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1 <TITLE OF THE INVENTION

Ink Jet Recording Method and Color Ink Jet Recording

Device’ for Practicing the Same

9 BACKGROUND OF THE INVENTION

' - Field of the Inveniton

This invention relateé to én ink jet recording
method and a color ick jet record:.ng device which are -
..appl:.ed to copymg machz.nes, facs:.m;les printers for

10 image p:ocess:.ng, and other pr:.nte:j:s in general., More
particularliy, it éertains to a sca;ning type ink jet
recording device equ:.pped with & plu.ral number of
recording heads hav1ng a plural nnmber of discharge
ports arrayed in the sub-scanning da.rectlon and to a

15 recording method of said device. |

Related Background Art

In the prior ar'E,- for ihtprgt:veinént of gradation
or density of recérded images, it ias been practiced:to
form a plural number_of picture_eiéme;ts fox férming

29 the image on a recording medium with a plural aumber
of_overiapping ink droplets,-gr-fdr improvement of
adjacent picture elemeﬁt' densitie'é ,' to shoot a
plural number of ink droplets at s high density.

When this is applied to color,_;here is the advantage
.95 that color IEPIOdHClbllluY;Can beﬁ;mpr0ved-
-. _ quther,'in.the'cése when ‘the recording medium

is a tramnsparent film for transmission type OHF (overhead

This Sheet Has Been Repla

[T




o~

-This invention relates to an ink jet recording- nethod and a color I nk jet
vecording device which are applied to copying nmachine :
printers for - i mage processing, and othey printers in
particularly, it pertains to a scanning Type ink jet
‘equi pped with a plural nunber of recording heads having a plural nunber of
di scharge ports arrayed in the sub-scanning direction and to a recording

met hod of Isaigkatpydess) , Retat ¢deBackangungdefblbded thereon is required

to be increased iun- transmission density as a whole, and
alsc in this case. the above systeni_ ':i.s effective. -
In thééé systems, emission of imnk droplets fbr
-8 | emitting a plurality of ink dronlets on one picture
| - element is performed by scann;ng Qf the recording
-head for plural times Whlle the rggordzng medium is
_lfixed as such. Accordingly, scannﬁng.for plurai times
corresponding to higher denszflcatlon or scanning for -

\!
10 plural times corresponding to the lnk colors to be -

mixed is required for the recordiny range per one
séanning in scanning type reqordiﬁé, and no. high
speed recoiding can be practiced. .In other words,
if a high'density image or a coloz.::- dimage i.s formed

15 - for o_n:dj.nary printing, a printing it:ime is required
which is as long as 2-fold to 4—foid of the time
reguired for ordinary printing. .

Accoxrdingly, for the purpose of ma}c:mg fastér
even by little the recording sgeed in order to increase
' 20 -‘the recording range per one 5cann1lng, it is effective |

to enlarge the recording head by f?rmation of a multi-
nozzle, but since it is limited to make the head
le#gthy, the ratio of shortening of the printing
time is little in scanni.ﬁg type ink jet recording. - |

25 ) In contrast, U.S. Patent 4.;, 320,406 disclose_.é
a constitution which miniaturizes the head constitution

itself of a color device by dividing the mozzles

—
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In the prior art, for inprovenent of gradation- or density of recorded
-images, it has been practiced to forma plural number Qf picture el ement s-
for forming the inage on a recording nediumwith a pl Fﬁhs@kﬂgﬁ

overl apping ink droplets, or for inprovedent of adjacent puqyﬂr@Eéigﬁﬂn
"densities, to shoot a plural nunber of ink droplets at a

Wien this is applied to color, there is the adyvantage that col or

ducibi | b Furth h h |
cbording med SHOTERSe PRRESaPEn LR FABYE TPARSHOS AR B (over head

formed into a mmiti-nozzle into four nozzle units

1

(

predetermined for different inks,;but since the

recording speed depends on only ope recording head,

the ink &ischargé raﬁge of one coior is reduced to
great extent, whereby the-advantége of the recording
formed into a mﬁltirnozzle will be lost.

The pﬁesant inventors have investigated abqﬁt
the prior art and found the following problems.

10 | When imége density is enhénced oi color
formation is effected by scaﬁnig for plural times .
continuously for the_recording raége to be recorded.
by one scanning, because the pict;re element is formed

by ink discharge for plural times, the ink amount per

15 one picture element becomes larges, and therefore in
the case of recoraing medium of wﬁich ink receptive

| amount is limited such:as £ile fo% OHP or one having
poor iﬁk absorptivity,'the amount or the rate of :
ink absorptioun is limited, whe:ebf ink may be some4;_

20 . times overflowed from the picturq%element, resulting
in deterioration of the“imégelquaiity.

- Particularly, a plural_nuéﬁer of recording
" heads corresponding to the respecéive.ipks had a
cogstitution a;:anged-in the scanning direction,

25 = and therefore in the case wheﬁidiéferent inks

-_.were'0v¢rlapped; tﬁeremissioﬁfdensity:per unit
;ime became greater, whereby the ébove.problém'
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-2- projector), etc., the image r ecor ded thereon is required to be
increased in transm SS|on density as a whole, and also-in this case the

above systemis effective. In these systens, |eMHISSHERT Mfas ARGN
droplets for : - & - REPLACED

of ink overflow became marked.
. Generxally speaking, recorc:ling papers with
~ increased ink absorption amount hz%\ve been known, arid
- recording is possible only on expéns:‘.ve and specific
S converted papers and oﬁly for Jim::%.ted. recording.

| However, when users employ ‘anothex.paper or sheet,

- ' defective recording may be brough‘f;_: about, and in the
worst case, users sometimes ﬁudgeé'that the recording
head was defe_cfive to. make the recording head useless.

10 anyway, even by use of a multi-nozzle head,
'secause scanning is performed for%plural times by
stopping of pape:r: feed:.ng of the "‘ecord:l.ng medium,
the recording speed cannot be 1owered and also,
when only a recordmg med:.um excellent ink absorp-
15 tivity is used, the disadvantages Of the users by
- limitation of the record:mg will be brough.t abhout,
such as the dz.sadvantage o:E faJ.l:.ng t0 use a a.:x.vers:.ty
of recording media. | |
Further, as f:he problem of fz.xab:.l:.ty, boundary
20 region, the fo]_lowmg facts have been found out, and
it has been found that the cu.ffergnce in recording
characteristics becomes marked when using different
. recording med:l.a.
More Sp&lelCallY, a great difference in ink
25' absoxption ah:.h.ty occurs at the bou.nda*'y portion of

the scanning lipne in overlzpped. recordz.ng, whereby
density irregularity due to nonuniform ink absorption
’ /_—__————4—\ . .
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emtting a plurality of ink droplets on one picture elenent is perforned
by scanning of the recording head for plural tines whi he recording
mediumis fixed as such. Accordingly, scanning for pl fﬁﬂsmnﬁggHA 3
corresponding to higher densification or-stanning for Lplur akep Wb EEN
corresponding to the ink colors to ber mxed is required for e—ecaL (]
range per one scanning in scanning type recording, and no high speed
recording can be practiced. In other words, if a high density inmage or a
col or inagb i s +%r}iable to be generated.

Also, in the constitution which performs
recording for plural times on the same picture
element through the same discharge port, irregﬁ—

5  larity in density and shooting precision between
the discharge ports may be sometimes intensified
to lower the picture element.
- Furtﬁéé, sgﬁce the ink densities changc a#
.the same time over the'Qhole-region‘of the width of
10  the discharge port'(scanning';egion), and therefore
_ étretching and shrinkage of the recording medium
accompanied with ink absorption will occur at the
same time, whereby_FHg change améunt becomes greater;
On the other hand, divided recording is a
15 . system which is to be used for a recording medium
inferior in absorption characteristic, and even
- after the final scanning (ink emission), the
recorded surface canndt be touched before elapse
of a certain tLime. Thérefore, the members such as .
20 - discharge roilers, press rollers, etc. are requiréd
tu be departed from the above-mentioned recording
region by the head width or more, whereby enlargement
.oflthe device or lowering in paper feediné precision
may be brought about.

Further, the pfoblem of st;etching and

25 _

' ~shrinkage of the recording medium as mentioned
. above also occurs in divided recording.
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for ordinary printing, a printing tine is required pwhich is as long as .

2-fold to 4
Accordi ngly
speed, in o

-fold of the time required for ordinaryl PHISSHAEF _
, for the purpose of naking&aster everll S8ERNedor di ng
rder to increase the recording range per one 5 ng. - i § i

effective to enlarge the recording head by formation of a nul ti- nozzle,

but singe it.,l Wy e the head |engthy, the ratio of shortening
of thengringﬁgéuhhgk&§35é§i£§¢ﬁﬂ 8’gcanning type ink jet recording.

In contrast

LN B b

- US PRl 2980 A0 EhEELE5ES 1ntended to provide

an ideal ink jet recording device.which has solved
the problems as described above i% the case of using
a2 plural number of recording-headé equipped with a
plural number of dischaige ports (also called multi-
nozzle head). | | o ' |

A first object of the preéent-invention is to'

provide an ink jet recording device which can make

1o

recording speed faster than in the prior art and can

__improve'overlapped recorded image:or high density.

recorded image yith the so called multi-nozzle ink
jet recording head. )

A second object of the présent invention is
to provide a recording method'impgéved in Fixability
which can aiso make the eniarged ﬁbrtion in use of
a plur;l number of recording heads miniaturized as
the whole device. - |

A further object of tﬁé.présent invention in
cancelling the problems as describ;d above is to
provide an ink jet recording devicé which can
prevent detgzioration'of image'éua?ity according
to ink sbsorptivity of the recording medium without
lowering recording speed, and alSé%isicapable of
goéd recording on a diversity bf rgcording media.

| Still aanher object of'th? present invention

is to provide an ink jet recording, device which can
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a constitution which mniaturizes the head constitutio |
‘devi ce by dividing the nozzles (di schar ge [p&HIS)s1H
" recording head itself forned into a nult|-nozzle intol

10

-7 -

perform preferably recordiné of hiéh speed and high
image quality depending on the kiéd of the recording.
medium by utilizing the advantage pf the multi-nozzle
recording head to the maximum. ‘

Still other objects of the present invention
will be understood from the follommng descrlptlon.

Bere, representatzve eMbodnments of the

present invention are set forth syecifzed below.

- One embodiment of the present lnventlon is
an ink jet recording device comprising:

a carriage having a plural number of ink jet

‘recording heads each having & plural number of dis-

c¢harge ports mounted thereon;

a means foxr giving :ecordiﬁg ink signals to

" the ink discharge energy generating elements corres-

ponding to all or a part of the reépective plural
number of dlscharge ports of said plural number of

-:ecord:ng heads, and

a control means, whicﬁ inc%eases the number
of zecording heads to be used'duriéé recording of
the recordable region formed by the total sum of
all the discha:ge'regions of said élural number of
recbrding heads:from initiation of recording onto a

recording medium, reducing the number of recording

heads to be used during recording of said recordable

. region in the recording completion=region of the

recorulng medium, and has one scanning width to be

\'\
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predeterm ned for different inks, but since the recording speed depends on
only one recording head, the |nk di scharge range. of I S reduced’
to great extent, mhereby t he advant age of the recor/di BALDa

mul ti-nozzle wi l | be | ost. ~ The goresent i nvéntarsREBbASEDNVES fgat ed
. about the prior art and found the fol | ow ng probl ens. - mage
density is enhanced or color formation is effected by scannig for plural
times contlnuousl for the recording range t6 be recorded by one

scanni ngt bed’iﬁﬁ@‘%/% by gcaningrbntthe fecomding bead during

recording as the feeding pitch oﬁ the recording medium.

Another emhodiment of thg:present invention is
an ink jet recording device which has a plural number
5  of recoxrding heads having discharge ports for discharging
| ink-aziayed thereon, and perfbrmséreéﬁrding of images by
discharging ink through said disciarge ports accompanied -
' with the scanning movement of said plural number of
. recdrding heads, :
10 . char;ctériéed in that saié device has a first
| _recoiding héa¢ and a second recording head, provided
adjécent to the upstream side and?dowﬁ stream side
relatively with respect to the coéveying directian
' of the recording medium,uand arrasged in the positional’
15  relationship with the respective aischarge porté not
overlapping each other in the ups:ti:ream side region
and the downstream side region, a@& a recording
- mode which performs recording so éﬁat at least the
image of first ink droplets on thé recording medium
20' by the first recording head relatively.on the upstream
' side and the image of the second ink droplets on the
recoxrding medium by the second regording head relatively
on the'downstream side ﬁay be-ovefalpped with each other.
 More preferably, another embodzment is an 1nk
jet recordlng device which has a plural number of
:ecordlng heads having dlscharge ports for discharging

ink arrayed thereon, and performs ‘recording of images
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by ink discharge for plural tinmes, the i-nk anmount per one plcture elenent
<-beconmes larger, and therefore in the case of recordi

receptive ‘anount is limted such as fillmfor OHP or [oNEIShSHARTgy HAPE
absorptivity, the ambunt or the rate of- 9 nk absorptﬁ9n~|s“f'nrted r
~ink may be some- tines overflowed fromthe picture el enent, ré&sulting i
deterioration of the inage quality' Particularly, a plural nunber

of recording bl}e%_ss orrgefcpondl ng oo':tlg_g sraesgegg_lsgﬁalrgéspggctlsa

accompanied with the scanning movement of said

plural pumber of recording heads,
. characterized in that eaéh'of said plural
$ . number of recoralng heads ‘and at least another of
said pIuvel number of recordz.ng heads are arranged
so that said dlscharge ports arrayed on each may
 'not overlap each other in said scanning direction,:
- and said dev;ce is prov1d§d with a paper
10 feeding means which berforms papéi feeding with the
width of the recording regions by said scanning
movement of the recording heads é%ranged so as not
td overlap each other, aud
& recording signal supplyéﬁg means which
15 " ‘supplies recording signals for di%charge o the
respective recording heads of sai& plural number of
recoxrding heads corréspdnding to ﬁpe paper Feeding
by said paper :Eeed:!.ng meanS. | : o |
.Still amother embod:.ment ;Ls an ink jet
20 ';eéordlng device, whlch_has a plu;al number of
recording heads;'each constitutedjby a:rajing a
plural number of discharge ports f::or discharging
ink in the sub-scanning direétion%or a direction
different from.the,scanning direcfion, in the
25 scanning directioﬁ, and pexforms fecording'of
images by discharging ink through said discharge
ports accompenied with the scanni@g movement. of
’ﬂ_d,,_,«~—‘””*’”~ :
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constitution arranged in the scanning direction, and therefore in the case
- when different inks were overlapped, the enission density per unit tine-
becanme greater, whereby the above probl em :
- 4 - of ink overflow becanme marked. ;o _

<

1 said plural number of recording h?ads,
characterized in that said devi;e is provided
with a conveyipg means which'convéys the recording
medium with the width of the equaily'divided'region
S of the recording wregion by scanniég of'séid plural
number of recording heads per eveiy time of said
scanning movement, and -
a recording signal supplying means which
suppligs recording sigaals to.onlé the discharge
‘10 . ports predeteimined co:responding:to_said equally
divided regions in resﬁonse to said conveying by
said conveying means. : |
There is also provided an%;nk jet recording
' device, which has a recording head comstituted by
{5  arranging a discharge port for diécharging ink in
the gub-scanning direction or a diiection different
from the scanning direétidn, arrarged in the scanning
direction, and performs reccrding-;f images by dis-
chaﬁging ink through séid'diéchargé port accompanied
o9  With the scanning movement of séii plural number of
recording heads,. ‘
characterized in that.Saidédevice is'yrovided
with a conveying means which peifo}mS'conveYing the
-recording medium with the width of tﬁe equally divided _
a5 region of the récording-region by ?canning of said
recording heads pex every time gﬁf sa.ui scan.ning

. movement, and
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General |y speaking, recording papers wth i ncreased f
have been known, and recording is possible only on

10

He.absor pti on anount
¢ x P8 siggand_speci fi ¢

converted papers and only for limted reiordlng . Howneyer ,Rph

enpl oy -anot her paper or sheet, def ecfi ¥ recording may be€ ght abdqut
~and in the worst case, users sonetinmes judged that the recording Tread was

defective to nake the recordlng head usel ess. Anyway, even by use

of a mukti-nozzle hegdye s3638 g{e% fidg ural tines by

st oppi ng of paper feedlng of t%g ord%% nggaﬁ

supplied recording signals to only the discharge ports

predetermined correspondiang to said equally divided

- regions in respomnse to said conveying by said conveying

means,

In either one of the above inventions, in

using a plural number of recordiné heads bhaving a

plural number of discharge ports,:the'ratio of the

| recording medium moved can be madé greater than in

the prior art, and therefore the recording speed
can be improved, whereby excellenﬁ image can be
formed by utilizing all or a part of the plural

number of discharge ports or a par% of the recording

. medium defined depending on the material, and there-

" fore the image quality can be made; further stable.

Also, in performing overlapped recording,
the recoxding time can be reduced, and also the .
joining poxtion of images can be made better.

BRIEF DESCRIPTION OF THE  DRAWINGS

Pig. 1 is a side sectionaliview of the ink jet
recoxrding device according to a fi;gt embodiment of
the present ::.nventz.on, | ' |

Fig. 2 is a block diagram show1ng the control
éoﬁstitution accozding to recording of the device
shown in Fig. 1;

Figs. 3a and 3B are conceptibnal views of the
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t he recordi ng speed cannot be | owered, and also, when only a recording
"medi um excel l ent i nk absorp- tivity is used, 'the disadvf ges of t he
users by linmtation of the recording will be brought abo

di sadvantage of failing to use a diversiiy - of- recordi ng
"Further, as the problemof fixability, boundary region,
facts have been found out, and -it has been faund that the dlfference I'T

recordiqg characteristics becomes marked when usi ng different
recording method in the first embodlment.

Fig. 4 is a graph showinggthe ink absorption
characteristics of the recording éédium:
Fig. 5 is an illustration: showing the image
S evaluations corresponding to the iﬁk densities of
the recording medium; ;
Fig. 6 is an illustration)of image blotting
of Fig. 6A and Fig. 6B; |
Fig. 7 is an_illustratipnéof overlapping of
10 inks in the embodiment of the'pre;ént invention;
Pig. 8 is & éerspective view shdwing an ink
‘jet cartridge of 4 heads 1ntegrated in the second
embodiment of the preseat 1nventlon,
Fig. 9A and Fig. 9B are c;nceptional views
15  of the recording method in the setond embodiment:
Pig. 10 is a perspective view of the ink
jet recording device aécordiﬁg to;the second
embodiment of the present inventiéh;
- Figs., 1lA and 11B are conégptional views of
20' | the recbrding method in the thirdiembodiment of the
present invention; | : | |
Fig. 12 is a side sectionél view of the ink
jet recoxding device éccording toztﬁg fourth embodiment
of the'present invention; '
25 Fig. 13 is a block diagram showing the
‘control comstitution according to: recording of the

device shown in Fig;_iz;
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recordi ng nedi a. More specifically, a: great d
. absorption ability occurs at the boundary portion of

over | apped recordi ng, whereby density irregularity due
absor ption - 13 ~_ 5.

1 Fig. 14A and Fig. I4B are conceptiopal views
of the recording method in the foxi:rth embodiment;
Fig. 15A and Fig. 15B areconceptional viewé
showing the recording mode of the:prior art, which is
S applicable to the seventh eMbod:ment of the present
lznvention, _
Fig. 16 is a perspective vzew showing the
1nk jet cartridge of ¢4 heads integrated in the £fifth
enbodiment; | |
10 Fig. 17A'aﬁd Fig. 178 areégonceptional views
- of the recording method in the fi%th embodiment;
Fig. 18 is a perspective view of the ink
jet recording device according togthe £ifth embodiment
of the présent invention? | |
15 ) Fig. 19 is Ia. conceptional f'e.r':?.ew of the recording
method in the sixth embodiment of;the present invention;.
Fig. 26 is a scﬁematic ill}ustration ;af the
pertinent portion of the seventh embodiment of the
present. invention; .' ; | . .
20 Fig. 21 is a schemat:.c illustration of the
pertinent portion of the operatlog panel to be used

in the seventh embodiment. . .

DETAILED DESCRIPTION OF THE PREI-'EI'{RED EMBOD]I‘.IENTS '

25 . Referr:.ng now . to the. draw:.'.ngs. the embod;\.ments

of the present invention are aescribed in detail. -

Fig. 1 is a side sectiona® view showing the
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Is liable to be generated. Al'so, in the constitution which
- performs recording for plural tinmes on the sane plcture el ement through

the sanme discharge port, irregu- larity in density H reci sion
between the discharge ports nmay be seneiises intersift EETHADBEEY T]he
" picture el enent. Further, since the ink d i~ B5PIACEe at | the

sanme time over- the whole region of the width of t he di scharge po
(scanning region), and therefore stretehing and shrinkage of the recording
medi um principal portion of the ink jet recordlng device
' according to an embodiment of the present jnvention.
In the Figures, l to 4 are recordihg heads each haviﬁg
64 ink discharge ports, and the 1nk passage communicated
5] to these dlscharge ports has an electrothermal trans-
ducer for generating energy for dzscharglng ink arranged
therein., Also, the record:.ng head_s, 1, 2, 3 angd 4 a.‘r:g
- reco::ding heads " for diséharging re:spectively inks of
‘red {R), green (G), blue (B) and black (B}, and
10 they are repsectively held on the carriage 5. With
such arrangement, the directions of the discharge
port array in the respecti#e recoréing headslforms
the sub-scaaning diiéction_as described below with
‘reference to Fig. 3A, and they are%arrayed so that
15 = the recording region by scanning méy be the same.
The carxriage 5 is engaged élidably with a
" pair of guide shafts and is also movable in the
scanning'direction (the divection éérpendicular
to the drawing) by the carriage motor as described
.20. below. ' :
| The recording heads. 1 to 4§ére connected
electrically through thé' cér_riage 13:0 the main
control section as desgribed;belowfwith reference
to Fig. 2, and o‘chérv%ise connected :.'i:o t+he ink tanks '
o5 ~ ©of the respective colors at the ink'tank portion 7
by the ink tube‘bundle 6 éorresponéing flexibly to

the movement of the carriage 5 so that ink supply
. e
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acconpanied with ink absorption will occur at the same tlne wher eby the
- change anobunt becones greater. On the - ot hep~hand, divided

' is a systemwhich is to be used for :a re'dﬂﬂs&gEn» i nferior
in absorption characteristic, and even- & ter the flnpal KER] '

recording is

" em ssion), the recorded surface cannot be touched before

certain tine. Therefore, the nmenbers such as discharge roIIers press

roIIers,letc

recordi ng

arq)reqU|red to be dtgarted fromthe above- ment i oned
e done. er hand, the recording medium

8 is conveyed by the conveying roller pair 9 through
the paper feedlng gulde 10 at a predetermined timing

successively in the a:rawhead dlrectlon in the Figqure

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

the recording medium 8 is adsorbed through the

electrostatic attractiﬁg force of ‘the adsorption

~conveying belt 11, and adsorption supporting conveying

10

is done while being synchronized with the conveying

rollex pair 9 with movement of the belt ‘11, and the

‘medium stops successively at predetermined positions

to perform recoxrding.
¥ig. 2 is a block diagram:shawing the recording

contzreol in the ink jet recoxding ievice shown in Fig. 1.

' In the same Figure, 5A is the carziiage motor for

driving the carriage 5 through a carriage driving
mechanism such as belt, pooley, etc., and 20 is the
head driver for generating dischafge'signals for thé
respéctive discharge ports bésed on the recording
data supplied from the con£r01 section. 30 is the
paper feeding drxv;ng section for dr;v;ng the
conveying xrollexr 9 and the adsorptlon conveying

belt 11, and is constituted mainly of a motor, etc.

The control section shown in the Figure has

- CPU 100 which practices processing according to

coutrol of the device while performing giving and
receiving of the data between the host device orxr
This Sheet Has Been R
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_region by the head w dth or nore, whereby enl argenent of the device or .
“lowering in paper feeding precision may-be brought apqp :

Further, the problemof stretching and shrinkage of th
"as nentioned above al so occurs in di vi dgd.. recordlng

- 6 - :

<

1 the respectlve sections of the recordlng dev1ce,
RAMI00A which becOmes the work area in processing
of CPUL0C, and ROM100B which memo;lzes the processing
-prbqedure such as recording aétuaéion, etc. as shown
$ in Fig. 32 and Fig. 3B. |
Figs. 3A and 3B are conceptlonal views for
" illustration of the recordlng'method in the embodlment
shown 1n\F1g._1. In Fig. 34, the record:ng heads 1- |
to 4 for disch;rging respeétively.%he inks of the
10 respective colors of R, G, B and.Kzare, as mentioned .
above, supported and fixed so that;the respective
dlscharge port arrays 3 may become‘perpendlcular to

the scanning direction (sub-scannlng d;rectlon)

relative to the both surfaces of tpe head supporting

i
L]

15 '.po:tion 12, ' | -
In the same Figﬁre, the diééharge port array ..:
13 cannot be seen as it is, but thé'recérding.head
is shown as perspective from the zear thereof.':Mbre
specifically, the azray is made so. that the widths
- op of the discharge port arrays of the recordlng head
(in the Figure, RL=GL= BL=KL) may be,connected to one
another without gap, andlthe respe%tive recording
regions (R, G. B, K}.by oné.scanniéé becomes con-
tinuous with the same width. Wheﬁ}the recoxrding
‘95 medlum is c0ﬁveyed as’ descrlbed above to the
recording regions (R, G. B X). the carrlage 5

' scans to initiate recording.'

