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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 1nvent1on relates to an ink jet recording
method and a color ick jet record;ng device which are
Lapplled to copylng mach;nes, facszm;les printers for

10 image proce851ng, and other pr;nte;s in general., More
particularliy, it éertains to a.sca;ning type ink jet
recording device equlpped with & plural number of
recording heads hav1ng a plural nnmber of discharge
ports arrayed in the sub-scanning d:rectlon and to a

15 recording method of said device. |

Related Background Art

In the prior arﬁ,-for imprgvehént 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'densitieé; to shoot a
plural number of ink drcplets 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
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projector), etc., the image'recor&éed thereon is required
to be increased in. transmission density as a whole, and
alsc in this case. the above systeni_ ':i.s effective. -

In thésé' systems, emission of imnk droplets for

% emitting a plurality of ink dronlets on one picture

| . element is performed by scann:.ng of the recording
head for plural times th_le the recordmg medium is
_ fixed as such. Accordingly, scann-:.ng for plu:r:al tmes
. corresponding to higher dens:zfz.catz.on or scanning for -

10 plu;:al times corxresponding to the z.nk colors to be -
mixed is required for the recordinjg range per one
séanning in scanning type rec_ord:i.né, and no. high
speed récoiding 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—foi‘l.d of the time
reqguired for ordinary printing. .

Accoxrdingly, for the purpoée of ma}cing fastéi-
even by little the recording sgeed. in order to increase
' 20 the record.z.ng range per one 5cann1ng, it is effective .
to enlarge the recording head by f:ormation of a multi-
nozzle, but since it is limited to make the head
leﬁgthy, 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 :thé head constitution

itself of a color device by dividing the mozzles

—
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{discharge port) of the single reé;rding head itself
formed into a muiti-nozzle into fbﬁr nozzle units
predetermined for different inks,;but since the
recording speed depends on only oRe recording head,

5 the ink &ischargé raﬁge of ome 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 iﬁage density is enheimced 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 film :Eo:ri: 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 picture_%element, resulting
in deterioration of the“imégelquaiity.

.- Particularly, a plural _nunitlf:er of recording
| heads corresponding to the respecéive.ipks had a .
cox:fstitution a_:_ranged- in the scanning direction,

25 = and therefore in the case wheﬁidiéferent inks

_. were '0v¢rlapped; the .'em_;r'.ssioz'z__' density per unit

;ime became greater, whereby the ébove.problém'
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of ink overflow became marked.
. Generxally speaking, recoréing 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,
' because scamning 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 recordlng will be brought abhout,
such as the dz.sadvantage of faJ.l:.ng to use a a.:x.vers:.ty
'.of recording media. |
Further, as f:he problem of fz.xab:.l:.ty, boundary
20 region, the followzng facts have been found out, and
it has been found that the alffergnce in recording
characteristics becomes marked when using different
. recording media.
Mbre.specificallj,_ great difference in ink
25f: absoxption ahlllty occurs at the bounda*y portion of

the scanning lipne in overlzpped. recordz.ng, whereby

density irregularity due to nonuni'form ink absorption

S,
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is liable to be gcncratcd:
Also, in the constitution which performs
recording for plural times on the same picture

element through the same discharge port, irregﬁ—

larity in density and shooting precision between

the discharge ports may be sometimes intensified

to lower the plcture element.

Further, s;nce the ink densities changc at

the same time over the whole-region‘of the width of

the discharge port (scanning region), and therefore

- stretching 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

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 cannot be touched before elapse

of a certain Lime. Therefore, the members such as -

- discharge rollers, press rollers, etc. are required

tu be departed from the above-mentioned recording

region by the head width or more, whereby enlargement

of the device or lowering in paper feeding precision
may be brought about.

Further, the problem of stretchlng and

' ;shrlnkage of the recordlng medium as mentioned

above also occurs in divided recording.
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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 i% the case of using
a2 plural number of recording-headé equipped with a
plural number of dischaige ports (also called multi-
uozzle head). | | ' |

A first object of the preéent-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 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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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 eMbod;ments of the

present invention are set forth spécified 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 & 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 férmed 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

recording medium, and has one scanning width to be

\'\'
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1 recorded by scanning by the reco#ding head during
recording as the feeding pitch oﬁ the recording medium.
Another emhodiment of thé: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 -
' w:th the scanning movement of sald plural number of
. recordlng heads,
10 . characterized 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 ports 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
recording medium by the second recor iing head relatively
on the downstream side may be-overalpped 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 discharging ink through said discharge ports
accompanied with the scanning movement of said
plural pumber of recording heads}

characterized in that each'of said plural

. number of recoralng heads ‘and at least another of

/

said pIuvel number of recordzng 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
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
'supplies recording signals for di%charge to the
réspective 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
recording device, which 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
scanning directioﬁ, and pexforms fecording'of
images.'by discharging -ink through said discharge
ports accompenied with the scanni@g movement. of
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said plural number of recording hfeads,
characterized in that said devi;:e is provided
with a conveyi_ng means which 'conv:eys the recording
medium with the width of the equa:l;l.y 'divided | region
S of the recording wregion by scanni:rg;zg of séid plural
number of recording heads per eve:::y time of said
scanning movement, and -
a recording signal supplying means which
suppligs recording signals to .onlyz the discharge
‘10 . ports predeteﬁnined cor::es;:onding -to said equally
divided regions in response to sa:f:.d conveying by
said conveying means. . |
There is alsao provided an :.nk jet recording
' device, which has a recording head comstituted by
15 " arrenging a discharge port for dis;charging ink in
the s;ub-scanning direction or a di;:éection different
from the scanning direétidn, arrarged in the scanning
direction and nerforms :r:eccrding :of images by dis-
charxging ink through sa::.d discharge port accompanled
20 with the scannmg movement of sa‘td nlura.}. number of
recording heads, ‘
characterized in that .'saidz device is zirovided
with a conveying means which performs ‘conveying the
-recording medium with the width of tﬁe equally divided _
a5 region of the fecording- region by ;sca.nning of said
recording heads pex every time gﬁf sa.ui scan.ning

