| 9904255'31
1- 25 AN

" TITLE OF THE INVENTION

Ink Jet 3éébrding Method a@d Color Ink Jet Recording

Device for Practicing the Same

'BACKGROUND OF THE INVENTION

“Field of the Inveniton

This invention relates to an ink jet recording
method. and a color ink jet recording device which are
applied*t&’éﬁpying machines, facsimiles, printers £or
image probéssing, agd other printers in general. More
particularly; it pertains to a scanning type ink jet
recording_device equipped with a plufal number of
recording heads having a plural number of discharge
ports érféfed'in the sub-scanning direction and to a
' recording methoa of said device.

Related Background Art

In the prior art, for improvement of gradation
or density of recérded images, it has been practiced to
form a p;urgi number of picture elemeﬁts.for f&rming
the image on a recording medium with a plural humber
of overlapping ink droplets, or for impro#eméht of'
adjacent picture element dénsities, to shoot a |
plural number of ink droplets at a high density.

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

Further, in the case when the recording medium

is a transparent film for transmission type OHP (overhead



proﬁector), etc., the image recorded thereon is required
‘to be incfeased.in transmission density as a whole, and
also in this case the above system is effective.

| In these systems, emission of ink droplets for
emitting @ plurality of ink dropléts on one picture |
element is performed by scanning of the recording
head for plural times while the recording medium -is
fixed as such. Accordingly, scgnning for plurai times
- corresponding to higher densification or scannirdg for
-plural times corresponding to the ink colors to be
mixed is réquired for the recording range per one
scanning in scanning type recording, and nO;hiéh
speed ;gcording can be pfagticed,; In other.words,
if a high density image or a color image ié formed
ifor ordigary_printing, a printing time is required
which is as long as 2-fold to 4-fold of the time
required for ordin;:y printing. ]

Accordingly, fof the purpose of making faster
even by little fhe'recording speed, in order to increasg
.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
lengthy, the fatio of shortening of the printing
time is little in scanning type ink jet'recbrdiﬁg.
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



kdiéchérge port) of the single recording head itself
.forﬁed into a multifnozzle into four nozzle units
predetermined for different inks, but since the
recording speed depeﬁds on only one recording head,
~the ink discharge range'of bné color is reduce@ to
Qreat extent, whereby the advantaée of the recording
formed into a mul?i-nozzlé will“bé lost. |

The present inventors have investigated about
the prier—art and found the following problems. —-

When image depsity is'enhanéed or color
formatioﬁ is effected by scannig for plural times
continuously for the recording range to be recdrded-
by one scénning, because the picture element is formed
by ink'discharge for plurai times, the ink a@ount per
one piéture element becomes larger;'and therefore in
the case of recording medium of which ink receptlve
amount is limited such as film for OHP or one having
poor 1nk absorptivity, the amount or the rate of
ink absorption is limited, whereby ink may be some-
: tlmes overflowed from the picture élement, resultlng
in deteriorat;on of the image quality.

- Particularly, a plural number of recordzng
heads corresponding to the respective inks had a
coqstitution afranged in the scanniﬂg direction,
and theréfore in the case when different.inks
were overlapped, the emission density per unit

time became greater, whereby the above probiem



of ink overflow becaﬁe marked.

. Generally speaking,-recorgihg papers with
incréésed ink absorption amount have been known, and
.recordiﬁg is possible only on expensive and specific
' converted papers and only for limited recording;“
Howevér, when usérs émpioy another paper or sheet,;

. defective recording may be brought about, and in the
worst case, users som;times judged that the récording

head was defective to make the recording head useless.

__;Anyway, even by use of a multi-nozzle héah,
because scanning is performed for plural times by
‘stopping of paper feeding of the recording medium,
the recording épeed cannot be_lqwered, and also,
when only a recording mediﬁm exéellent ink éﬁsorp-

' tivity ig uéed, the disadvantages of the users by
limitation 6f the recor&ing will be bropght about,
such as the disadvantage of failing to use a di@ersity
of recording media.

Furthér,“as the problem of fixability, boundary
region, the following facts have been found out, and
it has been found that the difference in recording
characteristiqs becomes marked when using different
recording media.