' , : This Sheet Has Been Repl
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SUVMMARY OF THE | NVENTI ON .+ The present invention is intended to
provide an ideal -ink jet recording device which has solved the problens
as described above in the case of using a plural nymyer—af_recording heads
equi pped with a plural nunber of dischajge_ports ( %mdﬁﬁmwd;
nozzl e head). A first object of the present
provide an ink jet recording device which can nake
than in the prior art and can ;

1 The record;ng medium 8 stops at the pOSlthn

recordi Ng

of (the flrst seannlng] in Flg. 3A by the conveying
roller pair 9 and the adsorption conveylng belt 11.
This position is under the state where the tip poxrtion

§- of the recording medium 8 is in th? recording region
K, and the recording medium has not reached other
recoxding regions R, G, B. Therefb;e, in the first
head scanning, recording is perforﬁéd only with the
X heéd. ' | - |

10 ) ' After the fixst scannming, the recording
medium 8 is again conveyed by the conveying roller
pair 9 and the adsOrption conveying beit 1l. &s is
apparent from Fig. 3A, the cohveyi;:zg distance PL
is set the same as the width(RL, GL, BL, KL) of |

15  the discha?ge port array. In the second scanning,
the region recoided_in response toithe recording
signal Kl by the head 4 of K ink in- the first
scanning has moved to the B reco;dipg.region, and
recording is performed in responsejﬁo the recording

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

| | 6n the other band, at the gortion conveyed 
newly to the K reéording region, rééo:ding is'pet-
formed in response to the next recé%ding signal K, :
wrl:h the head 4 of K ink. Here, siﬁce the recording
“25 medium 8 has not vet reached the R znd G recordlng

regions, still no recording is peﬁormed with the

head 1 of R ink and the head of G imnk.
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i nprove overl apped recorded i mage or high density r
so called nulti-nozzle ink jet recording head.

t he present
_fixability which can al so nake the enl a8ged portion 1n

nunber of recording heads mniaturized as the whol e device.

THIS &
invention is to provide:a recording netphod i

ﬁ@#ﬂ gﬁ?ﬁ

further object of the present invention in cancelling the problens as

descrngd above is tg

10

fter the second scénning} the recording
medium is again cohféyéd'bj'fﬁe'ﬁﬁ width. In the
third scanning, at the portion.wh?re recording was
pexrformed with the recording sign?ls of B1 and Kl‘
recording in'response to the reco?ding signal Gl is
done. At the portion where recOréing was performed
with the recording sigr;al K., rec':é;rding is done in
response to the recording signal B2 with the head 3.
of B ink.. Also &t the K recordzng region, the
ré;ording sigoal K3 is recorded w;th the head 4 of
X ink. |

After the third scanning,fthe recoxding
medium is similarly conveyed by the Pl width and the
fourth scanning is performed. In:the fourth scanning,
at the portion where recording wa; performed in
response to thé recording signals?of X1, Bl, GI1,
recording is done in. response to ;he recording
signal Rl with the head 1 of R 1nk. Thus, the recordzng
medium is successively #ecoided aﬁ every PL width . .
with ipnks of Elack, blue, green a@d red colors.

Fig. 3B shows the récordiég signals of.the
respective heads for evexry hegd séanning when recoxrd-
ing of A4 size isrperformed{with éhe'recording head

of this embodiment, and at the rea‘.a:‘ end of the

- recording medium, the recoruzng 51gnals are
successively lost £rom the K.head, after ccmnlet;on

 of recording of the final scanning, the recording

This Sheet Has Been Rep

I 1

e e e eir— a——— "



provide an ink jet recordi ng device which can prevent deterloratlon of
i mge quality according to ink absorptivity of the recorgi

wi thout [ owering recording speed, and ilso i s capabl e
on a diversity of recording nedia. Still anot her—ehjle
present invention is to provide an ink jet recording devi ce MhIC’

1 ﬁedium 8 is discharged out'bf’the:machine.
Whexeas, Fig. 4 shows the?ink absorption
characteristics of recording media, with square roof
of absorption tzme (J”_U be;ng'shown on the axis
5 of ab301ssa and absorptzon amount of ink (aqueous)
(nl/mm;} on Fhe axis of ordlnate. It can be under-
stood that, in the coated paper héving an ink.recépiive
layer prcvided on the surface layér, a large amounttof
ink can be absorbed within a shoré time, while in the
10 aon-coated paper used in this embédiment, injitial
| abéorption is low and a long time :is required for
| absorption of ink. .
| Fig. 5 shows the resqlts &f exaiinatiqn of
blotting degree of images when inks of two colors
15 aze emitted onto the recording medium substantially
. simuitaneously (sharpness of the ﬂqundary portion_
‘between the :r.nks of twa colors) m Table. In this
Table, the mark O shows one which.is judged as
‘practically usefﬁl, tﬁe mark Ahoné_ﬁhich is slightly
%0 inferior in imagé. quality and the mark % one which
is entirely practically unuséful.'.
..From this expexriment, it daﬁ be seen that
. the ink amount which can be #écorée¢ within & short
time is 20 nl/mm® or less in the n?nfcoated papexr énd :
25 25 nl/mm? or less in thé:coatéd_péper;' This phencmenon
| can be estimated to 6ccur .acco:q.‘djn:_'g.l- té the mechanism
shown in Fig. 6. | : : .
_ [
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-7- perforn1preferab|y recordlng of high speed and high inmage quality
depending on the kind of the recording nediumby utilizirs~t.he advantage
of the multi-nozzle recording head to the maxi mum HI SHEET Ko
obj ects of the present invention wl|-km understood f

descri ption. Here, representative enbodi nents of the pr
I nvention are set forth specified bel ow : One enbodi nent of the
present  invention is

1 Moxe SPECLflcallY, the absorptlon of 1nk onto

paper, as shown in Fig. 6a may be con51dered to be
effected in the order of contact, collision, dot
‘formation, permeation, drying. és shown in Fig. &4,
s in the case of the non-coated paper, in a time of
, 0.2{F or shorter, no imk of 11 to 12 nifmm’ or
more cag be absorbed and therefore, if an ink more
than that is emitted suhstantialiy sinultaneously, -
the ink will be overflowed and, @s shown in Fig. 6B,
10 the overfloﬁed ink is attiacted ﬁ%-the adjacent ink
which has reachéd previously onto the paper, whereby 
blotting may be considered to occur at the boundary
portion. ' '
In contrast, in the presgﬁt embodiment, since
'15 ' head scanning is performed successively ﬁith the
recording regions for the respect%ve heads being
separated in one scanning, blotti;g at the boundary
portion becomes smaller as shown in Fig. 7.
. For verifying the effect ;f_this embodiment,
20_. the recording test was performed ;nder the conditions
shown below and éonséquently'good:recorded images
with little blotting at thé bound?fy portion could
be obtained. In contrast, when r%éording was per-
formed simultaneous;y_with the'ariangement of heads
25 being conétituteq so that the reséective head
recording regions. were overlappea‘.i with each othexr

as in the ink jet recording device in the prior art,
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an ink jet recording device conprising: . i a carriage haV|ng a pIura
" nunber of ink jet recording heads each haV|ng a pl ural_nunber of dIS-
charge ports nounted thereon; ‘a means for g} VHISSHGEOE NI
. signals to the ink di scharge energy generating el enents ‘RQPE&SED e di ng
to all or a part of the respective pluralt fiunber of di scharge
said plural nunber of recording heads; .and : a control neans, which
i ncreases the nunber . '
1

images whlch were entlrely practlcally useless were .
.obtalned.

To descrlbe in detail, thls embodiment can
pexform recording of 7 colors by vse of 4 colors of
R, G, B, K, and recording was performed on a recoxding
] ) medium of 24 size at & recording density of 360 DPI

and a driving.frequency of 5.4 kH;; For this record-
ing medium, a two—fold paper on wéich the diameterﬂ
of the ink droplet emitted is expjanded to 2-fold is
10 used. |
In this case, because the;recordiﬁg density
is 360 DPI, the picture element size becomes 70.56 um
square, and the dot'diameter.embeadihg the picfure
element as a whole becomes 100 pmi Accordingiy, the
15 droplet diameter emitted onto the;z—fold'paper
becomes 50 um, namely its volume becomes 65.5 pl.
When-recording.is performgd under such
conditions, the plane densitf of mono-color (one
discharge) becomes i3.2.nl/mm?, apd the plane densitf
26 of two colorsA(twc discharges) be?omeé 26.3 nl/ 2,
-and when two colors are bverlappe? or adjoined at
the same time as shown in Fig. S,ithe image becomes
bad. |
'As is appargn; from the above.descrlptlon
25 this émbodiment, which has been made to have a
constitution excluding overlapulng o adgo;nlng

of two colors within_a shoxrt time, is also effectxve
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ef recordi‘ng heads to be used during recording of
formed by the total sumof ~ all the discharge regions of
of recording heads frominitiation of recording onto a
feduci ng the nunmber of recording "~ heads 1.0 be used durifag

recor dabl e

medi um and has one scanning width to be

1

10

15

Tff‘Hsg )
region in the recording comﬁﬁnlon region of t

<

) for a record;ng meldum w1th poor water absorptlon as

PR R T

the non-coated paper.

Also, according to the above-mentioned recording
'conditions, since in this embodiment the recording

region in one scamnning is divided into 4, and therefore

scanning for 68 times is required for recording of A4

the recordabl e region
aid plural

nunber

size., This means that the scanning times are increased

only by 3 as compared with the device constitution of
the prior art;.thué resulting in substantially no

lowering in recordiny 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 boﬁndary blotting is prevented by

overlapping scanning for 4 times at the same position, -

scanning of 260 timeé which is 4-fold is required.
Also, fof example, in the casc of recording

only of K ink, the record;ng medium may be dlscharged

w1thout performlng the 66th to 68th scanning, and by

doing so. there is no 1ower1ng in recording speed at

- all in the case of mono - color recordxng.

In the case when the recording medium is a
transparent film formed of PET or PET coated with
an water absorptive material, the present embodiment
is.also_effectiye. |

Furthér, the present embodimeht is effective
for 6btaining're¢6rding.of higher-image quality

even in the case of a-recording medium having ink
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as the feeding pitch of the recording nmedium
of the present invention is an i pk 23et- recordi ng devies¢
nunber of recordi ng heads havi ng di scharge ports for Trse
I nk arrayed thereon, and perforns recording of inages by di schar
t hrough said di scharge ports acconpani ed

. plural

recor ded by scanning by the-recordihg head

sai d pllur #PFRFBELVEEY Such as the coated paper.

5

10

grt
with the scanni ng novenent of

recordi ng-
shodi nent

Fig. 8 is a pexrspective .view showing- the -second: =~ = = -~

embodiment of the present invention, and this embodi-

to recoxding of full color. That is, it hés_recording

‘heads 1a, 2a, 3A and 4A corréspondiqg éo the respective

_-colcrs of yellow (Y), magenta (M}, ﬁlack (K) and cyan

Each of these recording beads has 128 discharge

ports arrayed in the sub-scanning direction., Aalso, it

and therefore when there is po moxe iunk, the whole
recording head is exchangéd with another cartridge.

When high resolution recording is performed

_.és in this embodiment, the positionél precision between

the heads is required to be higher,gqnd by exchange of

. the head with 4 colors integrated as in the head of

this embodiment, it becomes possible ‘to effect strict

registration during shipment, and even in a device

of the head exchange'5ystem, high iﬁage quality

recording extracting fully the perf&rmance of the

‘head is rendered possible.

Figs. 9A and 9B are conceptional views showing

the reéording method by the recording head_shown in

Fig. 8, which ave similar to Figs. 3aA and 3B,

" respectively.
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tutes integralily the ink tanks of the respective colors, .



recordi ng heads, characterized in that said device has a first
recordi ng head and a second recordi ng head provided aqra i

upstream si de and down stream side relatively with re
~conveyi ng direction of the recordi mg redi um and arr arged

posi ti onal rel ationship with the respective discharge ports
over | appi ng each other in the upstream side region and the downstre
side region, and a recording nmode whieh perforns recording so that at
| east the This embodiment shows the constltutlon in which

recording at & récording density of 600 DPI is performeda T
on a 2-fold paper. Thus, ;ince thé-recording density-is
600 DPI, the picture eleménf size %2-33 um is determined,
S and similarly as descfibed abqve, the droplet diameter
becomes 301Lm.énd ité volume 14.2 é;.
As the result, the plane dénsity when mono-
color, 2.colors, 3 colors and 4 colors are emitted
overlappingly or a6301ningly become respectlvely 7.9

10 nl/mmz,

15.8 nl/mm , 28.7 nl/mm and 31.6 nl/mm .

- Again, as is apparent'from Fig. sé;the permissible
range whefe no blotting of irnk occurs in this
embodimeﬁt is up to 2 colors. B

Accordingly, as shgyn-in fig. 9, it becomes
15 bossible that the recording heads;corresponding to 2
colors 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 ink and C ink have

‘the same.recording regions as the recording heads
20 _iA and 3A of Y ink and K ink, reépectively, and
recording of A3 size is'performeé-by'scanning for
77 times in the data mode as shown in Fig. 9B.
Fig. 10 is a perspective;view of an ink jet
recording device which'cah monnt' the recording heads
25 shown in Fig. 8 and Flg._9 anq the carriage 5 is
engaged slzdably with a nalr of gulde shafts, and

- makes scanning of the_recordlng reglons with the
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i mge of first ink droplets on the recording nedium by the first

recording head relatively on the upstream -side and

second i nk
relatively

More preferably, another enbodi ment 1A i nk ] et
has a plural nunber of recordi ng heads having di scharge ports
di schar gi ng i nk arrayed thereon, and. perforns recordi ng of inages

1

10

recording heads 1a, 2a, 3A 4A poss;ble by driving of .
" the car:zage'ﬁﬁtor SA:qz

Figs. llA and 11B are conceptzonal views show1ng
the recording method -according to the third embodiment
of the present invention. As is anparent from Fig. 11A,
the recordlng head of this embodlment has the respective
recording heads 1 and 4 correspond¥ng to B ink and K
ink arranged in the sub—scanning.di#ecﬁion with an
interval between their dischexge pgrt arrays corres-
ponding to the.amount of paner-feeding.

More speclflcally, the recordlng condition in
this embodlment is a rwecording denszty of 300 DPI,

and in this case, the droplet voluge in the same

process as in the second embodiment as described

above is determined as 113 pl. At this time, the

plane density of mono-coloxr ink begomes 15.8 nl/mm;;

This is, as shown in Fig; 5. thé r%nge where no
blotting df image occurs even in tﬂe case of the
non—coated paper, but because it lS a value appro-
ximate to the cratlcal value of blo ting, blottlng.

may also sometlmes occuxr.,

Therefore, by providing an: interval corxresponding

to the Daper feeding amount betweeﬁ fhe respective
recording heads,_ink absozrption is?accelerated by
the time of aone Scégning end p&per?feeding. By
doing so, ink blotting can be sureiy cancelled.

The constitution of this embodiment has
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-9 - by di scharging ink through said discharge ports acconpanied wth
t he scanni ng novenent of said plural nunber of recordjng heads _ _
characterized in that each of said plural nunber of’ heads and at
-l east another of said plural nunber of recordi ng heag
that said discharge ports arrayed on €& +may

.}, zmecording heads each baving 50 discharge ports, and
| recording of A4 size is éerformed ét a head driving
frequency of 4 kiz. In this case,;écanning is per-~
formed for 72 times as shown in Fig. 11B.
S . In the embodiments as_deséiibed above, ink
is discharged by heat energy of elédtrothermal.trans-
ducér, etc., but the discharge enérgy generation meags
is not limited thereto, as a matter of course.
As is anparent from the above descr;ptlon,
10 -the recording regions of each_reco?ding head in one
scanning are divided. ‘
By this, it becomes possibie to perform

recording corxesponding to paper féeding and the

respective recording regions per_o#e scanning. : N
5 As the result, overlappingi recording with

time 1nterv°ls can be done withOut lowerlng the record- -
ing speed as a whole, whereby not only image quallty
deterioration such as overlapplng :ecordlng can be
.prevented, but also it has become ?OSsible to |

20 Correspond to a diversity of reco%éing media.

In the embodiﬁents as described above,
description has been made about tﬁe recoxrding method
and the recording dévice by utiliging the advantage
of multi-head nozzle to the'maximﬁm by changing the

o5 arrangements bf a‘plnrallnumber o%;recording heads. 
In the latter half of the foliowiﬁg'embodiments,

other than the modification examples of the above
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not overlap each other in said scanning direction, and sai d device
"is provided with a paper feeding. means which perfor X eedi ng W t'h
the w dth of -.the recording regions by said scanning ' ﬁETwhs_ -
. recording heads arranged so as not topgverlap,each’ ot her—Hflacep ~ N [ a
recordi ng signal supplying nmeans which supplies recording signats
di scharge to the respective recording heads of said plural nunber of
recordigg heads corresponding to the paper feeding

embodiments, the device, the recording method which

can obtain the effects of fhehﬁééééﬁt'iﬁ%énfiéﬁh§£iiém$'ﬁ-Jm
- using the ordinary arrangement of a ‘plural number of
' recording heads are to be described. The follawing

5 embodiments have the merit of accomplishing miniaturi-

_zation of'recording beads than the?previous embodiments.

Fig. 12 is a side sectiona£ view showing the
prznc;pal part of the ink jet recordlng device according
to the fourth embodimént of the present invention.

10 In_Flg. 12, description of;the same constitutions
as in Fig. 1 is redundant and hencé omitted here. In the
following, only the characteristic%éonstitutions_aré to
be described. |

Fig. 12 has recording head% 1 to 4 mounted on

15 ‘a carriage in pearaliel to the scanéing direction as
shown in Fig. 14. Also, to the reéérding heads 1 to
4 is connected the control portion‘shown in Fig. 13.

Fig. 13 is.a block diagramgshowing the -
recording control in the ink jet récording device

20 _.shown in Fig. 12. In the séme.Figére, 57 is the
carriage motor for diiving the_car%iage 5 throuéh a
garriage driving mechanism such as:belt, pulley,
etc., and 200 is the head driver fér generating dis-
charge signals for thelréspecgive discharge ports

95 based on the recording data suppliéd from the cbntroi
- Section. 300 is the pééer feeding? driving section

for driving the conveying roller 9:and the belt 11,
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by said paper feeding means. Still another enbodinment is an ink jet

" recording device, which has a plural nunber of° record
constituted by arraying a plural nunber of discharge
_ink in the sub-scanning direction or 28direction diffe
scanning direction, in the scanning direction, and perforngTe

SHREs
ent Mm@

‘I mages by dlscharglng I nk through said dlscharge ports acconpani-ed
t he scqnnlqﬂinqyenent of

10

e paper discharge roller palr 16
- -~The control séction 7 shown Ln ‘the Flgure has

CPUl00 which practices processing aqcordlng to control

"of the device while performing giving and receiving of

the data between the bost device 6r§the respective

- sections of the recordzna device, RAMIOOA which becomes

the work area in processing of CP01OO and ROM100B which

memorizes the processing procedure such as recording

- actuation, etc. as shown in Fig. 14A and Fig. 14B.

Figs. 142 and 14B are diagréms for illustration
of the recording method in the embo&%menf showna in Fig.
12. In 'Fig. 14A, the _re'cording head;s 1 to 4 for dis-
charging respectively the inks of tﬁe respective colors

of R, G, B and K are suppo:ted’and?fixed on the

barriage 5 so that the respective récording regions

by scanning of the carriage 5 may bécome the same.

In the same Figure, the diséhérge pért arrays 12 to
15 cannot be seen as they are, but for convenience

of description, they are shown as pérspect%ve from

- above.

The recording heads 1 to 4 pérform recording

‘on & recording medium by discharging ink through the

discharge ports 12 to 15 cotresponding'to the recording

. signals inputted as synchroﬁized #iﬁh the movement of

- the carriage 5.

In ﬁhis embodiment, printiné is performed with

, the discharge port arrays 12 to 15 each divided into
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that said device is provided wth a conveying neans

recording nediumwith the width of the equally divid
recording region by scanning of saidyy ural nunber of
every tinme of said : :

i

10

20

said plural nunber of recording heads, _characteri zed in

<

four recording regions. The four reéordlng reglons (1) N
- {(4) -have the width of" the width L of the dzscharge port
array equally divided into 4, and copstltuted so that
Tecording may be performed only withgbne head in each
recording region. The-recording region (1) performs
recordiﬁg with the use of the'Llé'wi&th on the paper
féeding side of the head 4 of K ink,éthe'recording
region (2} with thé head 3 of B ink,éthe recording
region (3) with the head 2 of G ink, 5.and the recording
region (4) with the L/4 w:dth on the papex dlscharge
side of the head 1 of R Lnk The :ecord;ng medium 8

is recorded in the ordsr of K, B, G, R while being
goqveyed for every scanniﬁg of.thé c?ﬁriage 5 with the
same width of the recording regions equally divided by
the conveying xoller pair 2 and the ?&Sorption conveying.
belt 1i. Fig. 14B shows only the regsrding signals

corresponding to the reco:d;ng reglons as described

above. Aalso, in the portlons not correspondlng to

the recording regions of the.respect;ve heads, Q0 is

inputted as the non-reéording signaﬁ.'

Based on the above conStitut;ong in the first
scanning, recording is doné-co:réspogding to. the
recording signal kl {signai corfespohding to L/4twidth}
with the head 4 of K ink. Then,'pap%r feeding of L/4 |
width is done, and the goitidn where:i recording of the )

signal K1 is done in the first.scanning-proceeds to

- the reéording region-(Z) and is rec@fded-overlappingly
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scanni ng novenent, and a recordi ng si:zgnal suppl ying neans whi ch
suppl i es recordlng signals to only the dlscharge ports :
corresponding to said equally divided regions in respon
. conveying by said conveying nmeans.- 30 - There is al So~g £
jet recording device, which has a recording head constituted by—=s
a discharge port for discharging ink in the sub-scanning direction or

direction different
1 by the recording signal Bl (B component on the same

..

~line as K1) with thé Heéad 3 of B 1nk_* At the same

time, recording of the recording signal K2 (K com- .

‘ponent of the line subsequent to Kli is done with the
5' head of the recording region (1). éfter.the second'
scannlng, the recording medzum, after paper feeding
of L/é width, transfers to the thzrd scanning. In
‘the third scanning, recoiding of.K3;ﬁB2,.Gl is practiced
in the respective recording regions%similarly. Further,
10 in the fogrth scanning, recordiné oé K4, B3, G2, R2 igl
practiced, and on the first line of:the.récorﬁing
medium is formed a color image acco#ding_tc the
recording signals of Xi, Bl} Gl, Rl;l Thus, by carriége_
scanning (color recording in'respOnéé to recording
signals) and paper feeding of L/4, co Jlor images are

15
success;vely formed.

In this embodiment, since the recordlng regzon
. is divided into 4, scanning correspondlna to 3 times
'becOmes necessary as superfluous_scann;ng as compared
: with the prior art. After completion of all scanning,
29_ the recording medium 8 is dischargeé cut of the machine
.'by thé paper discharge'roller pai£ 216. The function
of the paper discharge roller 16 is;stabilization
(aiding of adsoxrption c;nveying'beli, protection
o _of unnecessary force applied fro@_o&%side.bf the
= machine) of the :ebo:ding\hediuﬁ'étgfhe recording

section and discharging of theitermihal end.
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i ectlon and

fromthe scanning direction, arranged in the scannin 7
performnms recording of- imges by dis- <charging ink t éﬁgbg~ dlscharge
port acconpanied wth the scanning novenent of said ur &kp,
. recordi ng heads, characteriz 1|n that said device~l¥
with a conveyi ng nmeans which perforns Tonveying the recording M
the width of the equally divided region of the recording reglon by

scanning of said recording heads per evwery time of said scanning
nmovenent, and Now, as shown in Flg- 4, Flg. S, depend;ng on

T,eow e o e FORES

the’ reco*dlng medlum, the amount of ink absorbes d;ffers
greatly. Accordingly, it is p:efegable to change the
amQunt of ink discharge accozrding éo the recording
5 medivm, ‘This bas not been done at=all in the prior art.
In the present 1nvent10n, from thls exper:ment the
ratic of d:vzded use of the record;ng'heads is determined
sa that the ink amount which can bé'récorded within a
‘short time may become 20 nl/mmz or:iéss in the non-

2

' coated paper and 25 nl/mm“ or lesszin the coated paper.

10
' To describe again, the absorption of ink onto
paper, as shown .1.n ‘Fig. 6A may be cfonsi.dez:ed to be
effected in #he orderx of contact, collision, dot
formation, permeation, drying. Asishbwn in Fig. 4,
in the case of the non-coated pépef, in a tiﬁe of
0.2 § or shorter, no ink of 11 tolii nl/mm; or more
can be absorbed énd theréfore, inkiis dischérged in
an ambnnt smaller than.this_range.f Accordingly, in
the present invention;_sﬁéh érobleé.can be prevented
that the ink will bé.Overflowed ané, as shown in Fig.
6B, the overflowed ink is affracte& to the adjacent
ink ﬁhich bas reaéhed prefioﬁsly'oﬁﬁﬁ the paper,
'ﬁhereby blotting occurs at the-bouédary portion.
| In short, in the present enbodlment, since
 heaa scannlng is performed successzvely with the

recordlng regions for the.respectlve heads being

.aqequately separa ted aependlnc on the recording
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-~ 11 - a recording signal supplylng means which supplied

recording signals to only.the di scharge ports predeterfiixed corresponding .
to said equally divided regions in response to said c:n’-§|1-
‘conveyi ng neans,

- 32 -

;  medium in one scanning, blotting at the boundary
| portion as;sﬁown in Fig. 7 can be reduced to great
extent.
For verlfylng the effect cf this embodiment,
5 the recordlng test was performed under the conditions
shown below and consequently good recorded images little
- blotting at the boundary portion cé&ld be obtained. In
contrast, when recording was performed similtaneously
with the arrangemeﬁt_cf.ﬁeads beiné constituted so
10 that the respective head recording;regicns weére over-
lapped with each other as im the ink jet recording
device in the prior art, images wh;ch“were entirely
practically useless were obtained.-
To describe in detail, 'ﬁhifs embodiment can
pexrform recording of 7 colors by cse of 4 colors of
R, G, B, K, and recording was performed on a recording
medium of A4 size at a recording density of 360 DPI
and a driving frequency of 5.4 kHz. For this recording
medium, a two-£fold paper on which;the diameter of the
ink droplet emitcea is expanded ta 2-rold is used. |
In this case, because_the:recordlng density
is 360 DPI, the picture elemect sizerbecomes 70.56 pm
square, and the dot dlameter embeddrng the picture
élement as & whole becomes 100 um. Accordingly, the
droplet diameter emitted onto the ‘2-fold paper becomes'
SO/Rm, nameiy its volume becomes 65.5 pl.