. movement, and
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a recording signal Supplying means which
supplied recording signals.to onlf the discharge ports
predetermined corresponding to said equally divided
- regions in response to said convefing by said conveying
means,

) In either one of the above inventions, in
_using a plural nﬁmber of iecordiné heads bhaving a
p;nral number of discharge ports,fthe'ratio of the
| recording medium mmved'cén'be madé greater than in
the prior art, and therefore the fecording speed
can be improved, whereby excellenﬁ image can be
formed by utiiizing all.or a part of the plural
number of discharge porkts or a par% of the recording
medium defined depending on the maierial, and there-

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

Also, in performing overla;ped recording,
the recording time can be.reduced,:and aiso the .
joining poxtion of images can be m;de 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 invention; | ' . |

Fig. 2 :.s a block diagram :sﬁowing the control
éoﬁstitution accozaing to recording of the device
shown in Fig. 1;

Figs. 3a and 3B are conceptibnal views of the
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recording method in the firét emb&dimenti

Fig. 4 is a graph showing;the ink absorption
cheracteristics of the recording %edium:

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

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

Fig. 7 is an_illustratipnéof overlapping of
inks in the embodiment of the'pre;ént invention;

Pig. 8 is & perspective view showing an ink

‘jet cartridge of 4 heads integrated in the second

embodiment of the preseat inventién;
Fig. 9A and Fig. 9B are c;nceptional views
of the recording method in the seéénd embodiment:
Pig. 10 is a perspective view of the ink
jet recording device aécordiﬁg to;the second
embodiment of the present inventiéh;

- Figs., 1l1A and 11B are conégptional views of

the recording method in the third:embodiment of the

present invention;
Fig. 12 is a side sectionél view of the ink
jet recoxding device according to:the fourth embodiment

of the present invention;

Fig. 13 is a block diagram showing the

‘control comstitution according to:recording of the

device shown in Fig;_iz;
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Fig. 14A and Fig. I4B are conceptiopal views
of the recording method in the foérth embodiment;

Fig. 15A and Fig. 15B areconceptional viewé
showing the recording mode of the:prior art, which is

applicable to the seventh embod.tment of the present

1nvention,

Fig. 16 is a perspective vzew showing the
1nk jet cartridge of 4 heads integrated in the fifth
enbodiment; | ..

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? | |

Fig. 19 is a conceptional wview of the recording

method in the sixth embodiment of the present invention:

Pig. 20 is a schematic il%ustration of the
pertinent portion of the seventh embodiment of the
present.invent?on;f f. . _j

Fig. 21 is a sqhematic iligstration of the
pertinent portion of.the operatioéFpanel to be used

in the seventh embodiment. . .

DETAILED DESCRIPTION OF THE PREFEﬁRED EMBODIMENTS'

. Referrlng now . to the drawzngs. the embodlments

of the present invention are aescribed in detail. -

Fig. 1 is a side sectiona® view showing the
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principal portion 6f the iﬁé jet £§cording device
according to an embodiment of the %resent jnvention.
In the Figures, l to 4 are :ecordiﬁg heads each haviﬁg
64 ink discharge ports, and the 1nk passage communicated
to these dlscharge ports has an electrothermal trans-
ducer for generating energy for dzscharglng ink arranged
therein, Also,_the recordlng headsll, 2, 3 and 4 arg
-recording heads“for diséharging regpectively inks of
‘red {R), green (G), blue (B) and black (B}, and
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
" 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'moéér as described
below. ' :

The recording heads.l to 4§ére connected
electrically through thé'cér:iage éo the main
control section as desgribed;belowfwith reference .
to Fig. 2, and othér&ise connectedi%o t+he ink tanks
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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can be done. On.the other‘hand, éhe 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 recordlng portion,
the recording medium 8 is adsorbe@ through the
electrbstatic attraciing force of%the adsorption
_convéying belt 11, and adso;ption;supporting conveying
is done while being syachronized éith 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 blﬁék diagramzshawing the recording
contzreol in the ink jet recoxding éevice shown in Fig. 1.
" In the same Figure, SA is the carriage 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 dr:t.vx.ng section for dr:v.vmg the
conveying xrollexr 9 and the adsorpt::.on conveying
belt 11, and is constituted mainly of a motor, etc.

The control séction‘ shown :in the Figure has
- CPU 100 which practlces p*ocess;ng accordzng to
| coutrol of the device whxle perfbrnlng giving and

receiving of the data between the :lzos‘. device ox
This Sheet Has Been
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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 aie concep%ional views for

" illustration of the recordlng'method in the embodlment
shown in, \Fig. I. In Fig. 34, the record:ng heads 1-
to.4 for d1scharg1ng respectlvely the inks of the
respective colors of R, G, B and Kgare, 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]

" portion 1z2. ' | -
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 rear thereof.':Mbre
sgecificany, the array is made so. :ti;zat the widths

of the discharge port arrays of the recordlng head

(in the Figure, RL=GL= BL—KL) may be connected to one
nother without gap, and the resnectxve recording
regions (R, G, B, X) by one scannlng becomes con=-

tinuous with the same width. When;tne recoxrding

medlum is c0ﬁveyed as’ descrlbed above to the

recording regions (R, G. B X). the carrlage S.

' scans to initiate recording.'

' , : This Sheet Has Been Repl
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head 1 of R ink and the head of G imnk.
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The record;ng medium 8 stops at the pos;tlon
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 the recording region

K, and the recording medium has not reached other

- recoxding regions R, G, B. Therefore, in the first

head scanning, recoxrding is perforﬁéd only with the
X heéd. ' | - |
After the firxst scanning, the recorxding
medium 8 is again conveyed by the conveying roller
pair 9 and the adsOrption conveying beit 1l. &s is
apparent from Fig. 3A, the coﬁveyi;g distance PL

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

" the discharge port array. In the égcond scanning,

the region recorded_in response tofthe recording
signal Kl by the head 4 of K ink in- the first
scanning has moved to the B record%pg.region, and
recording is performed in responsejto the recording
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
medium 8 has not vet reached the R and G recordlng

regions, still no recording is performed with the

ThlS Sheet Has Been Rep laced '




- 18 -

After 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;als of Bl and Kl"
recording in'response to the reco?ding signal Gl is
done. At the portion where recOréing was performed
with the recording sigﬁal K., recbrding 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 ini. Thus, the recorﬁing
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 eﬁbodiment 'and at the reér‘end of'the
' recording medium, the recoruzng 51gnals are

'sucgess1vely Jost frpm the K.head, after ccmnlet;on

 of recording of the final scanning, the recording
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medium 8 is discharged out'bf’the;machine.