More specifically, a great difference in ink
absorption ability occﬁrs at the boundary portion of
the scanning line in overlapped recording, whereby

density irregularity due to nonuniform ink absorption



is liable to Be generated.

Also, in thé constitution-which perfofms
recording for plural timesjon the same picture
element through the same discﬁarge port, irregu-
larity'in density and shooting precision between
the discharge ports may be sometimes intensified
to lower the picture elémehf.

Further, siﬁce the ink densities chénge af‘
the same time oﬁer the whole region of the width of
the‘afgzﬁérge'pbrt (scanniaa'iggibn), énd thefggbre
stretching and shrinkage of the recording medium
accompanied with ink abso:ptibn will occur at the
same time, whereby the change-ambunt becomes greater. -

- On the other hand, divided recording is a '
system which is to be used for a recording medium
inferiof in absorption characteristic, and even
after the final scanning (ink emission), the
recorded surface cannot Be touched before elapse
of a certain tim;. 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 ldwering in ﬁaper feeding precision
may bBe brought about.

?urther, the problem of stretching and
shrinkage of the recording medium as mentioned

above also occurs in divided recording.



SUMMARY OF THE INVENTION

Thénpresent 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_recofding heads equipped wifh a

plural number of discharge ports (also called multi-
nozéle head).

A first object of the preseht 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 densiiy
recorded image with the sd called multi-nozzle in#
jet recording head.

A second object of the present invehtion-is
to prbvide a recording method improved‘in fixability
which cén also make the enlarged portion in use of
a plur$l number of recording heads miniaturized as
the whole device. _

A further object of the bresent invention in
cancelling the problems as described above is to
provide an ink jet recording device which can
prevent deterioration of image quality according
to ink absorptivity of the recording medium withouf
lowering.recording speed, and also is capable of
goéd recording on a diversity of recording media.

Still_angther objéct of the present invention

is to provide an ink jet recording device which can.



'perfqrm.preierably recqrding of high speed and high
image quality depending on the kind of the feco:ding“
-medium by utili;ing the advantage of the multi-nozzle
recording head to the maximum.
_ _ Still other objects of the presént.invention
will be uﬁderstood from the following‘description.
Here, representative embodiments of'éhe

present invention are set forth specified beldw.

| .One embodimenf of the present invention is
an.iﬁisggz—recqrdiﬁg devicé—Eoﬂprisingz -

. a carfiage having a plural numbei of ink jet
recordiﬁgﬂheads each having a plural number ofidis-
charge-ports mounted thereon:'.

a means for giving recordingmink signals to
" the ink diséhgrge energy generating elements corres-
ponding to all or a part of the :espective plur&l
number of discharge ports of said plural number of
recording heads; gnd

a gontrol means, which increéses 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 initiatibn of rec&rding onto a
recording medium, reducing the nuﬁber 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



récorded by scanning by the recording head during
récording as the feeding pitch-of the recording meéium.'
- Another embodiment of the present invention is
'an ink jet recording device which has a plural number
of fecording heads having discharge.ports for discharging
ink arrayed thereon, and performs recording of imag;s by
discharging ink through said discharge ports accoﬁéanied
with the scanning movement of-said'plural number of
.recording heads,

— characterized in that said device has a first
recoxding head and a second ;ecgrding head provided
:adjacent'to fhe ups£ream side and down stream'side'
relatively with respect to the conveying direétion
of thg_recording medium,:.and arranged in the positional
" relationship with the respective discharge ports not
overlapping each other in the upstream side region “
and the downstream side region, and a recording
mode which perfofﬁs recording so that at least the
image of first ink droplets on the recording medium
by the first :écording-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 theé downstream side may be overalpped with each other.