'~ When recording is performed under such conditions,
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In either one of the above inventions, 'in using a plural nunber of
“recording heads having a plural nunmber of discharge por he rati o of
the - recordi ng nmedi um noved can be made greater than in I
. therefore the recording speed can be inproved, - whereby™e N HggEge.can
be forned by utilizing all or a parT 3 the plural nunber I
ports or a part of the recording nediumdefined dependi ng on the
and there- fore the image quality can be made further stable.

Al so, '? pQ&&QEﬁéﬁbqaé£§§9999fr588£d5820r (one discherge) becomes . ..

13 2 nl/mm and the plane density of two colors (two . -

discharges) becomes 26.3 nl/mm?, an@ vhen two colors

are overlapped or adjdiﬁéd at the same time as shown
in Fig. 5, the 1mage becomes bad. .

Also, as in the constitut;on of the prior art
shown in Flgs. 15A and 13B, when recordzng is perrormed
w:thout d1v1d1ng the recordlng-regzon.so that paper :
feeding may be pe*formed per every carrlage scanning
io for 4 tlmes because the recordlng medlum 8 contacts
the papor dlgcharge roller pair 16 }mmedlately after
ink emission of the fourth colox, iﬁage disturbance
will occuxr by the contact onte the ?éﬁeﬁ distarge
roller. For this“reasoﬁ; as shown Ly the broken line
in Fig. 12, it becomes necéséary to constitute the
paper discharge roller pazr with the width L of the
discharge port array or longer apaz* from the recording .
section, whereby the device becomeé enlarged and also
the aiding effect for the c;_sm;eyiﬁ«_%f' belt 11 (stabi-

- lization ©Of the récording medium) is also lowered

% to make it necessary to expand the opposed dlstance
between the head and. the recording’ medzum, resulting
-ln.deterioratlon of the ShQOLlng preczszon of ink..

In congrast since thl$ embodlmen; is-a conQ
stltuglon such that the recordlng med_um reaches the

paper dlscharge roller'after scannlng for 3 times on

completion of all recordzng of the f;rSt portion, the
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the recording time can be reduced, and also the " joining portion of- inmages
can be made better. - BRI EF DESCRI PTI ON OF THE DRAW NG Fig: 1is
a side sectional view of the ink jet recording device act NI to a first
enbodi-ment of the present invention; Fig. 2is_ab

showi ng the control constitution accefmﬂu}to recording o

shown in Fig. 1,

., . image fixing is stabilized during thls pexiod and mo .
image disfurbance will occur. | | " |
Also, for example, in the %ase of recording
only of K ink, recoiﬁing may be peiformed in the whole
o 5 head region, and paper feeding may%be-done with L width,
whereby the recording speed can befmade grester in the
case of mono-color recording. -j |
| “In the case when the recorazng medium is a
.transparent £ilm formed of PET ox PET coated with an
10 water absorpulve meterlal the present embodiment is
also effect:.ve.
Also the present embod;ment is effective for
obtaining recording of higher :'Lmag;e gquality even in
the case of a.recordiﬁg mediuvm having ink absorptivity
such as the coated paper. . |
Further, even 1n the case. of performing mono-
color recordlng with one mnltl-nozzle head, there is
lthe effect in making the 1mage quallty h;gher s;mllarly
es in the present emboq1ment. That is, by use of a
head with discharge amount set sm;ll so that the same
picture element may be formed with two ink droplets,
‘by recording ink of the seme colo%_with divided nozzles,
- the image &eterioratioﬁ-by cOnneétion_of the_ink in the
'nozzle array directien can be re&uced. Thus, the emission
of ink of the same color dlvwaeq each into 6.6 nl/mm?,

w1th the dropiet volume being made about half undexr

the same conditions as ln the present embodiment, further

— 1T S9EE conertionm
This Sheet Hag

T



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

- 12 - recording nethod in the firSteenbodiﬁent; Fig. 4 is a
graph showi ng the ink absorption characteristics of thﬁ ordihg nediun1
-Fig. 5is an illustration showi ng the inage
- 35 -

'y, higher image quality can be accomplished. . Also, with... .. ...
| the discharge amount being made the:same as in the
present embodiment by emission of ink of the same
color in double amount W1thout blottlng, hzgh densmty
'recordlng'becomes possxble. '
Fig. 16 is a perspective vi;w ehowﬁngethe fifth

embodiment of the present inventiom, ~and this embodiment -
has a constitution of recording hesds corresponding to
recording of full. color.’ That is,;it has:iecofding'heads
10 1a, 2A, 32 and 4a correspondlng to the respect;ve colors

or yeillow (YY), magenta (M), black (K) and cyan {c).

Each of these recording heads has 128 discharge

ports arrayed in the sub~scanning dlrectlon. Also it

is a recoxding head of the certrldge type whlch const;tutes

integrally the ink tanks of the respectlve colors, amd’
® therefore when there is no more 1nk the whole recordlng -
head is exchanged wzth another-cartrldge.

When high'resoiution-recoréing is performed es

in this embodiment, the posxtlonal preCLSlon between the
heads is requlred to be hlgher, and by exchange of the
head with 4 colors integrated as 1n Lhe head of this
embodiment, it becomes pgss1ble to effect strlct'
'registra'tion during sﬁipmeet _,--. and even in a device .
of the head exchange systeﬁ; high image Qualiﬁy
recording extracting fully the pez.—_':_E.orzﬁa:nce of the

head is rendered possible.
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_eval uations corresponding to the ink densities ‘of the recordlng nedlun1

Fig. 6 is anillustration of imge blotting of Fig. @

Fig. 7 is an illustration of overlapping of inks in TTe f the
- present invention; Fig. 8 is_a,perspective view SR ;
jet cartridge of 4 heads integrated in ? e second enbodi nent

present invention; Fig. 9A and Fig. 9B are concepti onal of

t he recording method in the second enbodi nent ;
1 Figs. 17A and 178 are conceptional v1ews show1ng

e et 1 B T L]

“the recordlng method by the recordlng head shown in Fig. 16

whlch are similar to Figs. léA;and IAB respectively.

Th.s embodiment shows the constztutlon in which

§ recording at a recording density of:GQO DPI is performed
" on a 2-fold paper. Thus, since theiiecording densify if
600 DPI, the picture element size 42 33 pm is determlned-
and s;mllarly as described above. the droplet dlamter
- become 30 amm and its volume 14 2 pl‘

10 ' As the result, the plane denszty when mono—color,
_2 colors, 3 colors and 4 colors.are'em;tted overlapplngly
or adjoiningly become respectively-f.in/mmz, 15.8 nl/mm?
23.7 nl/@m? and 31.6.nl/mm2. Agaié; as is apéarent £rom
Fig. 5, the permissible range wheré.no blotting or ink

15 occurs in this embodiment is up togz colors.

Accordingly, as shown iniFig. 17A, it becomes
possible that the récording-heads ébrresponding to 2 colors
make the recording regions the same. That is, the.. -
recordlng heads 22 and 45 of M 1nk and C ink have the s;ﬁe .

20 recording reglons as the recordzng:heaus 1A and 3a of Y |
Lnk and K ink, resnecleely, and recordlng of A3 size is
performed by scannlng for 153 tlnes in. the data mode as e

"shown in Fig. 1/B.
Plg. 18 . is a persnechive ;zew of én ink Jjet -
_25'.record1ng device which can monnt the recordlng heads shown'

" in F:Lg. 16 and Fig. 17, and the cafrlage 5 is engaged

- slidably with a pair of guide shafts, and makes scannlng

—_—
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'Fig. 10 is a perspective view-of the ink jet récording device according to
the second enbodi ment of the present invention; Figs.  11A and 11B.
are conceptional views of the recording nmethod in th Bh& enbodi nent of

"the present invention; Fig. 12 is a side sectiondf&sF f the
ink jet recording device according to thgzfourth enbodi 2y,
present invention; | Fi.g. 13 is a bl ock diagran1shomﬁn

<

1 of the reco*dlng reg;ons w1th the recordlng heads 1A 2A

PRI e o

3A dA possible by drIVng of the carrlage motor SA.

Thus, the number of the recordlng regions dlv;ded

~

.can be set as desired, and this settzng is done by

$ varying the paéer'feediﬁg amount and the recording signal -
supplied to the-recording'heads'in the control constitution
showﬁ ihifig-'13._JBy'doiﬁguso, thé method can correspond j
to recording media inferior:in inkfebsorption chazacter-
'istic such as plain papei”or tvanéparent paper for OHP,

1§ whereby recordlng medla can be dlver51f1ed.

Among plain papers, some are alsa poor 1n color
formablllty of ink, and it may be Sometimes necessary to
increase the denszty, particul arly'*n the case of record-
ing with a mono—color ink. In thls case, for example, |

15 ‘the olscharge ports of the recordxng head of K ink are
divided i into two, and the same recordlng as in the
constitution shown in Fig. 17A isépractices- The

'reoo;dingfsignals at this time’areishown below.
Head scemning 1 2 3 ... ... 150 151 152 153
0 K(2) Tegion O Ky K, --: --- Kigg Kiso Kisi Kisa

K(1) region "k, K Ceeh el K. :
(1) region | Ky Ky K3 . _K150 KlSl K152 4]

Accordzng to- thzs embodlment 't beconies possible” T

to d1ver51fy the recordlng medla by diversifyving of the
'recordlna=moae. Also, although lmage deuerlo*atlon
251. through the dlfference ln shootlng Drec1$1on, dlscharged

amount, etc- ex1st1ng between the clscharce ports 1s'

_ntenszeled by overlapplng recordlng w1th the same ports
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~-control constitution according to recording of the devi ce shomn in Fig.
12; - 13 - : .and Fiqg.
14B are conceptlonal views of the recording nmet hod in tfh HF%RHE?FHASBEEN

“embodi nent ; Fig. 15A and Flg 15B are concepti v RBRIsSACEphOW N
t he recordlng mode of the prior art,3%hich is

<

DI cepme b aes Thr

1 it wlll not be 1nten51f1ed 1n overlaépzng recordlng by use
J'of d1v1ded dlscha;ge ports bééiéiiéviéée&'la most cases.
_Flg. 19 is a conceptional view of the recording
‘method according.to the seventh embdéiment of the present
5 invention‘.l.ﬂ _ |
This embodiment has a constllutlon tekan in the
case of low recordlng density, and 1n this case, because
the ink density of mono-color becomgs higher, the |
possibility of blotting'betﬁeén thé;scénning lines becomos':
10 highér.-- | . |
The recording medium to be used in this embodimeént
is @ film for transmission type OHé,'and in this case,
since the projected light transmité the tranéparent_film
only once, and therefore abéo:ptioﬂ with the dye becomes
15 smaller, whereby contrast of the péojected image can be
obtained with d;fflculty. For thls reason, a thick lnk

receptive layer (opaque) 1s prov1dea on a f£ilm such as PET '

etc., whereby ink’ qbsorpt1v1ty can be 1mproved and :"

-

therefore. by performing Vecordlng w1th ¢ divided recordlng
20 regions, recording of hlgh-denSth without blotting
becomes 90331ble. | :
For recordlng in this embodlmenu. inks of. two .
cqlors of R and K were employed, ana two heads hav1ng 50
: discharge ports'were arrqyed 1n the scannlng dlrectlon.
25 Recordingoof As s;ze was performog’at a recordlng denSltY
3d0 DPI and & driving frequency_o? 4kHz. -

As the result, the picture elémernt size became
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~appl i cabl e to.the seventh embodi nent ‘of the pr esent |nvent|on
Fig. 16 is a perspective view showing the ink jet cartri~dge of 4 heads

integrated in the fifth enbodinent; : Fig. 17A ahdHES gy e |
“conceptional views of the: recordlng method in the fift enbo@b--nﬂASBEEN
Fig. 18 is a perspective view of the~ i AR - Tjet recordi ng devite—aigidi ng tfo

the fifth enbodinent of the present invention;

<

1 84.67 um square, the picture element dot dismeter 120 nm, . .. .
- the droplet diameter 60 nm, the dropiet volume 113 pl,
the mono-color ink plane density ls.é ﬁl/mmz, and two-color
ink plane density 31.6 nl/md. " :
5 : o The recordlng signals in the recordzng method .
'shown in Flg. 19 ‘are shown 1n the fO1lOWlng Table.
'Head scannlng i 2 33i- S ?5 7 8 9 ...
X(4) region 0 O 0__ 0_. 00 0 0 0 ...
X(3) region O 0."1{1_ K2 K3 K& K5 K6 K7 -
.10 - K{2) region 0O 0 0 0 0: 0 0 0 0 ...
K(l) region @ K1 K2 K3 K4 K§ K6 K7 K8 K9 ...
K(4) region 6 0 O RL R2 R3 R& RS R6 ...
K(3) region 0 0 0 O o 0 0 0 0 ...
K(2) region 0 RL 'RZ.RB R;'Rs R6 R7 RS ...
15 K(1) region 0 0 ¢ O 05‘0 0 0 0 ...
As described above, - when overlapo;ng recordzng
is performea with inks of plural colors,_the emission
amount of “inks wz’l become very hlgh in density, and l
20 there;ore in gbe system as in the prlo* art wherein.
| .record*ng of the next line is commenced with paper feeding
“per every completlon of scannlng for plural tlmes, the
'.d;ffe*ence in ink receptive amount between the lines .
becomes greater. As the result 1mage deterloraulqn n
251 (denslty nonunlfbrm ty) of the Jo*ne which may be

conszaered to be caused to tne change in absorptlon"

: phenomenon of _nk of -the next 11ne is liable to be
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Fig. 19 is a conceptional view of the recording nethod in the sixth

enbodi nent of the present invention; Fig. 20 schenatlc
illustration of the pertinent portion of the sevent

- present invention; Fig.- 21 is,a schematic ild
pertinent portion of the operation pan To be wused ; :
enbodi nent . DETAI LED DESCRI PTI ON OF THE PREFERRED ENBCDINENTS

Referring now to the draw ngs, the enbodlnents_

I generated at the bounda_ry port:.on .betweeu scann.:l_ng l::_nes,_

- ‘w'hereby blott:.ng of the previous l:me toward the paper

feeding direction is great:
In cnntfests, in the seventh embodiment as

[ descrlbed above since the ink receptlve amount changes
~gradually per every llne, such trouble becomes little.

Also, as the problem causedfby increase of ink
amount, there may soﬁetimes occur wéving phenomenon of
paper-due'to swellinggﬁstretching &aa shrinkage by ink

10 - reception of the' pepez._', 'b'ut in ‘the 1:::resent embodiment,
-$1nce the region which has become to have the maximum ink
. density within the same time has become smaller as
compaxed with the przor.art-example.as described above,
the;e is &lso the.effect that waving is suppressed. -

15 Accoxrdingly, it is pot necessarf téfexpand specially the
-interval bétween]the head and the éecording medium, whereby
‘shooting precision is moee exéelleéé than the prior art

exampie to-improve'image quality. .
' Aé'is apparent'from the”abévé description,

20' accerding to the_plural number_of %ecording heads,
recorﬁing_medium is ¢onveyed with énly the width of the

. reco:ding divided in--every-one- scaé;iing," and recordieg' T
!;is performed only with the predete%mined discharge pqrts
corresponding to the.tecbrdiqg :egiqhs in-reéponse to

25 such copvéirance-: | ..

As the result, as compared,w1th separa;e recordlng

_ for the resnec;lve colors w1th the whole head width
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- enbodi nent of the present invention. |In the Figures
“heads each havi ng : - 41 -

of the present invention are described in deta|I ' " Fig. 1 is a S|de
sectional view show ng the ' '

princi pal portion of the ink jet recording deV|ce agcomg g

<

1 without.division of the .recording.region, the ink -emission "~~~ i

region or one scanning can be made n;rrowe: substantially
.yithout increasing”the scanning timeg, end therefore
*cockiing-which is the waving phenoménon of recording
5 medium can be made little. Also,_since the paper. |
discharge'portion can be made shorter, miniaturization
‘of the main body has been rendered 90551b1e. r
Further as compared with overlapplng recordlng of
the recordlng reglon over the whole head width, the w1dth
'10- of the region reachlng the maximum den51ty at the same-
time can be made narrower substantlal_y'W1thout lncreasing
the scanning t_mes and therefore cockllnc can be made
little, and also the difference 1& 1nk rece1V1ng ab;lity
during emission between the scannzng lines can be made
15 little, whereby the density uniformﬁty at the line
boundary portion has become better;j Also, since
overlappihg-emissions are done tﬁzo;gh separate dischefgel_
ports, the denSLty irreqularity due to the differencelin-
dlscharge port p*ec131on is allev1a;ed- Aleo. in
iO ‘performing overiapplng record;ng,-;ne :ecerdieg:time ean

be reduced, and otherwise the joinf between the images can

be made begter.
Further ip azddition, a deéireble.-
’ dlver51ty of recordlng can be prov1ded to- users, whereby

25 it has become possibie To perform gooe record ing on a

dlver51ty of recordlng redia.
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-64 ink discharge ports, and the ink passage conmunicated to these
di scharge ports has an electrothermal trans- ducer forp~generating- energy
for discharging ink arranged therein. Al so, the recordi Btshgarts

“and 4 are recording heads for discharging respectively i
green (G, blue (B) and black (B), and 42hey ar'e repsecti Ve
carriage 5. Wth such arrangenent, the directions of the di scharge e
array in the respective recording heads forns the sub-scanning direction
as described beIOM/ggﬁh

device for obtaining the optimum reéording speed
improvement ratio after having obtalned higher densxty
'or hlgher image cuallty by-partlal use of the respectlve
§ heads of the present 1nvent10n.  |
400 is a means for detectlng automatically or"
manually the mater:al of the recordlng medium (dlfference-f
.1n materials, lncludlng paperlqr re§1n ‘sheet or converted_
'péper, semiconverted paper;'those with:great ink abééiﬁtibh
10 amount, plazn paper A, B, Cs: see Flg. '21), and as the  ”'
antoma;ic dzscrlmlnatlon, various. known dlscrlminatzon
methods such as light transm1551on, attachment of d:fferent "
marks accordlng to the- respectlve materlals and
idlscrlmlnaglon uhereof, etc. can be_utlllzed. 500 is a
15 means for dete;mining the number'fo; the totai number -
M of the discharge porté of each recording head, and in 
this embddiment' the divided rafio 5 of the.total ﬁumbe:“
- 'M is determlnea in the present embodlmeng. Specifiéali},if:
the means” 500 has determlned wh;ch one of the groups G1- &
| 20 to GB (GL to G8 are groups eacn hav1ng § discharge ports)'
su:ted for recordlnc of the’ recordlng
- heads 1, 2, 3;'-“sultable'for'thg'materiél'bf the " ~
_reéording-material_Shoﬁld be usé&.” According'tp'thé 
Séetific e$amnIe:of'the present emgodimeqt, aiso by  '
. 25 referrlng to Fi g; 21 the inlc absorptlon amount is 1ara§
.to the extent whlch requvres no d.v*aed uses for

converted paper with large lnk absqrpt;on amount,

g- 20 shows the basic schematic view of the . .. . . .. ...
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feference to Fig. 3A, and they are arrayed'so that the recording region by

scanni ng may be the sane. - The carriage 5 is eng d_slidably with
a pair of guide shafts and is also novable in the sdan ) t he
direction perpendicular to the drawing) by the carriag Eﬁh¢§h§ﬁﬁﬂwﬂ bed
bel ow. The recording heads ¢ £#8 4 are connected

through the carriage to the main control secti-on as described bel ow W't h
reference to Fig. 2, and otherw se connected to the ink tanks

1 and therefore no divided dx:v;ng may be practlced but

- e e e e B P

recordlng speed will be theréby lowered ) For thzs.reason
for utilizing the effect of the-present invention, n may
be prefexrably 2 or more. Por the rat;o n, with the
) dlscrzmlnatzon result of semi—converted paper. pla;n paper
| A, n=2_is-employed, and_recording_og the embodiment
shown.iﬁ.Pigs.Ti7A  i?B:ﬁs‘describéd above is practiced. |
On the other hana, wmth the dzscrimznat;on result of pla;n
paper B,in =4 is ennloyed and recoralng oL the embodiment
10 shown in Fig. 19-15 p;actlced. Further, for plain paper -
C or OHP sheet, n=8 is employed,_ang group Gl units with =
one'séanning width of.discharge poz?s 8 are practiced .
as in the above—meﬁtioned embodimenk.
600 is a recordlng head drxv1ng means, and the
'15 recordlng szgnal 1mpartina regions wbvch are the dlscharge
ports to be used for the ;gcordlng;heads i, 2, 3, ¢ aze .
 determined and driven 6n'the basiszéf the ratio mn
determlned by the aoove—mentloned determlnlng means 500.
_ 700 is a recording medlum convey1ng means, and for the
o0 prlntable regions x at all the dlscharge ports of the
| recording head, the convey:ng amount x/n of one scanning
u;:unlt-lsyaggerm;ned on the_bas;c of‘the.ratlo.n detgrmlned.h;
 bY the determining ﬁéans 500, éﬁd'éhe oitch with respect
to the reCOlena meq1un conveylng dlrecglon which is the

.98 :sub-scann*ng in the recoralng node determined is

_contlnued to be delivered each by ;/n.

With the céns.titution showi in Fig. 20,
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.of the respective colors at the ink tank portion 7 by the ink tube bundle

6 correspondi ng erX|ny to the novenent of the car

suppl y

"hand, the recordi ng nmedi um 8 S conveyed by the COR

through

10

performed.

5 so that i nk

<

regardless of the klnd of the recordlng medlum, 1nk Jet

. e e PSR cewt e R T T T

-recordlng of good aual;ty and hlgh speed can be surely

Fig. 21 shows thé display péﬁel 800 by which the
operator determines the divieion raéio n for conveying
the abovementioned récoﬁdinglheads'éérresponding to the
recording medium to be aﬁmyea. sxfn is the key for -
converted paper.hanq'by‘turning onléhe key, the recording
mpde described in Fig;-ZI is eet. éimilérly, 802 is the .
key for semi-convefted paper;.plain?paper 4, 803 the key
for plain paper B, and 804 the key %qr plain papef C or ”
sheet for OHP. 805 displays the total discharge port
number M of the recording head, and;in.this-embodimcnt
represents 64. 806 dlsplays durlng print or the prznt
sw1tch of operation. |
Even if the coustitution may be made as shown

in the operational panel of Fig- ZIgin which the operator

can simply determine and employ thé“recording mode of .

the present invention, the effects of the present invention

can be fully obtaiﬁed- The all disbharge port utilization

‘mode of- the kev 801 is not requlred in practice as =

matter of course, but may'be also provmded for practicing -

‘various kinds of recordlng SYSuems

. The numerlcal values in the'foregoing embodiments
are not of course limiting conditions for the present.
invention, &nd the p:eéision-of thé present invention

is enough even if the number of discharge ports to be

This bheet Has Been Replac:d :




- the paper feeding guide 10 at a predetermined timng cessively in the
arrownead direction in the Figure to-the recording pof the§ e~ '
recording portion, the recording medium8 is adsorbed thro*4
“electrostatic attracting force of the adsorption conveyimg—H&
adsorption supporting conveying is donetSa | e ibei ng synchroni zed
conveying -roller pair 9 with novenent -of the belt 11, and the nedium

stops successively at predeternm ned positions ‘to perforn1recording
1 used may be determined without determination of the ratio

N e

of the total number ‘of d;scharge ports.““
The present invention brzngs,about excellent
" effects particularly in recording hEads, recording devices'
5 ©of the bubble jet system. among the 1nk jet recordlng
systems |
its representatlve constltutzons and prznclples
should be preferably those by'use of the basic prxnc;ple '
d:.sclosed in U.S. Patents 4723129 and 4740796. This |
10 System is applzcable to either of the so called on—demand
type and - contlnuous type, but partlcularly in the case
. of the on-demand type it 1s effectlve, because by
applying at least ome driving signél which gives abrupi_
temperature elevation exceedinglnuéieat.boiling tolfhe
15 elec;rotherma1 transducers arraﬁged corresponding to
the sheets or lzquld passages on Whlch liquid (ink) is
.held, heat energy can be aenerated in the electrothermal
transducers to effect film EOLllng on the heat—actzng ':-
surface oF the recordzng bhead, and conseauently form
20 bubbles w1gh1n tne llquxd (ink} correspondlng one by |
one to the ar1v1ng signal. Even lf the l;quld {ink) ..
may be discharged through.openiﬁg %br .discharge by .._
growth shrlnkage of the bubbles, at least one droplet
_w1ll be formea-~ By maklng the.dr;v_ng signal shapee-n
25__1n pulse. 1nstantly.growth'and shfinkage of the bubbleH 
are ef;ected aaequately, whereby lecharge of licuid

(lnk) particularly excellent in resoonse characterzstlc

This Sheet Has Been Replaced




~ Fig.~ 2 is a block diagram show ng the recordlng contr@l_in the ink jet
recording device shown in Fig. 1.. In the same Fi gure -

- motor for driving the carrlage 5 through a carriage oerlﬂo

"such .as belt, pooley, etc., and 20 isgghe head driver for~
di schar ge S|gnals for the respectlve di scharge ports based on

recording data supplied fromthe control section. 30 is the paper f eedi ng
drivin sectiogefor driving the conveykng rol:ler 9 and t adsor tion

conveyilng ©BBI Pe190rgn @refeEGndiy m%ﬁﬁ-of Aé ﬁ%’teorf"u_._ s haped

s -

dr1v1ng 51gnal those as descrlbed 1n U.S. Patents
4463359 and 4345262 are suitable. Furthe: recording
can be perfo:med by employmeﬁt of tié conditions disclosed
5 in U.S. Patent 4313124 co#éerﬁing t?g teméerature
elgvation_ratio o£.thé'ébd@é;mentio;ed heat-—acting
s#ﬁfage.g' R |
‘As the constltutzon of the ¥eccrdlng head in-
addition to the comblned constltutlon of dlscharge port,
10 l;quld passage, electrothermal Lransducer as dlsclosed
in the.respectlve spec1f1c;tlon5'a§ mentioned above
(linéariliQuid passége'or”right anéle ligquid passage),
thegconstitutions by-ﬁse-df-ﬁ-s. Pétents 4558333 and
4459600 alsc1051ng the CORSthutlon in which the heat-
15 'actlng portion is arranged in a fTexed region are a1so
| included’ within the present 1nvent;op. In addztlon,
the presént invention'is'aiso effeétive even if the
constltutlon.lnay be made one basea ‘on the constltutlon
dlsclosea-ln Jananeseza;u-oPen Patent Application
29 Nb. 59 123670 whlch dlscloses the coustitution conorlslna
a sllt common to a olural number of electrothermal
trans¢u¢e:s gsﬂtheudls;harge-portlop oh.the.electrothérmal
tranSducérs or the constitution Jabanese Laid-Open
Patent APDl’CaL*OHDku 59 138461 whlch discloses the
o5 cons;;tutlon—comorlslng openlng fov -absorbing the
- pressure wave orf heat energy correspond*ng to the

dlscharge por*lon.

