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l TITLE OF THE INVENTION 
. . 

Ink Jet Recording Method and Color Znk Jet Recording . . 

Dev.ice· for Practi.ci.ng the same 

.. . 
S BACKGROOND OF THE I~ION 

Fie1d of the Inven.iton 

This invention re1ates to an ~jet recording 

method and a co1or ink jet recording device which are 

.applied to copying machines·; facsimil.es, printers £or 
. I 

10 image processing, and other print~ in general.. More 
. 

particul.ar1y, it pertains to a .sc~i.ng type .ink jet 

recording device equipped with a pi1.i.ra1 number of 
; 

recor(li.ng heads having a.pl.ural. n~er of discharge 

ports arrayed in the sub-scanning ~ireetion and to a 

15 recording method of sa:i.d device. 

Rel.ated Backgr<;>und Art 

:Cn the prior art, for iinpr?vement of gradat:ion 

' or densi.ty of recorded images, i.t has been practiced.to 

form a pJ_ural. number of pi.cturee1ements for fo:i:ming 
= 

the image on a recording.medium wi.th a p1urai number 

of over1apping ink drop1ets, or for improvement 0£ 

adjacent picture element densities, to shoot a 

plural. number of ink drop1ets at a high density. 

When this is appl.ied to co1or, theire is the advantage 

. ··25 ·that co1or rep.roducibil.ity can be.:~proved • 

Further, in the case when:the recording medium 

is a transparent film for transmi~sion t::ype OHP (overhead 
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' projector),, etc., the image•recorded thereon i.s required 

to be :increased. in-transmission density as a who1e, and 

a1so in this case.the above systeni is effective. · 

In these systems. emission of ink dropl.ets for 

S emitting a p1ural.ity of ink dropl.ets on one picture 

el.ement is performed by SCClllll;ing dt: the recording 

head for pl.ura1 times whi1e the recording medium is 

fixed as such. Accord:i.ngl.y. scann;ing .for pl.ura..l. ti.mes 

.co:rrespond.i.n.g to h~gher densi£ica~ion or scann:i.Dg for· 
\ I . 

10 pl.ural. ti.mes corresponding to the :ink col.ors to be 

mixed is required for the recordin=g range per one 

scanning in scanning type recording, and no.high 

speed recording can be practiced.. _ .In other words, 

if a high.density image or a col.oz:-ilna.ge is fo.:cmed . 
15 for ordinary _printing, a printing time is required 

20 

25. 

which is as l.ong as 2-fol.d to 4-fo~d 0£ the time 

required for ordinazy prj,nting. 

Accordingl.y, for the purpo~e 0£ maki.ng faster 

even by 1ittl.e the recording speed, in order to increase 

the recording range per one scanning, ~t is effective 
I 

to enl.arge the recording head by f~rmat:i.on of a mul.ti­

nozzl.e, but since it is limited to. make. the head 

l.engthy, the rat.i.o of shortening of the priD.ting 

ti.me is l.J. ttl.e in scanning type ~ jet recording. 

J:n contrast .. U.S. Patent 4;, 320 ,406 discl.oses 

a const~tution which miniaturizes the head constitution 

itse1.£ 0£ a col.or device by dividing the nozzl.es 

::'f:~~- •~ o I .. -
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(discharge port) of the sirlgle recording head itse1f 

formed into a mu1ti-nozzie into four nozz1e units 

predetermined for different inks,: but since the 

reco~ing speed depends on oniy o~e recording head, 

5 . the ink discharge range of on.e coior is reduced to 

great.extent, whereby the advantage of the recording 
: 

formed into a malti-nozz1e wil.1 be lost. 

The present inventors have investigated ab9ut 

the pri.or art and found the :following probl.ems. 

When image density is enhanced or co1or . 10 

formation is effected by scam:i.ig ~or plura1 times 
: 

contin.uous1y for the recording ra._Jil.ge to be recorded 

by one scanning, because the picture e1eme.nt is formed 
. . 

by.l.nk discharge £or pl.ural. times, the ink amount per 

15 one picture el.ement becomes l.arger ~ and therefore in 
. 

the case of recording medium of wll.ich ink receptive 

amount .is limited such· as £.il.m £o:i: OHP or one having 

poor ink absorptivity, the amount.or the rate of 

ink absorption .is 1iinited, w~ere'by i.nk may be some- · 

20 . times OVel:'f1owed from the picture_:el.em.ent, resu1ting 

in deteri.orati.cn of the image quaiity .. 

25 

' 
· Pa.rti.cuJ.arl.y, a p1ural. number of recording 

heads corresponding to the respect;ive ~kS had a 

constitution a:rranged in the scanning direction, 

and therefore in the case when different inks 

were-overJ.apped. the emission density per unit 

tim~ became greater, whereby the above probl.em 
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1 of ink overf1ow became marked. 

General.l.y speaking, reco~ing papers with 

increased ink absoxption amount have been known, and 

recording is possib1e onl.y on expensive and specific 
! 

5 converted papers and on1y ·far l.im:i.ted. recording. 

10 

However, when users employ another.paper or sheet, 

defecti.ve recording may be brought about, and in the 

' 
worst case, user5 sometiltles judge~ that the recording 

he~d was defecti.ve to make· the recording head·usel.ess. 

~.nyway, even by use of a mu.l.t1-nozzl.e head, 

because scanning is perfoxmed for~pl.ura1 times by 

stopping 0£ paper feedii:ig of the recording medium, 
: . 

the recording speed cannot be 1Qw~red, and a1so, 

when onl.y a recording medium eXce.l.l.ent ~nk absorp-

15 · tivity is used, the disadvantages :o~ the users by 
I• 
: 

1imitation of the recording wil.l. 9e brought about, 
; 

such as the disadvantage of faililig to use a diversity 

of recording media • 

.Fur'""...her ~ as the probl.em of fj.xabili.ty, boundary 

20 reg~on, the £ol..1.ow.i.ng facts have been found out. and 

it has been found that the difference in recording 

characteristics.becomes marked when using different 

recording media. ·: 
. : 

More specifical.l.y, a great difference i.ti. ink 

25 absorption abil.i.ty occurs at the tjoundary portion Of 

the scanrd.ng J.me :iJ::l. -overl.e.pped. r~ording, whereby 

density irregul.a.rity due to nonuni:fo:cm ink abso:cption 

iiii~i~f 
I 
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. 1 is liable to be generated. 
c 

Also, in the constitution which performs 

recording for plural times on the same picture 

element through the same discharge port, irregu-

5 larity in density and shooting precision between 

the discharge ports may be sometimes intensified 

to lower the picture e1ement. 

·-· 
Further, slnce the ink densities change at 

the same time over the whole region·of the width of 

10 the discharge port (scanning region), and therefore 

stretching and shrinkage of the.recording medium 

accompanied with ink absorption wili occur at the 

same time, whereby the change amount becomes greater. 
·; _ .... , 

On the other hand, divided recording is a 

lS system which i5 to be used for a recording medium 

interior in absorption characteristic, and even 

after the final scanning (ink emission), the 

recorded surf ace cannot be touched before elapse 

of a certain lime. The~efore, the members such aG 

20 discharge rol1ers, press rollers, etc. are required 

tu be departed from the above-mentioned recording 

region by the head width. or more, whereby enl.o.rgernent 

of the device or lowering in paper feeding precision 

may be brought about. 

25 
Further, the problem of stretching and 

shrinkage of the recording medium as mentioned . 
above also occurs in divided recordi~g. 
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1 SUMMARY OF THE .INVEN'l':ION 

The present invention is intended to provide 

an idea1 ink jet recording device;wh.1ch has solved 

the prob1ems as described above ill the case of using 

5 a pl.u.ral. number of recording hea~ equipped with a 

pl.u.ral. number of discharge ports (also ca11ed mul.ti­

nozz.l..e head). 

A £i.rst object of the present invention is to 

provide an ink jet recording.device which can.make 

10 recording speed f e.ster than in thff prior art and can 
: 

' improve over1apped recorded image .or ~gh density 

recorded image with the so ca11ed.mul.ti-nozz1e ink 

jet recording head .. 

A second object of the p~ent :invention is 

15 to provide a recording method imp~oved in fixability 

25 . 

' which can a1so make the enlarged p~rtion in use of 

a pl.ura1 number of recording heads .miniaturized as 

the whole device • 

. A further object of the pr~ent invention in . 
canceJ"ling the probl.ems as described above is to 

provi~e an ink jet record:ing device which can 

prevent deter~oration.of ~ge qaa~ity according 

to :i.n.k ab~orptivity of the recordip.g medium without· 

l.owe.ring recording speed, and a1so'.is capabl.e of 

·good r:ecording on a aiversity of r~cording media. 

St:i.l.l. another object of th~ present invention 

is to prov±de an ink jet recording;device:which can 
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perform preferab1y recording of h~gh speed and high 

image qua.l~ty depending on the ki.I\4 of the recording. 

medium by utiJ.izing the advantage :of the multi-nozzle 

recording head to the max.iJnum. 
I• 

Sti.1l. other objects o:e' the;:present invention 

will be understood :from the follow'.ing description. 

lie.re, representative emboa1iments of the 

present invention are set forth sp~cified bel.ow. 
! 

one embodiment" of the pres~nt invention is 

10 an i.nk jet recq:i:ding device compri.sing: 

a carriage having a pl.ura1.number of ink jet 

recording heads each having a plural number of dis-

cha..~e ports mou.Qted thereon; 

a means £or gi.vmg record..:i:l;ig i.nk si.gnal.s to 

15 the ink di.scb.arge energy generating e1ements corres-

20 

25 

ponding to a1l or a part of the r~ect.ive plural. 
' 

number of discharge ports of said plural number of 

recording heads; and 
: 

a eo.ntro1 means, which :Lncreases the number 

of recording heads to be used during recording of 

the recordabl.e region fo:cmed by the to~ai sum of 

all the discharge regions of said J?lural. number of 
recording heads.from initiation of .recording onto a 

recordi.ng medium. reducing the nunn:?er.of recording 

heads to be used du~ing record~ng ~f said recordabie 

region in the recording ~ompl.etion'.reg.ion of the 

recording medium, and has one scanning width to be 
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1 recorded by scann.:f.ng by the reco~ding head during 

recording as the feeding pitch o~ the recording medium. 

Another embodiment of th~present invention is 

an ink jet recoi-di.ng device which has a p1ura1 nwnber 

S · of recoxd.ing heads haring discha~e ports £or discharging 

i.nk arrayed thereon, and perfOJ:IRS~recording of images by 

10 

' discharging ink through sa:i.d discji;arge ports accompanied 

with the scanning movement of saia plural. number of 

recordi.ng heads, 

characterized ~ that said device has a first 

.recording head and a second reco:rding head provided . ' 

; . 
adjacent to the upstream. side and:down stream side 

: 

x-eJ.ativel.y with respect to the co~veying direction 

of the recording mediwn,l.i.and arr~ged in the positiona1 
I 

15 rel.ationship with the respective ~charge ports not 

20 

25 

.. 
over1apping each other in the ups~ream si.de region 

I 

and the downstream side region, arid a record:iD.g 

mode which perfoDIIS recoD.iing so that at 1east the 

. .i.mage 0£ f:i.rst ink dropl.ets on the recording medium 

by the first recording head re1at~ve1y on the upstream 

side and the image of the second .ink drop1ets on the 

recording medium by the second re9ording head re1ative1y 

on the downstream side may be ove~a1pped with each other. 

More preferabl.y~ another embodiment is an ink 

jet·recording device ~hich has a piurai number of 
' 

reco:r:ding heads having discharge ~rts for dischal:'ging 

ink arrayed thereon, and performs·~ecording of images 
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I by discharging ink through.said discharge ports 

accompanied with th~ scanning moV.ement of said 

pl.uraJ. number of .recording heads,. 

characte.rued :i.n that each of said pl.ural. 

S number of recording heads ·and at ::reast another of· 

sai.d p1ural. number 0£ reco~.ing heads are arranged 

so that said discharge ports a:crayed on each may 

not overl.ap each other in said scanning direction,. 

and said device is· proVided with a paper 
.. 