More preferably, another embodiment is aﬁ ink
jet recording device which has a plural numberlof
recording heads having discharge ports for discharging

ink arrayed thereon, and performs recording of imagéé



,by'discharging.ink through said dischétge ports
accoﬁpanied with the scanning movément 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'porfé arrayed on each may
not overlap each other in said scanning direction,

and said device is provided with a paper
fee&isg_;;ans which'perfoéag gaper feeding witg-khe
width of the recording fegiéns 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
' resﬁective'recording heads of said plural number of
recording heads corresponding to the paper feeding
by said paper feeding means. ' B

| .Still another embodiment ié an ink jet

:ecording device, which has a plural number of
recording héads, each constituted by arraying a
plural number 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 diécharge

ports accompanied with the scanning movement of
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said plural number of recording heads,

characterized in that said devi&e is provided
with a conveying means which conveys the recording
medium with the width of the equally divided region
of the recording region by sc;nning of said piural
numbér of recofding heads per every fime of said ..
scanning movemeﬁt, gnd N -

a recording signal supplying means which

sdpplies recording signals to .only the discharge

S, —_—— - ——

' ports predetermined corresponding to said equally

divided regions in response to said convejing 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 discha;gihg ink in
the sub-scanning direction or a direction different
from the scanning direction, arranged in the scanning
direction, and performs recbrding of images by dis-
charging ink th£ough said discharge port accomﬁénied
with the scanning movement of said plural number df
recording heads, | |

characterized in that said device is provided
wifh é conveying means which perfdrms conveying the
regofdihg 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
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a recording signal supplying_méané which
supplied recording signals to only'the discharge ports -
predetefmined corresponding to said equally divided
regions in response to said cdhveying by said cqnveying
ﬁeané,-
In either one of_the above.ihventions, in
using a plural number'of recording hgads having a
plural number of diécharge ports, the ratio of the
recording medium moved can be made greater than in
- the Prior art, and therefore Ehg recording speéd
can be imﬁroved, whereby excellent image can be
formed by utilizing all or a part of the plural
number 6f discharge ports or a part of the rgcording -
medium defined depending on the material, and there-
" fore ;he 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 accorﬁing to a £irst embodiment of
the present invention: |

Fig. 2 is a block diagram showing the control _
constitution according to recording of the device

shown in Fig. 1;

Figs. 3A and 3B are conceptional views of the
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recordlng method in the first embodlment.
Fig. 4 is a graph showing the ink absorption
characterlstlcs of the recording medium;

'.Fig. 5 is an illustration showing the image
evaluations corresponding to tﬁenink 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

o—

inks in the embodiment of the present invention:

Pig. 8 is a perébéétive view showing an ink
jet cartridge of 4 heads integfgted in the second
embodiment of the present invention;

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

Fig. 10 is a perspective view of the .ink
jet recordin§ device according to the second
embodiment of the preéent invention;

- Figs. 112 and 11B are conceptional views of-
the recording methdd in the third embodiment of the
present invention: |

Fig. 12 is a side sectionallview of the iqk
jet récording §evice according to the fourth embodiment
o§ tﬁé present invention;

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

device shown in Fig. 12;
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Fig. 14A and Fig. 14B are conceptional views
of the recording method in the foufth embodimenf:

Fig.-lgA and Fig. 15B are.gonceptional views
showing the recording mode of the prior art, which is
appligable to the seventh embodiment of thé present
invention; .

Fig. 16 is a perspective view showiﬁg the
ink jet cartridge of 4 heads integrated in the fifth
embodiment; o
. '—ir_iig. 17a éﬂd Fig._I7B_ére conceptional‘;iews
of the recording method in the fifth embodiment;

" Fig. 18 is a perspective view of the ink

jet récording device according to the fifth embodiment

of the présent invention;

Fig. 19 is a conceptional view.of the recording

method in the sixth embodiment of the present invention;

Fig. 20 is a schematic illustration of the
pertinent portioﬁ 6f the seventh embodiment of the
present.invéntion: |

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

in the seventh embodiment.

DETAILED DESCRIPTION OF THE PREFERﬁED EMBODIMENTS

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

Fig. 1l is a side sectional view showing the
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pfiqcipal portion of the ink jet recording device
aécording.to an embodiment of the éresent invention.