This Sheet Has Been Replaced
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- The control section shown in the Flgure has CPU 100 whi ch practices

processing according to- control of the device while performng giving and

recei ving of the data between the host devicce or

16 -

the respective sections of_ QQe;recohding

*

1 In addition, the present 1nventlon 15 also

.n e e A - . A

effect;ve for the case'of u31ng a record;ng head of the
freely exchangeable chlp type whlch;enables electrical
‘connection to the main'device or feéding of ink from:

S the wain dev1ce by mountlng onto the main device, or
a recording head of the cartrldge type 1ntegrally
.prov1ded on the:recordlng head 1tse1f.

Also, addl tion of restoratlon means, preliminary
aiding . meané, etc. to the recordlng head is prOVLded

10 as the CODStltULlOR of the recordlng device of the
present 1nventlog';szprefe;able, beeegse~the effects
of the preseat inertien eeﬁjbe-fﬁr%her stabilized.
Specific examples ofeeuch means'hayiinc;ude, for recording
heads, cepping means; eleepiﬁg'meen;,'preseﬁrization _.

5 or suctien means, éreliﬁinary'heatieg means such as
electrothermal transducer or heatlng el ement separate’
from this or comblnatlon of these, and it is also v -
effective for perform;ng stable recordlng to practice
a prel;mznary dlscharge mode wh;ch performs d;scharazng

90 sSeparately from recordlng._,ﬂ

Turther, as the’ recorﬂzng mode of the reco*elng

device, . not .only the recordlng mode only cf the ‘main -~~~ T

color such as black,_etc.,;but-also »he.:eco:dlng heade
~can be conetituted iﬁtegteiifiet ac;ord{ng.to a 

25 combzna;;on of plural number, and the present 1nventlon
is extremely e‘fectlve also for a dev1ce equlpped wzth

at least one of eomplex colors wlth:dlfferent-colors

This Sheet Has Been Re placed ' T
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RAMLOOA whi ch becones the work area in processing off~6R 100 and RCNHOOB

- _mhlch menori zes the processing procedure such as re d?ﬂ?@: , etc.
““as shown in Fig. 3A and Fig. 3B. : Figs. 3A‘and 3Ry set i ona
views for. illustration of the recording nethod in the e ' ' @h-mm in

" Fig. 1. tn Fig. 3A the recording heffs=1 to.4 for dischargi N¥ .
respectively the inks of the respective colors of R G B and K are - as
ment i oned above, supported and fixed so that :'the respective

1 or full colors by color m:s.xa.ng-r_ . TR

P e e

-

The present inven -.:r.on can solve adegquately the .
various problems Ffound by the present inventors accordz.ng
'to the const;tutlon, dr1v1ng not found in the prior art,

'5 fand is an 1ndustrlally effectlve 1ngentlon.

| An lnk jet recondlng dev1ce c0mprlses a carrlage

hav1ng a plural number of 1nk Jet recordlng heads eadh o

_hav1ng a plural number of dlscharge ports mountea

10 thereon, a means for glVLng recordlng ink signals to
;he 1nk QLScharge energy generatlng elements correspondzng
.to all or a part of the respective plnral number of
discharge ports of the plural number of discharge
.heads, and a control means, whlch 1ncreases the number

is of_recording heads.to be used during recording of the
recordable region J.Qrmed ‘by the total sum of all the
discharge regions of the plural numbe_ of recording
heads from initiation of recording onto a recording
medium, i reducing the number of 'recoid;ng heads to be

20 nsed 'duz;i.ng' reodrdi;ng of ".‘dh.e.'recordal.)le region in the
record:.ng completz.on reglon of the recordlng medium,
and has one scannxng Wldth to be recordea by scannlng‘ .
by.the recording head durlng.reoord%ng.as the feeding

pitch of the recoxrding medium. -

This Sheet Has Been Replaced’
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di scharge port arrays 3 may becone perpend| cular to th
(sub-scanni ng—¢i+ect+on)y—TeEetative to. the both . surfaces

arroy 13 canng NN IERVI IR & "ot R ctorr n e &

perspective fromthRe teal tshereof Morag specifically, the arl
that the widths of the discharge port arrays of the recordlng heaf\ng~
the Figure, RL=G.=BL=KL) nay be connect ed to one another without gap,

the r espectdLAen{§cor di ng

scannl ng di rect ion =

. . . T
W et e e LT

1. An 1nk'5et.record1ng devlce comprising:
a8 carriage having a plural nnmber of ink jet
recording heads each havzng a plural number of dlscharge
S .ports mounted thereon, | '
a means for ng1ng recordingfink signals to the ink
discharge energy generatlng elements corresnond_ng to all l_
or a part of the respec ve plural number of d;scharge
ports of said plural number of recordlng heads; and
10 ' a control means, whlch 1ncrea$es the . number of.
recording heads to be used dnrlng recorulng of the
recordable region forme§ by_the toﬁal sum of all the
discharge regions of'said;plﬁfal n&mber of recording.headS' 
from initiation of recor&iegsehto‘% £eco£ding'mediﬁm, |
15 reducing the number of recording h%eds to be used during
recording of said recerdable'regieéfin the recording _
cempletion recion'ef the-recorainggeedium. and has one
scanning width to be recorded by scannlng by the recordlng

head durlng record;ng as the feed_nc DltCh of the recordlng
zj _medlum._.'. C e ol
: 2.5”An,ink-jet recerdfng de;iCe'according'tb:Claim’”“”;“ﬁ'“”
1, whereln savd conurol means has a neans for determlnlng
' number of the elscharge portse mh*cb are & paﬁt of the-
25__.resnect1ve plu*e1 number of dlscbarae ports oL said plural
number of recorainc heads, dependlng on Lhe mauerlal of the
_ recording medium.
TR
eet Has Been Replaced
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-regions (R Ge_Br_K;_by_gne_scannlng beconmes con- tinupd mﬁth-the sane '

wi dth. When th mis conveyed as deSCFIléHUu
recor di ng regl ﬂ“rmml Iimwllm rt he carrl age 5 scans #q_i
“rece 17 :

ordi

10

..50_

€

3. An ink jet recording device according to Claim

R T N L - R T -

1, wherein said ink discharge energy generating element is

an electrothermal transducer of the?mal energy generating

"element which causes film boiling in ink to occur.

4. An ink jet.recqrdiag_dev;ce'which has a plural
number ef.recqrdinc heads'ﬁaving dfscharge ports fox '
discharginglink ar ayed thereo1, and performs recordlng of
1mages by. uvscharg1ng 1nk ;hrough sald discharge ports |
accompanled with the scann*ng movement of said plural
number of recorﬁlng_heads,-

characterized in thattsaid éevice has a firsr.
recording bhezd and a second recordiﬁg head provided
adjacent to the upstream s;de and downsrream side
relatlvely ngh respect LO'Lhe conveylng direction of the
recording mealum( and arranged in rhe positienal
relationship with the respective d;scharge ports not .
everlapping each other in the uéstream side region_aad rhe
downstream side region, and a'reco;ding mode which performs

recording so that at least thé _maoe of first ink dr oplets:'

on 5he recorclng nedlum by the flrSL recordlng heaa

o relatlvely on the upstream, 51de and the image of the. second

ink droplets on the recordlng medrum by the second

'recording_head re,atlve y ‘on the downSQream side may be

overlapped with each otber.-7

heet Has Been Replaced
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. The recordl ng medium 8 stops at the position . of (the first scanni ng) in

the conveyin -roller pair 9 and tithe adso{TtieA~conveyi ng bel t
11 Thlml mlmw "mtr the state where the tip porty 8HEET y fre
recordi ng recordi ng region K, ang~the REecer
medi um has not reached ot her reco+dshg-regi ons R, G B. There
the first head scanning, recording is performed only with the. K head.
After the first scanning, the recording - mediium 8 is again conveyed by

t he con\ieyi ng rol Igr an 1nk
- jet recordlng deche which has a plural .
number of record*ng heads having dlscharge ports for
-discharging ink arranged.thereon, apd performs ;eco:ding of
' images by discharging ink through s%id discharge ports
-9 .accompanz.ed w:.th the scanning movemen of said plural
..number o; recording heads,. i
characterlzed in that each of said plural number of
_réco;dlng heads and ag_least another of said plura;.number
of recording hé&dé:aré ar:anged_sogthat said discharge
" 10 - ports arrayed omn ee.c_h may ﬁpt'_overléap each qther in said |
| '.scanning direction, |
" and said device is nrov;ded w:.th 2 paper feeding
'means wh:.ch pe*‘forms paper feeding w:.th the width of the
-records.ng regions by s=id sca.nn:.ng.;movement of the
15 recording heads arranged so zs not;to overlsp each other,
and. | .
a recording sigﬂaljsupplyin; means which supplies
recording signals for discharge tojthe respective récoréing
' heads of said nlural number of reco*dlng heads .
'29. 'correspond1ng to the Daner feed*ng by said paper feealnc
) means. |
6. &an ink jeﬁ fetording dévice according to Claim‘l
- or 2, wherein the recordlng reglons by sald 5cann1na
”'5 2$ nwvement of tne recorQLng heads arranged so as not to

overlap each othe& is con;_nuous to eac¢h other.

is Sheet Has Been Replaced
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'palr 9ﬁmﬁ+%+ﬁ>iﬁk%#f%+4WFconvey|ng belt 11. As:is ' ‘apparent from Fig.

the is set the sane. as the h(RL, &, BL,
KL) of ﬂmﬂmﬂ" :H[]'E"i rt array. |n the second scanni nGHIS g S :
0% ,

recorded i*n fesponse « he recording - signal Klerr] bi_the
ink in the first scanni ng has noved éo the B.recording regi
recording is performed in response to the recording signal Blerr] w
head 3 of B ink. On the other hand, at the portion conveyed

1 .. . 7., An ink jet recording device sccording to Claim 1
or 2; wherein the recording regions;by said scanning
-movement of the recording heads arr;nged so as not to
.oﬁerlap each other have an'intervaléof the width of said
5 'recording'regions multiﬁliéd_by aﬁ gﬁteger-
_ -L“ y
: 8. ‘An ink jet recordlng devzce accordlng to Clalm
6 wherein the dlscnarge ports arranged on each: of Sald '
plural number of recordlng heads a;e a plural numbeL.of
10 'discharge ports arra@géd:in;;he suﬁéécanning direction.
9. An ink jét"reéofﬂing aééiCe according to Claim
.8, wherein each of séid plural numﬁér of recording néads
has an electrothermal fransdqcer a%?the diéchérge eﬁergy

15 generating element for diécha:ging§ink.

This Sheet Has Been Replaced
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"némﬁ to The K rECOIUIHg‘TegIOH recordlng i s per- _
t he next m" Klerr] wth the head 4

t he recouml@ M wﬂm has not- yet reached the R 3
regi ons, sti o "ecdording is perforned mnth t he

the head of G |nk ) 5 - 18-

ad _in response to-.
- %AEET ": nce

<

1 10. An ink jet recording &evice according to
c1a1m 4, whereln sald second recordlng head makes the
second recording re.g:x.on recordable ‘with respect to

" said conveying direction the same recordable region and
--5 also the dev;ce has further an- addltlonal recordzng
| bead arranged in sald downstream sm&e reglon.
211. An ln? jet racordwng heaﬂ arcordznc to. Clalm,
9, whereln sazd second recordlng head makes the
._10_ second recordlng reglon recovdahle with respect to samd B
| conveying direction the same recordable region and '__
also the device has_further an additional reco;dlng-u.
head arranged in said-&anEtreém %ide‘regioﬁQ
is- ' -12. An ink jet récordingédevicé according-t§
Claim 11} wherein sai@ first-réco%ding region and -said

second recording :egioﬁ-have'thg sSame width._

13, Aﬁriﬁk jep_re¢6rding§head aécordihg to
99 Claim 4, wherein .s‘;aj'._d _ flrs‘.: and 'sécblié. féco::éizigt heads
| _and additional tecéfaiﬁg_hgadé, déscha;ge inks of céldrs 
_different from each other,fénd séid Peco;diﬁg mode |
: performs overlapnxng record:ng as’ the fxrst recovdlng
| reclon with the Flrs; and addltlona1 recordlng heads_
"?“bgs.“ after performing recoralng of the second recovclng

reg_on'wxuh tne second and addltlonal recordlng heads.

This Sheet Has Been Rep
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-After the gﬁg gh§§ Ng.q the recordlng medi umis ‘agai n conveyed by the

PL mﬁdth canning, at the portion where ecordlng was
_perforned ing signals of Blerr] and K[ ef This sES
response t signal err] is done. At tfhe POk

recordi ng was perforned with the recddding signal Klerr
done in Tesponse to the recording signal Blerr] with the head 3 0 nk
Al'so, at the K recording region, the recording'signal Klerr] is recorded
w th thejhead 4 of 14, An ink jet recording device, which has a . _
plural number of recording heads, éach constituted by
arraylng a nlural number of dlscharge ports for
dzscharglng ink in the subscann:ng dlvectzon or a
5  direction dlfferent from the scannrng direction in the o
“_-scannlng dlrectmon, and’ performs reco*dlng of images by
-i:ﬁdlscharglng lnk hrough sald dlscharge ports accompanied
"rfw1th the scannlng movemenr'of salq_plural number of o |
:recordlng neads, -
}0:= o characrerired in fhat:saidédevice is provided
r  with a_conveyiﬁg means which convevs thé recording
' medium with the width of ‘the equa.'LT.y divided region of
'the recorulna reglon by scannzng 0r sald plural number
of recordlng heads per every time qf sajid scanning
15'.movement; and )
a recorulng s;gnal sunplyirg'means which
supplles recordlng s1gnals to only the discharge ports
' predeterm.ned correspondlng to sald equally divided
. reazons ln resnonse to Sald conveylng by sald conveyrng_f

20_mmeans-_

'““”f““*“ﬁls An 1nk jet record_ng aev;ce “decordiahgtto
'Clalm 14, whereln each of Sald plural number of
'recordlng heads bas-an'elecrroLhermal transducer as_;he

- 25 q;scha.ge energy generarlng elemenb for dlscharc ng ink.

16. a recording mefhod of'an ink jet recording N
dev1ce, which has a plural number of record1§g;gg§§§L____;_;_.;_

| LHR O



K i nk. After the third scanning, the-recording':nedrunrrs_ '
simlarly conve;ﬂéds t kg ﬂﬁmﬁﬁ h and the fourth scanning i's perforned.

In the fourth sca portion where. recordi Fs—parformed in
response to the r |'siof K1, B1, Gl; regp Jory

% : By
response .to the recor |ng signal RL Wt t"he head 1 Ofk . LY He
recording nediumis successi vel y recorded at every PL width Wth~ak$ of

bl ack, blue, green and red col ors. ' «
1 each constituted by arranging a plural number of discharxrge

"ports for dlscharglng-lnk_ln the_sup—sqannlng direction
or a direction different from the édanning direction,-
arranged in the scanning airectioné:and performs
§ redondiﬁg.of images by diécharginggink.through said
. diSchérge'portsIaccompanied with_tﬁe eéannihg ﬁovemeeﬁ
 of said plural number'of récordinggﬁeadé;:'
_. characterlzed in that the éecordlng medium 15 
'econveyed with the wzdth of the equally le1ded reglon
10 of the recording regzon by scannlng of sald plural number
-of_;ecordlng heads per every time qﬁ sa;d scannlng
movement, and | | ! |
recording signéls-ére suppiie& to enly the
discharge ports preqetermlnea correspond;ng to said

15 -ecually divided regions 1n response to Sald conveylng

by 'said coaveying means.

17, A Lecord_ng method accord_ng *o cla_m 16

ﬁhereln each of said plural number of recoralnc heads -
o0 .has an eleCeroehermaletra;sguce;fas the.&-schahge
.ene;gy_generating elemeﬁﬁ for disé%hrgipé iﬁk-fr'

R I L il T T L I ST L L e I T T T R T

18. An ink-jét'recb;ding hevidé;*which“has a
. . S i R -
recording head constituted by arraying a discharge
25 port for discharging ink in the'SGb—séanniﬁg direcfidn.

or’ a dlrectlon leferent from ehe scannlng dlrectlon

..1n the scannln irectlon and performs recoralng of :

i \\||\||\ I |||\\ Wil \ll\- |



.Fig. 3B shoms—f+mr7?ﬁﬁﬁ7ﬂ7i§7§raﬁélS of the respéctive heads for every head

scanni ng when r ggosHdet Has a .size is perfornmed wth_the recordlng head:

of this. enbodinme rear end of the: recordihg

recordi ng signal ;\J“li veI y lost fromthe K head.
scanni ng, the $écord|ng

of recordlng of t

<

1 images by dlscharglng 1nk through sala dlscharge port .
.“Laccompanled wzth the scanning movement of said plural
number of recording heads, .
charadferized in that said?device is provided

:.5 wzth a convey:ng means Whlch performs conveying Lhe

' recordlng medium with the width of the equally d;vzded

.reglon of the recoralng region by scannlng of s«zd

recoralng head per every t;me of sald scannlnc novement,

and S _

19:'  a recdrding signal-supplyiﬁg means-which
suppl;ed recordlng szgnals to only the dlscharae ports
predetermlned,corresnondlng to Sald equally divided -

reg;ons in response to said conveying by sai d ccnveyzng

means.
. 15 o
v .- U -
19. 2an ink jet recoxrding deivce according to

Claim 18 wherezn each of said. recordlng head has an:

electrothermal transducer as the dlscharge energy -

generatlpg element for dlscha;glngg;nk.

o I _ N e
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4 shows t

root of abs

and absor
ordi nat e.
receptive

10,

rredl um 8 is_di scﬁ‘ ged out of the machine. - - V\hereas

h e Thin&heet ﬁiﬁ characteristics of recordin
|

[err] ) being shown on the a
(aqueous% (nl/miferr]) on
It can be under- stood tha I n the coated paper .

RERLAgfep
havi ng

Fig

-~

T

W th square
Hmdﬁﬁﬁbsghsﬁ =

| ayer provided on the surface | ayer., a | arge anmount of ink can
" be absorbed mnthln a short tinme, while kn the :

TRACT OF TH& DISCLOSURL

“an fak j&t redording 'aéezaa“;o;gl;si”s;; a carriage
having a ploral number of.ink jet recording heads each
‘baving a plural number of discharge?borts mounted =
thereon,-a means-for giving recordi;g ink signals to
the ink q:scharge energy generat;ng elements correspondlag
to all or a part o-F the respect:.ve. plural number of
d:scharcre ports of the plural numbe.r of discharge
Hheads, and a qont:ol means. whlch 1gcreases the nuﬁbeﬁ
of recoraiﬁg heads to be used duriﬁ§ :ecordine of thél
rece;dablé region Zormed by the total sum of all the
disehargéhregionsﬁof the plural numbeb of recoralng
heads fxom i_nitiafion of recorc.:_ng onto a recording
medium, ‘reducing the number of recording heads to be-".
used during recorq1ng of uhe reco*dable region in the
raecording compl et:z.on reg:.on of the record::.ng medium,
apd'has one scamning width Lo.be recorded by scannlngT.
by-the recording head dﬁring récording as the feediﬁg':

pitch of the recording mé_dium.":
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non-coated paper used in this enbodiment, initial absorption'is lowand a =
long tine is required for - absorption of ink. : Fig. 5 shows the
results of exam nation of blotting degree of inages en inks of two

colors are emtted onto the recordi ng nedi um subst afft1 sLqul t aneously
(sharpness of the boundary port.ion 10€1@6en the inks{of t I
Table. In this Table, the mark O shows one.which is T
useful, the mark [err] one which is slightly

ally

This Sheet Has Been Replaced
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. inferior in. |mage quality and the. mar k X one which. is entlrely practlcally
unusef ul . : Fromthis experinent, it can be seefi
amount which can be recorded within a short time is
in the non-coated paper and 25 nI/m*r[er‘r;D]r or less in: _
Thi s phenonenon ‘can be esti mat ed ta.&ﬁ accordl ng to the nmecham
shown in Fig. 6. a
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as
in the

- paper,
of contact,

i nk onto

@Hmkrmre

s

: Efoﬂﬁyih

As shewn_in Fig. 4,

effected in the order
0.2 f5

dryi ng.
orbed: and th

of

‘the absorption of.

shown in Fig. 6A may be considered to be

col | i sion,
‘case of the non-coated paper,

11 to 12 nl/mierr]

t han t hat

More specifically,.
per neati on,

~formati on,

dot

20 -

5/ 20

in
is emtted substantially sinultaneously,
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~the ink will be overflowed and, as shomh in Flg 6B, the overflowed" |nk is -
attracted to the adjacent ink which has reached previou onto the paper,
dhye

wher eby bIottlng may be considered to occur at the bou
ment S|nce head scadni ng $A&

In contrast, in the present enbodi
successively with the recording re@vé’ or the respectiv

separated in one scanning, blotting at t he boundary portion b
smal ler as shown in Fig. 7. <

FIG.4:
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- For verifying the effect of this ermbodinment,- the recordi test was .
performed under the conditions .shown bel ow and consequ recorded
images with little blotting at the boundary portion co
contrast, when recording was per- forned- sinultaneously wtTh-
arrangement of heads being constitUBed20 that: the respective hea
recording regions were overlapped wth each other as in the ink Jef%“““
recording device in the prior art, ‘
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--21- i mges’ whi ch were ent| rel’ y pract ically usel ess were obt ai ned.

To describe in detail, this enbodinent can performrecording of 7 col ors
by use of 4 colors of " R -G B, K and recording was pgriqrned on a
recording mediumof A4 size at a reSof @09 density of 305 P and a
driving frequency of 5.4.. kHz For thl S record- : ELT -
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"ing medium a two-fold paper- ‘on which the dlaneter ~of the ink droplet

emtted is expanded to 2-fold is used.
recordi'ng density is 360 DPI, the plcture el enent si ze /o
[err]m square, and the dot dlaneteﬁbéﬁaéhdlng the pict
whol e becones 100[{err]m Accordingly, the
the 2-fold paper becomes 50 [err]m nanely |ts vol ume becone

When recording is performed under .such . -

(2nd. SCAN)

Fl16.7

(1st. SCAN)

4,
<~
o
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(M Il I"I

i b A RS ST T, e R
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-conditions, the plane density of nono-col or (one dlscharge) becones 13. 2°
nl/mferr], and the plane denS|ty of -two colors (two di scharges) becones
26.3 nl/m{err], and when two colors.are overlapped or adjoined at the .-
sane time as shown in Fig. 5, the" '%?;B ?Scones bad. As is
~apparent fromthe above descri pti on 2% enbodi ng [

to have a constitution excluding overlapping or
mnthln a short time, is also effectlve

FIG.8

A

qi'l ".{! !!P!\. : =

\ma
L L A
T Py

| __

T S e L g imari aew e ihes P R T L S LI MNP SR TE X
s E S e e TUUTITmLG s WRE T pale e e T TR S G el T T T T TR L T TS L e g e E I e

This Sheet Has Been Rep

(R lll!

whi ch has been made L



- 22 -  for-a recording nei dum wi th poor water absorption as- the

non- coat ed paper . . Al'so; -according to the above- nment i oned recordi ng
conditions, since in this enbodi ment the recording
is divided into 4,. and therefore _ggﬂgmg for 68
recordi ng of A4 _ o o
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size. This neans that the scanning ti-mes-are increased only by 3 as
conpared with the device constitution-of --the prior art, thus resulting in
substantially no lowering in recardi hg speed. contrast, for
recordi ng of the same A4 size, i f-_tWé rding regl on“§ gyede the sane as
in the prior art and the boundary lJ t ﬁg-is prevented RILe g ST ng
scanning for 4 tines at the.sane position, scanning of 268 CBBSB% ¢h is
4-fold is required. Al so, for exanple,:in the case o ecordi ng’

~ FlG.10

m R TR L e e e T A sttt R N e e T e S s R ey A T, el el e T e ST T W T e b e B an
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only of Kink, the recording nedlun1nay be dlscharged mnthout perforn1ng= f 

“the 66th to 68th scanning, and by doihg so, there is no |owering in
recording speed at all in the case gj qfno col or recofdh :

the case when the recordi ng nedi unt 1 8 transparent .fi of PET or

PET coated with an water absorptive materiali the pries oNgENt

al so effective. Further, the presentlenbodlnent Rfi-&b8 pre_for

obt ai ni ng recordi ng of higher inage gquality .even in the case

recordi ng nmedi um having ink

72
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"REPLACEMENT SHEET - o e
| Flg '8 i's a perspective vi ew showi ng the second .

t he coated paper. ,
enbodi ment of the present inventian,
constitution of recording heads corr

That is, it has recordlng

- 23 - absorpt|V|ty such as.

and this enbodi- nent
%%?ondlng to recordlno

Flg.1z

This Sheet Ha as B
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“heads 1A, 2A, 3A and 4A correspondi ng .to the respective colors of yellow
(Y), magenta (M, black (K) and cyan (C). - <. .. Each of these recording
heads has 128 di scharge ports arrayed in the sub-scanning direction. ‘Al so,
it is arecording head of the cartrijgge pygpe which consti- tutes
integrally the ink tanks of the respective colors and .t herefore when
there is no nore ink, the whole recording head is exchanged w th anot her
cartridge. . When hi gh resolution<recording is perforned as in this_

enbodi ment, the positional precision between

e

~5
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of -

the head with 4. .
it becones possible
in a device

and/

t hi s .enbodi nent

head i s rendered possible.

vi ews show ng

, “and ‘by-exchange of

the heads i.s required to be higher,

-colors integrated as in the head of
regi stration duri

t he perfornmance of the

are concepti onal

shown in

to effect strict
the head exchange system high inmag

t he recordi ng met hod by

~which are sinmilar to Figs.