10 feeding means which performs pap~ feeding with the 

15 

20 

25 

wi.dth of the recoJ:ding regions by: said scanning 

movement of the recording.heads arranged so as not 

to overl.ap each other, and 

a recording signal. suppl.y:i.ng means which 

·supplies recording signal.s £cir diScharge to the 

respective recording heads of said pl.ural. number of 

reco:i:ding heads co::cresponding to the paper feeding 

b:y said paper feeding means • 

. Still another embodiment i.s an ink jet 

_:recording device, which has a pJ.u:i:!-al number of 

recording head$, each constituted:b:Y ar.ray:ing a 

p1ura1 number of d1:-Scharge ports ~or discharging 

ink :i.n the sub-scanning direction :Or a direction 

diffex-ent from the _scanning direction, in the 

scanning direction, and performs ~ecording of 

.images by discharging.ink th.-YoOugh ~a1d discharge 
• I 

ports accoaipanied with the scanni~g movement of . 
R,Pnlaced 

\\\i i\f\i 1\\\\\ 
!. • 
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said p1ura1 number of recording ~ads, 

characterized in that saih device is provi~d 

with a conveying means which conveys the recording 

medi:um with the width of the equally divided reg.ion 

5 of the :recording i'C'egi.on by scann#lg of said p1ura1 

number 0£ recording heads per every time of said 

scanning movement, and 

a recording signal suppl.Yin.g means.which 

supp1ies recording si911al.s to.on1y the di.scharge 
. . 

10 ports predeteJ:Udned co.rresponding:to said equal.l.y 

divided regi.ons iil response to saia conveying by 
: 

said conveying means. 

Th.el:e is a1so p:covi.ded an :;n,k jet recording 

device, w~ch has a recording head constituted by 

15 cu:ranging a discharge port £or di~charging ink in 
: . 

the sub-scanning direction or a cfi:rection different 

from the scanning cti.recti.on, a~ged in the scann~g 

direction, and performs recording pf images by <lis­

chal:g:Lng ink through said discharge ~ort accompanied 

20 with the scann.ii.tg movement of sai~ pl.ura.l. number of 

recording heads, 

characterized in that sai~ device is provided 

with a conveying means which perfo~ conveying the 

recording medium with the width of: the equa11y divided 

25 region of the recording region by ~canning of· said 

recording heads per e:v~ time 9f said scann:ing 

movement, and 

i11i1i1iir 
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a recording signal. suppl.ying means which 

suppl.ied recording signa1s to onl.y the discharge ports 

predete:rmi.ned eorrespond~ng to sa~d equa11y divided 

regions in response to said convey~g by said conveying 

5 means, 

In either one of the abov~·inventions, in 

using a pl.ura1 number of recording heads having a 

pl.u.ral. number o.:f discharge ports, :the ratio of the 
. . 

. . 
:recording medium moved can be mad~ greater than in 

10 the prior art, and therefore the x;ecording speed 

can be .im,proved, wnereby ~c:el.l.ent image can be 

foi;med by utiJ.j,zi.ng all. or a part of the p1.u:ral. 

number of discharge ports or a pai:t of the recording 

medJ.um defined. depending on the material., and the:r::e-

15 £ore the image quaJ.ity can be mad~ :farther stabl.e. 

20 

25 

Also, in performing overlapped recordingw 

the reco:rdi.ng time can J:;ie reduced w. and al.so the . 
! 

joining portion of images can be made better-

BRI:EF DESCR~PTION OF TW::.DRAW:CNGS 
: . 

Fig. 1 ~s a side sectionai:view of the ink jet 

record.ing device according to a first embodiment of . 
the present hlvention; 

l:'ig. 2 is a b1oek diagram ~howing the contro1 

constitution according to recordin~ of the device 

shown i.n Fi.g. l.; 

Figs. 3A and 3B are conceptional views of the 

·' 
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recording method in the first emb9~iment;· 

Fig. 4 is a graph showing; the :ink. absorption 
i 

cha:c-acteristics of the recording inedi.um; . 
Fig. 5 is an il1ustration~showing the image .. 

evaiuations corresponding to the ink densities of 

the recording medium; 
• Pig. 6 i.s an il..l.ustrationiof image b1otting 

of Fig. 6A and Fig. 6B; 

Fig. 7 ·is an.i.ll.astration:o£ overiapping of 

10 in~s in the embodiment of the pre~ent invention1 

P:ig. 8 is a perspective v~~w sho\tri:Qg an :i.nk 

·jet cartridge of 4: heads integrat~d 1n the second 
: 

embodiment of the present invention; 

Fig. 9A and Fig. 9B are c~mceptional. views 

15 of the recording method in ~e sebond embodiment; 

20 

25 

! 

·Fig. 10 is a perspectii..-e view of the ink 

jet recording device aecol:diJ:lg to.the second 
~ 

embod2.ment of the present inventi~n~ 
. r 

- Figs. l.lA and 1lB are conb~pti.onal. vj,e~ of 

the recording method in the third.embodiment of the 

present invention1 
! 

Fig. 12 is a side sectional. view of the ink 
l 

jet recox-ding device according to;the fourth embodiment 

of the ·present invention; •. 

Fig. 13 is a biock diagram.showing.the 

controi constitution according to:recording of the 

device shown in Fig. 12; 
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. 
Fi.g. 14A and Fig. I4B_are~conceptional. views 

0£ the record1ng method in the fourth embodiment: 

Fig. 1SA and Fi.g. 15B areiconceptionai views 

showing the recording mode of the: prior art, which is 

5 app1icab1e to the seventh embodiment of the present 

10 

15 

25 

invention; 

Fig. 16 is a pe:cspective :View showing the 

ink jet cartridge of 4 heads integrated .i.n the "fi.f1:;h 

embodiment: 

Fig. 17A and Fig~ l7B are;~onceptiona1 views 
• 

0£ the recording method in the f~th embodiment: 

Fig. 18 is a perspective ifiew of the ink 

jet recordi.ng device according to:the fifth embodiment 

of the present invention; 

Fig. l9 is a conceptional.·vi.ew of the recording 

method in the sixth embOdiment of the present invention: 

Fig. 20 is a schematic i1iustration of the 
I 

pertinent portion of the seventh embodiment of' the 

present.invention; 

Fig. 21 is a schematic il.l.ustrati.on of the ... 
pertinent portion of the operatiori.panel. to be used 

; 

.. 
in the seventh embodiment- . · . • 

DETAILED DESCRIPTION QF THE PREFERRED EMBODIMENTS . 
! 

Referri.rig now to the.draw~ngs. tb.e embodiments 

of the present invention are described in deta1l. 

Fig. l.is a side sectiona~ view showing the 
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1 principal portion of the .tii.k jet ]:'.ecording device 
: 

according to an embodiment of the present invention. 

In the Figures, 1 to 4 are recordi.pg heads each having 

64 ink discharge ports, and the ink passage communicated 
• 

S to these discharge ports has an electrothe:cmal trans-

ducer for generating energy for di~'chargi.ng ink arranged 

therein. A1so, . the recorOJ.ng headS. l, 2, 3 and 4 are .. 

recording heads for diseharging respectively inks of 
\ . I 

red (R), green {G), b1ue (B) and biack (B}, and 
; 

10 they are repsective1y he1d on the !=:~iage 5. With 

such arrangement, the directions o~ the aischarge 

port array in the respective recorhing heads forms 

the sub-scanning di.J:ection as described bel.ow with 

·reference to Fig. 3A, and 'they arelarrayed so that 
' 

15 the recording region by scanning may be the same. 

20 

25 

The cal:riage 5 is engaged ~1idably with a 

pair of guide shafts and is a1so mavab1e in the ' . . . 
scanning direction (the clirect:l.on perpendicu.lar 