" In the-FiQures, 1 to 4 are recordiﬁg heads each having
64 ink discharge ports, and the ink paésage communicated
to fhese discharéé ports has an electrothermal trans-
ducer for Qenerating energy for dischargigg ink arranged
therein. Also,'the recordihg heads 1, 2, 3 and 4 afe

recording heads for dischafging respectively inks of

red (R), green (G), blue (B) and black (B), and

theny?e repsectively held—;i Ehe'carriage 5. :ﬁzth
such arrangement, the directions of the discharge
lpoft arraf in the respective recording heads fgrms
the sub-gcanning direction as described below with
reference to Fig. 3A, and they are arrayed so that
" the recording region by scanning may be the séme.

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

The recording heads 1 to 4 are connected
electrically 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 colors at the ink tank poftion 7
by the ink tube bundle 6 corresponding flexibly to

the movement of the carriage 5 so that ink supyly
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can be done, 6n the othef hand, fﬁe fécording mgdium
8 is conveyed by the conveying roller péir 9 through
the paper feeding 'guide 10 at a predetermined timing
successively in thé.arrowhead direction in the Figure
to thé recording péftion.. At the recording portioﬁ,
the recording medium 8 is adsorbed througﬁ the
electrostatic attracting féfcg of the adsorption
éonveying belt 11, and adso?ption supporting conveying

is done while being synchronized with the conveying

roli;;'pair 9 with movemeﬁz—og the belt 11, ana'fhe
medium stops shccessiveiy af predetermined positions
to perform recording.

Fig. 2 is a block diagram showing the recording
control in the ink jet recording device shown ih_Fig. 1.
in the same Figure, 5A is the carriage motor for
" driving the carriage 5 through a cérriage drifing
mechanism such as belt, pooley, etc., and 20 is the
head driver for generating discharge signals forwthe
respective discharge ports based oﬁ the recording
data supplied from the control section. 30 is the
paper feédiﬁg driving section fof_driving the
conveying roller 9 and the adsorption conveying
‘belt i;, and is constituted mainly of a motor, efc.

The control section shown“in-the'riguré has
CPU 100 which practices processing according to
controi-of the devicg while performing giving and

receiving of the data between the host device or
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the respective sectionslof the recording device,
RAM100A which becomes thelwork aréé in proéeésing
of éPUlOO, and ROM100B which memorizes the processing
proce&ﬁre suéh as recording actuation, etc. as shown
in Fig. 3A and Fig. 3B. ,

| Figs.'BA ana 3B are conceptional.views for
illustration of fhe recordihg'method in the gﬁbodiment
‘shown in Fig. 1. In.Fig. 3aA, the recording heads 1
to 4 for dischgrging respectively the.inks of the
resﬁééizcé colors of R, G,—E';hd K are, as menzzsned-
above, supported and fixed so that the resbective |
- discharge port arrays 3 may become perpendicular to
the scanning'directicn (sub-scanning direction)
relat@ve td-the both surfgées of the head supporting
" portion 12. |

In the same Figure, the discharge port array

13 cannot be seen as it is, but the recordihg head
~ is shown as perspective from the rear thereof. More
specifically, the array is made so that the widths
of the discharge port arrays of the recofding head
(in the Figure, RL=Gt=BL=KL)Imay be connected to one
another without .gap, and the respective recofding
regioﬁé (R, G, B, K) by one scanning becomes con-
tinuoiis with the same width. When the recording
medium is conveyed as aescribed above to the
recording regiqns (R, G, B, K), the carriage 5

scans to initiate recording. -
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The recording medium 8 #tops at the position
of (the first scanning) in Fig. 3A by the conveying

roller pair 9 and the adsorption conveying belt 11.

This position is under the state where the tip portion

of the recording medium 8 is in the recor&ing region
K, and the recording medium has not feached_other
recording regions R, G, B.f Therefore, in the first
head scanning; recording is petformed only with the
K head.

T After the first sc;;hihg,'the récording--
medinm 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
recording is performed in response to the recording
signal Bi with the héad 3 of B ink.

On the other hand, at the portion conveyed
newly to the K recording region, recording is peré
formed in response io the nexf recording sign_all(2
with the head 4 of K ink. Here, since the recording
medium 8 ﬁas 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.
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After the second scanning, the recording
medium is-;gain conveyed by the Pﬁ width. 1In the
third scanning, at the portion where reéording was

performed with.the.re¢0rding signals of Bl.and K.