3A- 'and .3B,

Fig. 8,
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g at a recording
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.i's perforned
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R  val'eld L

‘embodi ment shows the constitution-in which

density “of 600 DP
“recording density is

det er m ned,
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"and similarly as described above, the"droplet di‘aretér =~ beconmes 30 [err]m
and its volune 14.2 pl. ' ‘As the result, the plapg density when .
nmono- color, 2 colors, 3 colors and 4 col ors are enlttedy S erlapplngly or
!adj oi ningly become respectlvely 7.9 I@)’@Oerr] 15.8 I/m‘?{ oy

nl/mierr] and 31.6 nl/mferr] Again, as'is apparent f r o Rieg, >

permi ssible range where no blotting of ink occurs in this eni&ipnEEsTDs
up to 2 colors. . Accordingly, as.shown in Fig. 9, 8BS
possi bl e that t he recordlng heads correspondlng to 2

e el
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colors make the .recording regions the same. In the case of the sane =~

Fi gure,-as shown in Fig. 9A ‘the Trecording heads 2Awand 4A of Mink and C
i'nk have the same recording regions as the recordi
ink and K ink, respectively, and

scanning for

77 times in the data

10 is a perspective view of an ink jet

13
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"engaged slidably with a pair of guide shafts, ‘and- ‘makes' scanni'ng of the’
recordi.ng regions wi.th the o e L 25
recordi ng heads 1A, 2A, 3A, 4A possible by driving of the carriage notor
5A. . . - Figs. 11A and 11B are cbﬁeé[ﬁlﬂonal_ views shswing

Fleas
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. the recording nmethod according to the th|rd enbodlnent of the present'

" invention. As is apparent fromFig. 11A  the recording. head of this

‘enmbodi ment .has the respective recording heads 1 -and 4 /jcgiyxeasponding to B
- ink-and K "ink arranged in the sub- %ﬁ%%ﬁ ng direction -
" between their di scharge port array pondi ng to
f eedi ng. Mor e speC|f|caIIy t he recordlng condi ti oMY
enbodi ment is a recording density of 300 DPI, and.in- this case, ,
~droplet volunme in the sanme - process as in the second enbodlnent as
descrlbed . e sl - -
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above is detersined as ‘113 pl. At .this tlne the plane density of - .
mono-col or ink _becomes 15.8 nI/nn[err] ThIS ‘is,.as.-shown in Fig. 5 the"-
range where no blotting of i mage occurs even in the_case of the

non- coat.ed paper, but because .it ?S(gzx? @e appro- /ximate to the critical
val ue of "blotting, blotting nmay a met i mes- occiur.. Ther ef ore,
by providing an interval corresponding to the paper ol s betmeen
the respective recording heads, ink absorption is accel e~ 5
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tob3of—)

the time of - one scannlng and paper feeding. By d0|ng so, ink blotting can

be surely cancell ed. The constitution of this_enbodinent has
- 26- recording . heads each having 50 di scharge ports ﬁ!PiACEWENTd@HEEFﬁ
A4 size is perforned at a head driving

-1 - 10 MAR 1997

>

TITLE OF.THE INVENTION

Ink: Jet Recording Method and Color Ink Jet Recording

Device for Practicing the Same

BACKGROUND OF THE INVENTION

Field of the Inveniton

B This invenfion relates to an ink jet recording
method and a color ink jet recording device which are
.applled to copylng machines, facsimiles, printers for
image processing, and other printers in general. More
particularly, it'bertains to a scanning type ink jet
;qqording device equipped with a plural number of
tecording-heads having a plural number of discharge
ports arrayed in the sub-scanning direction and to a
'récbrding'method of said device.

Related Background Art

In the prior art, for improvement of gradation
or density of recdrded images, it has been practiced to
form a plural number of picture elemeﬁts for fdrming
the image on a recording medium with a plurél humber
of overlapping ink droplets, or for improvement of-
adjacegt picture element densities, fo shoot a
plural number of ink droplets at a high density.

When this is applied to color, there is the advantage
that:coior reproducibility can be improved.

Further, in the case when the recording medium

is a trapsparent film for transmission type OHP (overhead



frequency of 4 kHz. In this case, scanning is per- forneg
shown in Fig. 11B. In the enbodi nents as describ g@%@@k*wﬁ
di scharged by heat energy of electrothernmal trans- ducer} gtc., but theAL

di scharge energy generation neans is not limted thereto] hs{d AR d397f]
cour se. As is apparent fromthe above description, | the recordin
regi ons of each recording head in one -s@amning are divided. By
this, it beconmes possible to perform recording corresponding 1o _paper

feeding and the
projector), etc., the image recorded thereon is required
to be inéreased in transmission deﬁsity as a whole, and
also in this case the above system is effective. -

In thééé syétems, emission of ink droplets for
émittihg a plurality of ink droplets on one picture
element is performed by scahning of thé recording
head for plural times while the recording medium is
fixed as such. Accordingly, scanning for plural times
corresponding to higher densification or scanning for
plural times corresponding to the ink colors to be
mixed is required for the ;ecording range per one
scanning ih'scanning type recording, and no. high
speed recording can be pfacticed. In other words,
if a high density image or a color image ié formed
‘for ordipary_printing, a printing time is required
which is as long as 2-fold to 4-fold of the time
required for ordinary printing.

Accordingly, for the purpose of making faster
even by little the recording speed, in order to increase
the recording range per one scanniné, it 'is effective
to enlarge the recording head by formation of a multi- -
nozzle, but since it is limited to make the head
1engthy. the fatio of shortening of the printing
time is little in scanning type.ink jet recording.

In contrast, U.S. Patent 4,320,406 discloses
a constitution which miniaturizes the head constitution

itself of a color device by.dividing the nozzles



respective recording regions per one scanni ng.

overlapping recording with tinme intervals can be done| \HEPDACEMENTSHEREY | he
i ng speed as a whol e, whereby not only imge pgugaki-ty _

deterioration such as overlapping recording can be pr vené%ﬂ, ﬁgé?q sp |t

has beconme possible to correspond to a ggversity of rpecerdi dﬁ d.

In the enbodi nents as descri bed above, = descri ption ha eer—Hade—abet he

recording method and the recording device by utilizinpg the advantage

(diécharge port) of the single recording head itself
formed into a multi-nozzle into four nozzle uhits
predetermined fpr different inks, but since the
recording speed depends on only one recording head,
_the ink discharge range of one color is reduced to
great extent, whereby the advantage of the recording
formed into a multi-nozzle will be lost.

The presént inventors have investigated about
the prior art and found the following problems.

When image.depsity is enhanced or color
formation is effected byiscannig for plural times
continuouély for the recording range to be recorded
by one scanning, bec#use the picture element is formed
by ink discharge for plurai times, the ink amount per
. one piétpre element.becomes 1arger;'and therefore in
the case of recording medium of which ink receptive
amount ié,limited such as film for OHP or one having
poor ink absarptivity, the amount or the rate of
ink absorption is limited,'whereby ink may be some-
times overflowed from the picture element, resultipg
in deterioration of the image quality. |

Particularly, a plural number of recording
heads corresponding to the respective inks had a
coqstitution arrahged in the scanning direction,
and theréfore in the case when different inks
were overlapped, the emission density per unit

time became greater, whereby the above problem



of multi-head

pl ural

nunber

enbodi nent s,
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enbodi

nozzle to the maxi num by changing the arf f
of recording heads. 1In the latter half o WE‘W‘”&%H

ot her than the nodification exanpl es of the{above '
ments, the device, the recogding method whi ¢h{ 0 MAR 1897

of ink overflow became marked.
Generally speaking, recording papers with
increased ink absorption amount have been known, and
recording is possible only on expensive and specific
converted papers and only for limited recording.
However, when users employ another paper.or sheef,
defective recording may be brought about, and in the
worst case, users sometimes judged that the recording
head was defective to make the recording head useless.
Anyway, even by use of a multi-nozzle head,
because scanning is performed for plural times by
stopping of paper feeding of the recording medium,
the recording épeed cannot be lowered, and also,

when only a recording medium excellent ink absorp-

' tivity is used, the disadvantages of the users by

limitation of the recording will be brought about,
such as the disadvantage of failing to use a diQersity
of recording media.

Fhrthér, as the problem of fixability, boundary
region, the following-facts have been found out, and
it has been found that the difference in recording
characteristics becomes marked when usihg different -
recording media.

More specifically, a great difference in ink '
absorption ability occurs at the boundary portion of

the scanning line in overlapped recording, whereby

density irregularity due to nonuniform ink absorption



can, obtain the effects of the present invention while
arrangenent of a plural nunber of recording heads are
foll owi ng enbodi nents have the nerit of acconplishing
of recording heads than the previous enbodgnents.

using the ordinary

 REPLACERENT SHEET |
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si de sectional view show ng the principal part of the | nk Aqf MARC3IF np

devi'ce according to the fourth enbodi nent of the preseht}invention.
In Fig. 12, description of the sanme constitutions as iw F1g. T 1S

redundant and hesckiablét €d ber genkmratled. fol | ow ng, on
characteristic constitutions are to

v the

Also, in the constitution which performs

recording for plural times,on the same picture

'~ element through the same discharge port, irregu-

larity in density and shooting precision between
the discharge ports may be sometimes-intensified
to lower the picture element.

Further, since the ink densities change at
the same time over the whple region of the width of
the discharge port (scanning ;egion), and therefore

stretching and shrinkage of the recording medium

‘accompanied with ink absorption will occur at the

same time, whereby the change amouﬁt becomes greater.
Oon the other hand,'divided recording is a

system which is to be used for a recording medium
inferio£ in absorption charaéteristic, and even
after the final scanning (ink emission), the
recorded surface cannot be touched before elapse
of a certain time. Therefore, the members such as
discharge rollers, press rollers, etc. are required
to be déﬁarted from the above-mentioned recording
region by the head width or more, whereby enlargement
of the device or lowering in péber feeding precision
may be brought about.

| Further, the problem of stretching and
shrinkage of the recording medium as mentioned

above also occurs in divided recording.




be .descri bed. Fig. 12 has recording heads 1 to 4 nounied on
carriage in parallel to the scanning direction as sho ' ' ASHEE®
- to the recording heads 1 to 4 is connected the control %%gkéqugyan§ﬂ hN
Fig. 13. Fig. 13 is a block di agream showi ng the } recordi.n ont riol
inthe ink jet recording device shown in Fig. 12. In tlhel shfe ggﬁz, 5
Is tthe carriage notor for driving the carriage 5 through ' y
driving nechani smsuch as belt, pulley,
© = SUMMARY OF THE INVENTION

The present invention is intended to provide
an ideal ink jet recording device which has solved
the problems as described above in the case of ‘using
a plural number of recording heads equipped with a
plural number of discharge ports (also called multi-
nozzle head).

A first object of the present invention is to
provide an ink jet recording device which can make
recording speed faster than in the prior art and can
improve overlapped recorded image or high density

. recorded image with the so called multi-nozzle ink
jet recording head.

A second object of the present invention.is
to provide a recording method improved in fixability
which cén also make the enlarged portion in use of
a plurél number of recording heads miniaturized as
the whole device.-

.A further object of the present invention in
cancelling the probleﬁs as described above is to
provide an ink jet recprding device which can
prevent deterioration of image quality according
to ink absorptivity of the recording medium without
lowering recording speed, and also is capable of

Sy goéd recording on a diversity of recording media.

Still another object of the present invention

is to provide an ink jet recording device which can



etc., and 200 is the head driver for generating dis- charge-srgmats—for
the respective discharge ports based on the recordi ng datd B&BBA@EHENT@%EET
the control section. 300 is the paper feeding driving sectj ofr—for—drivim

the conveying roller 9 and the belt 11,_ - -
Lhe con b7 10 MAR 1997

perform preferably reco:dihg of high speed and high
image quality depending on the kind of the recording
medium by utilizing the advantage of the multi-nozzle
recording head to the maximum.

Still other objects of the present invention
will be understood from the following.description.

Here, representative embodiments of the
present invention are set forth specified below.

One embodiment of the present .invention is
an ink jet recording device comprising:

a carriage having a plural number of ink jet
recording heads each having a plural number of dis-
charge ports mounted thereon;

a means for_giving recording ink signals to

" the ink discharge energy generating elements corres-
ponding to all or a part of the respective plurél
number of discharge ports of said plural number of
recording heads; and

a control means, which increases the number

~ of recording heads to be used during recording of
the recordable region formed by the total sum of
all the discharge regions of said plural number of
recording heads from initiation of recording onto a
recording medium, reduciﬁg the nuﬁber of recording
heads to be used during recording of said recordable
region in the recording compietion region of the

recording medium, and has one scanning width to be



and- t he paper discharge roller pair 16. The control| BERLAGEMENT SHEET
shown in the Figure has CPULOO which practices processing eca?rdlng to

control of the device while perform ng giving and recei Vi ng 1 Oh¥ARa18S7
bet ween the host device or the respectiveg sections of the rjecordi ng
device, RAMLOOA whi ch becones the work area in processing df CPU100, and
ROMLOOB whi ch nenorizes the processing procedure such as rgcording

actuation, etc. as showmn in Fig. 14A and Fig. 14B. Figs. 14A and
14B are di agr aedditded |Bsstd@dning Gby t tiee r eecood iyg "redddumrinlge

enbodi nent shown in Fig.
recording as the feeding pitch of the recording medium.
Another embodiment of the present invention is
an ink jet recording device which has a plural number
. ™= of recording heads having discharge ports for discharging
ink arrayed thereon, and performs reéording of images by
discharging ink through said discharge ports accompanied
with the scanning movement of said plural number of
recording heads,
characterized in that said device has a first
recording head and a second ;ecording head provided
adjacent to fhe upstream side and down stream side
relativelylwith respect. to the conveying direction
of the recording medium,:.and arranged in the poéitional'
" relationship with the respective discharge ports not
overlapéing each other in the upstream side region
and the downstream side_region, and a recording
mode which performs recording so that at least the
image of first ink droplets on the recording medium
by the first recording head relatively on.the upstream
side and the image 6f the second ink droplets on the
recording medium by the second recording head relatively
on the downstream side may be-overalpped with each other.
More preferably, another embodiment is an ink
;gf’ jef recording device which has a ﬁlural number of
recording heads having discharge ports for discharging

ink arrayed thereon, and performs recording of images



12.-In Fig.

arrays 12 to
descri ption,

: 14A, the recording heads 1 to 4 for dis- chdr
the inks of the respective colors of R G B and K are qu
on the carriage 5 so that the respective recording regi
the carriage 5 nay becone the sane. In i1hg sane Figure,

. they are shown as perspective from above.
recordlng_heads 1 to 4 performrecording

15 cannot be seen as they are, but for conven

by discharging ink through said discharge ports
accompanied with the scanning movement of said
plural number of recording heads,

characterized in that each of said plural
number of recording heads and at least anothgr of
said plural number of recorﬁing.headé are arranged
so that said discharge ports arrayed on each may
not overlap each other in said scanning direction,

and said device is provided with a paper
feeding means which performs paper feeding with the
width of the recording regions by said scanning
movement of the recording heads arranged so as not
to overlap each other, and

a recording signal supplying means which
supplies recording signals for discharge to the
respective recording heads of_said plural number of
recording heads corresponding to the paper feeding
by said papér feeding means.

.Still another. embodiment is an ink jet
recording device, which has a plural number of
recording heads, each constituted by arraying a
‘plural nﬁmber of discharge ports for discharging
ink in the sub-scanning direction or a direction
different from the scanning direction, in the
scanning direction, and performs recording of
images.by discharging ink through said discharge

ports accompanied with the scanning movement of



on a recordi ng nmedium by di scharging ink through the discharge ports 12 to

15 corresponding to the recording signals inputted as sSymchOro ' '
the novenent of the carriage 5. In this enbodi rreHE?LW%hEET
performed with the discharge port arrays {g to 15 each di yrdea 1nto

- 29 - ' 19 MAR 1397

< £?  said plural number of recording heads,
| characterized in that said device is provided
with a conveying means which conveys the recording
- medium with the width of the equally divided region
of the recording region by scanning of said plural
number of recording heads per every fime of said
scanning movement, and
a recording signal supplying means which
supplies recording signals to .only the discharge
ports predetermined corresponding to said equally
divided regions in response to said conveying by
said conveying means. |
There is also provided an ink jet recording
device, which has a recording head constituted by
arranging a discharge port for discharging ink in
the subfécanhing direction or a direction different
from the scanning direction, arranged in the scanning
direction, and performs recording of images by dis-
charging ink through said discharge port accompanied
with the scanning movement of said plural number of
recording heads,
characterized in that said deviée is provided
with a conveying means which performs conveying the
reqording medium with the width of the equally divided
region of the recording region by scanning of said
recording heads per every time of said scanning

movement, and



four recording regions. The four recording regions (1) (4) haveREpgagENmﬂr SHEé
of the wwdth L of the discharge port array equally divided intjo nd

constituted so that recording may be perfornmed only with one Hegd {B Eﬁ@h
recording region. The recording region (l)iperforns recordingjwijth!th -spg?
of the L/'4 width on the paper feeding side of the head 4 of Kji nks
recording region (2) with the head 3 of B ink, the recording |[region (3)
with the head 2 of Gink, and the recording region (4) w.th t” '
on the paper discharge @ recording signal supplying means which

supplied recording signals to only the discharge ports
predetermined corresponding to said equally divided
regions in response to said conveying by said conveying
means,
In either one of the above inventions, in
using a plural number of recording heads having a
plural number of discharge ports, the ratio of the
recording medium moved can be made greater than in
the prior art, and therefore the recording speed
can be improved, whereby excellent image can be
formed by utilizing all or a part of the.plural
number of discharge ports or a part of the recording
medium defined depending on the material, ahd there-
" forée the image quality can be made further stable.
.Also, in performing overlapped recording,
the recording time can be reduced, and aiso the
joining portion of images can be made better.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side sectional view of the ink jet
recording device qccording to a first embodiment of
the present invention;

Fig. 2 is a block diagram showing the control
coﬁstitution according to recording of the device
shown in Fig. 1;

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



side of the head 1 of Rink. The recording medium8 is reﬂoLded in the

order of K, B, G R while being conveyed for every ScannlrQREPLAGHMENT SHEET

carriage 5 with the sane width of the recording regions equgH-y—didd

the conveying roller pair 9 and the adsorption conveying Rellt a hgw }
shows only the recording signals corresp ﬁdrng to the recqrdi @6 g

descri bed

above. Also, in the portions not correspondi ng tfo *h“ fﬂnnfﬂ'nf

w

regions of the respective-heads, 0 is inputted as the non{recordi ng

si gnal .

<

recording method in the first embodiment;

Fig. 4 is a graph showing the ink absorption
characteristics of the recording medium;

Fig. 5 is an illustration showing the image
evaluations corresponding to.the ink densities of
the recording medium;

Fig. 6 is an illustration of image blotting
of Fig. 6A and Fig. 6B;

Fig. 7 is an illustration of overlapping of
inks in the embodiment of the present invention:

Fig. 8 is a perspective view showing an ink
jet cartridge of 4 heads integrated in the second
‘embodiment of the present invention;

Fig. 9a and Fig. 9B are conceptional views
of the recording method in the second embodiment:;

Fig. 10 is a perspective view of the .ink
jet recording device according to the second
embodiment of the preéent inQentioh:

- Figs. 11A and 11B are condeptional views of
the recording method in the third embodiment of the
present invention; - |

Fig. 12 is a side sectional view of the ink
jet recording device according to the fourth embodiment
of the present invention;

Fig. 13 is a block diagram showing the
control constitution according to recording of the

device shown in Fig. 12:




Based on the above constifution, in the first scanning, ePcEﬁl&CﬁU'ENI %ﬂg

corresponding to the recording signal Kl (signal corresponding to L/ 4
width) wth the head 4 of K ink. Then, paper feeding of /4 w)dMARi 897
done, and the portion where recording of _the -signal Kl i§ done in the
first scanning proceeds to the recording region (2) and i|ls recorded

overl appi ngly

N

w

Fig. 14A and Fig. 14B are conceptional views
of the recording method in the fourth embodiment;

Fig. 15A and Fig. 15B are conceptional views
showing the recording mode of the prior art, which is
applicable to the seventh embodiment of the present
invention; |

Fig. 16 is a perspective view showing the
ink jet cartridge of 4 heads integrated.in the fifth’
embodiment;

Fig. 17A and Fig. 17B are conceptional views
of the recording method in the fifth embodiment;

Fig. 18 is a perspective view of the ink
jet recording device according to theififth embodiment
of the présent invention;

Fig. 19 is a conceptional view of the recording

method in the sixfh embodiment of the present invention:

Fig. 20 is a schematic illustrétion 6f the
peftinent portion of the seventh embodiment qf the
present.invént;on:

Fig. 21 is a schematic illustration of the
pertinent portion of the operation panel to be used

in the seventh embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

' Referring now to the drawings, the embodiments
of the present invention are described in detail.

Fig. 1 is a side sectional view showing the




- 30 - by the recording signal Bl (B conponent on the %WCEMEMT%EEI)-'

with the head 3 of B ink. At the sane tine, recording df € T ecorurT
signal K2 (K com ponent of the [ine subsequent to K1) fi s| dp@eMart {8gyhqg -
head of the recording region (1). After 4 ha second scannijng, the recordin

medi um after paper feeding of L/4 width, transfers tofthe t

In the third scanning, recording of K3, B2, Gl is practiced

in the

respectlve recordlng regions simlarly. Further

principal portion of the ink jet recording device
according .to an embodiment of the present invention.
In the Figures, 1 to 4 are recording heads each having
64 ink discharge ports, and the ink paééage communicated
to these discharjé ports has an electrothermal trans-
ducer for generating energy for discharging ink arranged
therein. Also, the recording heads 1, 2, 3 and 4 are
recording heads for discharging respectively inks of
red (R), green (G), blue (Bj and black (B), and
they are repsectively held on the carriage 5. With
such arrangement, the directions of the discharge
port array in the respective recording heads forms
the sub—scanning direction as described below with
reference to Fig. 3A, and they are-arrayed so that
' the recording region by scanning may be the same.

The carriage 5 is engaged slidably with a
pair of guide shafts and is also movable in the
scanning direction (the direction perpendicular
to the drawing) by the carriagé motor as described
below.

The recording heads 1 to 4 are connected
electricélly'through the carriage to the main
control section as described below with reference
to Fig. 2, and otherwise connected to the ink tanks
of the respective coloré at the ink tank portion 7
by the ink tube bundle 6 corresponding flexibly to

the movement of the carriage 5 so that ink supply



in the fourth scanning, recording of K4, B3, &, R2 is | REPCACEMENT S8HEEdN
the first line of the recording nmediumis fornmed a col pr Ng

to the recording signals of Ki, Bl, Gl, Rl. Thus, by cprii i N
(color recording in response to recording ;signals) Zmd p pggff%%@ﬁ%v og
L/ 4, color inmages are successively forned. ' I njt M 1 )
since the recording region is divided into 4, scanningjcorresponding to
times beconmes necessary as superfluous scanni ng as conpated

o can be done. On the other hand, the recording medium

8 is conveyed by the conveying roller pair 9 through
the paper feeding guide 10 at a predetermined timing
successively in thé.arrowhead direction in the Figure
to the recording portion. At the recording portion,
the recording medium 8 is adsorbed tﬁrough the
electrostatic attractihg force of the adsorption
conveying belt 11, and adso;ption supporting conveying
is done while being synchronized with the conveying
roller pair 9 with movement of the belt 11, and the
medium stopslshccessively at predetermined positions
to perform recording.
Fig. 2 is a block diagram showing the recording
control in the ink jet recording device shown in Fig. 1.
In the same Figure, 5A is the carriége motor for
driving the carriage 5 through a carriage driving
mechanism such as belt, pooley, etc., and 20 is the
head driver for generating discharge'signals for the
respective discharge ports based on the recording
data supplied from the control sectibn. 30 is the
paper feeding driving section for driving the
conveying roller 9'and the adsorption conveying
belt 11, and is constituted mainly of a motor, etc.
The contro; sgctibn shown in the Figure has
RN CPU 100 which practices processing according to
control of the device while performing giving and

receiving of the data between the host device or



with the prior art. After conpletion of all scanning, the e
8 is discharged out of the machine by the paper discharge{ro

The function of the paper discharge roller 16 is stabilizdtijo

adsorption conveying belt, protection of ygnecessary forcg

outside of the machine) of the recording nmediumat the regor

and di scharging of the term nal end.

Q)
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ing__section

the reépective sections of the recording device,

RAM100A which becomes the work area in processing

of CPU100, and ROM100B which memorizes the processing

procedure such as recording actuation, etc. as shown

in Fig. 3A and Fig. 3B.

Figs. 3A and 3B are conceptional views for

illustration of the recording method in the embodiment

shown in Fig. 1. In Fig. 3A, the recording heads 1

to 4 for discharging respectively the inks of the

respective colors of R, G, B and K are, as mentioned.

above, supported and fixed so that the respective

discharge port arrays 3 may become perpendicular to

the scanning direction (sub-scanning direction)

relative to the both surfaces of the head supporting

" portion 12.

In the same Figure, the discharge port array ..

13 cannot be seen as it is, but the recording head

is shown as perspective from the rear thereof.

More

specifically, the array is made so that the widthé

Jagf_ of the discharge port arrays of the recording head

(in the Figure, RL=GL=BL=KL) may be connected'to one

another without gap, and the reséective recording

regions (R, G, B, K) by one scanning becomes con-

tinuous with the same width. When the recording

medium is conveyed as described above to the

recording regions (R, G, B, K), the carriage 5

scans to initiate recording.
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recordi ng nmedium the anmount of ink absorbes differs grefpt
it is preferable to change the anount of ink discharge afc
recording nedium This has not been done gi all in the pfi

pr esent

within a

Now, as shown in Fig. 4, Fig. 5, depend erEP«hACEMENT_SHEET

e R L

t invention, fromthis experinment, the ratio of diyided—use 0
recordi ng heads is determned so that the ink anount whi ¢gh can be recorded

ENN

el
7

tne

The recording medium 8 stops at the position
of (the first scanning) in Fig. 3A by the conveying
roller pair 9 and the adsorption conveying beltlll.
This position is under the state where the tip portion
of the recording medium 8 is in the recording region
K, and the recording medium has not reached other

recording regions R, G, B. Therefore, in the first

“head scanning, recording is performed only with the

K head.