Wﬁér-eé.s’ .Fig. ‘4 shows the inl absorptj_on e

characteristics of recording media, with square oot
of absorption tzme (,[ ) being shown on the axis

of absc1ssa and absorptlon amount of ink (aqueous)

(nl/ma®) on the axis of ordinate. It can be under-

stood that, in the coated paper héving an ink.recéptive

layer prcvided on the surface layér, a large amount of

ink can be absorbed within a short time, while in the
non-coated paper used in this embddiment, injitial

absorption is low and z long time :is required for

absorption of ink.

Fig. 5 shows the results of examination of

blotting degree of images when inks of two colors

" are emitted onto the recording medium substantially
. simultaneously (sharpness of the ﬁqundary 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 ond which is slightly

inferior in image.qnality and the mark x one which

is entirely practically vnuseful.

. From this expeviment, it éah be seen that

t+he ink amount which can be recorded within a short

time is 20 nl/mm? or less in the nbn—coated paper and -
2

25 pl/mm or less in the coated paper- This phenometion

can ‘be estimated to occur accordlng to the mechanism

shown in Fig. 6.

[
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More 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, dryiang. As shown in Fig. 4, -

in the case of the non-coated paper, in a time of
0.2 {§ or shorter, mo ink of 11 to 12 nl/mm° or
more can be sbsorbed and therefore, if an ink more
than that is emitted suhstantialiy sinultaneously, -
the ink will be overflowed and, @s shown in Fig. 6B,
the overflowed ink is attracted to 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
head scanning is performed succe551vely with the
recording regions for the respectlve heads belng
separated in ome scanning, blottlpg at the boundary
portion becomes smaller as shown in Fig. 7.

. For verifying the effect gf_this embodiment,
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'ariéngement of heads
being conétituted so that the reséective head
recording regions. were overlappea‘.i Vith each other

as in the ink jet recording device in the prior art,
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1mages wh;ch 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 A4 siée at & recording éenSity 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
used. |

In this case, because the;recordiﬁg density
is 360 DPI, the picture element size becomes 70.56 km
square, and the dot'diameter.embeadihg the picfure
element as a whole becomes 100 pmi Accordingiy, the
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 density of mono-color (one

discharge) becomes i3.2.nl/mm?, apd the plane density

of two colors (two discharges) be?omes 26.3 nly/ 2,

.and when two colors are bverlappe? or adjoined at

the same time as shown in Fig. S,?the image becomes
bad.

'As is appargn; from the above descrlptlon
this émbodiment, which has been made to have a

constitution excluding overlapulng o adgo;nlng

of two colors within = short time, is also effectxve
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) for a record;ng meldum w1th poor water absorptlon as

P I N

the non-coated paper.

Also, according to the above-mentioned recording

'conditions, since in this embodiment the recording

region in one scanning is divided into 4, and therefore
scanning for 68 tlmes is required for recording of A4
size, This means that the scannlng times are 1ncreased
onlj by 3 as compared with the dev;ce_constltutxon of
the prior art;.thué resulting in substantially no :
lowering in recofdiné speed.

In contrast,'for recording of the same A4 size,
if the recording region is ﬁade 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 timee 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 effective. |

rurther the present embodxment is effectlve
for obtalnlng recordlng of higher -‘image quallty

even in the case of a-recordlng medium having ink
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absorptivity such as the coated paper.

Fig. 8 is a perspective. view showing: the -second
embodlment of the present 1nventlon, and this embodi-
‘ment has a constitution of recording heads corresponding

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

. is a recording bead of the cartridge type which consti-.

tutes integralily the ink tanks of the respective colors, .

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'integzated as in the head of

this embodzment 1t hecomes poss;ble ‘to effect strict
registration during shlpment and even in a device

of the head exchange system, high image quality

recording extracting fully the perf&rmance of the

‘head is rendered pdssibleJ

Flgs. 9A and QB are conceptional views showing

the recordlng method by the recordlng head ‘shown in

Flg. 8§, which are s1mlla. to Figs. 3A and 33,

" respectively.
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This embodiment shows the cbnstitution in which

recording st & récérding density of 600 bPI 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 descrlbed above the droplet diameter
becomes 30|1m.and its volume 14.2 p;.

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

nl/mm?, 15.8 nl/ma®, 25.7 nl/m? and 31.6 nl/mdZ.

- Again, as is apparent'from Fig. 5, :the permissible

range where no blotting of irk occurs in this
embodiment is up to 2 coloxs.

Accordingly, as shown in Fig. 9, it becomes

bossible that the recording heads:' corresponding to 2

coloxrs make the recording regions?the same. In the

case of the same Fiqure, as shown in Fig. 94, the

. recording heads 2A and 4A of M ink and C ink have
‘the same 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

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 mount the recording heads
shown in Fig. 8 and Fig.- 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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recording heads 1a, 2a, 3A, 4A possible by &riving of . ... ...o.-ooes

e eae e me . e
BT it

' the carriage motor S5a.

Figs. 11A and 11B are conce?tional views showing
the recording ﬂétpod-accorﬂing to tﬁe third embodiment
of the present invention. As is ap%arent from Fig.- 11A,‘
the recordihg head of this embodimé&t ﬁas the respective
recording heads 1 and 4 correspond%ﬁg to B ink and K
ink arranged in the sub—scanning.di#ecﬁion with an
interval between their dischexge pért arrays corres-
ponding to the.amount of paper feeding.

