ﬁable
in the range within 20% of supply tinme of pul se
anCHAERMNES (418 f1ead iﬁﬂisbﬁﬁx‘g{%t(ﬁfe&l%ﬁl b1 dh\f};)lét@ ﬁﬁé’dﬂak‘ged
timng of pulse current tothe heating resistor
there_ is no unevenness in 55 discharge direction of
froppozgless# 3. i so that inpact position of ink dropl et
can be stabilized. It is understood that this is vey
| MpVoaddvelr] MR aldoe\WBAkidkred that akhi ﬂhﬁgqhﬂimﬁ/t of supply
p03|t|on of ink droplet i. Accordingly, in

._ab bed |
tlmflngov? p]ﬁsg rclulrsentclllsSa ovegso%on(!hrsgharlégl &Hectlon o? ink droplet 1

discharged from nozzle 44a becomes too oblique, so ink droplet i 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 i are
- varied, picture quality is lowered.

From facts as described above, in vafying discharge direction of ink
droplet 1 discharged from nozzie 44a, if control is made such that shift
quantity of supply timing of puise current is caused to fall within 20% to
deliver pulse current to the heating resistor 42b, i.e., if supply timing 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




swi tching control circuit 73 controls OV OFF
operations of swtching elenents 72a, 72b so that
when t he di scharge directigg is varied to discharge
ink droplet i fromthe nozZl'e 44a, pul se current
delivered to one of a pair of heating resistors 42a,
42b is caused to be reference, and supply tim ng of
pul se current with respect to the other heating.
resistor is shifted, on the other hand, in a tinme of
disehesge divgetian ofiink zboplst i saghatjimpaes positinn ebinfudrophet i can
serving as reference with respect to the supply
o .
be EﬂaHllL%dpfrIt %Eﬁ&%rgtp@goﬁdggﬁt §§fs s%yaﬁn é@%ﬁ ﬁB@g asup oint of
unevenness of inpact positions of |nk droplet i
stakilig gigangeartipesition of mkedrpditd. di scharge direction is
changed fromnozzle 44a. As a result, color tone
uney, d I S dynith
USSR R ISR R R unl i, the
quality. It is tqo be noted that while evaluation is
SWlilﬁha@g WeORIrel reIFgiiat 7 hheemTolsyION/QIGF r eperationgelof v swighing
to heating resistor 42a and supply tine of pulse
elelﬁéﬁfsema bEINE, Avat"Bhed ﬁ{lé?&s'cﬁafé%edl‘?é’&idiﬁié Pised E%‘ﬂsc'hﬁrge
GS. and 18, the present vention Is not limted
. to S i mpl enent ati on, but, e. ul se _current .
ink gkpp rléaomoﬂlewmﬂﬂﬁgpm@ catrmnt viergd e ong fed pag of
- be reference. In 56 this case, OV OFF operations of
heaﬁwgtréﬂbfdﬂs QQS"@ZB & dated (8 ‘Be%ﬁzréﬁ’ég lank! <@ ? 1P¥ndifg of #)ulse
sw'tching control circuit 73 so that supp 5 timng o
ul se current t heat.ing resistor.42a is _shifte
curieRt vrigh Fespget i £ ﬁﬁlfa%eaﬂng ARSI S8l da the other and,
current of heating resistor 42b relatlve to supply
in 4 tiflenef e Ritgeewdthin 0% 0 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 bé prevented. 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 42b at the di scharge control unit 63.

The warning unit 64 shown in FIG 14 is display neans,

e.g., LCD (Liquid Crystal Elspl ay), etc. and serves

to display information such®as print condition, print

state and/or ink remaining quantity, etc. Moreover,

the warning unit 64 may be voi ce output neans, e.g.,

speaker, etc. In this case, information such as print

_condition, print state and/or ink remaining quantity,
thisegase, L)/ @EE paperadonsy of sindiehing elesnents G2an F2bdarehenntrolled

the warning unit 64 may be caused to be of the

c
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' perforrred monitor or speaker, etc. of information
heapmgcr@s&qrgd%qla shifsed 116 the Tmgei within 20%paf supplyitmae odpulse
_ serves to transmt the above-described information
[
curféfﬁr 1 rrE)if ?ﬁ%ﬁgﬁg %S1§ qI!th I%Ebtl\}%{ {Oon§e )pﬂl?ttﬁpﬂﬁﬁélgéulsg %urrent to the
processi ng unlt 69 etc. through interface. l\/breover,