After the first scanning, the recording
medium 8 is again conveyed by the conveying roller
pair 9 and the adsorption conveying belt 11. As is
apparent from Fig. 3A, the conveying distance PL

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

" .the discharge port array. In the second scanning,

the region recorded in response to the recording

' signal K, by the head 4 of K ink in the first

scanning has moved to the B recording region, and
recofding ié performed in response to the recording-
signal B, with the head 3 of B ink.

On the other hand, at the portion conVeyed
newly to the K recording region, recording is per-
formed in response to the next recording signal K2
with the head 4 of K ink. Here, since the recording
medium 8 has not yet reached the R and G recording

regions, still no recording is performed with the

head 1 of R ink and the head of G ink.




short tinme may becone 20 nl/merr] or less in the non- ¢
25 nl/mierr]
absorption of
effected in the order of contact, collisi-ong dot formati
drying. As shown in Fig. 4, in the case of the non-coate
0.2 S or
absorbed and therefore, ink is discharged in an anount s

or less in the coated paper. To des
ink onto paper, as shown in Fig. 6A nay be.

[ in ati

ban be
.. than_this

shorter, no ink of 11 to 12 nl/mierr] or norfe

Accordingly, in After the second scanning, the recording

medium is again conveyed by the PL width. 1In the
third scanning, at the portion where recording was
performed with the recording signals of Bl and Kl'
recording in response to the recording signal G1 is
done. At the portion where recordiné was performed
with the recording sigﬁal Ky, recording is done in
response to the recording signal B, with the head 3
of B ink. Also, at the K recording region, the
recording signal K3 is recorded with the head 4 of
K ink.

After the third scanning, the recording
medium is similarly conveyed by the Pl width and the
fourth scanning is performed. In the fourth scanning,
at the portion where recording was performed in
response to the recording signals of K1, Bl, G1,
recordihg is done in response to fhe recording
sigﬁal Rl with the head 1 of R ink. Thus, the recording
medium is successively recorded at every PL width .. ..
with inks of Elack, blue, green and red colors.

Fig. 3B shows the recording sighals of the
respective heads for every head scanning when record-
ing of A4 size is performed with the recording head
of this embodiment, and at the rear end of the
recording medium, the recording signals are
successively lost from the K head. After completion

of recording of the final scanning,'the recording



the present invention, such problemcan be prevented that the ink wll
overfl owed and, as shown in Fig. 6B, the overflowed ink s tracieg
g plgffmc@ b§ﬁEET

t he adj acent

bl otting occurs at the boundary portion.. 39 - I n shor

enbodi nent, si

be

i nk whi ch has reached previously onto the p

C

, {in the presen
nce head scanning is performed successivel § \ tih) tMAR 1397

recording regions for the respective heads being adequatgly separated

dependi ng on-t

he recording
medium 8 is discharged out of the machine.l

Whereas, Fig. 4 shows the ink absorption
characteristics of recording media, with square root
of absorption time ( {?TJ being shown on the axis
of abscissa, and absorption amount of ink (aqueous)
(nl/mm%) on the axis of ordinate. It can be under-
stood that, in the coated paper having an ink receptive
llayer provided on the surface layer, a large amount of
ink can be absorbed within a short time, while in the
non-coated paper used in this embodiment, initial
.absorption is low and a long time is required for
absorption of ink.

Fig;-S shows the resqlts of examination of
blotting degree of images when inks of two colors
are emitted onto the recording medium substantially

simultaneously (sharpness of the boundary portion

between the inks of two colors) in Table. In this

Table, the mark O shows one which is judged as
practically useful, the mark A one which is slightly
inferior in image quality and the mark x one which
is entirely pracfiéally unuséful.

From this experiment, it can be seen that’
the ink amount which can be recorded within a short
time is 20 nl/mm2 or less in the non-coated paper and
25 nl/mm2 or less in the coated paper. This phenomenon
can be estimated to occur according to the mechanism

shown in Fig. 6.




- 32 - medi umin one scanning, blotting at the boundary p(r@EQhAQQMENT SHEET
shown in Fig. 7 can be reduced to great extent. For v?rlfylng the

effect of this enbodiment, the recording test was perforned {nderf § H4AR 1897
conditions shown bel ow and consequently gog? recorded images|lijttle
blotting at the boundary portion could be oblained. In

o More specifically, the absorption of ink onto
paper, as shown in'Fig. 6A may be considered to be
effected in the order of contact, collision, dot
formation, permeation, drying. As shown in Fig. 4,

" in the case 6f the non-coated paper, in a time of

0.2 {§ or shorter, no ihk of 11 to 12 nl/mm2 or
more can be absorbed and therefore, if an ink more
than that is emitted substantially simultaneously,
the ink will be overflowed and, as shown in Fig. 6B,
the overflowed ink is attracted to the adjacent ink
which has reached previously onto the paper, whereby
blotting may be considered to occur at the boundary
portion.

In contrast, in the present embodiment, since
head scanning is performed successively with the

' recording regions for the respective heads being

separated in one scanning, blotting at the boundary
portion becomes smaller as shown in Fig. 7.
. For verifying the effect of this embodiment,

%;-f_ the recording test was performed under the conditions

shown below and consequently good recorded images

with little blotting at the boundary portion could

be obtained. 1In contrast, when recording was per-

formed simultaneously with the arrangement of heads

being constituted so that the respective head
recording rggions were overlapped witﬁ each other

as in the ink jet recording device in the prior art,



contrast,

when recordi ng was perforned sinultaneously wth th¢
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of heads being constituted so that the respective head recordfng 07 J
were over - IeJﬁgéﬁgﬁig

| apped with each other as in the ink jet recording|
the prior art,
obt ai ned.

i mages which were entirely jppractically usel essfwe
To describe in detail, this enbodi nent can perform

recording of 7 colors by use of 4 colors of R G B, K and retordrnmg—was- -
per f or med on a recording nediumof A4 size at a recording density of 360

DP

images which were entirely practically useless were
obtained.

To describe ih detail, this embodiment can
perform recording of 7 colors by use of 4 colors of
R, G, B, K, and recording was performed on a recording
medium of A4 size at a ;ecording denéity of 360 DPI
and a driving frequency of 5.4 kHz. For this record-
ing medium, a two-fold paper on which the diameter
of the ink droplét emitted is expanded to 2-fold is
used.

In this case, because the recordihg density
is 360 DPI, the picture element size becomes 70.56 um
squaré, and the dot diaméter‘embedding the picture
element as a whole becomes 100. um. Accordingiy, the
droplet.diameter emitted onto the 2-fold paper
becémes 50 ym, namely its volume becomes 65.5 pl.

When recording is performed under such
conditions, the plane density of mono-color (one
discharge) becomes 13.2 nl/mmz, and the plane density
of two colors {(two discharges) bécomes 26.3 nl/mmz,
and when two colors are overlapped or adjoined at
the same time as shown in Fig. 5, the imagé bécomes
bad.

As is ;pparent from the above desc;iption,
this embodiment, which has been made to have a
constitution excluding overlapping or adjoining

of two colors within a short time, is also effective



and a driving frequency of 5.4 kHz. For this recording nedium g R
paper on which the dianeter of the ink droplet emtted is expandeg
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2-fold is used. In this case, because the recordi ng den:

360 DPlI, the picture elenent size becoreg27@ 56 [err]m square, @an

tty is —
th@ MAR 1997

di anet er enbedding the picture elenent as a whole becones 100 [ pridm

Accordingly, the droplet dianeter emtted onto the 2-fold papew becomes

50[err]m nanely its vol une becones 65.5 pl. When recor
per f or med undéersachrecoxdiingomeidum with poor water absorption as

the non-coated paper. .

———

Also, according to the above-mentioned recording

conditions, sihbe in this embodiment the recording

region in one scanning is divided into 4, and therefore

scanning for 68 times 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

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 blotting is prevented by
overlapping scanning for 4 times at the same position
-~~5%-'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 may be discharged
without performing the 66th to 68th scanning, and by
doing so,. there is no léweripg in recording speed at
all in the case of mono-color iecording.
In the case when the recording medium is a
transparent film formed of PET or PET coated with
an water absotptive material, the present embodiment
is also effective.
fggi; Further, the present embodiment is effective
for obtaining recording of higher image quality

even in the case of a recording medium having ink
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26.3 nl/mierr], and when two colors are overl apped or adjoinqg?aﬁAﬂhggy
sane tinme as showmn in Fig. 5 the inage2decones bad. SO, as in
the constitution of the prior art

absorptivity such as the coated paper.

Fig. 8 is a perspective view showing the second
embodiment of the present invention, and this embodi-
‘'ment has a constitution of recording headslcorresponding
to recording of full color. That is, it has recording
heads 1A, 2A, 3A and 4A corresponding fo the respective
colors of yellow (Y), magenta (M),.black (K) and cyan
(C). |

Each of these recording heads has 128 discharge
ports arrayed in the sub-scanning direqtion. Also, it
is a recordiﬁg head of the cartridge type which consti-
tutes integrally the ink tanks of the respective colors,
and therefore when there is no more ink, the whole
recording head is exchanged with another cartridge.

&= ' "When high resolution recording is performed
as in this embodiment, the positional precision between
the heads is required to be higher, and by exchange of
the head with 4 colors integrated as in the head of
this embodiment, it beéomes possible to effect strict
.registration during shipment, and even in a device
of the head exchange system, high image quality
recording extracfing fully the performance of the
head is rendered possible.

Figs. 9A and 9B are.conceptidnal views showing
the recording method by the recording head shown in
Fig. 8, which are similar to Figs. 3A and 3B,

respectively.




shown in Figs. 15A and 15B, when recording is perforned 'BﬁﬁkﬁcﬂﬂﬁNTdSHﬁET
the recording region so that paper feeding nmay be perfor g PET EVETYy

carriage scanning for 4 times, because the recording nedgi nﬂ8gcnngqggp
t he paper discharge roller pair 16 imedigtely after inkjenission of the
fourth color, inmage disturbance wll occur by the contacy onto the pap
di scharge roller. For this reason, as shown by the brokep_line in Fig.

12, it becones necessary to constitute the paper discharge roller parr
with the width L of tHehis embodiment shows the constitution in which

recording at a recording density of 600 DPI is performed
on a 2-fold paper. Thus, since the recording density is

" 600 DPI, the picture element size 42.33 um is determined,
and similarly as described above, the droplet diameter
becomes 30 uym and its volume 14.2 pl.

As the result, the plane density when mono-
color, 2 colbrs, 3 colors and 4 colors are emitted
overlappingly or adjoiningly become respectively 7.9
nl/mmZ, 15.8 nl/mm?, 23.7 nl/mm> and 31.6 nl/mm2.
Again,'as is apparent-from Fig. 5, the permissible
range where no blotting of ink occurs in this
embodiment is up to 2 colors.

Accordingly, as shqyn in Fig. 9, it becomes
bossible that the recording heads corresponding to 2
colors make the recording regions the same. In the
case of the same Figure, as shown iﬁ Fig. 9a, the.
recording heads 2A and 4A of M ink and C ink have
the same recording regions as the recording heads
1A and 32 of Y ink and K ink, respectively, 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 of an ink jet
recording device which can mount the recording heads
shown in Fig. 8 and Fig. 9, and the carriage 5 is
engaged slidably with a pair of guide shafts, and

makes scanning of the recording regions with the




di scharge port array or
t he devi ce becones enl arged and al so
belt 11 ¢stabi-

recordi ng medium resulting
I nk. In contrast, since this
that the recording nediumreaches the

| onger apart fromthe recording

lization of the recordi ng nedi um
I't necessary to expand the opposed di stapge. between the
I n deterioration of the shodgti

the aiding effect fpr

is alsjo |Jo ?ﬁﬁ g&

headwgg h 7

My~ pr-et+si-endf

enbodi nent is a con- stitution suc
paper discharge rolTer—afte

scanni ng for FedomBimn heandgl H ] @R 0f32%) |4X gpossliinbe dby t deivingtoporti on

t he

the carriage motor 5A.

Figs. 11A and 11B are conceptional views showing
" the recording method according to the third embodiment
of the present invention. As is apparent from Fig. 11A,'
the recording head of this embodiment has the respective
recording heads 1 and 4 corresponding to B ink and K
ink arranged in the sub-scanning direction with an
interval between their discharge port arrays corres-
ponding to the amount of paper feeding.

More specifically, the recording condition in
this embodiment is a recording density of 300 DPI,
and in this case, the droplet volume in the same
process as in the second embodiment as described
above is determined as 113 pl. At this time, the
plane density of mono-color ink becomes 15.8 nl/mmz.
This is, as shown in Fig. 5, the range where ﬁo
blotting of imége'occurs even in the case of the
non-coated paper, but because it ié a value appro-
ximate to the criticai value of blotting, blotting
may also sometimes occur.

'Therefore, by prbviding an interval corresponding
to the papér feeding amount between the respective
recording heads, ink'absorption is accelerated by
the time of one scanning and paper feeding. By
doing so, ink blotting can be surely cancelled.

The constitution of this embodiment has
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recording only of Kink, recording may be perforned in the mh fﬂ Rﬁﬁd

regi on, and paper feeding nay be done wtde L-w dth, 1997
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recording heads each having 50 discharge ports, and

recording of A4 size is performed at a head driving-
frequency of 4 kHz. In this case, scanning is per-
formed for 72 times as shown in Fig. 11B.

‘In the embodiments as described above, ink
is discharged by heat energy of electrothermal trans-
ducer, etc., but the discharge energy generation'means
is not limited thereto, as a matter of course.

As is apparent from the above description,
‘the recording regions of each recording head in one
scanning are divided.

By this,-it becomes possible to perform
recording corresponding to paper feeding and the
respective recording regions per one scanning.

As the resulf, overlapping recording with
time intervals can be done without lowering the record-
ing speed as a whole, whereby not only image quality
deterioration such as overlapping recording can be
prevented, but also it has become possible to

. correspond to a diversity of recording media.

In the embodiments as described above,
description has been made about the recording method
and the recording device by utilizing the advantage
of multi?head pozzle to the maximum by ehanging the

-~ arrangements of a plural number of recording heads.
In the latter half of the following embodimeﬁts,

other than the modification examples of the above



whereby the recording speed can be nade greater in the ca FFORe-—-6-04.0L

recor di ng. In the case when the recording nmedium sﬁEPLACEMENﬁaSHEET
filmformed of PET or PET coated with an water absorptive}ln Lbllal, +he
present enbodinent is also effective. _ 54 _ Al so, the prg 1
enbodi ment is effective for obtaining recording of higher |Yage cuﬁﬁ %%7
even in the case of a recording nmedium having ink absorptji viTy —such—=as
the coated paper.

embodiments, the device, the recording method which

can obtain the effects of the present invention while
using the ordinary arrangement of a plural number of
recording heads are to be described. The folloﬁihg
embodiments have the merit.of accomplishing miniaturi-
zation of recording heads than the prévious embodiments.

Fig. 12 is a side sectional view showing the
principal part of the ink iet recording device according
to the fourth embodiment of the presenﬁ invention.

In Fig. 12, description of the same constitutions
as in Fig. 1 is redundant and hence omitted here. In the
following, only the characteristic constitutions are to
be described.

Fig. 12 has recording heads 1 to 4 mounted on

; ‘a carriage in parallel to the scanning direction as |
shown in Fig. 14. Also, to the recording heads 1 to
4 is connected the control portion shown in Fig. 13.
Fig. 13 is a block diagram showiﬁg the
recording control in the ink jet recording device
_ji_ shown in Fig. 12. 1In the_samé Figure, 5A is the
carriage motor for dfiﬁing the carriage 5 through a
carriage driving mechanism such as belt, pulley,
etc., and 200 is the head driver for generating dis-
charge signals for the respective discharge ports
< based on the fecording data supplied from the control
| section. 300 is the paper feeding driving section

for driving the conveying roller 9 and the belt 11,




Further, even in the case of perform ng nono- color rec
mul ti-nozzle head, there is the effect in making the
simlarly as in the present enbodi ment. That is, by use |of
di scharge anmount set small so that the-sage- picture ele
with two ink droplets, by recording ink of the sane col
nozzles, the inage deterioration by connection of the
array dlrectlon can be reduced. Thus, the em ssion of ink of the sane
col or d|V|dedamdchhenpapéermehanerFollnrtDanhelénoplet '
about half under
The control section 7 shown in the Figure has
CPU100 which practices processing according to control
"of the device while performiﬁé giving and receiving of
the data between the host device or the respective
sections of the recording device, RAM100A which becomes
the work area in processing of CPU100, and ROM100B which
memorizes the processing procedure such as recording
actuation, etc. as shown in Fig. 14A and Fig. 14B.
Figs. 14A and 14B are diagrams for illustration
of the recording method in the embodiment shown in Fig.
12. 1In Fig. 14A, the recording heads 1 to 4 for dis-
charging respectively the inks of the respective colors
of R, G, B and K are supported and fixed on the
g imn barriage 5 so that the respective recording regions
by ‘scanning of the carriage 5 may become the same.
In the same Figure, the dischérge port arrays 12 to
'15-cannot be séen as they are, but for convenience
of description, they are shown as perspective from
7. ..above.
The recording heads 1 to 4 perform recording
on a recording medium by discharging ink through the
discharge ports 12 to 15 corresponding to the recording
signals inputted as synchronized with the movement of
"\ the carriage 5.
In this embodiment, printing is performed with

the discharge port arrays 12 to 15 each divided into
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- 35 - hi gher 1 mage quality can be acconplished. Al so, W {h- qrmm g7

di scharge anmount being nade the sane as in the present enpodi t, %J
em ssion of ink of the sane color in-d@gbl-e anbunt w t houg g
density

four recording regions. The four recording regions (1)
(4) have the width of the width L of the discharge port
array equally divided into 4, and constituted so that
iecording'may be performed only with one head in each
recording region. The récording region (1) performs
recording with the use of thé L/4 width on the paper
feeding side of the head 4 of K ink, the recording
region (2) with the head 3 of B ink, the recording
region (3) with the head 2 of G ink, and the recording
region (4) with the L/4 width on the paper discharge
side of the head 1 of R ink. The recording medium 8
is recorded in the order of K, B, G, R while being
conveyed for every scanning of the carriage 5 with the
same width of the recording regions equally divided by
the‘conveying roller pair 9 and the adsorpfion'conveying
belt 11. Fig. 14B shows only the recording signals
corresponding to the recording regions as described
above. Aiso, in the portions not corresponding to

the recording regions of the respective heads, 0 is

- inputted as the non-tecordihg signal.

Based on the above constitution, in the first
scanning, recording is done corresponding to the
recording signal K1 (signal corresponding to L/4 width)
with the head 4 of K ink. Then, paper feeding of L/4
width is done, and the portion where recording of the
signal K1 is done in the first scanning proceeds to

the recording region (2) and is recofded Qverlappihgly
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recordi ng becones possi bl e. Fig. 16 is a perspectile

the fifth enbodinent of the present invention, and this e o 7a
constitution of recording heads corresponding to recording]o M&‘gq@r
That is, it has recording heads 1A, 2A, 38A-and 4A correspond+reg—te—i-he

respective colors or yellow (Y), magenta (M, black (K) a cyan (CD
Each of these recordi ng heads has 128 di scharge ports arr orr—the

sub-scanning direction. Also, it 1is a recording head of the cartridge type
whi ch constit byeshe recordlng signal Bl (B component on the same

line as K1) with the head 3 of B_ink. At the same

time, recording of the recording signal K2 (K com-
.ponent of the line subsequent to K1) is done with the
head of the récording region (1). After the second
scanning, the recording medium, after paper feeding

of L/4 width, transfers to the third scanning. In

the third scanning, recording of K3, B2, Gl is practiced
in the respective recording regions similarly. Further,
in the fourth scanning, recording of K4, B3, G2, R2 is
practiced, and on the first line of the récording
medium is formed a color image according to the
recording signals of K1, Bl, Gl, Rl. Thus, by carriage
scgnning (color recqfding in response to recording
signals) and paper feeding of L/4, color images are
successively formed.

In .this embodiment, since the recording region
is divided into 4, scanning corresponding to 3 times
becomes necessary as superfluous scanning as compared
with the prior art. After completion of all scanning,
the recording medium 8 is discharged out of the machine
by the paper discharge roller pair 16. The function
of the paper discharge roller 16 is stabilization
(aiding of adsorptidn.cﬁnveying belt, protection

of unnecessary force applied from outside of the

" machine) of the recording medium at the recording

section and discharging of the terminal end.



integrally the ink tanks of the respective colors, and the SAERLACRMENT SHEET

there is no nore ink, the whole recording head is exchange Ti—amotires
cartridge. When high resolution recording is perfofnpdigp A'R”%g?i S
enbodi ment, the positional precision betweken-the heads is equireéﬁt e

hi gher, and by exchange of the head with 4 colors integratjed as T the
head of this enbodinent, it becones possible to effect strjict
registration during shipnent, and even in a device of the head eXchamnge
system high i mage qualevy ageebeWnnineRigacti-n§itul Py GBPSPEAPSr RBnce of
t he _

the recording medium, the amount of ink absorbes differs
greatly. Accordingly, it is preferable to change the
" amount of ink discharge according to the recording
medium. This has not been done at all in the prior art.
In the present invention, from this experiment, the
ratio of divided use of the recording heads is determined
so that the ink amount which can be recorded within a
short time may become 20 nl/mm2 Oor less in the non-
coated paper and 25 nl/mm2 or less in the coated paper.
To describe again, the absorption of ink onto
paper, as shown in Fig. 6A may be considered to be
effected in the order of contaét, collision, dot
formation, permeation, drying. As shown in Fig. 4,
in the case of the non-coated paper, in a time of
0.2 S or shorter, no ink of 11 to 12 nl/inm2 or more
can be absorbed and therefore, ink is dischérged in
an amount smaller than this range. Accordingly, in
the present invention, such problem can be prevented
that the ink will be overflowed and, as shown in Fig.
6B, the overflowed ink is attracted to the adjacent
ink which has reached previously onto the paper,
whereby blotting occurs at the boundary portion.
In short, in the present embodiment, since
head scanning is performed successively with the
recording regions for the respective heads being

adequétely separated depending on the recording




head i s rendered possi bl e.

Figs. 17A and 17B are conceptional views showing the recqr

the recording head shown in Fig. 16 which are simlar to
14B, respectively. Thi's enbodi_mgpt shows the cong
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medium in one scanning, blotting at the boundary

portion as shown in Fig. 7 can be reduced to great

extent.

For verifying the effect of this embodiment,

" the recording test was performed under the conditions

shown below and consequently good recorded images little

blotting at the boundary portion could be obtained. 1In

contrast, when recording was performed simultaneously

with the arrangement of heads being constituted so

that the respective head recording regions were over-

lapped with each other as in the ink jet recording

device in the prior art, images which were entirely

practically useless were obtained.

To describe in detail, this embodiment can

perform recording of 7 colors by use of 4 colors of

R, G, B, K, and recording was performed on a recording

medium of A4 size at a recording density of 360 DPI

and a driving frequency of 5.4 kHz. For this recording

medium, a two-fold paper on which the diameter of the

ink droplet emitted is expanded to 2-fold is used.

In this case, because the recording density

is 360 DPI, the picture element size becomes 70.56 ym

square, and the dot diameter embedding the picture

element as a whole becomes 100 ym. Accordingly, the

droplet diameter emitted onto the 2-fold paper becomes

50 4m, namely its volume becomes 65.5 pl.

When recording is performed under such conditions,




recording at a recording density of 600 -DPI is perforned

paper. Thus, since the recording density if 600 DPlI, the
size 42.33 [errlmis determned, and simlarly as describgd abp\ﬂeMm;hﬁ?'y
As the

droplet dianter becone 30 [err]m and jtg3Vvolume 14.2 pl

result, the plane density when nono-color, 2 colors, 3 collors and 4 cof
are emtted overlappingly or adjoiningly becone respectivagl

oh REPLACEMENT SHEE
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7.9nl/mmferr], 15.8 nl/mmferr] 23.7 nl/mferr] and 31.6 nl/mierr]. Agarm;
as is appar en¢hd rgranéi dendity hef paonbssobbe (engedikseharge)bbeicbmeg or i nk

13.2 nl/mmz, and the plane density of two colors (two

discharges) becomes 26.3 nl/mm2

, and when two colors

"are overlapped or adjoined at the same time as shown

in Fig. 5, the image becomes bad.

Also, as in the constitution of the prior art

shown in Figs. 15A and 15B, when recording is performed

.~ without dividing the recording region so that paper

feeding may be performed per every carriage sdanning

. for 4 times, because the recording medium 8 contacts

the paper discharge roller pair 16 immediately after

ink emission of the fourth color, image disturbance

will occur by the contact onto the paper discharge

roller. For this reason, as shown by the broken line

., in Fig. 12, it becomes necessary to constitute the

paper discharge roller pair with the width L of the

discha:gg port array or longer apart from the recording

section, whereby the device becomes enlarged and also

the aiding effect for the conveying belt 11 (stabi-

_lization of the recording medium) is also lowered

to make it necessary to expand the opposed distance

between the head and the reCording medium, resulting

in deterioration of the shooting precision of ink.

In contrast, since this embodiment is a con-

stitution such that the recording medium reaches the

paper discharge roller after scanning for 3 times on

completion of all recording of the first portion, the



occurs in this enbodinent is up to 2 col ors. AccordiREﬁL\epE'gENEWT
in Fig. 17A, it beconmes possible that the recording heads fofrespondi ng to
2 colors make the recording regions the same. That is, the 'e&dfdﬁﬂb1 7
heads 2A and 4A of Mink and C ink have tjae sane recording rkgiaons as the
recordi ng heads 1A and 3A of Y ink and K ink, respectively, and recording
of A3 size is perfornmed by scanning for 153 tines in the deta-nnde _as

shown in Fig. 17B. Fig. 18 is a perspective view of an ink jet
recordi ng deviimagédifixixeg ioustabirized odurimghtbhils péoind and no

image disturbance will occur.
Also, for example, in the case of recording
" only of K ink, recording may be performed in the whole
head region, and paper feeding may be done with L width,
whereby the recording speed can be made greater in the
case of mono-color recording.

In the case when the recording medium is a
transparent film formed of PET or PET coated with an
water absorptive material, the present embodiment is
also effective.

Also, fhe-present embodiment is effective for
obtaining recording of higher image quality even in
the case of a recording medium having ink absorptivity
such as the coated paper.