: . . 
to the drawing} by the carriage mo~or as Clescri.bed 

bel.ow~ 

The reco:rding heads. l to 4;are connected 

el.ectrical.l.y through the carriage ~o the main 

control. section as describedbe1ow;-with reference 

to F~g. 2 1 and otheJ;Wise connected.to the ink tanks 

of the respective coiors at the in~'tank portion 7 

by the ink tube bund1e 6 corresp~:mcµ.ng fl.exibl.y to 

the movement of the carriage 5 so that ink supp1.y 
~~~~~~~~ 

i. 
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1 can be done. On.the other.hand, the recording medium 

8 is conveyed by the conveying roi1er pair 9 through 

the paper feeding guide 10 at a predetermined timing 
' 

successive1y in the arrowhead direction in the Figure 

5 to the recording portion. At the ;.recording portion, 

the recording medi.um. 8 is aClsorbe?- through the 

e.lectrostatie attracting force of !the adSorpt1.on 
• . 

conveying be1t 11, and adso:r:Ption ~suppo.rting conveying 

is done whi1e being s:?Uchronized ~ith the conveying 

10 rol.l.er pair 9 with movement of th~ be1t · 11, and the 

medium stops successive1y at predetexmi.D.ed posit1ons 

15 

to perfoJ:m reeor&in.g. 

Fig. 2 is a b1oek diagram·sh"'wing the recording 

contro1. :in the ink jet recording a;evice shown in Fig. 1. 

:In the same Figure, SA is the ea~iage motor for 
• 

drj.v:i.ng the carriage 5 through a carriage driving 

mechanism such as be1t·1 . pool.ey, e~c- , and 20 .is the 

head d:civer £or genera.ti.ng discharge signa1s for the 

respect3.ve discharge ports based on the recording 

20 data supplied from the control se~ion. 30 is the 

paper feeding driving sect.ion for. ~i.v:i.ng the 

conveying ~o1.ler 9 and the adsorpt;ion conveying 

beit 11 1 ~d is consti.tuted main1i; of a motor, etc. 

The control section sho~ :in the Fi.gure has 

CPO ioo which practices processing according to . 
control. of th~ device whi.1e perfo:dn:i.ng giving and 

receiv.:ing of the data between the post device or 
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: . 
: 

l the respect1ve sections of the re~~rding device, 
.. .. .. 

RAM100A which becomes the work area in processing 

of CPU100. and ROMlOOB which memo:c;.izes the processing 

procedure such as record:ing actuat!:Lon, etc. as'shown 

S i.n Fig. 3A and Fig. 3B. 

Figs. 3A and 3B are.conceptional. views for 
! 

i.lltIStration of the recording meth~·in the embodiment 
' 

shown in\ Fig •. 1. J:n Fig. 3A, the lrecording heads l· 
j 

to 4 for discharging respectiveJ.:y.re inks of the 

10 .respective co1ors of .R, G, B and x; are, as mentioned. 

15 

above, supported and fixed so that' the respective 

~charge port arrays. 3 may become;perpendioUl.ar to 
I 

the scanning direction (sub-scannil:i.g direction) 

re1ative to the both surfaces of ~e head supporting 

portion l.2 .. 

I:n the same Fi.gure, the CU:Scharge po.rt arrc;!y ... 

' 13 cannot be seen as it is, but the.reoord.3.ng_head 

is shown as perspective from the rear thereof. .More 

spec:ifi.cally, the a..-rray is made so; that tlle w:idths 

20 of the discharge P.Ort aJ:rays of th~ recording head 

25 

·.: 

(~n the Figure, RL=GL=BL=KL) may b~_connected to one 

another without gap, and the respec;:ti.ve recording 

regions (R .. G, B~ I<) 'by one scanning becomes con­
: 

t:i.nuous with the same width. When; ~he recording 

medium is conveyed .as·described ab~ve to the 

recording ;ceg:ions (R, G, B, K), th.~_carriage 5 

scans to init~ate recording. 
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The recording medi.um 8 st~ps at the position 

of (the first scann:iJ:lg) in Fig .. 3A.by the conveying 

roller pair 9 and the adsorption cpnveying 'bel.t 11. 

Thi.s positi.on is under the state where the tip portion 

s·· o:f the recording medium 8 is in ~ recording region 

IC., and the recording medium has not· reached other 

10 

• 
·reco:r:ding .regions R, G, B- Therefore, in the first 

head-scanning, recording is performed only with the 

IC head.· 

After the £:U:st scanning, the .recording 

medium 8 is again conveyed by the conveying rol.l.er 

pa.ix' 9 and the adsorption convey:iJ:l~ bel.t 11. As is 
i 

apparent fi:om Fig. 3A, the conveying distance PL 

is set the same as the width(RL, GL·, BL, KL) of 

15 the discharge port array. In the s~cond scanning, 

the region recorded in response to: the recording 

signal. K1 by the head 4 of Kink in-the first 

seanning has moved to the B record~~g region, and 

xecorCU.n.g is performed in response.to the recording .. 
. .• 

20 signal. B1 
with the head 3 of B ink. 

25 

On the other hand, at the portion conveyed 
.. 

newl.y to the K recording region, record:ing is.per-

formed in response.to the next recb~di.ng signal. K2 

with the head 4 of K ink. Here, since the record.:i.ng 
l 

medium 8 has not yet reached the ·Rand G recording 

:regions, still no recording is pe~ormed with the 

head 1 of R ink and the head of G .µtk. 
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.After the second scanning;, the recording 
. ···· ... 

medi.um i.s ·again conveyed . by. 'the. J?L width. In the 

third scanning, at the portion where recording was 

perfo:cmed with the ~ecording sign~ or B1 and K1 , 

. ·. . ~ ·~ ..... 

recording in response to the recopling signal. G1 is 

done. At the portion where recor~g was performed 

with the recording signa1 K2 , rec~rding is done in 

:response to the recording signa1 ~2 with the head 3. 

of B i.nk •. Al.so, at the K recordi~g region, the 

IO recording signa1 x3 iS recorded wii:h the head 4 0£ 

K i.nk. 

After the third scanning,:the recording 

medium i.s si.mil.arl.y conveyed by t~e Pl.. width and the 

~ourth scanning is performed. :cn.:the fourth scanning, 

15 at the portion where recording was performed in 

25 

: 

response to the recording signais:of Kl, Bl, Gl, 
; 

recording is done i.n response to the recording 

signal. Rl \t'ith the head l of R ~- Thus, the recording 

medium is successivel..y recorded ai every PL "1.idth 

with inks of b1ack, bl.ue, green and red col.ors. 

Fi.g. 3B shows the rec:ordi.~g s:igna1s of the 

respective heads for every he.ad seanning when record­

:ing of A4 size .i.s perfo:r:med with *:ne·recording head 

of this embodiment, and at the recL: end of the 

recording medium. ·the i:-ecording s:ignal.s are 
,. 

successivel..y l.ost from the·K head'!' After cornpl.eti.on 

.of i:-ecording of the final. scanning, the recording 

This Sheet Has Been Replaced 
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I medium 8 i.s discharged out'of the.machine. 

. .. Whereas, . Fig - ·4 shows the; ill.k absorption·· ·· 

characteristics of recording media, with square root 

of absorption time ( {S) being s>;iown on the axis 

5 of abscissa, and abso:r:pti.on amount. of ink (aqueous) 

2 Cnl/mm::.) on the axis of ordinate~ It can be und~-

stood that, in the coated paper h~ving an ink receptive 

J.ayer provided on the sur£~ce l.ayer, a l.arge amoun~ .. of 

ink can be absorbed wi.thin a shorf7 time, wbil.e in the 
: 

10 non-coated paper used in this embodiment. :i.n.it:i.al. .. 
absoxption is .I.ow and a J.ong time:is required for 

absol::pti.on of ink. 

Pig. 5 shows the resul.ts of examination of 

bl.otting degree of images when inks of two col.ors 

15 "care emitted onto the J::ecording medium substantial.l.y 

20 

. simul.taneousl.y (sharpness of the ~<?undal:y portion 

between the i.nks of two col.ors) ~ Tabl.e.. In this 

Tabl.e, the mark O shows one which is judged as 

'px-actically useful., the mark A one which is sl.ightl.y 
i 

inferior in i.mage quality and~the ina.rk x one which 

is entireiy practi.cal.l.y unuseful.. ' 

From this expe:ci.ment. it can be seen that 

the ink amount whi.ch can be recorded withi.n a short 

time is 20 nJ../mm2 or J..ess i.n the n:On-coated paper and 

25 nl/mm.2 or 1ess in .the ·coated . p~per - This phenomenon 

can ·be estimated to occur accordi.lig · to the mechanism. 
. . : 

shown 1n Fig. 6. 
' : 

.. --1 



1 

- 20 -

. 

THIS SHEET HAS BEEN 
REPLACED 

More specifically, the aQso:rption of i.llk onto 
......... · ........ . 

paper·, · as·· shown 'in Fig·.· 6A ·~.y · b~ consid~;ed to be 

effected in the order of contact,: collision, dot 

·£o:cmation, permeation, d:cying. k shown in Fig. 4, 

S :i.n the case of the n0J1-coated paper, in a time of 

0 .. 2 f5 or shorter, no ink of ll ;to 12 nJ./mrrt2 or 
I 

more can be absorbed and there:fore, if an ink.more 

than that is e!Ilitted substantially si.mu1taneousJ.y,· 

the ink wi11 be.overfl.owed and, as shown in Fig. 6B, 

10 the overfiowed. ink .is attracted t~ the adjacent ink 

whi.ch has reached. previousl.y onto· the paper, whereby . . . 

b1otting may be cons~dered to occur at the boundary 

port.ion. 

:tn eoutrast .. in the present embodiment, since 

15 head scanning :i.s perfo.rmed success.i.veJ.y with the 
i 

recording reg:ions for the respecti~e heads being 

separated :in one scanning, b1otting at the boundary 
' 
I 

portion becomes stnaller as shown in Fig .. 7 • 

. For "re:r:ifying the effect of this emoodi.m.ent, 

the recording test was per£ormed under the conditions 

shown below and consequentl.y good· recorded images 

~ith l.i.tt1e b1ott~ng at the boundaxy portion cou1d . 
be obtained. J:n contrast. when r~cording was per-

formed simultaneous1y ~ith the arrangement of heads 

25 being constituted so that the re~pective head 

recording regions were over1apped:with each other 

as in the .ink jet recording device in the prior art# 

li1ii1iiUf 
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images wllich were entire1y prac~i~a~~Y -~~e~e~~ ~~~e .. 
. · ..... · ·· .. :"'" .. • ....... , ........... . .... · · .... 

obtained. 

To describe in detai1, ~$ embodiment can 
.. 

perfo:cm. recording of 7 co1ors by 'll.Se of 4 co1o.rs of 

5 R, G1 B, I<, and recording was performed. on a recording 

medium of A4 size at a recording ~ensity of 360 DPi 

and a driving frequency of 5.4 kH~:. For th.is .record-
' 

ing medium,. a two-fol.d paper on which the diameter .. 
of the ink dropl.et emitted is exp~ded to .2-fo1d is 

10 used. 

:tn thi.s eas~, because the; recording density 

.i.s 360 DPI, the picture el.ement s~e becomes 70. 56 llm 

square. end the dot.diameteJ; entbedding the picture .. 
I 

e1ement as a whol.e becomes 100 µm:.. Accordingl.y, the 

15 dJ:op1et diameter emitted onto the:2-fo1d.paper 

becomes so µm, namel.y its volume becomes 65.5 pl.. 

When·reco:rding is perfo~d under such 

conditions, the plane density of H\ono-co1or (one 

discharge) becomes i3. 2 nl../mm.2 , ap.ci the p1a:n.e dens-ity 
. 2 

20 of two co1ors (two di.scharges) be~omes 26.3 nl./nun , 

.and when two col.ors are over1apped or adjoi.ned at• 
I 

the same ti.me as shown i.n Fi.g.. s, .the image becomes 

bad. 

As is apparent from the above desc~iption, 

25 this embodi.men.t, which has been made to have a 

constitution exc1udi.ng overl.app~g or adjoi.ning 

0£ two col.ors within e short time, is a1so effective 

. ...... 
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for a recording meidum with poor water absorption as 
. . . . . . . ... . ..·: . ... . .. ··. . . .. .. ... .. .. .. - ..... 

the non-coated paper. 

Also, according to the above-mentioned recording 

conditions, since in this embodiment the recording 

5 region in one scanning is divided into 4, and therefore 

scanning for 68 ti.Ines is required for recording of A4 

size. This means that the scanning times are increased 

only by 3 as compared with the device constitution of 

the prior art~ thus resulting in substantially no 

10 lowering in recording speed. 

In contrast. for recording of the same A4 size, 

if the recording region is made the same as in the 

prior art and the boundary b1otting is prevented by 

overlapping scanning for 4 times at the same position. 

15 scanning of 260 times which is 4-fold is required. 

Also~ for example, in the case of recording 

only of K ink, the recording medium rnay be discharged 

without performing the 66th to 68th scanning, and by 

doing so,. there is no l.owering i.n reco:rding speed at 

20· al 1 in the case of mono-color recording. 

In the case wnen the recording medium is a 

transparent film formed of PET or PET coated with 

an water absorptive material, the present embodiment 

is also effective. 

25 i-·urther, the present embodiment is effecti\ie 

for obtaining recording of higher image qual.ity 

even in the case of a· recording medium having ink 

l1ii1iii1f 1iir 

···.· ......... .. 
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1 absorptivity such as the coat.ed paper. 

Fig. 8 is a perspept_i ye .. vi.ew .· .showi.ng · the -secona · ··- ··· --:· · · · ·· . .;. . . ... . ...... . .. .. ~ . . .. ' .• . . 

embodiment of the present invent.ion. aud this embodi...; 

"ment has a constitut~on of record.in~·heads cor.responding 
: 

S to record3.ng of full_coior. That :i.S. it has recording 

heads lA. 2A, 3A and 4A co.:crespon~g to the J;espective 
i 

co1ors of yellow (Y), mage11ta (M). bl.ack (K) and cyan 

(C). 

Each 0£ these recording heads bas 128 discharge 

·10 ports arrayed in the sub-scanning direction. Al.so. ~t 

15 

20 

25 

is a recording head of the cartridge type which consti-. . . 
tutes integrally the ink tail.ks of the respective.co1ors, 

and therefore when there is no mo.re :ink, the W'hol.e 

recording head is exchanged with anqther cartridge. 

When high reso1ution recoi:d±ng is perfo:cmed 

as in this emboo.iment, the posi.ti.onal,. precision between 

the heads i.s required to be higher, ~~d by exchange of 

the head wi:th 4 col.ors integrated a~ in the head of 
. 

thi.s embodiment, it becomes possib1~·to effect strict 

registration dur:i.rig shipment, and even in a device 

of the head exchange system, high iniage qua1ity 
i 

recox:di.ng extracting fu11y the perf~:anance of the 

head is rendered possib1e~ 

Figs. 9A and 9B are concept~onai views showing 

the recording method by the recording head shown in 

Fig. 8~ whi.eh are s.i.m.i.J.ar to Figs. SA and 3B, 

respecti.vel.y. 
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. 
1 This embodiment shows the constitution in which 

recc>"rding ·a:·t a.· recor<ii.D.9··a.en.Sit::Y 'of: ·6·ao· b:P·1· is.-performeif ... ·· ~-
on a 2-fo1d paper. Thus, since the-recordi.ng density is 

600 DPI, the p:lcture element size 42.33 µm :i.s determined, 
I 

5 ~d simil.arl.y as described above, the dropJ.et diameter 

becomes 30 u·m and its vol.mite l4.2 p1 .. . .. 

As the resul.t, the pl.ane d~sity when mono­

coior, 2 co1ors, 3 col.ors and 4 coiors are emitted 
. 

overl.appingiy or adjoining1y become respective1y 7.9 

10 nl./mm2·, 15. 8 rtl./mm2 , 29. 7 nJ.../mm.2 ahd 31. 6 rtl../mD.t.2. 

Again, ·as is apparent fJ:Om F~g.. 5 ,; :the permissib1e 

range where no bl.Otting of ~k occiurs in thi.s .. 
embodiment is up to 2 coJ.ors. 

Accordingl.y, as shown in Fig. 9, i.t becomes 

~ possibl.e that the recording heads: corresponding to 2 

col.ors make the recording regions: the same. In the 

case of the same Figure,· as shown in Fig. 9A,. the 

recording heads 2A and 4A of M illk and c ink have . . 

the same recording =-=-egions as th~ reco:rd..:i.ng heads 
: 