heating resisior A3t asuhe disohirgg c@Brolaiguppl i ed, fromthe

ext er nal |nformat| on processing unit 69, etc., wth

contyifl W%hgi éi@%@k'ﬁ@\%tmnpl(f‘rhﬂ 1§Qﬁ¥ ?%@5ﬁ§e@g., LCD

i nformation as print condition,

and/ or ink rerral ni ng uant it etc. and/ or. print

(Ligdrystal Displas), eite erobstdisplay BHOTmAGPBURbaS print
' processing unit 69 is an eI ectroni c equi pnment, e.g.,
conBRIGENBlint CRARY AL/ uﬁ@&énﬁ’ﬁ?xﬁ%‘ ua@tfﬂ*t ale. Mgreover, the
~ Assistant), etc. At the input m nal

connected to the information processing, unit 69
warging ung @ébﬂa"omﬁt‘:&m%@%ﬁ&/ &e- p%ﬂe&kﬁl‘eletc Ini this case,

i nterface etc may
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 fransmit the above-described
information such as print condition, print state and/or ink remaining quamtity,
etc. fo 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




be used as interface. In concrete terns, such

interface is in conformty with the standard such as

USB (Universal Serial Bus), RS (Recormended Standard)

232C, and/or |EEE (Institut® of Electrical and

El ectroni c Engi neers) 1394, etc. Moreover, the

i nput/output term nal 65 nmay be adapted to perform

data conmuni cation with the information processing

equi pnent 69 in any formsuch as wire comruni cation
informaviore| mesessomgruniit &9 as.an rlédiionic asgiipnicher e.gar @ersonal

| EEE802. 11a, 802. 11b, 802.11g, etc. as the wireless

BN AR IO AR 1D o2

and the information processing equi pnment 69. In this
caseAtttie inpptoatput ptdrntiaahi 68l cé6bnéded obmetheedinformation
network, e.g., LAN (Local Area Network), | SDN

erob SR8 Sy L2 Rl DL R il S, may

(Community Antenna Tel evision), BS (Broadcasting
be Baeda lakiinterfacet dn cﬁhnereztattarmmnmmm tdeiface mayn wenformity with
performed by various protocols such as TCP/IP

the( gfa%%ga S%B%In égo 'ﬁgﬁl {TléT Bf@etrgﬁo lSJek‘ﬂfi Egﬂmt Qfe%lbc%mmended
Progranmabl e 58 Read Only I\/Em)r ), etc., and is

Staad@th) &32€4 andénr IREG (kostituie cxfd“slpeta:tqa\]/ end HlectesnicEngineers)
that the control unit 68 perfornms are stored. The
it t
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have been read out fromthe ROM 66 by the control unit
datggrommunication with the information processmg 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 case, 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 is a memory, e.g., EP-ROM (Erasable Programmable




and/ or various states of the printer apparatus 1. The
control unit 68 controls respective units on the basis
of print data |nputted fromthe input/output termna
65 and/ or remai ni ng quantl? data of ink 4 inputted
fromthe head cartridge 2, etc. The control unit 68
reads out, fromthe ROM 66, processi ng prograns for
controlling respective units on the basis of an
i nputted control signal, etc. to store those prograns
Read-rflmly Heleriany) 6 2te.0 apdr fsondaptedt so|that pasgrans: of esspegive
respective units on the basis of the processing
t
PrOQé HE T A8 Tkl i B8PS Rmi e, ABraRHAC Brdd Brograms
rans, etc. stored in the ROM 66, etc. in such a
are nlﬁaa@d into she RAM.GJ bypthes eontiot emit 681 iRher BAMo 6Gnstores
of a pair of heating resistors 42a, 42b to be
eS
probfirit SHich KADE HoBn'xKad but ok tie ROBT R st upit 68,
inatim of the range mrthln ZOWbof supply tinme of
andfen i@ states of dhe prigtesappefanedce with respect to
supply timng of pulse current serving as reference so
that éﬂ%ﬁ? - dir
di sc arge l(rlglr%rt ﬁgchzaciftfo‘?é"?%s%fg?té{?%g?l Et\%girr é% BE}SIS o prmt data
. be noted that while processing prograns are stored
pythed fioma the 1mt/%pug t@mn@bﬁg reg1d/ @l Feynqiping quantity data of
constituted as stated above, nedia for storing
n I I e t
R B g e el it €8 rcads out
to-optical disc and/or card where
froraﬂﬁ%&@fﬁggppwﬁaﬁgg@regr@%fqre‘dmt@ﬁbng ﬁﬁw%@vsmts Qththe
this case, 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 AROM 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 nozztes 44a are not varied.