More specifically, the recérding condition in
this embodiment is a zrecording de.nsf:i;ty of 300 DPI,
and in this cése, the droplet voluéé 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, blotting
may also sometlmes occur,

Therefore, by providing an%interval corresponding
to the Daper feeding amount betwee; fhe respective |
recording heads, ink absorption 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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_ Tecording heads each having 50 discharge ports, and

recording of A4 size is pexformed ét a head driving
frequency of 4 kiz. In this case,iécanning is per-~
formed for 72 times as shown in Fig. 11B.

. In the embodiments as_deséiibed above, ink
is discharged by heat energy of elédtrothermal.trans-
ducér, etc., but the discharge enérgy generation means
is not limited thereto, as a matter of course.

As is anparent from the above descr;ptlon,

‘the recording regions of each_recording head in one

scanning are divided.

By this, it becomes possibie to perform
recording corxesponding to paper féeding and the
respective recording regions per_oée scanning. 

As the result, overlappingérécording with
time 1nterv°ls can be done withOut lowerlng the record- -

ing speed as a whole, whereby not only image quallty

deterioration such as overlapping :ecording can be

prevented, but also it has become ?OSsible to
correspond to a diversity of recof&ing.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 éhangiﬁg the
arrangements bf a‘plnrallnumber oé;recording heads;l
In the latter half of the foliowi%g'embodiments,

other than the modification examples of the above
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embodiments, the device, the recording method which

c¢an obtdin the effects of fhehﬁréééht'irvéntioo while

- using the ordinary arrangement of a ‘plural number of

' recording heads are to be described. The follcwing

embodiments have the merit of accomplishing miniaturi-

zation of'recording beads than the ‘previous embodiments.

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

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

Fig. 12 has recording heads 1 to 4 mounted on

a carriage in perallel to the scanning direction as

shown in Fig. 1¢. Also, to the recording heads 1 to
4 is connected the control portion‘shown in Fig. 13.
Fig. 13 is = block diagramgshowing the

recording control in the ink jet récording device

. shown in Fig. 12. 1In the same Flgure, 52 is the

carrlage reotor fox drrv;ng the carrlage 5 through a
carrlage drzvzng mechanism such as;belr, pullcy,
etc., and 200 is the head driver fér generating dis-
charge signals for thelréspective &ischarge ports

based on the recoxrding data su9911ed from the control

-sectlon.' 300 ls the paner reedlna ar1v1ng section

for driving the conveying roller 9:and the belt 11,
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and the paper discharge roller pair :16.
.- ~The -control séctitn 7 shown in the Figure has

CPUl00 which practices processing according to control

"of the device while performing giving and receiving of

the data between the host device 6r§the respective

- sections of the recbrding_device, RéMlOOA which becomes

the work area in processing of CP0150,'énd 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 shown in PFig.
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 discharge por* arrays 12 to
15 cannot be seen as they afe, but for convenlence

of description, they are shown as pgrspect%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

- 95 the carriage 5.

In ﬁhis embodiment, printiné is performed with

, the discharge port arrays 12 to 15 each divided into

¢
\
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four recording regions. The four recordlng reglons (1) o

-~

- (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 with?bne 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
conveyed for every scanniﬁg of.thé c?ﬁriage 5 with the
same width of the recording regions equally divided by
the conveying rmoller pair ¢ and the aasorptlon COHVCYlng-
belt 1i. Fig. 14B shows only the recordlng 81gnals

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 correspohding 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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by the recording signal Bl (B compoﬁent on the same

..

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

-poneht of the line subsequent to Kli is done with the

head of the recording region (1). After.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;'B2,-Gl is practiced

in the respective recording regions%similarly. Further,
in the fogrth scanning, recordiné oé K4, B3, G2, R2 is
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
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 completiom of all scanning,

 the recording medium 8 is discharged out of the machine

by the paper discharge roller pai£ ;16. The function

of the paper discharge foller i6 is-stabilization
(aiding of adsoxrption conveyzng belt progectlon

of unnecessary force applzed ‘rom outszde of the

' machlne) of the record;ng medlum at the recording

section and discharging of theitermihal end.

This Shee;
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Now, as shown in Fig. 4, Flg. S, depend;ng on

Toew e e e L

the’ reco*dlng medlum, the améunt of ink absorbes d;ffers

’

greatly. Accordingly, it is p:efe#able to change the

amount of ink discharge accozrding fo the recording

medium, Thls has not been dome at=all in the prior art.

In the present 1nvent10n, fram th;s exper:ment the

ratio of d:vzded use of the recording heads is detezmined

sa that the ink amount which can be recorded within a

‘short time may become 20 nl/mmz or;iess in the non-—

2 or lesszin the coated paper.

To describe again, the absorption of ink onto
paper, as shown .1.n ‘Fig. 6A may be cfonsi.dez:ed to be
effected in the order 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 ambunt smaller than_this_range.f Accordingly, in

the present invention, such proble& can be prevented

that the ink will be overflowed and, as shown in Fig.

68, the overflowed ink is aftracte& to the adjacent

ink which bas reached previously'oﬁﬁo the paper,

'whereby blotting occurs at the-bouédary portion.

In short, in the preséﬁt embodiment, since

head scanning is performed sﬁccessively with the
recording regions for the.respective heads being

'.aqequately separa ted aependlnc on the recording
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medium in one scanning, blotting at the boundary
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portion as shown in Fig. 7 can be reduced to great
extent.

For verlfylng the effect of this embodiment,
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_ef.ﬁeads beiné constituted so
that the respective head recording;regions 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 rse of 4 colors of
R, G, B, K, and recording was performed on a recording
medium of A4 size at a reqording dénsity of 360 DPI
and a driving frequency of 5.4 kHz. For this recording
medium, a two-£fold paper on whieh;the diameter of the
ink droplet emitrea is expanded ta 2-rold is used.