- recording in response to the rgcording s:i.gnaI.G1 is

done. At the portion where recording was performed
with the recording signal Ké, recording is done in -
response to the recording signal_B2 with the head 3
of B ink. Alsé, at the K recording region, the
recording signal K, is recorded with the head 71 of

K ink. -

After the third scanning, the recording _ o
medium is similarly conveyed by the P1 widthland the .
fourth scanning is performed. 1In the fourfh scanning,
at the portion where recording was performed in
response to the recording signals of K1, Bl, Gl1,
recording is done in response to £he'reco£ding _
signal Rl with the head 1 of R ink. Thus, the recording
medium is successively recordedlat every PL width .. ..
with inks of black, blue, green and fed colors.

Fig. 3B shows the recording sigqals 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

sgccessively lost from the K head. After completion

of recording of the final scanning, the recording .



medium B8 is discharged out of the machine. |

Whereas, Fig. 4 shows the.ink absorption'
'characteristiee of recording media, with square root
‘of absorption time (~f_-) being shown on the.axis
of abscissa, and absorption amount of 1nk (aqueous)
(nl/mmm) on the axis of ordinate. It can be under-.
stood that, in the coated baper haviag an'ink receptive
layer provided on the surface layer; a 1arge.amouat of
ink can be absorbed withiin a short time, while in the
non-cdSEE& paper used in bﬁzs_embodzment 1nit:;l
absorption is low and a long time is required for
absorizzan of ink.

Fig. 5 shows the resqlts of examination of
blotting degree of images when inke‘of'two colors
are emitted onto the recording medium substantially
simultaneously (sbarpness of the boundary portion
between the inks of two colors) in Table. Ih-this
Table, the mark O shows one which is judged as
practically.useful, the mark A one thch is slightly
inferior in image quality and the mark x one which
is entirely pracfieally unuseful.

From this experlment, it can be seen that
the 1nk amount which can be recorded w1th1n a short
time is 20 nl/mm2 or less in the non-coated paper and

2

25 nl/mm~ or less in the coated paper. This phenomenon

can be estimated to oecur according to the mechanism

shown in Fig. 6.
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More specifically, the absorption of ink onto
.paper,_as shown in Fig. 6A may be considered fo be |
effected in the order of contact} collision, dot

formation, permeation, drying. Ag.shown in Fig. 4,
in the case of the non-coated_paper, in a time of
0.2 y§ or shorter, no ink of 11 to 12...nl/mm2 or

more can be absorbed and fﬁeréfore, if-an ink mofe
than that is emitted suﬁstantially simultaneoﬁsly,

the 'ink will be overflowed and, as shown in'Fig. 6B,

P —— — — —

the overflowed ink is attracted to the adjacent ink
which has reached previously onto the paper, whefeby
blottiﬁg may be considered to occur at the boundary
portion. |

In contrast, in .the present embodiment, since
head scannihg is performed successively with the
' recording regions for the respective heads beiﬁg
separated in one scanning, blotting at the boundary
portion becomes smal;er as shown in Fig. 7.

. For verifying the effect of this embodiment,
the recording test was performed under the conditions
shown below and conséquently good recorded images
‘with little Bldtting at the boundary portion could
be oﬁtained. In contrast, when recording was per-
formed simultaneously with the arrangement of heads
being constituted so that the respective head
recording regions were overlapped with each other '

as in the ink jet recording device in the prior art,-
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~images which were entirely practicall} useleSS'were
obteined. |

To describe in detail, this embodiment can
perform recording of 7 colors by use of 4 colors of
R, G, B, K, and record;ng was performed on a recordlng
medium of A4 size at a recording density of-360 DPI
and a driving frequency of 5.4 kHz. For this record-
ing medium, a two-fold papei,on which the diameter

of the ink droplet emitted is expanded to 2-fold is

—— — a—

used.