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




control circuit 61 may be caused to be of the

configuration in which the control circuit 61 is

connected, directly or thraough the infornmation

processing unit 69, to dri®%e units for driving

various recording nedia to read out processing

prograns fromthese recording nedia. Here, the print

operation of the printer apparatus 1 constituted as

stated above will be explained with reference to the
ROMo66 hiar thes lwontrol reirdu® 611 0ondtitintedopersiatednabsve, media for

executed by arithnetic processing, etc. of CPU

. . | R .
stofig Thb8rssie ARG e o Ak RPN o, BTN tebording
programs stored in nmenory means such as ROM 66, etc.
megia, 8., iopticabdisc meagnehie gise,nmagneiopeptatalsdisc padfar K8 card
print operation, user operates operation (console)
: ' r Lot VARSI Y
whERDBtocefiifin IPRLHS 4re opeslOell bt Hiap BFYud, dn Bl fase, the
j udges whet her or not ink cartridges 11 of ]
congrad deitetifile dnayo lber saused todded! dhe reonfigewration linadhigh the
portions 22. Further, when ink cartridges 11 of
, _ . . | .
o RO R Sagh g5 ifkerBLbf BRpeh PRERAMEAoR procesging
_ proceeds to step S2. Wien the ink cartridges 11 are
unlgo@,stﬂ tdvey undisdéer Sving vardeel mgeerding oneda to read out
processing by the control unit 68 proceeds to step $4 -

bty hi j HNa. .step S2, the control
proEﬁsis?‘i% @Jgg{gsﬁmgﬁ%@%% TR within the
connecti ntg portion 26 .is |less than a predeterm ned,
quartéiey the print pperationef dbe puntercappagasi { ¢epstituted as
judged that current state is inkless state, the

state@nfbode Wil be@&plained 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 operation,
user operates operation (console) panel, etc. provided at the printer body 3 to
give instruction. 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 portion 22, processing by the control unit 68 proceeds to step S4 to



warns that effect (fact) at the warning unit 64 to
inhibit print operation at step S4. On the other
hand, when ink within the connecting unit 26 is the
predeternined quantity or §Bre, i.e., ink 4 is filled,
the control unit 68 permts print operation at step
S3. In performng print operation, the control unit 68
perfornms drive control of respective drive nechani sms
53, 54 by the printer control unit 62 to nobve the
inhubait pridi ppertior P up to the position where the
recordi ng paper P can be printed. In concrete terns,

as s i & F .coptr ' riye -

ot o SBRLT e gt ARiCE8 s RopirRl of gt Ak oty e

53 to nove head cap 28 toward tray 55a side with
comespagtparaonhzo iekds ¢tlaan nimlgdet2rmmeal tomtitypkezl, s 44 ankless

of the ink discharge head 27 to be exposed. Further,

h 19l . A i riv t o [ .
stafe, SRR OF BuiusiShr o el St s udPritall” ¥ copyglL poie 68
recordi ng paper P. In concrete terns, the control unit
wan® (hat ede¢t @Re Jat theiwarsingrwhin §4 gagehitt psinpaperatioeet step

roller 81 fromtray 55a to carry one recording paper
P eyhi pyhl.ed: : LI .
S4'seC¥£rtg?i %ﬁl%r?ﬁ(; érghggafﬂ%ez\%ﬁ]?%]t Z]Itf% n(géi}rﬁcgﬂgegﬁto%g is the
opposite to each other to inverting roller 83 to ]
predpigeminachguantityyorngort, nectinkrft ishzledfthecontrot anityo& permits
recordi ng paper P to 61 carrying belt 84 to control
: : ' mechani sm 54 in such a manner to
prla ovrva{@l?gl{ ﬁdgﬁcrge?}ains 85 to hold, at a predetern ned
position, recording paper, P which has been carried to.
t he l8apesfonging Inri@4operation: theseantedl wadr 68 perfarms drive
to be hit is determ ned.