In this case, because the recordlng density
is 360 DPI, the picture element size becomes 70.56 jm
square, and the. dot dlameter embeddrng the picture
élement as a whole becomes 100 um. Accordzngly, the
droplet diameter emitted onto the ‘2-fold paper becomes'
SO/Rm, nameiy its volume becomes 65.5 pl.

o When recording is perfbrméd under such conditions,

This Sheet 1,
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the plane dens;ty of mono—color (one alscharge) becomes . |

13 2 nl/mm and the plane den51ty of two colors (two . -

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

‘are overlapped or adjoiﬁéd 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
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) ls alse lowered
to make it neceséé:&lto expan&{the;opposéd distance
between the head and the recording 'Qaédium, resulting -
“in 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 al 1 recordzng of the f;rSt port ion, the
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. image fixing is stabilized during this period and no .

image disturbance will occur.
Also, for example, in the case of recording
only of K ink, recording may be peiformed in the whole

head region, and paper feeding mayébe-done with L width,

whereby the recording speed can be made greatex in the

case of mono-color recording.

In the case when the recorazng medium is a

.transparent £ilm formed of PET ox PET coated with an

water absorpulve materlal 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.

Fuxrthexr, even 1n the case: of performing mono-

color recordlng with one mnltl-nozzle head, there is

the effect in making the image quallty higher s;mllarly
as in the present embodiment. That is, by use of a

head with discharge amount set sm%tl], so that the same

picture element may be formed with two ink droplets,
"by recording ink of the same colo}_with divided nozzles,
" the image &eterioratioﬁ-by cOnneétion_of the ink in the

'nozzle array direction can be reduced. Thus, the emission

of ink of the same color d.lV"O.eQ each into 6.6 nl/mm?,

w1th the dropiet volume being made about half undexr

the same conditions as ln the present embodiment, further

— S Same condierom
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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 possibie.

Fig. 16 is a ﬁerspéctive vi?w éhowing the fifth

embodiment of the present inventioi;iand this embodiment

has a constitution of recording hesds corresponding to
recording of full. color.’ That is,;it has:iecofding'heads
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 cartrldge type whlch const;tutes
integrally the ink tanks of the respectxve colors, amd’
therefore when there is no more 1nk the whole recordlng -
head is exchanged wzth another-cartrldge.

When high'resoiution-recoréing is performed és
in this embodiment, the posxtlonal prec1910n between the
heads is requlred to be hlgher, and by exchange of the
head with 4 colors 1ntegrated-as 19 uhe_head of this

embodiment, it becomes possible to effect strict

'registration during shipment,.énd even in a device .

of the head exchange system; high image Qualiﬁy
recording extracting fully the_perfbrm&nce of the

head is rendered possible.
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Figs. 17A and 178 are conceptlonal 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

recoxrding at a recording density of:GOO DPI is performed

" ‘on a 2-fold paper. Thus, since thesiecording density if-'

10

15

20

.25

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‘

As the result, the plane denszty when mono—oolor,

_2 colors, 3 colors and 4 colors.are'em;tted overlapplngly
or adjoiningly become respectively-?.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 where.no blotting or ink
occurs in this embodiment is up togz colors.

Accordingly, as shown iniFig. 17A, it becomes
possible that the recording-heads éorresponding 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;me .
recording reglons as the recordzng:heaos 1A and 3A cof Y |

Lnk and K ink, resnecleely, and recordlng of A3 size is

performed by scanning for 153 tlnes in.the data mode as . - ... -

| ‘shown ln Fig.- 1/B.

Plg. 18 . is a persnechive VLEW'OL an ink Jjet .
recordlng 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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of the reco*dlng reg;ons w1th the recordlng heads 1A 2A

I 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 -
éupplied to the:récording'heads'in the control constitution
showﬁ ihifig-'13._JBy'doiﬁguso, thé method can correspond
to recording media inferior:in inkfobsorption chazacter-
'istic such as plain papet”or tvanéparent paper for OHP,
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 density, particularly in the case of record-
ing with'a mono—colot ink. 1In thi;'case, for example, |
‘the alscharge ports of the recordxng head of K ink are
divided into two, and the same recordlna as in the
constitution shown in Fig. 17A 1s§pract1ces- The

'reoo;dingfsignals at this time’aréishown below.
| Head scenningl 2 3 _.. ... 150 151 152 153

K(2) region 0 K K, K149 K150 K151 X152

K(1) regioﬁ _'Kl Ky K, .-;'.-._Klgo Kisy K152 O
to d1ver51fy the recordlng medla by diversifyving of the

'recordlnaumoae. Also, although lmage deterlofatlon
through the dlfference ln shootlng Drec1$1on, dlscharged

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

_ntensztled by overlapplng recordlng w1th the same ports
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it wlll not be 1nten51f1ed 1n overlapplng recordlng by use

s el el k= v ses Tur R A

of d1v1ded discharge ports but allev1ated in most cases.

_Flg. 19 is a conceptional view of the recording

‘method according to the seventh embddiment of the present

invention.

This embodlment ‘has a constluutlon tekan in the
case of low recordlng density, and 1n this case, because

the ink density of mono-color becomés higher the

POSSlb ity of blott.ng between the scannzng lines becomes':

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 abéorptioﬂ with the dye becomes
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

regions, recording of hlgh-denSth without blotting

becomes 90331ble.
For recording in this embodlmeng, inks of. two .

cqlors of R and K were employved, and two heads hav1ng 50

. alscharge ports were arrqyed 1n the scannlng dlrectlon.

Recordlng,of A& size was performeﬁ'at a recordlng denslty
300 DPI and a driving frequency of 4kHz. -

As the result, the picture elémernt size became’
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- the droplet diameter 60 nm, the droplet volume 113 pl,

the mono-color ink plane den51ty 15. 8 nl/mmz, and two-color

ink plane density 31.6 nl/mﬁz

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 o;lb: 00 0 0 0 ...
X(3) region O d"KL K2 K3 K& K5 K6 K7 -

" K(2) region 0 0 0 Q 0 0 0 O O ...
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 of 0 0 0 0 ...

K(2) region 0 RL R2 R3 R& RS R6 R7 RS ...