In this case, oecauee the reeording density
is 360 DPI, the picture element size becomes. 70. 56 um
square, and the dot dlameter embedding the plcture _
elemept as a whole becomes 100 um. Accordlngly, the
droplet.diameter emitfed onto the 2-fold paper
beoomes 50 um, 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, aod the plane density

2

14

'of two colors (two discharges) becomes 26.3 nl/mm
‘and when two colors are.overlapped or adjoined at
the same time as shown in Fig. 5, the image becomes
" bad. |

| As ie apparent from the above desoription,
this embodiment, which has been made to have a
constitution excluding overlapping or adjoining

of two colors within a short time, is also effective
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foi a recording meidum with poor water absorption as -
the non-coated paper. .
- Also, according to the above-mentioned recording

éonditiéns, since in this embodiment the recording

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

scannihg for 68 timeé is required for recording of A4

. size. This means that the scanning times are increased

dﬁiy by 3 as compared ﬁith the device constitution of

the prior art, thus resulting in substantially no

— e

lowering in recording speed.
In contrast, forlreqording of the same A4 sizé,

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,

'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

_ﬁithout performing the 66th to 68th scanning, and by

doing so, there is no lowering in recording speed at
all in the case of mono-color.recording. ' i
In the case when the fecording hedium is a

transparent film.formed of PET or PET coated with
an water absorptive material, the present embodiment
is also effective.

| Further, the pfesent embodiment is effective
for obtaining recording of highef image quality

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

Fig. 8 is a perspective view showing the second

embodimeﬁt of the present invention, and this embodi-

‘ment has a constitution of recording heads corresponding

to recording of full color. That is, it has recording

heads 1A, 2A, 3A and 4A-corresponding“£o the respective

colors of yellow (Y), mégéntg‘(u), black (K) and cyan

(C).

Each of these recording heads has 128 discharge
ports —aiTayed in the sub-sééﬁﬁiﬁg direction. Al8o, it
is a recordiﬂg head of the cartridge type which consti-
tutes integrally the ink tanks of the respective colors;"
and therefore when there isﬂno_more ink, the whole
recording head is exchanged with another cart£idge.

-When high resolution recording is performed-
as in this embodiment, the positional preciéion 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, ii becomes possible to effect strict

.registration during shipmént, and even in a device

of the head exchange system, high image quality

recording extracting fully the performance of the

head is - rendered possible.

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

respectively.
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‘This embodiment shows the congtitution 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 ym is determined,

and similarly as describéd above, the drop;et diaméter
becoﬁes 30 um and its volume 14.2 pl.

As the result, the plane dehsity when mono-
color, 2 coldrs,:B colors and 4 colofs aré emitfgd
overlappingly or adjoiningly become respectiveiy 7.9
nl/mm>, 15.8 nl/mm?, 23.7 nl/mm? and 31.6 nl/mmZ.
Again,'as_is apparent'frbﬁ”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 gecomes
bossible that the recording heéds 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

1A and 3A of Y ink and K ink, respectively, and

recording of A3 size is performéd by scanning for
77 times in the data mode as shown in Fig. §B.

" 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

: quagéd slidably with a pair of guide shafts, and

makes scanning of the recordihg regions with the
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‘recdrding heads 1A, 2a, 3A, 4A_gpssibie by driving of
the carriage motor S5A. | |

Figs._lii and 11B are conceptional views showing
" the récording method according to the third embodimeht
6f the present invention. As is apparent fiom Fig.fllh,
the recording head.of this embodiment has thé respective
recording heads 1 and ﬂ_corrésponding to B iﬁk and K
ink arranged in the sub-scanning direction witﬁ én |
interval between théir-discharge port arrays corres-
poﬁdiﬁEsgg_the amoﬁn£ of paﬁEE }eeding. -

 More specifically, the recording condition in
this embodiment is a recording density of 300 DPI,
and in fhis case, the droplet volume in the same
process as in the second embodiment 55 described
above is defe;mined-as.113 pl. At this time, the
plane density of mono-color iqk becomes 15.8 nl/mmz.
This is, és shown in Fig. 5, the range where no
blotting of imagelbccurs even in the case of the
hon-coated paper, but because it ié a.value appfo-
_ximate to the criticéi value of blotting, blotting
may also sometimes occur.