‘control of respective drive mechanisms 53, 54 by the printer 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
head 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 paper 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




Furt her, when the control unit 68 confirns that the
recordi ng paper P has been held at the print

position, it controls the discharge control unit 63 in
such a manner to di scharge®lnk 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
toward the portion substantially inmediately bel ow

carfyingbediz&4 s cddizo] piperdesdiefucy enadnnisoh Sdnintsuch3 imnner to
controll ed so that pul se currents having substantially

th e curre alye are delivered to.a pair of.

allf SOl BEREEBD o AR50 Brdiusntintd ided tikoRling paper
timng. Mreover, in the case where ink droplets i are

P wdiicle has een carrfdieto theataeryihg beltt8iesaltist paosgeomivhens inknd is
is changed toward the heating resistor 42b side from

nozzkes A44a.as, shown in FIG 16B, the control unit 68
tObcegti#Fsoa%tefﬁg?eddi scharge control unit 63 so that pul se
current having substantially the sane current val ue

as thethaf whehsthe aonted tunde68 \cenéidmsathah éhehsmiordipg paper P
resistor 42a is delivered to the heating resistor 42b

has Jhechl 0%t AL BrinttBBRjddil il SofiolitnG 1iitiade cOHIbF Dhin 3 in

case where ink droplets i are discharged in the state
suchtremannice taidisdhargee ink deepletni icovardathgagcordingpapeh® from
heati ng resistor 42a side fromnozzles 44a as shown in

_nozglieg'L 114'216& th%%n}(nﬁf&%% H%asd‘ Ayt &8 c‘c\)gg{eﬁg k&inid)9s shown in FIG.

charge contro SO0’ t hat seé current
havi ng substantially the sanme current value as that of
16Apuli ghe ueasenwheee iinkr depplets 1 taee Hdischarged domerdrthg2portion
is delivered to the heating resistor 42a at timng

_ sub%l%h?ﬁléﬁrE@Fﬁi@?@sﬁ?wg%ﬁ&zﬁ% Qun! BfY disShagk! dfRA 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. Moreover, 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 unit 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 1 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,




Further, when ink droplets i are discharged from

nozzles 44a in the state where the discharge

direction is changed, the control unit 68 controls the

di scharge control unit 63 8% that pul se current

delivered to one of a pair of 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 in a tinme of the range within
the 20910l usitpf8 gonirols the disdlmege control uaerdA sy tleat pulse current

reference with respect to supply timng of pulse

Surr refere . | .
b s Blea BRI, B, S Colei e A0 oy & pPEcalifont delivered
unevenness of inpact positions of ink droplets i
to thiei lndatingveesisten 48bsis hdelgeded torthadeatiag re4wkson 424 la¢ timing
state where the discharge direction has been changed.

late}-%g?n ikdi g%& vsg}q Bg se Aéﬂgfﬁ‘g %e/ gglf% g%\/\ﬁg ﬁgaﬁ@ YERAER A2b.

droplets i are _d| scharged from nozzles 44a, ink 4
hawﬁmthem,emnenﬂpuémxﬂety Jaareqd&nhaltgy:dv\ﬁemenbnkles 44a in the
droplets i are discharged is imediately suppl enented

r [ f . 46, | h
s PR EE R Y R By LRIl DU G SRR e
in FIG 6B. When ink droplets i are discharged from
dischasge gentrol endr 62 shetiat Polse perront delivared twhdet ofl pely of

openi ng portion 34d of the ink chanber 34b by biasing
heaﬁﬁé 81%3&&01@34’2%64% agl g s‘éﬁ”&? rbe3ﬁéfe eb'azlﬁ' Eﬂlsfeoé ent is

aphragm |sa apted so t In’t ase ere
negative pressure of |nk 4 wthin the ink, chanber 34b
dehaﬁrqdn’@ thenwther beang rpsister dndhestrse avlgradiming & shifted in a

openi ng portion 34d is increased when ink droplets i

tim?L&Fﬁigg eARF I AN VNS App ST §F pitdd cared® sSRANE 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 1 are discharged from nozzles 44a,

ink 4 having the same quantity as quantity where ink droplets i are discharged

s 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




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 asi ng

force of the biasing nembef334f along with valve shaft

34h. At this time, the opening portion 34d between

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

path 34c side of the ink chanber 34b is opened. As a

result, ink 4 is delivered fromthe ink flowin path
theddasing drembenddf ahé Hiadking Iforecont diaphiagid 34i 33 ddaptEtse, that

ink 4 is supplenented into ink flow path 46 of the ink

in 3o REOF HEr HER ( aretis i et WAl S RS 306t he

~original formby restoring force to pull down the
inkviddweod4mth ddorsgdendiviidedhento aipeairghpdtticvBddys bicasdsed when
force of the biasing nenber 34f so that the ink