K(1) region 0O 0 ¢ O 05‘0 ¢ 0 0 ...

As described above, - when overlapo;ng recordzng

is performea with inks of plural colors,_the em;ss1on

amount of “inks wz’l become very hlgh in density, and

theregore in ;he,system as in the prlor art wherein.

recording Of the next line is commenced with paper feeding
“pef éveryhéomplétion'of scanning‘fo: plural times, the -~ 7 - "

difference in ink receptive amount: between the lines .

beébmes greater. As the result, jmage deterioration
(denslty nonunlfbrm ty) of the Jo*ng which may be

conszaered to be caused to tne change in zbsorption

: phenomenon of _nk of -the next 11ne is liable to be
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generated at the boundary portlon.betweeu Scannlng lines, |

whereby blottlng of the previous lzne toward the paper

feeding direction is great.

In cnntrasts, 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 caused=by increase of ink
amount, there may sometimes occur w%ving phenomenon of
paper due to swelling, stretching and shrinkage by ink

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

since -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,
there is zlso the.effect that waving is suppressed. -

Accordingly, it is not necessary to expand specially the

-interval between]the head and the fecording medium, whereby

‘shooting precision is more excellent than the prior art

example to improve image quality.
' As is apparent from the above description,
accerding to the.plural number_of recording heads,

recording medium is conveyed with 6nly the width of the

. recording divided in every one scaaning, and recording ‘v ii

- is performed only with the predete%mined discharge pqrts

corresponding to the recording regiqns in response to
such conveyvance.

As: the result, as compared with separate recording

for the respective cOlors‘with_thé whole head width
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without.division. of the .recording.region,: the 'ink -emission "~~~ "

region or one scanning can be made narrower substantially

without increasing”the scanning times, and therefore

~cockling which is the waving phenoménon of recording

medium can be made little. Also,_since the paper

discharge'portion can be made shorter, miniaturization

‘of the main body has been rendered 90551b1e.

Further as compared with overlapplng recordlng of ;
the recordlng reglon over the whole head width, the w1dth
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 in 1nk rece1V1ng abi 1ity_
during emission between the scanning lines can be made |
little, whereby the density uniformﬁty at the line
boundary portion has become better;5 Also, since
overlappihg-emissions are done tﬁro;gh separate dischérgel_
ports, the denSLty irreqularity due to the differencelin-

dlscharge port prec1$1on is allev1a;ed- Also, in

‘performing overiapplng record;ng,-tne recdrding'time can

be reduced, and otherwise the joinf between the images can

be made begter.

Further 1n add tion, a deéirable.-

' dlver51ty of recording can be prov1ded to- users, whereby

it has become possibie To perform gooa record ing on a

dlver51ty of recordlng redia.
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1 . Fig. 20 shows the basic schematic view of the . . ... ......
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 (dlfferencé-f
1n materlals, lncludlng paper or res;n sheet or converted
' paper, semiconverted paper, those w1th great ink absorptzon

10 amount, plazn paper A B, C: see Flg. 21), and as the’  ”'
antoma;ic dzscrlmlnatlon, various. known dlscrlminatzon
methods such as light transm1551on,-atuachment 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, é“sultable'for'thé'materiél'bf the " ~
_reéording-material_Shoﬁld be used. .. According'tp'thé 
Séetific e$ampIe of'the present emgodimeqt, aiso by  '
. 25 referring.to Pig; 21 the inlc absorptlon amount is 1arae
.to the extent whlch requvres no d.v*aed uses for

converted paper with large lnk absqrpt;on amount,
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recordlng speed.éill be thereby 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 of the embodiment
shown in Figs. 17A, 173 as- descrlbed above is practiced.
On the other hana, wmth the dzscrimznat;on result of pla;n
paper B,. n—& 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 recovdlng-heads i, 2, 3, ¢ aze .
_ determined and drlven on the basis of the ratio n _
determlned by the aoove—mentloned determlnlng means 500.
_ 700 is a recording medlum convey1ng means, and for the
20 prlntable reglons_x_ag.all the dlsqharge ports of the
| recording head, the cﬁnvéyﬁng émbt&? x/n of one scanning
.. unit -is-:dete_’-miﬁéd of the basic of:the ratio.n determined .
 by the determlnlng feans 500, and ;he o1tch with respect

to the rec0fd1na meq;un convey;ng dlrecglon which is the

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

_contlnued to be delivered each by ;/n.

With the constitution showh in Fig. 20,
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regardless of the klnd of the recordlng medlum, 1nk Jet
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-recordlng of good aual;ty and hlgh speed can be surely

performed.

Fig. 21 shows tné display péa‘:el 800 by which the
operator determines the diviéion raéio n for conveying
the abovementioned.récoidingtheadsléérresponding to the
recording medium to be éﬁplbjéd. 861 is thé key for
converted paper, and by turnlng on the key, the recordlng
mode described in Flg. 21 is set. S:mllarly, 802 is the .
key for seml-converted paper,.plaln?paper A, 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 thé'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

Ce Wt e T L L
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used may be determined without determination of the ratio
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of the total number ‘of d;scharge ports.

The present invention brlngs about excellent

" effects particularly in recording heads, recording devices

of the bubble jet system among the 1nk jet recording.
systems | |

| Its representatlve constltutzons and prznclples -
should be preferably those by'use of the basic prxnc;ple '
dlsclosed in U.S. Patents 4723129 and 4740796. This |
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 is effect;ve, because by