20 lA and 3A of Y ink and K ink, re~pec'!=ivel.y, and 

recording of A3 size is performed·by scanning for 

77 times in the data mode as shown in Fig. 9B. 

Fig. 10 is a perspective=view 0£ an ink jet 

recording device which· ca·n mount the recording heads 

25 shown in Fig - . 8 and Fig. · 9,. and the ca:rriage 5 is 

engaged slidably with a pair of =guide shafts. and 
.. 

makes scanning of the recording'regions wi.th the 
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1 recording heads lA, 2A, 3A, 4A poss;i.b1e by driving .O.f .. ·.·· ........ ·.·· · ···.··-····· .... .,. -. . . ....... · . . ... , . . . .·. ... ...... , . .... . . 
. . .... , .............. -·:·•····· ..... . 

the carriage motor SA. 

Figs. llA and 11B a:re conceptional.. views show:Lng .. 
the recording method-according to ~e third etnbod.iment 

S of the present invention. As . is apparent from Fig. llA, 

the record.i.D.g head of this embodim~t has the respective 

recording heads 1 and.~ co:rrespon~g to B ink and K 

ink arranged in the sub-scannin~ ~ecfion with an . . . 
i.ntervai between thei.r discherge pJrt a:crays corres-

10 ponding to the.amount of paper fe~g. 

More speci£ical.J.y, 'the recdrding condition in 
; 
: . 

tli1s embodiment is a recording denSity of 300 DPr, 

ana i.n this case, the arop1et vol.~e in the same 
' ; 

process as in the second embodiment as described. 

15 above is deteJ:mined as 113 pl.. At ·this time·, the 
. 2 

p1ane densj:ty of mono-color ink be<?onies 15. 8 n1/mm •· 
. I 

"!'his is, as shown .in Fig. 5, the range where no 

bl.otting of image occurs even . .:i.n the case of tb.e 

non-coated paper. ·but because it is a va1ue appro-.· .. .. 
' 

20 ximate to ._the cri.tica1 va1ue o.f b1?!:ting, bl.otting 

may aiso sometimes occur. 

Therefore, by providing an:i.nterva1 corresponding 

to the paper feeding amount between the respective 

recording heads, .i.J:tk absorption is:acce1erated by 
. I 

25 the time of one scanning and paper; feeding.. By . 
doing so 1 ink bl.otti.ng can be sure1J-y cancel.1ed. 

The constitution of this embodiment has 
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l recording heads each having 50 discharge ports, and 
....... - .. , .. · ....... ~ ; ·-· .~· .... , ... ··.··· .................. ~ .... ····-· ... . ·. .. . ........ _ .... · .... ···- :· ····-"~' --~~ ........ . 

5 

recording of A4 size is perlol:med at a head driving 

frequency of 4 kliZ- In th.is case, ;scanning .is per­

formed for 72 times as shown in Fig. llB. 

In the embodiments as described above, ink 

is discharged by heat energy of el.~ct:cothermal. trans­

ducerr etc., but the discharge ene;-gy generation means 

.is not 1imited thereto, as a watt~:of course. 

AS is apparent from the abbve description •. 

10 ·the recording re_gions of each recording head in one 

15 

scanning are divi.ded. 

By this~ it becomes possib~e to perfox:m 

recording co:cresponding to paper f e~ding and the 
I 

respective recording regions per one scanning. 

As the resul.t, ove:r1apping!recording w.i.th 

' time interval.s can be done without= 1owering the record-

.in.g speed as a whol.e, whereby not ~nl.y image ·quaJ.i.ty_ 

deterioration such as overiapping ~ecord:i.ng can be .. 

prevented, but al.so it has become possibl.e to 

20 correspond to a dive...-roity of ~eco~ding media. 

In the embodiments as deseribed above, 

' 
description has been maae·about the recording method 

and the recording devi.ee by ut11izi.ng the advantage 
• 

of mul.ti-head nozz1e to the inaxi.nu:im by changing the 

25 arrangements of a ·p1ura1 number o~ ·recording heads. 

In the 1atter haif 0£ the fo11owi:dg.em.bodimentsr 

other than th~ modi.fication examp~es of the above 



- 27 -

1 embodiments, the device, the recording method which 

can." obtain . the. effect~· ··~f "t:he···p~-~~~t:- ~~en ti~~- ~l:rli~ ··.···· ·.·. 
using the ordinary arrangement of et'.P1ural. number of 

'. 

recording heads are to be d-escribect~ The following 

5 embocliments have the merit of aceoD?-pl.ishing miniaturi.;... 

zation of recording hea~ than the :PreVious embodi.ments. 

10 

F.ig. 12 is a side sectionai.v.iew showing the 

principa1 part of the ink jet reeo~ng devj.ce according 
. ' 

to the fourth embodimen1:"o£ the present invention. 

in Fig. 12, descript1on of :the same constitutions 

as in F3.g. l is redundant and hence omitted here. :rn the 

fol.1ow:i.ng, onl.y the characteristie~const1tutions are to 

be described. 

Fig. l.2 has recording head.S 1 to 4 mounted.on 

15 a ca:criage in para11e1 to the seentj.ing di.rect1on as 

shown in Fig. 14. Al.so, to the re<?ording heads 1 to 

4 is connected the control. portion =·shown i.n Fig. l.3. 

Fig. 13 is a bl.ock d.iagram1showing the 

reco:cd.i.ng control. in the i.nk jet recording device 

shown 1n ·Fig. 12. ~n the same Fi.si;tre, SA is the 
' 

caxriage motor for driviilg the car;-iage 5 through a 

carriage driving mechanism such as;be.l.t, pul.1~y, 

etc., and 200 is the head d.r1ver £br generating dis-

charge s~gnais for the respective ~ischarge ports 

25 based on the recordi.ng data suppli~d from the control 

section. 300 is the paper feeding:ar~vi.ng section 

for driving the conveying rol1er 9:~nd t~e belt ll, 

~ ,• .... 
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1 
. . 

and the paper discharge roller pair:16. 

- · · ··· · · - ·: · -·The ·con tror ·sect"iori.""7 shown ~fu : the~-F.i~;~ h~~··· -· ... -. 
CPUlOO wh.ich practices processing aqcording to contro1 

' 
of the device while performing g:iv~g and receiving of 

5 the data between the host device or ;the respective 

sections of the recordina device, ~lOOA which becomes .., . : . 

10 

the work area in processing of CPtrido, and BOMlOOB wld.c:h 

memorizes the processing procedure ~uch as recording 

actuation, etc. as shoWn. in Fig. 14A and Fig. 14B. 

Figs. 14A and 14B are diagr~ for i11ustration 

of the recording method in the emboq~ent sho-wn i.n. Fig. 

12. In Fig. 14A, the recording heads 1 to 4 for dis-

charging respectively the inks of tl:ie respective co1ors 

of R, G, Band K are suppo:cte~- ana'.fixed on the 

15 ca:criage 5 so that the respective rE!eording regions 

by scanning of the carriage 5 may b~come the same. 

l:n the same Figu:ce, the di.schm:ge pcirt arrays 12 to 
. 

15 camiot be seen as they are, but :f;or convenience 

of description,. they a:re shown as p~rspeet+ve from 

20 - _above. 

The recording heads 1 to 4 perform recording 

on a record~~g med~um by di.scharg.ing ink through the 

di.schal:ge ports· i2 to 15 corresponding to the record:i.ng 

signal~ inputted as syµchronized with the movement of 

25 the carriage 5. 

In this embodiment,. printing is performed w.ith 

the discharge port arrays 12 to 15 each divided into 

. ""•:··· ... · :·. 
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1 £our recorQ:i..ag regions.. The four re~ording regions (l.) 

. ( 4) ·.have "the."w::i.dth "'of • .. the .. width···-r.-- ~f~.-~h~-· di~~~~~··;~;;·· - ... ······· 

array equally divided into 4, and constituted so that 

reeording"may be performed onl.y with~one head in each 

5 recording region. "l:he recording reg?-on (1) pe:cfo:cms 

recording with the use of the L/4 width on the paper 

f eecling side of the head 4 of K ink,; the recording 
l 

region (2) with the head 3 of B ink,; the recordj.ng 
: . 

region (3) wi.th the head. 2 Of G ink,:. and the recording 

10 
reg.ion C 4.) with the L/ 4 width on the; paper discharge 

si.de of the head 1 o:f R ink. The re!::ording medium 8 

.i.s recorded in the order of K, B, G,: R 11rhi.1e being 

conveyed for every scanning of the carri.age s with the 

same ~idth of the recording regions ~al.l.y divided by 

the conveying ro11er pair 9 and the ~asorption conveying 
~ :· 

be1t 11. Fig. 14B shows onl.y .the r~ording signal.s 

corresponding to the recording regio~s as described 
. 

above. JU.so, in the portions not co~sponding to 

the :i;:-ecord)_ng regions .. of the respect?--ve heads, 0 is 
; 

inputted as the non-recording signal! .. 
20 

Based on. the above coristi.tuti.on, .in the first 
.. 

scanning, recording is done·cor.resp0nding to.the 

recording siguai K1 (signai correspo~d.ing to L/4.width) 
I 

with the head 4 of K i-nk. Then,· pa~ feeding of L/4 

width is done, and the portion wher~ ·:recording 0£ the 
25 

signa1 Kl is done in the first scann;i.ng proceeds to 

. the recording region { 2) and is rec6.riied. over1appingl..y 

. '":. ......... ... 
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by _the .recording signal Bl. (B component on the same 

l.ine··as·Kl.) ··w-ith-~flie he.ad.··"'3 'a·£··.a hl-~--~·-At the same 

time, recording of the recording signa1 K2 (K com-

ponent of the 1ine subsequent to Kl.) i.s done with the 

head of the recording region (1.). After.the second 

scanning, the recording medi.um,· aft~ pa.per £eed.i.ng 
! . 

of L/4 w.idth, transfers to the.third sc~nni.ng. In 
.. . . 

.... "•• •'"' '"' I ~- • • •• 

the third scanning, recording 0£ io, B2, Gl is practiced 

in the respective recording regions'.sim3.1ar1y. Further, 

:i.n the fourth scanni:ng, recordd.ng o~ K4, B3, G2 , R2 is 

practiced, and on the first 1ine of:therecording 

medi"UIIl is formed a coior image according to the 

recording signal.s of Kl, Bl., Gl, tu. Thus, by carriage 

scanning (col.or recording in respo~e to recording 
' 

signals) and paper feeding of L/4, co1or images are 
15 

20 

25 

successively formed. 

In this embodiment, since the recording region 

is divided into 4, scanning corresponding to 3 ti.mes 

become$ u.ecessa.ry as super£J.uous scanning as compared . 

with the prior art. After compl.eti~n of all scanning, 

the recording medium 8 is discharged out of the machine 

' by the paper discharge ·rol.J.er pai.r ·J.6. The fun.ct.:ion 
; . 

of the paper discharge rol.l.er 16 .is-stabilization 

(aiding of adso.rption conveying bel.t, protection 
' . 

of unnecessary force appl.ied from outside of the 
.. . ......... . : . machine) 0£ the recording med:t..um at' the recordj.ng 

section and discharging of the te~al end. 

This _Sheet Has Been 

1111111111 m1 nr 
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Now, as shown in Fig. 4, Fi!g. 5, depending Oil 
l'' ........................... . . ;".,, .. · ·· .. ··.·- .... ·· ...... · ... · -:.·· .......... . 

the· .~cordi.rig ·~edium, the amount of ink absorbes c.'li.ffers 

great1y. Accord.-ingl.y, it is prefe~ab1e to change the 

· amount of ink discharge according ~o the recorcling 
I 

tlte<iium. This has not been done at jal.J. in the prior art. 

in the present :i.nvention, from thi~ experiment, the 

ratio.of divided use of the rec:ord:in.g heads .is deteZ'ml.ned 

so that the ink amount which can be·:recorded within a . : 

short.time.may become 20 nl./mm2 or :iess in the non­

coated paper and 25 nitmm2 or 1ess ·in the coated paper. 

To describe again, the absc!:cption of ink onto 

paper, as shown in Fig .. 6A may be considered to be 
: 

e££ec:ted in the o:cder of con.tact, collision, dot 

fo.rmation, p~eation, dl:ying. As:shown in Fig .. 4, 

in the case of the non-coated paper, i.n a time of 

0.2 S or shorter, no ink of 11 to i~ r:U..Jmm.
2 or more 

can be absorbed and therefore, i.nk~is diseharged in 

an amount sma11er than th.is range.: Accordingly, in 

the pres£;D.t invention, .such prob1em can be prevented 

that· the ink wil.l. be.overfl.owed anq.. as sho"V.--n in Fi.g. 
20 

6B 1 the ove~fiowed ink is attracted to the adjacent 

ink which has .reached previous1y onto the paper, 

whereby bl.ottio.g occurs ·at the · boutide-ry portion. . I 

:rn shortr in the present eriibodi.ment, since 

head scanning is perfo:rmed successive1y with the 
25 .. 

·recording .regions for the .respective he~ds being 

.adequatel.y separated depending on t.he recording 

~ .~ .. •... . . · ..... ' 
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medium in one scanning .. b1ottiiig at; the boWJ.dary 
. - ... ·· .. -· . . . . . .. . . ·-· ..... •.····: ...... -~ .· •: ...... ·.: ... ·.;. .. -.·-. .. .. .. ·.· . . ... ~ .. · ... 

portion as· shown in Fig. 7 can be i;educed to great 

extent .. 

For verifyi..ng the effect of this embodiment .. 

the recording test was perfoz:med urfder the conditions 

shown bel.ow and·consequentl.y good recorded .images 1itt1e 

bl.ott:ing at the boundary portion ct:?Ul.d be obtained. :r.n 

contrast. when recording was perfonued simu.1taneous1y 

with the a:crangeme~t of heads being constituted so 

that the respective head recording:regions were over­

J.apped with each other as in the iDk jet recording 

device in the prior art • .images which.were entire1y 

practical.l.y usel.ess were obtained.: 

To describe in deta.ilr thi~ embodiment can 

perform recording of 7 col.ors by use of 4 col.ors of 

R. G. B. Kr and recording was perf~rined on a· recording 

medium. of A4 size at a recording d~nsi.ty of 360 DPI .... 

and a driving frequency of 5 .. 4,lcHz'.. For _this recording 

medium. a two-f ol.d paper on which ;the diameter of the 

ink droplet emitted is expanded·t~.2-fo1d is used. 

In this case, because the:record.1.ng density 

is 360 DPI, the picture e1ement s~ze becomes 70.56 µm 

square. and the dot diameter embedding the picture 

e1ement as a whol.e.becomes 100 µ~~ According1y, the 

d.rop1et diameter emitted onto thei2-fold paper becomes 

50pm .. namely its vol.ume becomes 65.S pl.. 

' When recording is performed under such condit1ons, 
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13.2 nJ./mm., and the pl.ane density qf two col.ors (two. 

discharges) becomes 26.3 nl./mm.2 , an~ when two colo~ 

are over.I.apped. or adjoined at the same time as shown 

in Fig. 5, the image becomes bad. 

Aiso,.as i.n the constituti.o~ o:f the pl':5.or art 

shown in Figs. l5A and lSB, when rebording is performed 
. . . .. 

without dividing the recording ·reg:i.on so that paper 

feed;n,g may be perfo:aned-per.evecy cao:iage scanning 

for 4 times, because the recordi.rig'.medi:µm 8 contacts . . . 

the paper discharge rol.l.er paj.r 16 immediately after 
• 

ink emission of the fourth coior, i.inage disturbance 

will occur by the contact onto the paper discharge . . 

roll.er. For this reason, as shown ~Y the broken 1ine 

.i.n Fig. 12, it becomes necessa;cy to constitute the 
.. 

paper discharge roller pair with the width L of the 

discharge port array or l..onger.ap~ from the recording 

section, whereby the device becomes enl.arged and al.so . . . . 
.· 

the aiding.effect for the conveying.be1t ll (stabi-
. ! . 

1ization of the recording medium) fs a1so 1owered 

to make _i.t necessary to expand:. the :opposed distance 

between.the head and the record:lng'medium, resulti.ng 

in deteriorati.on of the shooting p:i:ec~$ion 0£ ink~· 

In contrast~ si-nce this enib~di.ment is a con­

st~tution such that the recording ~edium: reaches the 

paper discharge ro11er·after scanning for 3 times on . . 

completion of ail recording of the: f1rst portion, the 
~~~~~~~~~~-
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. 1 . .~g~ . fix;i:n:g . i;;> .. ~t~l?.ili~~ . ~~ing th:ls peri.od and no .... . . . -.............. ·.· ....... : ....... ·_ ....... ·· ........... ··· 