BB 840 on! TR 2582 i

4 is increased every tine ink droplets i are
6A dilye Hiapiwagot Béi #bpushaib sprbp e gative quessureidfl theeink 4 and
repeated. In a manner as stated above, characters

atnﬁ@?ﬁ@flc ggg%%ﬁf- 8‘% es%?gﬁgg{%g%ﬂgrg é ﬁt Qﬁ%feﬁgﬁ;g a&{nﬁﬁf biasing

paper feed/ eject nmechani sm 54. Furt her, the recording

forgmapbihe Piasingiennbar 34t alovgewishivelve shafb3dh. Adithisetime, the
are ejected from paper eject hole 56 by the 64 paper

opeﬁiﬁ%/;girgl h A rg‘lgéliwﬁ%h5ﬁle A%k e%(%val' ?)gtha \éeal ﬁ@ethe ink

apparatus and the Fiqui arge
met hod according to the lpresent i nvention, di scharge
8

flowomtimath 34c side 6 ithe inls shamber dAkAs PRROEE.oHS atresalteink 4 is

di scharged fromthe nozzles in a
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 i are discharged, the above-described operation will be repeated.

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

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



manner to vary di scharge direction, pulse current
delivered to one of heating resistors is caused to be
reference, and pul se current is delivered to the other
heating resistor in the st 8te where timng is shifted
inatinm of the range wthin 20% of supply tinme of
pul se current serving as reference with respect to
supply timng of pulse current serving as reference.
Thus, in the liquid discharge apparatus and the |iquid

papetr $edibie)get meehanidnad4or ding to the present invention
it is possible to prevent inconvenience such that

when | : r | S ' ST
ot a2 RRRHEAR, Bo8vE R, M RIRCERCRAAT AR AY plFriquia
_discharge direction of ink droplets is varied, and/or
dis¢herge visathede aceanding Hat thenpratenpliaventoanedisoharge control is
contact with the edge of nozzles so that discharge
. : . . : : o b _
pergduppr eg‘g ntl},ll hg\%lg%ﬂe?g{ oq‘% P%’E)Sag? ¢ plaégsﬁl}alk%eﬁi ‘g%oqﬁﬁliledbcg%zflg én a
di scharged in the state where di scharge direction has
mapeggntoyuatyedischange ndiredition, pu):&cc@n‘dmtgllcawarnd o @nei gfuhenting
di scharge apparatus and the |iquid di scharge net hod
resRfdrS 1§ cAsddPtd BE Pl ahﬁ‘;@ﬂgé Qgrreﬁ‘[ Ehcﬂeﬂé‘éfeatt?%eq;ther
I npact positions I's suppressed, deterioration o
picture quality resulting fromcolor tone unevenness
heating/ esisipi e the rstase, whexe, timingrisvshifted. inTadsmepef fhe range
operation can be 65 made at excellent picture quality.
. i )
withTh B0% O SRy IR of RS Syl eh 381G ARATFALAE: Mith Fekpect
inventign, since it is possible to prevent density
to syREDHIIRS 0hPULE GHTEHEEBNg S Teleten¢She, etc. wit hout
provi si on of

Thus, in the liquid discharge apparatus and the hquid 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 so 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.

Accordingly, 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



overlap portion at the tine of print operation as in
the prior art, tinme required for print operation is
greatly reduced, thus naking it possible to print
i mge of high quality. It Ps to be noted that
expl anation has been given in the above-nentioned
description by taking, as an exanple, ink discharge
head 27 in which pairs of heating resistors 42a, 42b
are provided in parallel in wdth direction of

made abexitallpnp ppeurerquality. present invention is not
limted to such a structure, but an ink discharge

der geraRhGl, PaRRGR L BE el 36 BRIIERY Bischaree

thereby have ability to change discharge direction of
methed deopdag itocthe present anegnsione dsinge iihks pissibhartgeprevent
heads 91, 101, 111 shown in FIGS. 21 to 21C, for