Further, even in the case of performing mono-
color recording with one multi-nozzle head, there is
the effect in making the image quality higher similarly
as in the'present_embodiment. That is, by use of a
head with discharge amount set small so that the same
picture element may be formed with two ink droplets,
by recording ink of the same color with divided nozzles,
the image deterioration by connection of the iﬁk in the
nozzle array direction can be reduced. Thus, the emission

-~ of ink of the same color divided each into 6.6 nl/mmz,
with the droplet volume being made about.half under

the same conditions as in the present embodiment, further



in Fig. 16 and Fig. 17, and the carriage 5 is engaged sli BEBLACEMENT SHBET r

of guide shafts, and makes scanni ng

- 37- of the recording regions with the recordi ng heads |14, , A
possibl e by driving of the carriage moLORs5A. Thud, th.Mag et
t he recording regions divided

higher image quality can be accomplished. Also, with
the discharge amount being made the same as in the
present embodiment, by emission of ink of the same

" color in double amount without blotting, high density
recording becomes possible.

Fig. 16 is a perspective view éhowing the fifth
embodiment of the present invention, and this embodiment
has a constitution of recording heads corresponding to
recording of full.color. That is, it has recording heads
1A, 2A, 3A and 4A corresponding to the respective colors
or yellow (Y), magenta (M), black (K) ahd cyan (C).

Each of theselrecording heads has 128 discharge'
ports arrayed in the sub-scanning direction. Also, it
is a recording heqd of the cartridge type which constitutes
integrally the ink tanks of the respective colors, and
therefore when there is no more iﬁk, the whole recording
head is exchanged with another cartridge.

When high resolution.recording is performed as
in this embodiment,.the positional precision between the
heads is reqﬁired to be higher, and by exchange of the
head with 4 colors integfated as in the head of this
embodiment, it becomes possible to effect strict
registration during shipment; and even in a device
of the head exchange system, high image quality

.. recording extracting fully the performance of the

head is rendered possible.



can.be set as desired, and this setting is done by varying erPhAﬁﬁMENT SHEET
feedi ng anmount and the recording signal supplied to the rec rJng freaets—1
the control constitution shown in Fig. 13. By doing so, thej ng ?cyjmmg?
correspond to recording nedia inferior in ink absorption charpacter

istic, such as plain paper or transparert 3$aper for OHP, er ebyTeCcordtne—
nmedi a can be diversified. Anmong pl ain papers, sone jare al so poor

in color formability of ink, and it may be sonetines necessary 10
I ncrease the denSIty’FPgrtlfykarLX i9BtQ%eC%EScQEtESSSEdbiews showing

the recording method by the recofding head shown in Fig. 16
which are similar to Figs. 14A;and 14B, respectively.

‘ | Th;; embodiment shows the constitution in which
recording at a recording density of 600 DPI is.performed
on a 2-fold paper. Thus, since the.recording densify if
600 DPI, the picture element size 42.33 um is determined,
and similarly as described above, fhe droplet diamter
become 30 um and its volume 14.2 pl.

As the result, the plane density when mono-color,

2 colors, 3 colors and 4 colors are emitted overlappingly
or adjoiningly become respectively 7.9n1/mm2, 15.8 nl/mm2
23.7 nl/mm? and 31.6 nl/mm?. Again, as is apparent from
Fig. 5, the permissible range wﬁere no blottin§ or ink
6ccurs in this embodiment is up to 2 colors.

Accordingly, as shown in Fig. 174, it becomes
possible that.fhe recording heads corresponding to 2 colors
make the recording regions the same. That is, the
recording ‘heads 2A and 4A of M ink and C ink have the séﬁe
recording regions as the recording heads 1A and 3A of Y
ink and K ink, respectively, and recording of A3 size is
performed by scanning for 153 times in the data mode as
shown in Fig. 17B: | |

Fig. 18 is a perspective view of an ink jet
'recording deﬁice which can mount the recording heads shown

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

slidably with a pair of guide shafts, and makes scanning



ing-with a nono-color ink. In this case, for exanple, | T
of the recording head of Kink are divided into two, a MQEQQE&?%%

recording as in the constitution shown in Fig. 17A is prhactices. The

recording signals at this time are shown bel ow. Hedd) ARAB9T0 1L P

3 ... ... 150 151 152 153 K(2)37egion O K[fertl Klerr] ...

Klerr] Klerr] Klerr] Klerr] K(1) region Klerrf K err] Kl err]
Klerr] Klerr] Klerr] O According to this daobodinent, it

becones possi ke tnkordveasity e ones Witima i dicedpa iy Heddy| 18, 04a] he
recordi ng node. Al so, although inmage deterioration
3A, 4A possible by driving of the carriage motor 5A.

Thus, the number of the recording regions divided .
.can be set as desired, anq this setting is done by
varying the paéer feeding amount and the recording signal
supplied to the recording heads in the control constitution
shown in Fig. 13. By doing so, the method can corréspond
" to recording media inferior in ink absorption character-
istic, such as plain paper or transparent paper for OHP,
whereby recording media can be diversified.

Among plain papers, some are also poor in color
formability of ink, and it may be sometimes necessary to
increase the density, particularly in the case of record-
ing with a ﬁono-co;dr ink. In this case,lfor example,

‘the dischgrgé ports of the recording head of K ink are
divided into two, and the same recording as in the
constitution shown in Fig. 17A is practices. The
recording signals at this time are shown below.

Head scanning1 2 3 ... ... 150 151' 152 153

K(2) region 0 K; K, -+ ... K49 K350 K151 K152

K(1l) region ;Kl Ky K ee sess K K K 0

3 - 150 151 152
According to this embodiment, it becomes possible
to diversify the reéording media b& diversifying of the
;ecording mode. Also, although image deterioration
through the differencé in shooting precision, discharged

amount, etc. existing between the discharge ports is

intensified by overlapping recording with the same ports,



t hrough the difference in shooting precision, discharged
exi sting between the discharge ports is intensified by

recording with the same ports,

will not be intensified in overlapping §gcording by use’

-dlscharge ports, but alleviated in nost cases.

N e o,

it will not be intensified in overlapping recording by use
of divided discharge ports, but alleviated in most cases.

Fig. 19 is a conceptional view of the recording
'hethod according to the seventh embodiment of the present
invention.

This embodiment has a constitution tekan in the
case of low recording density, and in this case, because
the ink density of mono-color becomes higher, the
possibility of blotting between the scanning lines becomgs
‘higher.

The recording medium to be used in this embodiment
is a film for transmission type OHP, and in this case, |
since the projected light transmits the transparent film
only once, and therefore absorption with the dye becomes
smaller, whéreby contrast of the projected image can be
obtained Qith difficulty.. For this reason, a thick ink
receptive layer (opaque) is provided oﬁ a £film such as PET,
etc., whereby ink absorptivity can be improved, and |
tﬂérefore_by performing recording with 4 divided recording

,r,.régions, recording of high deﬂsity without blotting
becomes possible.

For recording in this embodiment, inks of two
cqolors of R and K were employed, and two heads having 50
discharge ports were arrayed in the scanning direction.
Recording of A4 size was performed at a recording_density
300 DPI and a driving frequency of 4kHz.

As the result, the picture element size became



Fig.- 19 i.s a conceptional view of the recording nethod REMACE
Tthqggkggngﬁggﬁé

sevent h enbodi nent of the present invention.
a constitution tekan in the case of |ow recording densify, ﬁqﬁ in_thi
case, because the ink density of nobno-color becones hfg erl, U tMAR
possibility of blotting between the scaﬁn?ﬂg“lines becpmés—-higher
The recording nediumto be used in this enbodinent isfa filmfor
transm ssion type OHP, and in this case,

Ny
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84.67 jym square, the picture element dot qiameter 120 nm,
the droplet diameter 60 nm, the droplet volume 113 pl,
the mono-color ink plane density 15.8 nl/mmz, and two-color
ink plane density 31.6 nl/mmZ.
The recording signals in the recording method
shown in Fig, 19 are shown in the following Table;
Head scanning 1 2 3i 4 5 6 7 8 9 ...
K(4) region 0 O 0 0 O 0 0 O O ...
K(3) region 0 o 'Kl K2 K3 K4 K5 K6 K7 ...
.K(Z) region 0 0 0 0 0 0 0 0 O ...
K(1) region K1 K2 K3 K4 K5 K6 K7 K8 K9 ...
K(4) region 0 0 O R1 R2 R3 R4 R5 R6 ...
K(3) region 06 60 0 0 0 0 0 0 0 ...
~K(2) region 0 Rl R2 R3 R4 R5 R6 R7 RS ...
K(1l} region 0 06 0 0 0 O 0 0 0 ...

As described above, when overlapping recording

‘is performed with inks of plural colors, the emission

amount of 'inks will become very high in density, and
therefore in the system as in the prior art wherein
recording of the next line is commenced with paper feeding
per every completion of scanning for plural times, the
difference in ink receptive amount between the lines
becomes greater. As the result, image deterioration
({density nonuniformity) of the joint which may be
considered fo be caused to the change in absorption

phenomenon of ink of the next line is liable to be



since the projected light transmts the transparent filmhRpRlAG 0
therefore absorption with the dye becones snaller, whefehy.con tS FEk He
projected image can be obtained with diffi.culty. For thig reason, a thjc
ink receptive layer (opaque) is provided on a film such ss IFETMAR 4897 |
wher eby i nk absorptivity can be inprovéd,oaﬁd t heref orp By—perforn ng
recording with 4 divided recording regions, recording jof high density
wi t hout blotting becones possible. For recor di-fg—in-t.nis

enbodi ment, inks of tw . colors of R and K wer I .
havi ng 50. generated at the boundar% gort%gnebgqae%%e%ba%%qn%' lg%%ﬂs

whereby blotting of'the érevious line toward the paper
_feeding direction is great.

In cont?ésts, in the. seventh embodiment as
described above, since the ink receptive amount changes
gradually per every line, such trouble becomes little.

Also, as the problem caused by increase of ink
amount, there may sometimes occur waving phenomenon of
paper due to swelling, stretching and shrinkage by ink
reception of the paper, but in the present embodiment,
since the region-which hag become to have the maximum ink
density within the same time has become smaller as
compared with the prior art example as described above,
there is also the effect that waving is suppressed.
<+  Accordingly, it is not necessary to gxpand specially the

-interval between fhe head and the recording medium, whereby
shooting precision is more excellent than the prior art
example to imprer image quality.

As is apparént from the above description,
according to the plural number of recording heads,

. recording medium is conveyed with only the width of the
recording divided in every one scanning, and recording
is performéd only with the predetermined discharge ports
corresponding to the recording regions in response to

'~ such conveyance.

As the resulf, as compared with separate'recording.

for the respective colors with the whole head width



_ REP
di scharge ports were arrayed in the scanning direction. EﬁEﬂ?ﬂE’éﬁEﬁﬁ

size was perforned at a recording density 300 DPI andla [drj ¥i frequdnc
of33kkt. As the result, the picture el enent SiZﬁ btéa&%R kﬂ? !
- - : m

ey

84.67 [err] msquare, the pig%ure el enent dot

Yy

without division of the recording region, the ink emission
region or one scanning can be made narrower substantially
without increasing the scanning times, gnd therefore
cockling which is the waving phenomenon of recording
medium can be made little. Also, since the paper
discharge portion can be made shofter, miniaturization

of the main body has been rendered possible.

Further, as compared with overlapping recording'of
the recording region over the whole head width, the width
of the region reaching the maximum density at the same
time can be made narrower subétantially without increasing
the scanning times, and therefore cockling can be made
little, and éi;o the difference in ink receiving ability
during emission between the scanning lines can be made
little, ﬁhereby the density uniformity at the line
boundary portion has become better. Also, since
overlapping emissioﬁs are done fhrough separate discharge .
ports, the density irregqularity due to the difference in
discharge'port prec¢ision is alleviated. Also, in
performing overlapping recording, the recording time can
be reduced, and.otherwise the joint between the imagé; can
be made better.

Further, in addition, a desirable

" diversity of recording can be provided to users, whereby

it has become possible to perform good recording on a

diversity of recording media.



t he. dropl et dianeter 60 nm the droplet volume 113 pl, —COtO

I nk plage density 15.8 nl/mierr], and two-col or I nk Fﬁééyacggﬁgft§ﬂﬁﬁﬁ(
nl/mferr]. The recording signals in the recording netpog shown 1 i §.
19 are shown in the follow ng Table. _ Head scpnhi hd MAR 1997

6 7 8 9 ... K(4) region -0420- 0 0 0 Jo Q_0 ..
K(3) region 0 0 Kl K2 K3 K4 K5 K6 K7. .. K(2) regijon 0 O O 00
0O 0 O0... K(1) region Kl K2 K3 K4 K5 K6 K8 K9, ..

Fig. 20 shows the basic schematic view of the

ST

device for obtaining the optimum recording speed
improvement ratio after having obtained higher density
or higher image éﬁality by partial use of the respective
heads of the present invention.

400 is a means for detecting automatically or
manually the material of the recording medium (difference
in materials, including paper or resin sheet or converfed
paper, semiconverted paper, those with great ink absorption
amount, plain paper A, B, C: see Fig. 21), and as the
automatic discrimination, various known discrimination
methods such as light transmission, attachment of different
marks according to the respective materials and

- .discrimination thereof, etc. can'be'utilized. 500 is a

' méans fér determining the number for the total number
M of the discharge ports of each recording head, and in
this embodiment, the divided ratio n of the total number
M is determined in the present embodiment. Specifically,
the mgans‘SOO has determined which one of the grﬁups Gl

+wm to G8 (Gl to G8 are groups each having 8 discharge ports)

suited for recording of the recording
heads 1, 2, 3, 4 suitable for the material of the
recording material should be used. According to the
specific example of the present embodiment, also by
referring to Fig. 21, the ink absorption amount is large
to the extent which requires no divided uses for

converted papef with large ink absorption amount,

\ g



K(4) region 0 0 O RLR2 R3 R4 RS R6. .. K( 3)R§PeLé\CEME"TOSHEET

Of

O 0 0O OO 0O O0... K(2) region 0 Rl R2 R4 RS R6 RY
R8. K(1) region 0O 0O O O O O O O Of.{ 10 MAR 1997
As descrlbed above, when overlapping re grdlng Is perfproed with inks
pl ural colors, the em ssion anmount™ o

density, and therefore in the systemas in the prior a

inks will beconﬂLxery high in

wher ei n

recording of the next line is commenced with paper feeding

per every

conpl eti on* ofasd abhengfboe pbuddvidededrivieg may be practiced, but

recording speed will be thereby lowered. For this reason,
for utilizing the effect of the present invention, n may
"be preferably 2 or more. For the ratio n, with the
discrimination result of semi-converted paper, plain paper
A, n=2 is employed, and recording of the embodiment

- shown in Figs. 17A, 17B as described above is practiced.
On the other hand, with the discrimination result of plain
paper B, n=4 is employed, and recording of the embodiment
shown in Fig. 19 is practiced. Further, for plain paper

C or OHP sheet, n=8 is employed, and group Gl units with
one scanning width of discharge ports 8 are practiced

as in the above-mentioned embodiment.

600 is a recording head driving means, and the
'recordiﬁg signal imparting regions which are the diséharge
ports to be used for the recording heads 1, 2, 3, 4 are
determined and driven on the basis of the ratio n
determined by the above-mentioned determining means 500.
700 is a recording medium conveying means, and for the
printable regions x at all the discharge ports of the.
recording head, the conveying amount x/n of one scannipg
unit is dgtermined on the basic of the ratio n determined
by the determining means 500, and the pitch with respect
to the recording medium conveying direction which is the
sub-scanning in the recording mode determined is
continued to be delivered each by x/n.

With the constitution shown in Fig. 20,




difference in ink receptive anant between the |ines CONES greate™y
the result, image deterioration (density nonuni for 'ﬁ@ﬁﬁ®#wﬁﬂg'$ﬂﬁﬁﬁ'
whi ch nmay be considered to be caused to the change}i i absorptron
phenonenon of ink of the next line is Iia4b4|e to be. T 10 MAR 1897
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regardless of the kind of the recording medium, ink jet
-recording of good quality and high speed can be surely
performed. |
Fig. 21 shoﬁs the'display panel 800 by which the
operator determines the division ratio n for conveying
the abovementioned recording heads corresponding to the
recording medium to be employed. 801 is the key for
converted paper, and by turning on the key, the recording
mode described in Fig. 21 is set. Similarly, 802 is the
B key for semi-converted paper, plain paper A, 803 the key
for plain paper B, and 804 the key for plain paper C or
sheet for OHP. 805 displays the total discharge port
number M of the recording head, and in this embodiment
represents 64. 806 displays during print or the print
switch of operation..
Even if the constitution may be made as shown
in the operational panel of Fig.'Zl in which the operator
can simply determine and employ the recording mode of
the present invention, the effects of the present invention
can be fully obtained. The all discharge port utilization
mode of the key 801 is not required in practice as a
matter of course, but may be also provided for practicing
various kinds of recording systems.
The numerical values in the foregoiﬁg embodiments
are not of course limiting conditions for the present
invention, and the precision of the present invention

is enough even if the number of discharge borts to be



In contrasts,

little.

generated at the boundary portion between scanning lin sREPLA EMENT EETt ng
of the previous line toward the paper feeding directipn]i r :
in the seventh enbodi nent as descri bed b)vi,ﬁgﬁﬁégyhe i hk.
receptive anount changes gradually per every line, sufchl S
Al so, as the problem causdd by increase of ink anount,
there may sonetinmes occur wavi ng phenonenon of paper '

stretching and shrinkage by ink reception of the paper, but in the presént

enbodi nent ;

used may be determined without determination of the ratio
of the total number of discharge ports.

The present invention brings about excellent

‘effects particularly in recording heads, recording devices

of the bubble jet system among the ink jet recording

" systems.

Its representative constitutions and principles
should be preferably those by use of the basic principle
disclosed in U.S. Patents 4723129-and 4740796. This

system is applicable to either of the so called on-demand

type and continuous type, but particularly in the case

of the on-demand type, it ié-effective, because by
applying at least one driving signal which gives abrupt
temperature elevation exceedidg nuclear boiling to the
electrothermal transducers arranged corresponding to
the sheets or liquid passages on which liquid (ink) is
held, heat energy can be generatéd in the electrothermal
transducers to effect film boiling on the heat-acting
surface of the recording head, and'consequently form
bubbles within the liquid. (ink) corresponding oﬁe by
one to the driving signal. Even if the liquid (ink)
may be discharged through opening for discharge by
growth, shrinkage of the bubbles, at least one droplet
will_be formed. By making the driving signal shaped

in pulse, instantly growth and shrinkage of the bubble
are effected adequately, whereby discharge of liquid

(ink) particularly excellent in response characteristic



since the region which has becone to have the maxi mumin
the same tinme has becone smaller as conpared with the pyigrart

descri bed above, there is also the effect that waving i$ 3 q
it Is not necessary to expan speC|aIIy t he {lntervg% g&ﬁ
the head and the recording nmedi um whet eb ~shooting precisio

excellent than the prior art exanple to inprove image
i s apparent fromthe above description, according to the plura

Accordi ngly,

RERIAGEMENT SREET

exarple a

uality.

recordi ng heagién bé anordi pgefiedabilyi accompaystiedi.t hAsnithet palsiedshapled he

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

4463359 and 4345262 are suitable. Further récording

"can be performed by employment of the conditions disclosed

in U.S. Patent 4313124 concerning the temperature
elevation ratio of the above-mentioned heat-acting
surface.

As the constitution of the recording head, in

~addition to the combined constitution of discharge port,

liquid passage, electrothermal transducer as disclosed
in tﬁe respective specifications as mentioned above
(linear liquid passage or right angle liquid passage),
the constitutions by use of U.S. Patents 4558333 and

4459600 disclosing the constitution in which the heat-

‘acting portion is arranged in a flexed region are also

included within the present invention. In addition,

the present invention is alsq effective even if the
constitution -may be made one based on the constitution
disclosed. in. Japanese Laid-Open Patent Application

No. 59-123670 which discloses the constitution comprising
a slit common to a plural number of electrothermal
transducers as the discharge portion of the electrothermal
transducers or the constitution Japanese Laid-Open

Patent Application No. 59-138461 which discloses the
constitution comprising opening for absorbing the
pressure wave of heat energy corresponding to the

discharge portion.



recording divided in every one scanning, and recording is pgriREAGEMENTYSHEET

regions in response to such conveyance. As the reg

with the predeterm ned di scharge ports corresponding to thejr Coruing
conpared with separate recording for tq% respective colors T

head wi dth
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In addition, the present invention is also
effective for the case of using a recording head of the

freely exchangeable chip type which enables electrical

‘connection to the main device or feeding of ink from

* the main device by mounting onto the main device, or

a recording head of the cartridge type integrally
provided on the recording head itself.

Also, addition of restoration meads, preliminary
aiding means, etc. to the recording-head is.provided
as the constitution of the recording device of the
present invention is preferable, because the effects
of the present invention can be further stabilized.
Specific examples_of'such means may include, for recording
heads, capping means, cleaning means, pressurization
or suction means, preliminary heating means such as
electrothermal transducer or heating element separate
from this or combination of these, and it is also
effective for.performing stable-recording to practice

a preliminary discharge mode which performs discharging

'_separately from recording.

Further, as the recording mode of the recording
device, nqt only the recording mode only of the main
color such as black, etc., but also the recording head
can be constifufed integrally or according to a
combination of plural number, and the present invention
is extremely effective also for a device equipped with

at least one of complex colors with different colors




wi thhout .division of the recording region, the ink em ssi
scanni ng can be nmade narrower substantially wthout inc
scanning times, and therefore cockling which is the wav
recording mediumcan be nade little. Also, since the pa
portion can be made shorter, niniaturiz&8 on of the nai
render ed possi bl e. Further, as conpared with ov

an . region or. _one

'g@Lﬂ\GEMHﬁT SHEET

M dt h

of the recording region over the whole head w dth, the

or full colors by color mixing.

The present invention can solve adequately the
various problems found by the present inventors according
to the constitution, driving ndf found in the prior art,
and is an industrially éffective invention.

An ink jet recording device comprises a carriage
having a plural number of ink jet recording heads each
having a plural number of dischérge ports mounted
thereon, a means for giving recording ink signals to
the ink discharge energy generating elements corresponding
to all or a part of the resﬁective plural number of
discharge ports of the plural number of discharge
heads, and a control means, which increases the number
of recording heads to be used during recording of the
g recordable region formed by the total sum of all the
discharge regions of the plural number of recording
heads from initiation of.reCOrding onto a recording
_medium, reducing fhe number of recording heads to be
used during recording of the recordablé region in the
recording completion_region of the recordiné medium,
and has one scanning width to be recorded by scanning
by the recording head during recording as the feeding

pitch of the recording medium.



of the regron—+eaching the maxi num density at the sane ti d
narr ower stﬂm | ' ut increasing the scanning ti °E,ﬂ:?rqg&Em §HEET
therefore "ﬂﬂ ﬂ"QE’ de little, and also the diffefehce in ink
receiving abil Ftyt risng«€m ssi on between the scanning |ipep Sa[h MAR 1387
little, whereby the density unifornity at 4%h& Iine boundarylpartion has
becone better. Al so, since overlapping em ssions are dong through separate
di scharge ports, the density irregularity due to the difflererce-in

di scharge porfcypyiMgsion is alleviated. Also, in performng overlapping
recording, thé&Tecording tinme can

1. An ink jet recording device comprising:

a carriage having a plural number of ink jet

recording heads each having a plural number of discharge
‘ ports.mounted thereon; |

a means for giving recording ink signals to the ink
discharge energy generating elements corresponding to all
or a part of the respective piural number of discharge
ports of said plural number of recording heads; and

a control means, which increases the number of
recording heads to be used during recofding of the
recordable region formed by the total sum of all the
discharge regions of said plural numbgr of recording heads
from initiation of recording onto a recording medium,
‘reducing the number of recording heads to be used during
recording of said recordable region in the recording
completion region of the recording medium, and has one
scanning width to be recorded by scanning by the recording
head during recording as the feeding pitch of the recording

medium.

2. An ink jet recording device according to Claim
1, wherein said control means has a means for determining
humber of the discharge ports, which are a part of the
respective plural number of discharge ports of said plural
pumber of recording heads, depending on the material of the

recording medium.
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be reduced, and otherw se the—joeint between the inages c nREBEAQEH%NBéﬂﬁﬁl.

Further, in addl“"m, "Iﬂm diversity of recording cihn be provrd

to users, where mm rpossi ble to perform good rechdMAR 19972
- 42 -

diversity of recdrdfng“metia * - 50 -

B 3. An ink jet recording device according to Claim
1, wherein said ink discharge energy generating element is
an electrothermal transducer of thermal energy generating

‘element which causes film boiling in ink to occur.

4. An ink jet recording device which has a plural
number of recording heads having discharge ports for
discharging ink arrayed thereon, and performs recording of
images by discharging ink through said discharge ports
accompanied with the scanning movement of said plural
number of recording heads,

characterized in that said device has a first
recording head and a second recording head provided
adjacent to the upstream side and downstream side
relatively with respect to the conveying direction of the
recording-medium, and arranged in the positional
relationship with the respective discharge ports not
overlapping each other in the upstream side region and the
downstfeam §ide region, and a recording mode which performs
recording so that at least the image of first ink droplets
on the recording medium by the first recording head
relatively on the upstream side and the image of the second
ink droplets on the recording medium by the second
recording head relatively on the downstream side maﬁ be

overlapped with each other.

This Sheet Has Been Replaced
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‘Fig. 20 shows—t—he——ba'STC”sTW vi ew of the devi ce |

opti mum recordi “m“ﬂ ﬂ FVenent ratio after havin

density Aﬂml . ty by partial use of the}rgspectrve
heads of the present® invention. 400 i s a mean o] '
automatically or. manual |y the materi af‘ of the recordijng 1?3&@3&599
(di fference in materials, including paper or resin sheet or comnvert

paper, seniconverted paper, t hose with great ink absorptijon
. 5. An ink jet recording device which has a pIUral

nuﬁbér of recording heads having discharge ports for
discharging ink arranged thereon, and performs recording of
images by discharging ink through said discharge ports
'iy accompanied with the scahning'movement of said plural
number of recording heads,
characterized in that each of said plural number of
recording heads and at least another of said plural number
of recording heads are arranged so that said discharge
" ports arrayed 6n each may not overlap each other in said
scanning direction,
and said device is provided with a paper feediné
means which performs paper feeding with the width of the
recording regions by said scanning movement of the
recording heads arranged so as not to overlap each other,
and |
a recording signal supplying means which supplies
recording signals for discharge to the respective recording
heads of 'said plural number of recording heads
corresponding to the paper feeding by said paper feeding

means.