5 

10 

15 

image disturbance will. occur. 

Alsor for ex~l.er in the c:;:e.se of recording 
' 

on1y of K ink, recording may be perlorrned Ui the whol.e 

head regionr and paper feeding may~be-done with L widthr 

whereby the ··recording speed can be: made g.reater in the 

case of .mono-col.or recording. 

·In the· case whe.nthe recording med.iwu i.s a 

tra.nsparent.£il.m fo:aned of PET or ;eET coated wi.th an 

Water absorptive materia1, _the present embodiment i.s 

al.so effective. 

A1so, the present embodim~t i.s effective for 

obtaining recordlltg of lrlgher imas;ie_qu.al.i.ty even in 
' 

the case of a recording medium having ink absorptivity 

such as the coated paper. 

Further, even iD. the case:of performing mono-

color recording with one mul.ti-no~zl.e headr there i.~ 

' 
the effect in making the image qual.ity higher simil.arl.y 

as in th~ present embodiment. Th?t is .. by use of a 

head with discharge amount set srn~ll. so that the sa.-ne 
20 

picture eiement may be formed with two ink dropl.ets, 

·by recording·ink of the same coior with divided nozz1es~ 
: . 

the image deterioration· by connedt;ion of the i.nk in the 

..• · ...... ·· .• :' ·---·· ··:= •• 

nozz1e array direction can be reduced. Thus, the eni.issi.on 

of ink of the same col.or_ divided· ieach into 6. 6 n1/.tmri2 , 
25 

with the droplet voiume being rna~e about ha1f under 

the same conditions as in the present embodiment, further 

This Sheet Has Been Replaced 

11111~ MIMI /Ill 111111 
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the discharge amount ~ei.ng made the: same as in the 

present embodiment, by emission of ~ of the same 
i. 

• co1or in doub1e amount without b1ot~ing, high density 

·recording becom~s p0ssibl.e. ·' 

~ig. 16 is a perspective v~w showing the fifth . 
embodiment of the present inventioO:,.and this embodiment 

has a constitution of recording head$ corresponding to 

recording of fUJ.l.. col.or. · That i.s, =:tt has · recording heads 

lA, 2A, 3A and 4A co:x::responding to '.~he respective co1ors 

or yellow {Y), magenta (M). b1ack (K) and cyan· (C). 
. . 

Each of these recording heads has 128 discharge 

ports arrayed in the sub-scanning direct.ion. Al.so, it 

is a recoi;a.,.ing head of the ca-rtrid~e type which constitutes 

integrally the ink tanks of the respective col.ors, and 

therefore when there is no more ink, the whol.e recording 

head is excbanged wi.th another.cartridge. 

When hi.gh.reso1utionreco~.ing is performed as 

in this epi.bodiment~ the positiona1;preeis:i.on between the 
' 

heads is required to be higher, and: by exchange of the 

head with 4 coiors integrated as ill the head of this 
' . 

embodiment, it becomes possib1e to effect strict 

reg:i.stra.tion during ship~ent, and even .in a.device 

of the head exchange system,· high iinage qual.ity 

recording extracting ful.1y the per!form~nee o.f the 

head i.s rendered possibl.e. 

· .. - - ...... 
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1 Figs. 17A and l7B are conceptional. views showing 
the' ~ec~~~g--m~th~d· b~· ~he ~~o;~;~~-, ~e~~-~~~~~- ,~---~~-~-- .. ·~~--,···-~·· .... ··.·.·. 

which are simi1ar to Figs. l4Aand ~4B, respective1y. 

This embodiment shows the c6nstitution in which 

5 reqordin.g at a recording density of'.600 DPl: j_s performed 

. 10 

' I 
on a 2-fol.d paper. Thus, since the:reeording density .if 

' 
600 DP.I:, the pi.cture element size 4.2.33 _p.m :is determined, 

I 

and simil.arl.y as describect above, tf!e dropl.et diamter· 

become 30 ,.mU and its vol.ume 14 •. 2 pl.~· 

As the result, the plane dehsity when 1110no-color, 

2 colors, 3 colors and 4 co1ors.are1·emitted over1apping1y 

or adjoiningl.y become respectiveiy·i.9n1/mm2, 15.8 n1Jmm2 

23 .. 7 n1./rori2 and 31. 6 nl./ranil. Aga:i_tj, as is apparent from 
i 

Fig. 5, the pe:rmissibl.e range wher~ no bl.otting or ink 

15 occurs in this embodiment: is up to'.2 col.ors. 

Accordingly, as shown in· F~g. 17A, it becomes 
' possibie that the recording heads ¢orresponding to 2 co1ors 
'. 

make the recording regions the .same. 'Xhat is, the 

recording.heads 21l and 4A of Mink: and c ink have the same 
: : 

20 ~ecording regions as the recordinglheads lA and 3A of Y 

ink and K ink, respectively, and rkcording 0£ A3 size is 

~erformed _b_y S<?anl_ling £:qr 153 times in~. the data mode as .... ·· ~-·~ · 

·sho~-n in Fig. 1 7B. 

Fig. 18.is a perspective view of an ink jet 

25 recording. device which can mount ~J.?.e recording heads ~hown 

in Fig. 16 and Fig. 17, and the carriage 5 is engaged 

s1j_dabJ.y wi.th a pai.r of guide sha~ts, and makes scanning 

tt1iii1i1iUf 
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1 Of the.recording regions with ·the recording heads lA, 2A, .... ··.·: .. ;.•,11•·-········~··.·.•····--- ........... ·.-:1.'.!·.···,.; .. · ........ · ... ·~.- ..... ~ ....... , ... '!. .......... --.... • ... ,.·, ............ : .. 
•,; .... a . .;.• .. • •• ...... 

3A, 4A possibl.e by dri.ving of the carriage motor SA. 

Thus, the number of the rec?rding regions divided 

can be set as desired, and this setting is done by 

5 varying the paper feeding amount an!=t the recording signal. 

suppiied to the recording heads in ~he controi constitution 

shown in· Fig - · i3 _ · · By ·doing so, th~ method can correspond 

to recording media inferior in ink:absorption character­

istic. such as plain paper.or transparent paper for OHP, 
' 10 whereby recording med.i.a can be div~rsified6 

Among plain papers, some are al.so poor in co1or . 

formabi1ity of ink, and it may be sometimes necessary to 

increase the density, part1cular1y in the case of record-

' ing with a mono-col.or ink- In this case, for example. 

15 the discharge ports of the recordi~g head of K ink are 

20 

divided into two, and the same reciordi.ng as in the 

constitution sho~"Il in Fig. 17A :is· :practices_ The 
i 

recol:'ding.signal.s at this time are·shown bel.ow .. 

Head scanning· ·1 2 3 150 151 152 153 

K( 2) region 0 

K(1) region _· ~l R~ K3 • - - • - • K150 I\!>I K152 0 

·According to ·this embodi.mknt .. · · i.t becomes po.ssib1t:i · 

to diversify the record.ing rnedi:a. '.t,y diversifying of the 

recording mode. Al.so, al.though .image deterioration 

25 through the difference in shooting precision .. discharged 

amount, etc- existing between the discharge ports is 

i.n.tensi£ied by over1apping recor~ing with the same ports, 

... ; ... 
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THIS SHEET HAS BEEN 
---.:.:R::::EP~LACED 

l it will not be intensified in overiapping recording by use 
.••• -·r •··.. .. .......... · •. ,. ..... ••· .... , ... ·. • .• .. · •: ·.· .·•• .: .• .......... · ....... ·~ !.,: : •;'· .• • •• ·.:.· ............ • ~ ,, •• ~ ., .•••• • • ...... .,. • . 

of divided discharge ports, but alleviated in most cases. 