o ’ - i schar.ge.. .
corBiTPhSrkRel Hi°co B b A s BEOS RS Bogon o
are provided in parallel in carrying direction of )
overlapopelitiog Pdpertiee of Iprinti operatier ha iy ¢hd prigr noY tinge required

adapted so that three heating resistors 103a, 103b,

_ . R i g ors
for PP oREirRARENI P dlicad, s At POrORRT A ridt mage of
. four_ heating resistors 113a, 113b, 113c, 113d are
highigeliged within the liquid chanber 112. 66 CLAIMS 1 A
i quid di scharge apparatus conprising discharge

lclogglf 8?8 MRANBe IdMeAIkRG: Eplashtich CHAMOBEeh OloivdiPT i Ithe
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

head 111 is adapted so that four heating resistors 113a, 113b, 113c, 113d are

disposed within the liquid chamber 112.




two pressure generating elenments or nore provided at
the liquid chanber, and serving to press liquid
stored within the Iiquid chanber; and discharge hol es
for di scharging the Iiqui d®hi ch has been pressed by
the respective pressure generating elenents in the
state of droplet fromthe 1liquid chanber to contro
supply timngs and supply tinmes of energies to the
respecti ve pressure generating elenments to contro

di scharge angl e when t heELAAM®I et is discharged from

t he di scharge hole, wherein the discharge contro

nmeans 1i.S,:ad 0 Wi Y3 jver

U one Rl PBLRReE, obP Fhut sbtuf e Yyis iingt hflrdl means
being as reference, the discharge control neans

inclddlngzers energy to the other pressure generating
elenment in the state where timng is shifted in a tine
of . 1. t=hi .09 -supply tinme of energy
seréiﬁﬁbdlgs%grgglfb\e%gﬁllcgo\)a\nggh]ﬁuéébect to supply timng of
energy serving as reference. 2 The liquid di scharﬂgle o
appéwat presagres genéwting elensents norl  mowee peovidedeat the liquid
di scharge control neans delivers the energy to the

r r -at t 1l l
chafibef endlef T & ERTpid R Talin B P Aty Yud
delivers the energy in the state where time is shifted
i n disshargeneles fomdisohas giog Abeolsfuid uplich hasnbeasf prassed by
reference energy with respect to the reference

the I?%B%%lgﬁye Srefiurd | Sttt S eandfs ARPAEA R 88 dE6plct 3Fél the

aim'l,

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 eclements 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.
2 The liquid discharge apparatus as set forth in claim 1,

wherein the discharge control means delivers the energy to the other

pressure generating element at substantially the same timing as that of the




wherei n the di scharge neans is adapted so that the

di scharge holes are provided in parallel in
substantially Iine form 4 A liquid discharge nethod
“for a liquid discharge appffatus including: a liquid
chanber for storing liquid;, two pressure generating

el ements or nore provided at the liquid chanber, and
serving to press liquid stored within the liquid

chanber; and discharge holes for discharging the

refdrengs enesfiiyoby delsvdre e enaggen thy stahewhesptiaid iMahifted in the

pressure generating elenments in the state of droplet
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caused to be reference, and energy is delivered to the

to the hefereneeenergy generating elenent in a tine of the
range within 20% of supply tinme of energy serving as

3 gor ifgRRut! LR ER AR RS R Folth dh 8L angl & when
the droplet is discharged from the discharge hole. 5

The whegeindthdi distharge mestnisdel adaptedtsof thiat the dischaigenhbles are
wherein the energy is delivered to the other pressure
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: is delivered thereto in the state where tine is
4 shi #A Bquidi discharghanethadder adumid disdhargagparatus ipplugding:
time of the reference energy with respect to the _
ref aNERGE BRRYY for storing liquid;
two pressure generating elements or mdre 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 energy is delivered to the other
pressure generating element 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 to control discharge angle when the droplet is discharged from
the discharge hole.

5 ~ The liquid discharge method as set forth in claim 4,

wherein the energy is delivered to the other pressure generating




6 The liquid discharge nethod as set forth in claim4,
wherein the discharge holes are provided in parallel
in substantially |ine forr{ril8

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 20% of supply time of the reference energy with respect
to the reference energy.
6 The liquid discharge method as set forth in claim 4,

wherein the discharge holes are provided in parallel in substantially

line form.