Therefore, by providing'an interval corresponding
to the Bapér feeding amount befween thé-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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récording heads each having 50 discharge ports, and
récérding of A4 size is performed af a head driving.
: freguencj'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 electrotpérmal 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 ;edﬁfaing regions of each féqording head in one
' scanning are divided.

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

-—';s the resulf, overlapping recording with
time intervals can be done without lowering the récord-
ing spee& 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 nozzle to the maximum by éhanging the
arrangements of a plural number of recording heads.

In the latter half of the following embodiments,'

other than the modification examples of the above
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. qmbodiments,.thé device, the recor&ingmhethod which
can bstain the effects of the preseht in#ention while
using the ordinary-afrangement of a plural number of
.'recording heads are to be described. The following
embodiments have the;merit of éccomplishing.miniaturi-
~zation of recording heads than the prévioué embodiments.
| Fig. 12 is a side séétional view showing thel
principal part of the ink ief recording device according
to the fourth embodiment of the present invention.

. — - a—

In Fig. 12, description of -the same constitutions

as in Fig. 1 is redundanf and hence omitted here; In the
following, only the characteristic constitutions are to
be described. u

~ Fig. 12 has recording heads 1 to 4 mounteé on
‘a éarriage in parallel to the scanning direction as ‘
‘éhdwﬁ in Fié. 14. Also, to the recdrding headé 1 to
4 is connected the control portion shown in Fig. 13.

Fig. 13 is a block diagram showing the )

recording control in the ink jet reéording device
shown in Fig. 12. 1In the same Figure, 5A is the
carriage motor for driving the carriage 5 through a
.carriage driving mechanism such as belt,-pullgy.
etc., and 200 is the head driver for generating dis-
charge'signals_for the respective d}schargé porté
based on the recording data supplied from the control
section. 300 is the paper feeding driving section

for driving the conveying roller 9-ahd'the belt 11,
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and the paper diéchafge roller pair lé;
~ The control section 7 shogn'in the Figure has
.CP0106 which practices processing according to control
"of the device while performiﬁg giving and receiving of
'_the data between tﬁe host device or the respectiQe
sectiohs.of the recofdiﬁg device, RQMIdOA which becomes
~ the work area in'processing of CPU100, and ROMlObB which
mémorizes the processing procedure such as reéording
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. In Fig. 14A, the recording heads 1 to 4 for dis-
chafging respectively the inks of the respective colors
of R, G, B and K are suppdftedhénd fixed on the.
barriaéé 5 so that the respective recording regions
by scanning-of the carriage 5 may becoﬁé the same.
In the same Figure, the dischérge-port arrays 12 to
15 cannot be seen as they are, but for convenience
of description, they are shown as perspective from
.above. '3 i
The recording heads 1 to 4 perform recording
on a recording medium by discharging ink through the
discharge porté 12 to 15 corresponding to the recording
signals inputted as synchronized with the movement'of
the carriage 5. | |
In this embodiment, printing is perforﬁed with

the discharge port érrays 12 to 15 each divided into
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foﬁr recordiqg 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
recording may be performed only with one head in each
recording region. The recording region (1) performs |
recording with the use of the L/4 width on the paper
feeding side of the head 4 of“K ink; the reeording
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 iﬁﬂ; The recording medium 8
is recorded in the order of K, ﬁT-G, R while being
conveyed for'everyﬂscanning of the carriage 5 with the
same width of the recording regions equally divided by

the conveying roller pair 9 and the adsorptlon conveying

belt 11. Fig. 14B shows only the recording signals

.corresponding to the recording regions as described

above. Also,_in the portions not:correspohding to
the recording regions of the respective_heads, 0 is
inputted as the non-recording signal.