Jmay be discharged through openihg fbr _discharge . by

applying at least ome driving signél which gives abrupt_
temperature elevation exceedzng nuclear boiling to the

elec;rotherma1 transQucers arranged 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 bead, and conseauently form
bubbles w1gh1n tne llquxd (ink} correspondlng one by

one to the ar1v1ng signal. Even lf the liquid (ink)}

growth shrlnkage of the bubbles, at least one droplet

_w1ll be formea-~ By maklng the.dr;v_ng signal shaped-n

~in pulse, ‘instantly growth and shfinkage of the bubble

are ef;ected aaequately, whereby qlscharge of licuid

(lnk) particularly excellent in resoonse characterzstlc
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1 can be more preferably accompllshed- As the pulse—shaped

s -

'dr1v1ng 51gnal those as descrlbedhln 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
sﬁ#fage.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 spec1f1catlons as mentloned above
(linear llauzd passage or right angle liguid passage),
the,constltutzons by-use-of-U-S. Patengs 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. 53—123670 whlch.dlsgloses the coustitution compriéing
a slit common to'a plural numbér_of electrothermal |
t:ﬁnsduée:s'gsﬂthe“dis;harge-pértibp oﬁ.the.electrothérmal
transducers or the comrstitution Jabanese_Laid—OPen |
Patent Apolicat*onn&“ 594135461 ﬁhich discloses the
o5 cons;;tutlon—comorlslng openlng fov -absorbing the
- pressure wave orf heat energy correspond*ng to the

dlscharge por*lon.
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In addition, the present 1nventlon 15 also

- cy te e

L e s ea

effect;ve for the case of u31ng a record;ng head of the

freely exchangeable chlp type whlch;enables electrical

‘comnection to the main device or feéding of ink from:

the main device by mounting 6nto thé.maiu'device, or

a recording head'of the cartridge tjpe-integrally

.prov1ded on the: recordlng head 1tse1f.

Also, addl 1on of restoratlon means, prellmlnary
aiding means, etc. to the recordlng head ls prOVLded
as the CODStltULlOR of the recordlng device of the
present 1nvent10n zs preferable, because the effects
of the preseat ;nvept;on can_be-further stablllzed.
Specific examples ofeeuch means'hayiinc;ude, for recording

heads, capping means, cleaning means, pressurization _

or suction means, preliminarY'heatiﬁg means such as

electrothermal transdﬁeer eriheatiné 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 whlch performs d;scharazng
separately from recordlng._e}

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

device, . not .only the recordlng mode only -0f the main -~ T T T T

color such as black,_etc.,;but-also the.:eco:ding'heade7

can be constituted integrally or according to a

combination of plural'humber,“ahd the present invention’
is extremely e‘fectlve also for a deV1ce equlpped wzth

at least one of complex colors Wlth dlfferent ‘colors
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or full colors by color mlx;ﬂg-’“ ;7 e e e i T S L
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The present inven -.:r.on can solve adegquately the .
various problems Ffound by the present inventors accordlng
'to the const;tutlon, dr1v1ng not found in the prior art,

fand is an 1ndustrlally effectlve 1ngentlon._

An lnk jet recordlng dev1ce c0mprlses a carrlage

hav1ng a plural number of 1nk Jet recordlng heads each

'_hav1ng a plural number of dlscharge ports nounted

thereon, a means for glVLng recordlng ink signals to

;he 1nk QLScharge energy generat ng elements correspondzng.
.tO'all or a part of the respective plnral number of
discharge ports of the plural number of discharge
.heads, and & control means, whlch 1ncreases the number
of_recording heads.to be used during recording of the
recordable region &OINE& hy 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
nsed 'duz;i.ng' reodrdi;ng of ".‘dh.e.'recordal.)le region in the
record:.ng comp letion 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. -
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1 CLAIMS = o . e
o .-'i;‘ An iﬁg'éet.recording deviee comprising:
a8 carriage having a pluréi'ﬁéiber of ink jet
recording Heads each having a plurai number of discharge
S .perts mounted theieon; | | | | | :

a means for giving recordingfink signals to the ink
dlscharge energy generatlng elements corresnond_ng to all |
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&iﬁgsbhto‘% £eco£ding'mediﬁm, |

15 reducing the number of recording h%ads to be used during
recording of said recérdable'regidéfin 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

20'_med1um._"

t

: 2.5"An.ink-jet rééérdfng de%ite'according'tb:Claim’““”‘“%"“1

1, whereln savd conurol means has a neans for determlnlng

' number of the alschafge ports, mh*cb are & part of the
25 .resnectxve p1ufa1 number of dlscbarae ports oL said plural
number of recorainc heads, dependlng on Lhe mauerlal of the
_ recording medium.
et Has Been Replaced
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3. An ink jet recording device according to Claim

e R PR -,

"1, wherein said ink dlscharge energy generatlng element is

an electrothermal transducer of thermal energy generatlng

‘element which causes £ilm boiling in ink to ocecur.

4. An ink jet.recqrdiag_dev;ca'which has a plural
number 6f.recqrdinc heads'ﬁaving dfscharge ports fox
discharginglink ar ayed thereo1, and performs recordlng of ”i:
1mages by. uvscharg1ng 1nk ;hrough sald discharge ports |
accompanled with the scannlng_movement'of said plural
auﬁtber of recording heads, - |

characterized in thattsaid éevice has a firsr.
recording bhezd and a second racordiﬁg head provided
adjacent to the upstream s*de and downsrream side
relatlvely ngh respect LO'Lhe conveylng direction of thé
recording medium, and arranged in rhe positiénal
relationship with the résp_ective d;i.scharge ports not .
ovarlapping each other in the uést;eam side region_aad rhe
downstréam side region, and a'reco;ding mode which performs

reéording so that at least the _maoe of first ink dr oplets:'

on 5he recorclng nedlum by the flISL recordlng heaa

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

ink droplets on the recordlng medrum by the second

'recordlng hezd re_atlvely ‘on the downSQream side may be

overlapped with each otber.-7

heet Has Been Replaced
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1 5. An ink jet recording device which has a plural .
nunmber of recording head; having di%charge ports for
-discharging ink arrénged.thereon, and pefforms ;eéo: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,. |
characterlzed'ln that each df said plural number of
_Pecordlng heads and at least another of said plural number
of recordlng heads are arranged so ;hag szid discharge
10 - ports arrayed on-each.may npt_over}ap each other in said
| '.scanning direction, |
" and said device is nrov;ded w1th 2 paper feeding
'means whlch pe*forms paper feedlng iwith the widfh of the
-records.ng regions by s=id scann:.ng.;movement of the
15 recording heads arranged'sé as not;to overlsp each other,
and. | .
a recording sigﬂaljsupplyin; means which supplies
recording signals for discharge tojthe respective récoréing
' heads of 'said plural ngmber'of rec;rding heads .
'29__'cofrespoﬁding to thé papér feeding?by said éaper feéding:
) means. :
6. an ink je# fetording dév;ce according to Claim 1.