Fig. 19 is a conceptional vxew of the recording 

·method according to the seventh embodiment of the present 

. ..... _,,._ ,. .... : . ...: ........ 

5 inventi.on. 

~his embodiment·has a constitution tekan in the 

case of iow recording density, anG tn this case, because 

the ink density.of mono-color bec~m~s higher. the 
i 

possibil.ity of bl.otting between the' _scanning J.ines becomes 

10 higher.· 

15 

20 

The recording med.1um to be used in this embodiment 

i.s a film for t:r:ansmi.ssion type OH~, and in this case. 

since the projected light transmits the transparent film 

only once, and therefore absorptio~ with the dye becomes 

smal.l.er, whereby contrast of the pi:-~jected i.mage can be 

obtained with difficulty. For this reason, a thick ink 

receptive J.ayer (opaque) is provid~d on a fil.m such a$ PET~ 

etc., whereby ink absorptivity can~be improved, anG 
---
therefore.. by perfol:IIling recording with 4 d~vided recording 
- . ·: 

regions 1 record~ig of high density without blotting 

becomes possib1e. 

For recording in this embodim.ent 1 . inks 0£. :two.... ..· .. ·. 

CQ1ors of R and K were employedr and two heads having 50 

discharge ports were arrayed in t*e scanning di.J:"ectiori.. 
; 

Recording.of A4 size was performe~· at a recording density 

300 DPI and a drivirig frequency_oif. 4kHz. 

As the resu1t, the picture eiemerit si~e became 
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1 84.67 ..um square, the picture element ·dot diameter 120 nm. 
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· the droplet diameter 60 run~ the dropl.et vol.ume 113 pir 

the mono-col.or ink plane density 15 .. 8 n1/~r and two-col.or 

ink plane density 31.6 ni/r:rail. 

The recording signals in the recording method. 

shown in· Fig. 19 ··are shown iii. the- foiiowing Ta.b1e. 

· Head scanning J. 2 · 3::. 4 s i .6 7 s 9 

K(4) region o o o o o.·o o o o 

K{3) region 0 0 Kl K2 K3 "K4 KS K6 K7 

K(2) region 

K(l) region 

K(4) region 

K{3) region 

K(2) region 

K(l) region 

0 0 0 0 0 0 0 0 0 

Kl K2 K3 K4 KS K6 K7 KS K9 

0 0 0 Rl R2 R3 R4 RS R6 

0 0 0 0 o: 0 0 0 0 

a Rl R2 R3 R4 RS R6 R7 R8 

0 0 0 0 o:. 0 0 0 0 

.. -

... -

... -

As described above, when oV:erl.apping recording.­

is· performed with inks of piura.l.. col.ors, the emission 

amount of:inks wiii become very high in density. and 
' 

therefore in the system as in· the prior art wherein 

.recording-of the next line is cornmenced with paper feeding 

·per every .. completion of scanning ·for plural.· ·tintes; ···the 

.difference ·.in ink receptive amount; bet~een the . i ines . 

becomes greater. As the result, image deter1oration 

(density nonuniforroity) of the.joint which may be 

considered to be caused LO the change in absorption 

phenomenon of ink of ·.the next ·iine is 1.iabl.e to be 

. . ... .- . . ' ... ~ 
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I generated at the boundary portion be~een scanning lilies, 
•• • •.•• ,, '!' • • - • • ..... ~. • • .. • ... • - • t .. ·-...... - •• •, •• • • • .. ~ ••••• ,.. • .... - • • ........ • .: • • • • ..... • • ... • • ... • . "; .• • ••• 

whereby blotting of the previous 1ic.'e toward the paper 

feeding direction is great• 
' 

In contrasts., in the seventh embodiment as 

5 described above, since the ink .rece~tive amount changes 
·:. 

gradua1l.y per every l.ine, such troub.l.e becomes 1i tt1e. 

Also, as .the problem oaused:by increase of :ink 

amount, there may sometimes occur ~~ing phenOirtenon of 

paper due to swelling~. stretch:Lng a~~ shrinkage by ink 

10. reception of the paper, but in the present embodiment, 

since·the region which has become to· have the maxi.mum ink . ., . . 
density within the same tiJ'ne has be~ome smaller as 

compared with the prior art examp1e: as described above, 

there is also the effect that waving· 1s suppressed. · 

lS Accordingly, it is not necessacy to' .'expand speci.a11y the 

-interval between the head and the ~ecording mediu.1", whereby 

shooting precision is more excel.1etit than the prior art 

20 

25 

exampie to improve image qual.ity. 

As is apparent _from the ab~ve des~r:iption, 

according to thep1ural nwnberof recording heads, 
: 

recorai-ng medium is ¢onveyed with only the width 0£ the 

recording divided in.· every ·one sca.an.ing ,· · and recording· 
•· 

..•. - . ~ . 

is performed oniy with the predetetmined discharge ports 
: 

corresponding to the recording reg$.ons .in response to 

such conveyance. 

As, the resuit. as compared with separate recording 
: 

for the respective colors with th~ whoie head width 

. -·~ . ..... . ,-' .. 
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~i tho~t, .4i vi.sion ... o.f ... the ,recording. region,. :·the ·ink ·emission 

region or one scanning can be made narrower substantialiy 

without increasing·· the scanni.ng time.~, and therefore .. 
· cockling which is t:he waving phenom~on of recording 

5 medium can be made 11.ttle. A1so, s;.?c0: the. paper 

discharge portion can be made short~~, miniaturization 
' 

·of the main body has been rendered poss-ible .. 

Further, as compared with ~er1appi.ng record.in,g of 

the recording region over the whol.e;head w:idth, the width' 
' 

10 of the region reaching the maximWn ~ensi ty at the same· 

time can be made narrower substant~lly without· increasing 

the scanning times, and therefore c9ckl.3=ng can 'be made 
: .. 

little, arid also the difference in ink receiving abiiity 

during emission between the scanning' 1ines can be made 

15 little, whereby the density uniform:Lty at the line 

boundary portion has becowe better.: A1so, since · 
'. ; 

over1apping emissions are done through :separate discharge 

p_orts, the _density irregul.arity duet to the difference in 

discharge.port precision is al1eviated. Al.so, in 

2o performing overiappi.ng recording, ~he recording.time can 

be reduced, and otherwise the join~ between the images can 
.. . .... . ~ .. -· ..... ~ . •• • . . .i .• •. .. .. :.' .. · ... 

be made better. 
' . 

Furtherr in addition, a de~irab1e 
.. 

diversity of recor~ng -can 'be provided to users. whereby 

25 i.t has become possi'bl.e l:o perform :sood recordi.ng on a 

diversity of recording media. 

·····;·. 

.. ·.,.'II.". : ..... 
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1 Fig- 20 shows the basic schematic Y:~~~ .. Q.f .. -~~e ... · ..... . 
' • • . • • • • • • • ": "• ·• ~ • • ~ • • •• • • • • • I ~· •" ••I • • • • 

device for obtaining the optimum re~ording speed 

improvement ratio after having obtained higher density 
.. 

or higher image qu.a1ity by partia1 use of the respe~tive 

5 heads of the present invention .. 

400 is a means for detecting automatica11y or 
' 

.... ·. manua11y the materia1 of tbe.recordi.b.g medium (difference . . : 

.in materia1s, iiicl.uding paper or re~in sheet or converted 
.. 

paper, seniiconverted paper .. those wi.th great i.nk absorption 

iO amount., plain paper A., B., C: se~ Fig:. 21), and as the· 

automatic discrimination., various. 1tPown discrimination 

methods such as light transmission,'attachment of different 

mark$ according to the respective materia1s and 

~discrimination thereof .. etc. can be uti1ized. SOO is a 
~ 

15 means for deteJ:lilining the nuiuber £or the tota1 rtumber 

Mof the.d:tscharge ports of each re¢ording head, and in 

this embodiment, the divided ratio .,:i. of the _total. number. 

' M is determined in the present embo~ent. Speeifica11y, ·: .. 

' the means~ 500 has detennined which one of the groups· Gl .. ·· 

20 to. GS { Gl. to G8 are groups each ha.J.i:ng 8 discharge ports) 

suited for·recording of the·recorciipg 

••• :· ........ 1,.· .... 

·· ~eads i,·· 2, 3; 4 'su:it:able ··for ·the ·niateriaJ. .,o.f the .... -·· .. ~. . .. ~- ..... . -:- .. :. .. ·~ .. 

record.:tng material should be used •.. According to the 

specific exampie of the present em~odiinent., aiso by 

· 25 :c:eferring to Fig. 2lr the ink. abso~tion amount is 1.arge. 

to the extent ~hi.ch requires no divided uses for 

converted paper.with.Iarge ink absd~tion amount, 
: -
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I and therefore no divided ar±vi~g may be practiced,. but 
···- •• • • - ... 'lo :. - ·-.•· ~ :. ••• •• .. ..... ':"• • .,,.__ ·:·.. •• ... • • .......... ·'' ·- : ·~. ·-: ••••• •• .......... - ... .. • ·•· .• •• ................... .:. ·.... .. ...... ·:.. 

recording speed wiii be thereby lo~red- For this reasonr 

for uti1izing the effect of the present invention,. n may 
·- : 

be preferably 2 or more- . For the ratio n, with the· 
. . 

5 discrimin.at~on resuit of semi-convefted paper, p1ain paper 

. A. n=2 is employed. and recording of. the embodiment 

shown in Figs. · l. 7A, 178 ·as · de5c.ribeid above is practiced-... 
On.the other handr with the diserWnation resuJ.t of pl.ain 

paper Br· n=4 is :empi~yed,. and recor~ng·o£ the embodiment 

10 shown in Fig. 19 is practiced. Furlher,. for plain paper 

C or OHP sheet, n=S i~ empJ.oyed,. .an~ group G'.!- units with · 

one scanning width of discharge por,ts 8 are practi.ced 
; 

as in the above~mentioned embodimen~. 

600 is a recording head dr~Ving means, and the 
; 

IS recording signal. imparting regions ~h ~ch are the discharge 

ports to be used for the recording;heads l, 21 3, 4 are. 

detel:lllined and driven on the basis ;of the ratio n 

·' ' determi.p.ed by t:he above,--mentioned determining means 500 .. 

700 is i;!·recording medium conveying.means, and for the 

·20 · printable regions x at .a.J.l,. the dis~harge ports of the 

recording head, the conveying amou~·t x/n of one scanni.ng 
. . . 

unit ·l.S.··dete_'t"tlliried ori. the basic of. the .. ratio .n determined ... , · .. · ....•..... 
: ·, 

. by the determining tneans 500, ·and the pitch with respect 

to the recording mediUm. conveying directi.on which .is the 

· .. 25 · sub,:-scanning in the recording mode· determined is 

continued to be deiiyered each by ~/n. 

With the constitution shown in Fig. 20, 

·= 

11i11ii1~r 
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I 

1 regardJ.ess of the kind of the recor4,ing medium .. ink jet 
. . . ..... . . .. . ... ..... .. . .•. . . ... ' ... .. ...... .... .. - ...... : . . . . ...::. .. · ...... ·.•• :· . .. - .. . .. .... . .. ... ..... ·. .... .. .... ·· ... 

·recording of good quaJ.ity and high ~peed can be sureJ.y 

performed. 

Fig. 21 shows the disp1ay pcinel. 800 by which the 

5 operator dete:cmines the division ratio n for conveying 

the abovemen tioned recording.· heads borrespond5,.ng to the 

recording medium to be empl.oyed. &01 is the key fo~ 
' 

converted paper, .and by turning on .the key .. the recording 

mode described in Fig. 21 is set. ~imil.ar1y .. 802 is the 

10 key for semi-converted paper, .. p1ai.n'. paper A.,, 803 the key· 

' for pl.ain paper B, and 804 the key for pJ.ain paper C or 
' sheet for OHP. 805 disp1ays the total. discharge port 

number M of the recording head, and; in this embodiment 

represents 64. 806· di.splays during_ print or the print 

15 switch of ope.ration. 