6. An ink jet recording device according to Claim 1
or 2, wherein the recording regions by said scanning
movement of the recording heads arranged so as not to
overlap each other is continuous to each other.
R
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anount, p| C. see Fig. 21), and as the ufomatte
dlscr|n1q u own di scrim nation met hods slc snl' 7
transn155|on c L f different mar ks according fo tﬂe J@@gg%qive
material s and dlscr|n1nat|on t her eof netc. can be util} zed—5066~rs—a—
means for determining the nunber for t he ?otal nunber

di scharge ports of each recording head, and in this e

di vided ratiz0 n of the total nunber Mis determned in the present
enbodi ment: Specificall yan inkt hetneepsrBifighdevdeeencicosding dlo €laisf U he

groups GL to &8 (Gl to G8 are groups each having 8 discharge ports)
or 2, wherein the recording regions by said scanning
movement of the recording heads arranged so as not to
overlap each other have an interval of the width of said

il recording regions multiplied by an integer.

8. An ink jet recording device according to Claim
6, wherein the discharge ports arranged on each of said
plural number of recording heads are a plural number of

discharge ports arranged in the sub-scanning direction.

9. An ink jet recording device according to Claim
8, wherein each of said plural number of recording heads
has an electrothermal transducer as the discharge energy

-generatiqg element for discharging ink.
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recording device according to

Claim 4, wherein said second recording head makes the

second recording region

recordable with respect to

" said conveying direction the same recordable region and

also the device has further an additional recording

head arranged in said downstream side region.

11. An ink jet

9, wherein said second
second recording region

conveying direction the

recording head according to Claim
recording head makes the
recordable with respect to said

same recordable region and

also the device has further an additional recording

head arranged in said downstream side region.

12. An ink jet

recording device according to

Claim 11, wherein said first recording region and -said

second recording region

13.

An ink jet

have the same width.

recording head according to

Claim 4, wherein said first and second recording heads

and additional recording heads, discharge inks of colors

different from each other,

and said recording mode

performs overlapping recording as the first recording

region with the first and additional recording heads

after performing recording of the second recording

region with the second and additional recording heads.

\
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- 43 = and therefore no divided driving may be practiceg, REREACEMENTT Shper
speed wirki$ SHea HadBee Rypldcéver ed. For this reason, for util|zimg—the—e

of the p n, n my be preferably 2 or nore. | For qthesimt:he; N
oo IR 10y
n=21is e )

n result of semggcanverted paper,
cording of the enbodi nent shown i
as described above is practiced. On the other hand, w't
discrimnation result of plain paper B, n=4 is enpl oyed, and fecordrng—ef
t he enbodi nent 14, An ink jet recording device, which has a

plural number_of recording heads, each constituted by
arraying a plural numbe;'of discharge ports for
.discharging ink in the subscanning directioﬂ.or a
direction different from the scanning direction in the
scanning direction, and performs recording of images by
discharging ink through said discharge ports accompanied
with the scanning movement of said plural number of
recording heads, |
characterized in that said device is provided
with a-conveying means which conveys the recording
medium with the width of the equglly divided region of
the recording :egion by scanning of said plural number
of recording heads per every time of said scanning
ﬁﬂ@i.movement, and
a recording signal supplying means which
supplies recording signals to only the discharge ports
predetermined corresponding to said equally divided
regions in response to said conveying by said conveying

Sio means.

15. An ink jet recording device according to
Claim 14, wherein each of said plural number of
recording heads has an electrothermal - transducer as the

discharge energy generating element for discharging ink.

16. A recording method of an ink jet recording

device, ﬁhich has a plural number of recording heads,

W’,ﬂ"",&'",ﬂl ' THIS SHEET HAS BEEN

REPLACED




shomn in Fig

ports 8 ar
|s a recor
i ons whi

1 2 3 4 are determ ned and driven on the basis oflthe ratlo n
det er mi ned by the above-nenti oned determ ning nmeans 50077700~ Ts &

units with one scanni ng har ge
in the above- nenti oned enbodi 640
Iﬁlmwm dﬂ ng nmeans, and the recordingjsi gna‘l Mﬁ%a‘qﬁ?n
t |

19 is practiced Further, for plain paperREELAﬂENwMH'SHEET

are schar ge portsTcﬁ%e used forjt

recordi ng hedeachcopnseyitgtedaby, aananfging e plural number of discharge

ports for discharging ink in the sub-scanning direction

or a direction different from the scanning direction,

" arranged in the scanning direction, and performs

recording of images by discharging ink through said
discharge ports accompanied with the scanning movement
of said plural number of recording heads,

characterized in that the recording medium is
conveyed ﬁith the width of the equally'divided region
of the recording region by scanning of said plural number
of recording heads per every time of said scanning
movement, and

recording signals are suppliedlto only the

discharge ports predetermined corresponding to said

\-equally divided.regions in response to said conveying

by said conveying means.

17. A recording method according to Claim 16,
wherein each of said plural number of recording heads
has an electrothermal fransducer as the discharge

energy gerierating element for discharging ink.

18. An ink jet recording deviqe, which has a
recording head constituted by afraying a discharge
port for discharging ink in the sub-scanning direction
or a direction different from the scanning direction

in the scanning direction, and performs recording of

, ,!m'c, m',j "lﬂ" "l,sl " ,m THIS SHEET HAS BEEN

REPLACED




he

printabl.e rM| scharge ports of thg—Tecererg-head

t
conveyi ng anou 1s§{l£t Been\aeg@ ning unit is determ nBEPkACEMENTbgﬁEET C];]

the ratio n dete mm determ ning neans 500, gro—the—p-ch t
respect to the m conveyi ng. di recti on}whi gh :
sub- scanni ng in - I'ng node determ%gd Is confti nﬂe% @%ﬁgﬁ%e I yered

each by x/n. : Wth the constitution shown in}Fg—20;

~  images by discharging ink through said discharge port—

accompanied with the scanning movement of said plural

number of recording heads,
characterized in that said device is provided

with a conveying means which performs conveying the
recording medium wifh the width of the equally divided
region of the recording region by scanning of said
recording head per every time of said scanning movement,
and

N a recording signal supplying means which
supplied recording signals to only the discharge ports
predetermined corresponding to said equally divided
regions in response to said conveying by said conveying

means.

19. An ink jet recording deivce accbrding to
Claim 18, wherein each of said recording head has an
electrothermal transducer as the discharge energy

genefating element for dischérging ink.

THIS SHEET HAS BEEN
REPLACED
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- 44 - regardl ess. of the kind o '¥H%SH5EDHﬂs@@ i N
recordi ng of good quality and highL edREPRACER surely pdrf
Fig. 21 shows the display panel 800 by whic
division ratio n for conveying the abovenentioned recording -
corresponding to the recording nedium tg®, be enployed. 80L is the key for
converted paper, and by turnlng on the key the recording

Ink Jet Record1ng Method anﬂe:,

Miﬁkfjétﬂkgébrding
Device for Practicing ‘the” Same i o

ABSTRACT OF THE DISCLOSURE

An ink jet recording device comprises a carriage

having a plural number of ink jet recording heads each

E having a plural number of discharge ports mounted
thereon, a means for giving recording ink signals to
the ink discharge energy generating elements corresponding
to all or a part of the respective plural number'of
discharge ports of the plural number of discharge
heads, and a control means, which increases the number
of recording heads to be used durlng recordlng of the
recordable region formed by the total sum of all the
discharge regions of the pPlural number of recordlng
heads from initiation of recording onto a recording
medium;ﬂreGUCing'the number of recording heads to be
;hsed during recording'ef the recordable region in the
recording completion tegion of the recording medium,
and has one scannihg width to be recorded by scanning
by the recording head during recording as the feeding

pitch of the recording medium.

S+ Figs. 3A and 3B

This Sheet Has Been Rep

AN

REPLACEMENT SHEET |




node described in Fig. 21 is set. Simlarly, 802 is the
sem -converted paper, plain paper A 803 the key for pl

A REPLAGRMENT SHEET

804 the key for plain paper C or sheet for OHP. 805 di 4pl pys—the totat

di scharge port nunber M of the recor?ing_head, and int
represents 64. 806 displays during pré#nt ot the print s
Even if the constitution my be made as shown in the of

hif PEDMRTINNY
it ch of operati

W

erati onal panel

Fig. 21 in which the operator can sinply determ ne and

enpl oy the

oni.
of

recordi ng node of

o1
o
e
N
&
,.,—-"ﬂm
——
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the.present invention, the effects of the present invention can be fully
obtained. The all discharge port utilization npde of the key 801 is not

required in practice as-a mtter of course, but g-roY for
practicing various kinds of recording, systens. HEsLRéﬁ@EMBﬁEEEE
values in the foregoing enbodi nents - ae not of coyrsle Trmtrmgcondiftions
for the present -.invention, and the precision of tHe jpregeMARi {g9gntfign is

enough even if the nunber of discharge ports to bej !
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shoul d be preferably those by use of the basic principle disclosed in US.
Patents 4723129 and 4740796. This systemis applicable to either of the so
cal l ed on-denmand type and conti nuous type but particul #,y T—thewgase..

of the on-demand type, it is effectivg,.because by app 35 d-A&EMENd'ssHEme

driving signal which gives abrupt t perature el evati op §xceed
boiling to the electrothermal transducers arranged cor epcpr{@m? t e
sheets or |iquid passages on which liquid (ink) is helld, | heat ene %7 clan
be generated in the el ectrothermnal

FI1G.4

~3
o
T

COATED PAPER
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ABSORPTION QUANTITY (nd/mm?)
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transducers to effect filmboiling on the heat-acting surface of the
recordi ng head, and consequently form bubbles within the liquid (ink)
corresponding one by one to the driving signal. Even if ‘the liquid (|nk)
may be di scharged through opening for kssharge by growt
the bubbl es,. at | east one droplet w RQ77be-formed. By maki
signal shaped in pulse, instantly gromﬂh and shrinkage o
ef fect ed adequately, whereby discharge of liquid (ink) pgar |?%
excellent in response characteristic
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- 46 - can be nore preferably acconplished. As the pul se-shaped

driving signal, those as described in U S. Patents 4463359 and 4345262 are
sui table. -Further recording can be perforned by enploynent_of the

condi tions disclosed in U S Patent 43I3§24-concerning t T

el evation ratio of the above-nentioned héat=acti ERéF‘?_KBEM@M §HEET

10 MAR 1997

FIG.6B

CONTACT
COLLISION
DRYING

| |
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l DOT FORMATION SPREADING SPREADING

FIG.6A
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surface.. As the constitution of the recording head, in addition
to the conbined constitution of discharge port, |iquid passage,

el ectrothermal transducer as disclosed in the respective specifications as
mentioned above (linear |iquid passage-or—~right angl i S$5¥zTers) &
the constitutions by use of U S. Patefits 4558333 an ﬁﬂ%ﬁ@%@% i§éa%§ing
the constitution in which the heat- acting portion{id arranged |n‘T ftl exed

region are also included within the present inventijorl. 1B MARi189%n

®
®
(2nd.SCAN)

FIG.7

(1st. SCAN)




t he present invention is also effective even if the constitution'nay be
made one based on the constitution disclosed in Japanese Lai d-Qpen Patent
Application No. 59-123670 which discloses the constitution conprising a
slit common to a plural nunber of electrothernal traTsﬂ

di scharge portion of the el ectrot her n@.” transducers Eﬁ?ﬂQ§gﬁﬁﬂlgﬁEE§,
Japanese Lai d-Open Patent Application No. ©59- 138461 phijch di scl oses

constitution conprising opening for absorbing the prgsguded WAR 1837 h
energy corresponding to the discharge portion.

1%

,a

FI1G.8




i nk

g of

effective for
EMENT SHEET

Ul

REPLAC
10 MAR 197

\~"A>n

ol

freely exchangeabl e chip type

i nvention is al so

=i N ded

9.

0 the

O [SLD|SLD|7LI| ————~ v €D ¢D| D] WVIvA AV3H O
0 |%N|SLW || ———= [TW[EW |ZN|'N| VIVO QVIH W
OLA|SLA|TLA | ®LA| ————— EAJZA| A O viva av3H A
OLW |SLW | LY |8LH | ————— P RS B R0 viva Qv3H ¥
LL|OL|SGL|9L] —— |7 | €| T} NVIS GV3H

g6°91 4
g e NOILD3YIa

t he present

connection to the_main device or feedin

I n addi ti on,
the main device by nmounting ont

47 -
the case of using a recording head of the

whi ch enabl es el ectri cal

from

¥ Y~ ONINNVIS QvaH §
_ < . > A\Nllnj -
| . v3uvy — VY
\ WD h AT | oniayooay W N @.. m..
R . . VIV uiin-
A:zgi; ._n_: ONIQUOD3Y H+A TN m w VE
| v Vi~
@ NOLLO3NIA ONIG33S mmn_&@

v6'9old



a recording head of the cartridge type integrally provided on the

recordi ng head itself.

Al so, addition of restor

ptien—eans,
preliminary aiding means, etc. to the recording head i BEBLACRMENPSHECES

constitution of the recording device 3 S
preferable, because the effects of i > present inventign CaCubQ Bu@bﬂer
stabilized. Specific exanples of such means may includ¢, {for™r é r g

heads, cappi ng neans,

el enent separate

cl eani ng nmeans, pressurization o
prelimnnary heating means such as el ectrothermal trans|

"F16G.10

1A,2A 3A 4A

f the  present inJe

O™

14

f

flucer or heating




fromthis or conbination of these, and it is also effective for performng
stable recording to practice a prelimnary discharge node which perforns
di scharging separately fromrecording. Further, as the recordlng
node of the recording device, not only-ihe recordin Jﬂggg gnl e

col or such as black, etc., but.also {He* r écordi ng he G dﬁﬁﬁﬂ ted
integrally or according to a conbination of plural phu and—th r esent
invention is extremely effective also for a device qulpme¢mmtﬂg7
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at least one of conplex colors with different colors

- 48- or full colors by color mxing. The prese vention can
sol ve adequately the various problens found by the pre eﬂ'EPMﬁ’

according to the constitution, drivi r}% net found in th LQ @? VI SHEBT |
an industrially effective invention. R
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An ink jet recording device conprises a carriage having a plural nunber of

I nk jet recordi ng heads each having a plural nunber of discharge ports

nounted thereon, a neans for giving recording ink sigRas—iQ the i nk

di scharge energy generating el enents gortesponding td EEPLAUE §PEEf‘Fhe

respective plural nunmber of dischar.ge.ports. of the plju J nn
PC

di scharge heads, and a control means, which increasej 3 @%gxﬁ
recordi ng heads to be used during recording of the r r dabl é§$bn
formed by the total sumof all the
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- 49 - . Cl ai nms 1. An ink jet recording device gconprising:

scanni ng nmeans for scanning a plural nunber of ink jet WEPQ 4 K
wherein each of said ink jet recording heads h €$@?Nﬁ T

di scharge ports, and wherein said dlsﬁgarge ‘ports are fad pted to Eﬁé rma -
recor di ng operation within a reordi mg area whifchf i &0 AR rka
covered by said discharge ports during one scanni ng oger atloJ
suppl yi ng neans for supplying recording signals corregponding to the
recording area to ink discharge energy gener at i nts

conveying neans for conveying a recording nmediumrelative to said recording
heads, and control means for controlling said ink jet

recordi ng heads, said supplying nmeans and sai d conveyi ng neans,

said control neans being able to operate in a first r€2§+d+ﬁg—ﬁﬁdf whi ch
a recording covering the recordl ng area is prJd@ceg JaPij 69 |
scanni ng operation, and sai d control s befgrablje—t
operate in a second recordi ng node i which azrecordi r‘% leﬁérg,.r @4 Pgrtion
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of the recording-area only is produced during one scanni ng operati on,
characterized in : that said control nmeans selects the
recording nmode according to a condition at |least relating to a material
quality of the recording nmedium wherein at: the second r LUlUln mocte—sart
control means produces a recording 16 * “Covering the wHoREPLA N SHEET
recordi ng area by plural scanning operations of said recqrd

only a portion of the recording area, interposing thFngeMemga
conveying of said recordi ng nmedi um by neans of said convgyijng nmearts.
2. An ink jet recording device according to claim1, wherjeifn sard TNk
di scharge energy generating elenent is an el ec- trdthermal transducer
of a thermal energy generating el enent which causes filmboliTThRg Tn the TNnK
to occur. 3. Anink jet recording device according to any of the
precedi ng clains, wherein said plurality of recording heads are

arranged in the scanning direction. 4. An ink jet recording device
according to any of the preceding clains, wherein a part of the recording
area recorded during the second recording node is 1/n of the
recording area, wherein n is a switchable integer. 5. An ink jet

recordi ng device according to alp ff@he‘@ecedi ng clainms, wherein said
portion of the recording area (o d in the second recordi ng node
is half of the recording area. 6. An ink jet recording device according
to any of the clains 1 to 4, wherein the portion of the recording area
recor ded

>y




in the second recording node is a quarter of the recording area. 7. An

i nk jet recording device according to any of the clains 1 to 4, wherein the

portion of the recording area recorded in the sec i

is an eighth part of the recording argg..- . 8. An inkjet|] REBLACEMENT SHEEE

according to any of the preceding clalfis, wherein said |plprat+ty—of

recordi ng heads is four. 9. An inkjet recording headjadc i t |
soigsgg@tﬁwgl

8, wherein said four recording heads enmtY, M C and KijnK
10. An ink jet recording device according to claim8, Wherermsare—ou

recording heads emt R, G B and K inks respec- tifvely. 11. An ink jjet
recordi ng device according to any of the precedi ng clains, wWherermsate—
plurality of recording heads is integrally formed. 12. An ink jet
recordi ng device according to any of the preceding clains, wherein said
plurality of .recording heads is exchangeable. 13. An ink jet recording
devi ce according to any of the preceding clains, wherein said control neans
i ncreases the portion covered per scanning operation by increasing the
nunber of recordi ng head$ useq for jrecordi ng and reduces the portion
covered per scanning operation by rleduci ng the nunber g% Yo o frepds
used for recording. —T— o= E oo
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- 50 .- - 14. An ink jet recording device according to

any of the

precedi ng clainms, wherein said control neans increases the portion

covered per scanning operation by increasing the recordi

g-areg of one or

nore of said recordi ng heads, and creases the porti
scanni ng operation by decreasing the Yecordi'ng area of o
recording heads. 15. An ink jet recording device accord
wherein said recording area recorded in the second recor
defined by the nunber of discharge ports.

TLACERENR St
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ng to.claimai,
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recordi ng device according to claim1,
of the recording area recorded in the second

by the nunber of discharge ports.

16. An.ink jet
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Claims

1. An ink jet recording dev1ce comprising:

scanning means for scanning a plural number of 1nk jet
recording heads, wherein each said ink jet recording heads
has a plurality of discharge ports, and wherein said
discharge ports are adapted to perform a recording operation
within a recording area which is the total area covered by
said discharge ports during one scanning operatlon,

supplying means for supplying recording signals
corresponding to the recording area to ink discharge energy
generating elements,

conveying means for conveying a recording medium
relative to said recordlng heads, and control means for
controlling said ink jet recording heads, said supplying
means and said conveying means, said control means being
able to operate in a first record:l.ng mode in which a
recordlng'coverlng'the recording area is produced during one
scanning operation, and

- said control means being able to operate in a second
recording mode in which a recording covering a portion of
the recording area only is produced during one scanning
-operation,

characterized in

that said control means selects the recording mode
according to a condition at least relating.to a material
.quality of the recording medium, wherein at the second
recording mode said control means produces a recording
covering the whole said recording area by plural scanning
operations of said recordings covering only a portion of the
recording area, interposing therebetween a conveying of said
recording medium by means of said conveying means.

2. An ink jet recording device according to claim 1,
wherein said ink discharge energy generating element is an
electrothermal transducer of a thermal energy generating
element which causes film b0111ng in the ink to occur.

3. An ink jet recording device according to any of the
preceding claims, wherein said plurality of recording heads
are arranged in the scanning direction.

4. An ink jet recording device according to any of the
preceding claims, wherein a part of the recording area
recorded during the second recording mode is 1/n of the
recording area, wherein n is a switchable integer.

5. An ink jet recording device according to any of the
preceding claims, wherein said portion of the recording area
recorded in the second recording mode is- half of the
recording area.
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6. An ink jet recording device according to any of the
claims 1 to 4, wherein the portion of the recording area
recorded in the second recording mode is a quarter of the
recording area.

7. An ink jet recording device according to any of the
claims, wherein the portion of the recording area recorded
in the second recording mode in an eighth part of the
recording area.

8. An ink jet recording device according to any of the
preceding claims, wherein said plurality of the recording
heads is four.

9. An ink jet recording head according to claim 8, wherein.
. said four recording heads emit ¥, M, C and K inks
respectively.

10. An ink jet recording device accordlng to claim 8,
wherein said four recording heads emlt R, G, B and K inks
respectively.

11. An ink jet recording device according to any of the
preceding claims, wherein said plurality of recording heads
is integrally formed.

12. An ink jet recording device according to any of the
preceding claims, wherein said plurality of recording heads
is exchangeable.

13. An ink jet recording device according to any of the
preceding claims, wherein said control means increases the
portion covered per scanning operation by increasing the
number of recording heads used for recording and reduces the
portion covered per scanning operation by reducing the
number of recording heads used for recording.

l4. An ink jet recording device according to any of the
preceding claims, wherein said control means increases the
portion covered per scanning operation by increasing the
recording area of one or more of said recording heads, and
decreases the portion covered per scanning operation by
decreasing the recording area of one or more of said
recording heads.

15. An ink jet recording device according to claim 1,
wherein said recording area recorded in the second recording
mode is defined by number of discharge ports.

16. An ink jet recording device according to claim 1,
wherein said portion of the recording area recorded in the
second recording mode is defined by the number of discharge
ports.'

This Sheet Has Been Replaced

T




e Y - | 7606301~

AT O MR PEPLACEVENT SHEET

02 SEP 1997

- 49 -

Claims

1. Anink jet recarding device comprising:
+ scanning means for scanning a plural number of ink jet recording heads, wherein each of said ink jet recording
heads has a piurality of discharge ports, and wherein said discharge ports are adapted to perform a recording
operation within a recording area which is the total area covered by said discharge ports during one scannlng oper-

ation, _
supplying means for supplying recording signals corresponding to the recording area to ink discharge energy

generating elements,
conveying means for conveying a recording medium relative to said recording heads, and
contrel means for controlling said ink jet recording heads, said supplying means and said conveying means,
said control means being able to operate in a first recording mode in which a recording covering the recordtng

area is preduced during one scanning operation, and
said control means being able to operate in a second recording mode in which a recording covering a portion

of the recording area only is produced during one scanning operation,
characterized in

that said control means selects the recording mode according to a condition at least relating to a material
quality of the recording medium, wherein at the second recording mode said control means produces a recording
covering the whole of said recording area by plural scanning operations of said recordings covering only a portion
of the recording area, interposing therebetween a conveying of said recording medium by means of said conveying

means.

-2, Anink jet recording device according to claim 1, wherein said ink discharge energy generating element is an elec-
trothermal transducer of a thermal energy generating element which causes film boiling in the ink to occur.

3. Anink jet recording device according to any of the preceding claims, wherein said plurality of recording heads are
arranged in the scanning direction.

4. Aninkjetrecording device according to any of the preceding claims, wherein a part of the recording area recorded
during the second recording mode is 1/n of the recording area, whereln nis a switchable integer.

8. An ink jet recording device according to any of the preceding claims, wherein said portion of the recording area .
recorded in the second recording mode is half of the recording area.

6. Aninkjet recording device according to any of the claims 1 to 4, wherein the portion of the recording area recorded
in the second recording mode is a quarter of the recording area.

7. Anink jet recording device according to any of the claims 1 to 4, wherein the portion of the recordmg area recorded
in the second recording mode is an eighth part of the recording area.

8. Aninkjetrecording device according to any of the preceding claims, wherein said plurality of recording heads is four.
8. Aninkjetrecording head according to claim 8, wherein said four recording heads emitY, M, C and Kiinks respectively.

10. Anink jet recording device according to claim 8, wherein said four recording heads emit R, G, Band Kinks respec- -
tively.
11. Anink jet recording device according to any of the preceding claims, wherein said plurality of recording heads is
integrally formed.

12. Anink jet recordmg device according to any of the preceding claims, wherein said plurality of recording heads is
exchangeable, -

13. An ink jet recording device according to any of the preceding claims, wherein said control means increases the
portion covered per scanning operation by increasing the number of recording heads used for recording and reduces
the portion covered per scanning operation by reducing the number of recording heads used for recording.
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14. An ink jet recording device according to any of the preceding claims, wherein said control means increases the
portion covered per scanning operation by increasing the recording area of one or more of said recording heads,
and decreases the portion covered per scanning operation by decreasing the recording area of one or more of said
recording heads.

15. Aninkjet recording device according to claim 1, wherein said recording area recorded in the second recording mode
is defined by the number of discharge ports.

16. An ink jet recording device according to claim 1, wherein said portion of the recording area recorded in the second
recording mode is defined by the number of discharge ports.
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Ink Jet Recording Method and Color Ink Jet Recording
Device for Practicing the Same

ABSTRACT OF THE DISCLOSURE

An ink jet recerding device comprises a carriage
having a plural number of ink jet recording heads each
" having a plural number of discharge ports mounted
thereon, a means for giving recording ink signals to
the ink discharge energy generating elements'correspondiné
to all or a part_of'the respective plural number of
discharge ports of the plural number of discharge
heads, and a control means, which increases the number
of recording heads to be used.during recording of the
recordable regzon formed by the total sum of all the
dlscharge regions of the plural number of recording
heads from- 1n1t1atlon of recordlng onto a recordlng
medlum, reducxng the number of recordlng heads to be -
used during recording of the recordable region in the
recording completion region of the recording medium,
and has one scanning width ﬁo be recorded by scanning
by the recording headfdhring recording as the feeding
pitch of the recording medium.

Figs. 3A and 3B
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