- or 2, wherein the reéording"regiods by said scanning

”'5 25 nwvement of tne recorQLng heads arranged S0 as not to

overlap each othe& is con;_nuous to eac¢h other.
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1. . 7., An ink jet recording device according to Claim 1

or 2; wherein the recording regions;by said scanning
-movement of the recording heads arrémged so as not to
.ox}erlap eac_:h other have an intervalf.of the width of sa:i:d
5 recording regions multiﬁliéd by an :i;;zteger-
'_8. ‘An ink jet record:t.ng dev:.ce accord:.ng to Cla:.m
6 wherein the dlscna::ge ports arranged on each: oz‘:’ sa:.d '
plural number of rec:o'r'dz.ng heads av-e a plu.ral numbeL of
10 d:.scharge ports arra_ngedl- 1n___ ;he su‘q::scann:.ng direction.
9. An ink jet "re;:or;;ding ae:\;iCe according to Claim
.8, wherein each of _séid plural num_I:_:;ér of recording néads
has an electrothermal fra‘nsdqcer a%','-the diéchérge eﬁergy

15 generating element for diécha:girig? ink.
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1 10. An ink jet recording d;.evice according to

Claim 4, wherein said second recording head makes the

second recording regioh tecordablefwith respect to
" said conveying_dirgction the same fécordaﬁlé region and
5  also the device-has_férﬁher aniadditional recording
| head arrénged in"séid.dowpstreaﬁ si&ezfégion.
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-'.
head arranged in said-&anEtreém %ide‘regioﬁQ
is- ' - 12. An_ink jet récordingédevicé according-t§
Claim 11, wherein said first-réco%ding region and -said

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

13, Aﬁliﬁk.jet recérdingghead aécordihg to

20 CIaln 4, wherein said flrs aﬁd Sécbﬁé féco:didc heads
| .and additional recordlng heads, dlscharge lnks of colo*s
dszerent rrom each otner,-and Sald reco;dlﬁg node
performs overlapnxng record:ng as’ the fxrst recovdlng
= reclon with the Flrs; and addltlona1 recordlng heads_
'“bzs.“ after performing recoralng of the second recovclng

reg_on'wxuh tne second and addltlonal recordlng heads.
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'} L. & % imk jet recording device, vhich 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

'dlrectlon dlfferent from the scann:ng direction in the “-:
“_:scannlng dlrectmon, and’ performs reco*dlng of images by
-t_ﬁdlschargzng _nk through sald dlscharge ports accompanied

ffW1th the scannlng movemenr of salq_plural number of
:recordlng neads, -

10 - o characuerired in fhat:saidédevice is provided

| :  with a_conveyiﬁg means which conveys the recording
' mediuﬁ with the width of.the equaliy divided region of
'the_recording region by Scanning oé'said plural number

of récording heads pexr everf time éf sajid scanning

15'.movement; andc )
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 conveying

20_mmeans-_

'““””““*“VIS An 1nk jet record_ng aev;ce “decordiahgtto
:Clalm 14, whereln each of Sald plural number of
1record;ng heads has;an'elecrrorhermal transducer as the

..25'_discﬁérge energy generating_éiemeqt for discharging -ink.

16. a recording mefhod of'an ink jet recording N
dev1Ce, which has a plural number of record1§g;gg§§§L______;_.;_ -

| LHR O
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each const:.‘.uged by arranging a plnral number of a.lscharge.

88 -

."ports for dlscharglng lnk 1n the sub—scannlng dlrecilon
or a direction different from the scannlng direction,
arranged in the scanning alrectzon4 ‘and performs
redondiﬁg.of images by diécharginggink.through said
diSchérge'portsIaccompanied with_tﬁe ébannihg ﬁovemeﬁﬁ
 of said plural number'of récordinggﬁeadé;:'
_. characterlzed in that the éecordlng medium 15 
' conveyed with the wzdth of the equally le1ded reglon
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 §nly the
discharge ports preqetermlnea correspond;ng to said

eaually divided regions 1n response to Sald conveylng

by 'said coaveying means.

17, A Lecorﬂ_ng method accord_ng *o Cla_m 16
whereln each of said plural number of recoralnc heads -
has an electrot hermal transducer as the d_schahge

-energy ge1erat1ng eleme1t for dlscharglnc lnk

r e T T g e TSIt em AT e at e tme e T g Lt -.;..g.--.- K N ..;.-.,---_..-;. P T T T W CTORREL AN P TP Y

18. An ink Je; recordzng devxce Wthh ‘has a
i ,
recordlng head cons;;;uted by arraylng a dlscba.ge
port for aﬂscharglng _nk ln the sub—scannlng QLrectidn.

or’ a dlrectlon leferent from ;he scannlng dlrectlon

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

| o \\!|\|l§ I Illl\ YL
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and

-
eet Has Been Replaced

\\l\\\\\\\l\\\\\\\\l\\\\\ .

<

lmages by dlscharglng 1nk through sala dlscharge port _

accompanled wzth the scanning movement of said plural

number of recording heads,
charadferized in that saidfdevice is provided

wzth a conveylng means whlch performs conveylng Lhe

' recordlng medium with the width of the equally dlvzded

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

recoralng head per every t;me of sald scannlnc novement,
a recordlng s;gnal supplylng means- which
suppl;ed recordlng szgnals to only the dlscharae ports
predetermlned,corresnondlng to Sald equally divided -

regions in response to said convey;ng-by sald ccnveyzng

means.

V) . . -
19. An ink jet recording deivce according to

Claim 18 wherein each of ‘said. recordlng head has an_'
electrothermal transducer as the dlscharge energy -

generatlpg element for dlscharglng;lnk.
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