Even if the constitut1on ll'la:Y be made as shown 

in the operational pane1 of Fig. 21: in which the operator 
' 

can simply deteJ:mine · and empl.oy th~ ·recording mode of · 
. : 

the present invention, the effects Qf the present invention 

. 20 can be. fu1ly obtai.ned. The .all. disjcharge port util.ization 

mode Of· the key 801 is not required in practice as a· 

~tter .of ... co~se, but .may .. be ,a1so provided for practicing . ., ..... ····:--· .. ,., 

various. kinds of recording s~stems~ 

The numericai values in th~·forego~ng embodiments 

25 are not. of course limiting conditi~ns for the present. 

' :tnvention, and the p~ecision of th~ present invention 
' is enough even if the number of d.i~charge ports to be 

·' 
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1 used may be deteJ:lnined without dete.µnination of the ratio 

.. of th~~ t~tai . ~~b~~·-of. d~s-~h~g~-- p~kt~· .. ., . . . .. -····· ......... · 

The present invent.ion bring~. about excell.ent 

-effects part:icu1ar1y in recording h~ds, recording devices 

5 of the bubb1e jet system- among the ~ jet recording 

systems. 

Its.representative·consti~tions and prineip1es 

' shoul.d be preferabl.y tho·se by use O,£ the basic p·rinc·i.pl.e· 
. . ! 

. . • ·= 

disclosed in U.S. Pa.tents 4723129 and 4740796- This 

10 system is appl.icable to either of th~ so cal1ed on-demand 
.. 

type and continuous type, but parti.cu1arl.y in the case 
. 

of the on-demand. t:ype, it i.s effective, because by 

app1ying at least one driving s.ig~1 which gives abrupt 

temperature elevation exceeding nu6iear-boi1ing to the 

. 15 e1ectrothennal. transducers ar.range~. corresponding to 

the sheets or 1iquid passages on w~ch liquid (i.nk) ·i.s 

he1d, heat energy can be generatea;i.n the e1ectrother.ma,l . 
: . ·, 

transducers to effect fi1m,boi1ing:on the heat-acting 

surface o~ the recordi.ng head, and:consequent1y.form 

20 bubbles wi. t.hin the l.iquid . { ;nk.) co~responding· one by_ 

one to the driving signal.. Even .i~ the 1iqu.id (ink} 

·····. 

.may _be -~:;_scharged tlµ:'OugJ+_. 9P6P:ing .~o-r;. disc;:harge. by .... ·.···~ .. -.. .. ,, .... , .... , .. 

gro1iit'th, shrinkage.of the bu'bbl.es, ht l.east one dropl.et 

wil.l. be formed .. By making the dri:~ .. d .. ng =signal. shaped 

25 in pulse .. instantly .growth and s~~nkage of the bubble·.· 

are effected a~equateiy, wheJ:eby. discharge of 1iquid 

{ink)"particuiarl.y exc~iient in response characteristic 
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1 can be more preferably accomplished~· As the pu.l.se-shaped 
• • • ... ~ ...... ,,. ·'·- • •• • •.• ·' ..... ·~· ••••• • •••• • ••• _ ............ ""!' ··~:··· 

..... - ~ .. -~ ....... ~- •' . . ....... : . . . · ..... :.. .. 

driving signal, those as described in U.S. Patents 

4463359 and 4345262. are suitab1e. Further recording 

can be performed by emp1o:yment of the conditions disciosed 

5 in U.S. Patent 4313124 concemi.ng th,e temperature 

e.l.evation ratio .of the above-inentioned heat-acting . 
:;;;urface •. 

As the constitution of· the recording h_ead. in· 

addition to the combined. constitution of discharge port, . . .. 
10 l.iquid passage,· electreitherma,1 trarlsducer as disclosed 

in the respective specifi.cations a:~ mentioned above 

(.linear liquid passage orright a.ng1e liquid passage), . . 
the constitut~ons by us_e Of U.S. P~tents 4558333 and 

4459600 discl.osing the constitution·in whi.ch the heat-
. ~ 

15 acting portion.is arranged in a f2~xed region are also 

included within the pres~nt invent~on. In addition, 

. 20 

the present invention is ·aiso.effective even if the 

constitution may be made one based "on the constitution 

disclosed- in Ja.pan~se Laid-Open Patent Appl.icati.on 

No. 59-123670 which discl..oses the constitution comor~sina . . . - -
a s1it common to·a plural. n\lIDber of electrothe:r:mal. 

transdu9e:r;s· .as _tl;le .. di:s~h~ge port.ib:1J, of. the el.ectrothermal. .. ··· · ... · ., · 

transducers or the constitu:tio_n Japi=tnese Laid-Open 

Patent Application No. 59...;;138461 which discloses ·the . . . : 

.25 oonstitution-eomprising _opening fo:r; ·absorbing the 

pressure wave of heat energy cor=!="~spondi.ng to the. 

discharge portion. 

This Sheet Has Been Replaced. 

' 1111111· 11111111111111111 
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.. 
l In addition, the present inyention is aiso 

. . •.. • ·.• . .• . .. ... · •.•. \ ........ : ••.• .. • ·i .• t ·- .......... _.~ .. . 

effective for the case of using a r~coJ::ding head of the 

free1y exchangeable chip type which·'. eriabl.es eleetrica1 . 
connection to the main device or fe~ding of ink from 

5 the _maiu 0.evi-ce by_ mount.:i.J:ig onto th~ .mai:n deViee. or 

a recording head of the cartridge tYX>e integral.l.y 

provided on the recording head, itse~f • 

. llso, addition of r~s:torati~n mea.n'.s, prelimic.al:y 
; 

aiding means, etc. to ·the recording~bead is provided . . . . 

10 as the.constitut~on of the ree0~ding device~ the 

present invention is p:refe:cabl.e, be<?ausethe effects 
. . . . . . 

of the present ±nvention can be further stabilized. 
. . 

Specific exampl.es of such means may_incl.ude, for recording 
. .. ·: I 

heads, capping means; c1eard.ng means, pressurize.ti.on 

IS or suction means, pre.l.im.inacy ·hea.t~g means such as 

el.ectrot:hern:iaJ. transducer or heating eiement separate 
. . . . .. 

from this or combi.nation of these, and it is al.so 

effective for performii:tg stabie recording to practice 
. . 

a preliminary discharge mode :.which performs discharging 

20 separatel.y from :r;eeording. . . 

' 
Further, a~ the" reco;rding mode 0£ the recording 

deyi~e_,. n~:t. onl.y _:the· .~ecord~g ·mode'. onl.y ·of the ·'main · ·· ~ ., · ~ ·· 

col.or such as bl:ack,. _etc., .but al.so· the. recording· head , · 

can be constituted int~gra1l.y or according to a 

25 combination of p1ura1· number,·· and the present invention. 

is extremel.y effe_ctive aiso fo:r a d~vi.ce _equipped with· 

at 1east one of comp1ex cQ~ors ~ith;different colors 

ii1i1iiifif 
i. 

•. •.!' ....... .. 

~ ·-: -...... .. .. ....... · .: .. . .. " 
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1 or ful.1. co1ors by coior mixi.ng. 
.. · •. - •. • . • ...... ·.... .. . . . ... '" .. ,,. · .... ·. ·. ... .. ':"·• . : ....... :l 

The present iQvent~on ea.n sd1ve adequately the. 

...... ... -"' ........ . .. . .~ .... ··. •. .. . . 

various prob1ems f~und oy the present inventors according 

to the constitution. driving not foUnd in the prior art, 

5 and is an industria11y effective .inY;ent1on. · 

10 

. . 
An ink jet recording device comprises a carriage 

having a plural n-umber of irik jet :r::ecording heads each 
. ' 

- having a pl.ural. number of discharge~ ports mounted 

thereon, a means for giv.ing recordfug ink signaJ.s to 

the i.nk discharge energy generating; e-J.ements corresponding 

to·au or a part of the respective pl.ura.l number of 
' 

discharge ports of the pl.ural nmnbe!r of discharge 

.heads. and a control. means .. which increases the number 

15 
of recoJ:ding heads to be used during record.irig of the 

recordab1e region formed by the totai sum of a11 the 

discharge regions of the p1ural numi;>er of recording . 

I ~· .. • ''"I''•. • • • • '• o o 

heads fj;om initiation of ·reco:i:ding onto a recording 

m.ed,i~. : :r:ed.uc;ng the o.un:iber of reco~ding heads to be 

20 
"used during· r_ecording of :the recordab1e region in the 

recordi.ng eom_pl.etion reg:Lon_ofthe ~ecording mediu.tn., 

and has .one scan:o.i.l_;tg ~th .. to .be recorded ·by scannin~(' 
.. • . • •. .. .. • ........ ·••• •• ~ • ~ • •• · '• .... '!: • 

1. • • • • .. ... ~ • • • . • .. • • ''I • • 

by the recording head during record~g.as the feeding 

pi.tch of i:.he record.i.ng medium. 
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CLA_:IMS: 
... . . .................... . -· ·-· ......... -· ·- ... · .......... · ........ . 

: 
............ 

1. An ink jet recording dev~~e comprising: 

a carriage having e. pl.urai nthnber of i.nk jet 
.. 

... ······· ......... :··· 

recording heads each hav.i.nga plura~ number of discharge 

5 ports mounted thereon; 

10 

a means for giving recording: ink: signals to the ink 

discharge energy generating el.ements car.responding to al.1 
. . : ·. 

Or a part Of the respecti.ve p1ural. number of_ discharge 

ports of said pJ.urai nUm.be.r _·of .reco~ing heads: and 

' a control. means# which incre~ses the number of 

recording heads_ to 'be used during :C:Eiicording of the 

recordable region f o:cmed by the total sum of al.l. the 

discharge regions of said p1u.ral ntimber of recording heads 

from initiation of r.ecordingonto -~ ·recording_medii.un, 

15 reducing the number of recor~g h~ads to be used 4uring 

20 

. . 
recording of said recordabl.e reg.i.o~· · i.n the recording 

compl.et~on region of the recording;mediu~, and has one 

scanning width to be recorded. ·by s~anning by the reco_;:-d.ing 

head during recording as the· feed~g.p~tch of the reeordin~ 
~ .· ... ~ ., : ·.~· 

medium. 

, . 
_"J 

~. . . . .. 

.· .. · .... 2 •..... An .. ink -jet recordl.ng de~~.C:e accor4in·g ·to Cl.aim •······· · A".,.,_ ·.~ ; .. •· 

l, wherein said control. means.has ~·ineans for.determining 

number of the discharge ports.r whi.?h .are a pa:rt of th~ 
: .· . . . 

25 . respective plura,1. number of discha~ge ports of said pl_ural. 
•. 

number of recording heads·~· depend.i~g on the material. of the 

recording medium. 
; .. 

11im~r ' .. 

r 
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l 3 • An i.nk jet recording device accordi.ng to C1aim 

·· ··· 1·; wher~in said ··ink: .. di~-cb.~g.~ ·energy_· ~-~~;ati~~- -~i~e~t .. j_~· 

s 

' 
an electrothermal transducer of thepnai energy generating 

·eiement which causes ~il.m boiiing ih ink to occur. 

4. An ink jet recording device· which has a plural 

numb.er of recording heads having d~scharge ports fo~ 

discharging ink arrayed thereon., az;d perfo.rms recording of -­

images by discharging :il:lk through ~a:id disc~a.rge ports 

10 accompanied with the sca.~ning moveaient of said piural 

number of recordi.ng heads, 

characterized in that said ~evice has a first 
; 

recording head and a second recording head provided 

adjacent to the upstream side and 4ownstream side 

15 relativel.y with respect to ·the conyeying direction of the 

record:ing medj_um, and arranged in the pos:itiona1 

relationship with the respective discharge ports not 

overlapping each other i.n the upstream ~id.de region and the 

downstre~ :Si.de regionr and a r_E!co:C:ding mode which performs 
~ .. . ..... 

recording so that at J.east- the. :·ilttage of first i.nk droplets . · 
.. 

on ~he recording medium by the £1rst recording head 

·.· ... · 

.:r:e~~~~v~~Y ... ~~-. t.~.e. ~.P.~~~~~a~!t.~~.9-~.--¥.d_ ... ~h.e, ~~?-$~. gf. t.!?-~- ... ~.~c.o_n~ ... .;; .. ; ··~·-··"·· .. . . . . . . . ~ . . 

ink drop1ets on the recox:-ding · med.i:u.'11 by the second 

"recording head rel.ative!.y ·on the downstream side may be 

25 overl.apped with each other. 
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5. An ink jet recording devi.ce which has a p1u:r:al. 
• • .;,··· • ;._·.. • .- • J "•• I • ·"• ;,.'., .. • • o • ·""• • •:• ...... '• .·• • o • ·~ • - • • • .. 

number of recording head~ having di~charge ports for 

discharging ink arranged thereon, a.P.d performs recording of 

. images oy discharging ink through s~id discharge ports 

! . accompanied with the scanning movement of said pl.ural. 

number of recording heads, · 

characterized in that each ~f said plura1 number of 

recordi.ng heads and a'f'.: l.eas.t anoth~ of said pl.ural. number 
. . · 

of recording heads are arranged so ithat said discharge 

· 10 · ports arrayed on each 1t1ay not over:i;.ap each other in said 

scanning di.recti.on r. 

and said device is provided!with a paper feeding ......... 

sneans Which performs paper feeding '.with the width 0£ the. 

·recording regions by said scanning. :movement of the 

JS recording heads arranged so as not.to overlap each other, 

and 

a recording signal suppiyi.ng means which supp1ies 

recording signal.s for discha:i;g~ to. the respecti..,1..-e recording 

heads of ·said pl.ural number of rec~rdinq heads 

20 corresponding to the paper feeding~ by said paper feeding. 

means. 

.......... ~ . 

.. 

. ... · "'"' ~ .... , .... · · .... ' ..... . . . 
• ~··· ....... • ~.· :_., ... ·: . .... ... ·· ....... ., .... ,.: .. , .. •. ,. '. •• ..... ,· . ._ •. ··-.r~·· ......... •'•" .... • .. u1.:::. :.0, '._ .,..,,, • o. ••• Ii' • •' •~ •o • • '\ f- .... ; ... , 

6. '1.n ink jet recording d~v~ce accoJ:ding to Claim 1 

or 2, wherein the J;"ecOJ::ding.·regi.o~s by said scanning_. 

25 movement of the recording heads arranged so as not to 
ov.erl.ap each other is -cont~uous to each other. 

. ~. : :- . 
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... 

or 2. ~herein the recording regions=by said scanning 

movement of the recording headis arr~nged so as not to 

overlap each other have an iQterval.~of the width of said 
: .. . . 

5 recording regions mu1tip1ied by an integer. 

··· .. 
·! 

·s. An ink. jet recording dev~·ce according to C1ai..."n 

6, wherein the dischar~e ports ar.r~ged on each of sai,d 

plura1 number of reco~ding"heads a~e a piural number .of 
... 

10 discharge ports arranged in the sub~scanning direction • 

. , 
9. An ink jet recordl.ng d.eJ.ice according to Cl.aim 

8 • I wherein each of said oiurai number of recording heads 
. . . - . ,. ·. . 

has an el.ectrothennal. transducer a+.:·the diseharge energy 

15 generati~g el.e.~ent for discharging'.ink • 

. . . , 
........... 

• ... •; .-!· 

. .. ................ · ··.. ... ...... .;· ..... -~· .· . "' .·,,... ~· :.; ... 
... .. ·.¥· "" .. _.. ... . .. ,_, •.. ,. '·'. ~-.. : ....... ~·· .. _-1 -~ .-,~ .. ~'.· .,; ..... 

25 
; . 

. ! 
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l 10- An ink jet recording qevice according to 

Cl.a:iln 4, whe~in. ·s~d··~ee°a:0.d ·!;;.~~o:Cd.i~g·-·h~~~i ·~akes th~.··· ...... . 

second recording region recordab1e=with respect to 

said conveying. direction the same ~cordab1e region and 
: 

5 also the device has further an ·. additiona1 recording 
. . . 

head arranged in saici downstream side region. 

9, · wherein said second record,ing head makes the 
: 

.10 second recording. region recordab1e" with respect to . said 

conveying direction the same recorlia"bie region and 

al.so the device has further an add~t:i.ona1 recording· 

head arranged in said do'wnstream side region .. 
i 

12. An ink jet recording ideVice according to 

Cl.aim 11, where.1..n said first reco¢ing region and -said 

second recording region have th~ same width. 

l.3. An ink je~ recording ; head according to 
i . 

20 Claim 4, . wher~in said f~t. and secorid recording heads 

and additi'ona1 recordi.rig heads, d~:'l>cha.1:ge inks of ~o1ors 
: 

.... ·- ... ·· .. 

different from each other, and said recording mode . . . .• . · - ··~ .. ··- .............. " ..... ···' -~·· ........ ""·· ·--~-,~ .. :".·"'•" --~···- ,;,.•, -: .. ·,····-=·· ....... ·· .-..:.··.~. _,.. ,:, ....... :. ..• '='~··· .•.. • ... ·~·.(,., .... :--;~ .... ~ ............. ··~ ... ~~ .. . 

performs overiapping·r~cording as: the f;ii-st ~ecording 

region with the first .. and additional.. recording heads 

. 25 . after perfonrctng record.in~ 0£ the; second recording 
•· 

r~gion with the second and adQ.i.ti,onal.·recording heads. 
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1 14. An ink jet recording device, which has a 
•' 0 ,. •• • ., '• • '" 0 0 

0 
• ' ". • •• ·~ , • • •' , " ••• 0 • tt": • -. .. I' • ,,°. O I,. • ' ' 

''!'"'"' ........ . 

plural number of recording heaas4' e'.ach constituted by 
! 

arraying a plural number of discharge ports for 

discharging ink in the subscanning 'direction or a 

5 direction different f:i:om the scann:L'ng direction in the 

·scanning direction, and performs re~ording 0£ images by 
'. 

discharging ink through said di.sch*ge ports accompanied 

· wi.th. the scann.tng movement 0£ said. ;_p1ural. number of 

. recor<;ing head~, 

10 .. characterized in that said~device is provided 

with a conveying means Which conve~s the recording 

medium with t.he width of the equaliy di.vided region of 

the_~ecordi.ng region by scanning of.said p1w::al number 

of recording heads p~ every time of said scanning 

15 movement, an~ 

a recording s.igna..l.. suppl.y~g means wh.ich 

suppl.ies recording signa1s to oaly:the discharge ports 

predetermi.ned cor~espondi.ng to said-equaliy divided . 

regions in response to said.conveying by said conveying 

20 · · means·_. 

25 

;.:·-·· ··.······~ ··---· '"15 ::······An ··'1.tik. jet .. reco.rdilig'·~e~ic.e····a:cco·:raing···to· ..... ,_. · · .. ·······-···'" ·'-· .. -=-··· 

C1aim l.4, wherein·. each o.:f sai.~ plural. number of 

· recoz;ding heads has . an el.eci:.rotherlnal. transducer as the 

dj.scharge energy generating_eiement for discharging.ink. 

' I• 

16. A recordi.ri.g method of an ink jet recordi.ng 
. ·. 

device r which has a pl.ural number ; of recordin~g~h~e::a~d~s~,'..------~-

I . ' \11\11\ """ 1111\ lll\1 ll \Ill * C L M S * 
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l each constituted by ~angi.ng a plural number of discha.:r:ge 
' 

• • • . • • "'• ",.. • "' 
0 

• •. "'' • · ,• ,.., , • I • • ·'t •,.. o • I •·"o ,: o ," , :. .• •" • ·'"' • ~ •• ·, • , o, I I - y•' 1 "''"'•"•a" '•"'-,. , , o. o• •,, 

ports for discharging ink in the sub-scanning direction . . . ; 

i 

or a direction different from the ~a:aning direction, 
' 

- arranged in the scanning direction,! ·and per~ol:ms 
' 

·s recording. of :images by di.scharging ;ink . through said 

diseharge·ports accompanied with the sCann.ing movement 

10 

i. 
of.sai.d p1ura1..number.of record.ing'.head.s, . 

eharacteri.zed in that the ~ecording ·medium i..s · 

.conveye(l.with the width of the eqa~11.y.divided region . 
of the recording region by sca.n,ning.of said plural. number 

! 

Of recording heads per every time of said scanning 

movement, ·and i. 

' 

recording signa1s are supp~ied to only the 

discharge ports predeterinined corr~sponding to said 

15 equa1iy divided regions in response to said conveying 

by ·said conveying means·. 

'. 

17_ A recorO..ing method ac~ordi.ng to Cl.aim 16, 

wherein each Of Said ·pi:orai. ntimber; Of recording heads · 

has an eJ.ectrothermaJ.. tl:-ansduce~: .. ak the discharge" 

. energy generating eleme~t for d·is<;:hargi.ng ink •. 
. :· .. . 

• • .· •r, • ... .! • • .. , ·.•• :. • • • • • ...... • • ..... • ~. ·t'• • ·:. '"";• •'" '• ...... ~. '""' "'-' • :_. -~ ,-.,- ,:• .• •"' ... _ • •',.. -~'" :•'"• ..... • ~ .,. ..... , .. •:.•" -~: • :s:~ .. ~ ~ •"•I ... •"'~·'" ••"''~; ·, ~'.. •, • ,.,,.·,r .• : ·, .~ ... ••" r •• "-"• •'-•,..-:'~·-

!8. An ink jet reco~ding device,: which has a 
! . . . 

recording head constii-uted by arr~:ying·a discharge 

25 port for d:ischarging . ink .iD. the. s~b-s~~ing· direction 
' • . . I . 

or a dire(:tion di.:f:ferent·fr0tn the~scanning direction 
·;. 

in the scanning direction, and oerforms· ·recording of - ; .. 
'. 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \\I\ 
* .C L M S 
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images by discharging ink through ~aid discharge port 
.. .. . . ·.... . . .· ...... ·. . . . ...... : .. . .. . . .. . ;• .. : ... · . ....... . , ... ,: .-~ . . . ·. ..... . . ~ .• . . .. ... .... ,, . . ... .. 

accompanied w:i.th the scanning m.oven}-~nt of said pl.uraJ. 

ntll'llber 0£ recording heads, 
: 

characterized in .that said. ;device is provided 

0 .... I':."•,•'•, 

5 w.i.th a ·conveying a:reans · which perfo~:;; conveying the .. 

recording medium with the width of'.theeqaal.J.y div.ided 

10 

15 

! 

reg.ion of the recording region by ~canning of ··said · 

recording.head per every time of :;>a.id scanning r.lov~ent, 
: . . · .. 

and 
: . 
i 

a recording sign~l. :su.ppl.yi..tj.g means·which 
; . 

suppl..i.ed ;i:ecording s:ignal.s to on1y;the discharge ports 

predetexmined co:cresponding to sai.~ equa1J.y divided . 
. . 

regions i.n response to said convey~g by said conveying 
' 

means. 

19. An ink jet, recording deivce accord.i.ng to 

Cl.aim l.8, wherein ea.eh of ~aid. recording head has an : . 
I 

e1e.ctrotherina.l. transducer as the discharge energy .. 

generating e1ement for discharg1ng;ink. 

. . . . .. ... .. .. ·• .... 

' 

' 
.. . •. ·· ........... ·.: ........ • -·~_ ..... _-...;:~~-·.·· ... ·• ... ~ •. :," ;,. .. eJ-: ... · ..... ·. 

••• .•., • "• .... ;.. ...... · ..,.,..,....,._ .•. ~. ,,/.· ... ~··.• ~;~.·~ .. ~ .... · ... ·.·••:"'.J'·: .... \•"'~•"'•.•"• ..... ; .... ••" :..,. ....... '!"•""•1'• ••:• ... ... _., ,.ao •"'"""•" ,o•",..;...,.1 
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