Based on the above constitution, in the first
scanning, recording is done corresponding to the
recordiné signal K1 (signal corresponding to L/4 widfh)
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 reeording region (2) and is reeorded overlappingly_
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by the recording Signal Bl (B component on the same
line as K1) with the head 3 of B ink. At the same
'time,_recordihg of the recordin§ signal K2 (K com-
°p6hent of the line subsequent to K1) is done with the
. head of the recording region (1). After the second
scanning, the recording medigp. affer paper feeding
of L/4 width, transfers to the third scanhiﬁg}.'lﬁ

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

in the ;esﬁective :ecordingizgg}ons similarly. nyther,_

in the fourth scénning, 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 siénals of K1, Bl, Gl, Rl._ Thus, by car:iage
scanning (color recording.in response to recording
signals) End paper“feeding of L/4,.colof images are
successively formed. |

In this embodiment, since the recording region
is divided into 4, scanning correspondinéito 3 times
becomes necessary as superfiuous scanning as compared
with the prior art. After completion of all scahning,
the recording medium 8 is discharged out of the machine
by theﬂpaper-dischargg roller pair 16. The function
of the paper discharge roller 16 is stabilization
(aidiné of adsorption.cﬁnveying belt, p;btection
of unnecessary force applied from outside of the

machine) of the recording medium at the recording

section and discharging of the terminal end.
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Now, as shown .in Fig. 4, Fig. 5, depending on
thé,reco:ding medium, the amount of ink absorbeé-differs-
' greatly. Accordingly, it is prefefable to change the
) émoqnt 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 heaés is determined
so that the ink amount whiéh can be recorded within a
éhort time may become.zo nl/mm2 or less in the'nog-

] cdatéagzgg;r and 25 nl/mmzlg; ;éss in the coaté;-ﬁaper.

To describe again, 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, bermeation, 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 an§ 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 attractéd to the adjacent
ink which has réached previously onto the paper,
wherebf blotting océurs at the boundary portion. .

) In short, in the preseht'embodiment, since
head scanning is performed successively with the
- recording regions for the respective heads being

adequétely separated depending on the recording
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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 wQS'performed under the conditions
- shown below aﬁd consequently good recorded iméges little
blotting at the boundary portion could be obtained. 1In
contrast, when rééording waé_performed simultaneously
with Egg_ggrangement_of heads being constituted;gg
fhat the respective head recording regions were over-
lapped with each other as in the ink jet recordiﬁg
device in the prior art, images which were entirely
practically useless were obtaihed.

- 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 fecording density of 360 DPI

and a driving freqﬁency of 5.4 kHz. For this recording .
medium, a two-fold paper dn ﬁhich the diameter of the
ink droplet emitted is expanded to. 2-fold is used.

In this case, because the recording density -
ig 360_DPI, the picture element size becomes 70.56 pm
square, and the dot diameter embedding the pictu;e
element as a whole becomes 100 pﬁ. “Accordingly, the
droplet diameter emitted pntﬁ.the 2-fold paper becomes
50 Mm, namely its volume becomes 65.5 pl.

When recording is performed under such conditions,
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the piéne density of mono-éolor (one_discharge)~becomeé

2, and the plane density of two colors (two

2

13.2 nl/mm

discharges) becomes 26.3 nl/mm“, and when two colors

"are overlapped or adjoined at the same time as shown

T

in Fig. 5, the image becomes bad.
Also, as in the constitution of the prio:_art

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

without dividing the recording région so that paper

feeding may be performed per every Carriage scanniqg

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 disqharge
.roller._ For this reason, as shown by the broken line
in Fig. 12, it becomes necessary to constitute the
paper dischafée roller pair with the width L of the
dischargg port array or longer apart from the.recording
section, whereby the device becomes enlarged and also
the aiding effect ;or the conveying beit 11 (stabi-
lization of the recording medium) is also lowered
to make it necessarj'to expand the opposed distance
between the head and the recording medium, resulting
in deterioration of the shooting preéision of ink.
-In-cdntrast, since this embodiment is a ébn-
stitution such that the recording medium reaches the
paper dischargg roller after scanning for 3 times on

completion of all recording of the first portion, the
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iﬁage fixing is stabilized during this period and no
image disturbance will occur.
Also, for examplé, in the case of recording
" only gf.K ink, recoiding may be performed ;n the whole
head region, and péper feediﬁé méy be"doné with L width,
whereby the recording speed can be made greater ;n the
‘case of mono-color'recordinél

In the case when the recording medium is a

transpa;ent‘filmlformbd of gg;_pr PET coated wiggpan
-water‘absorptive material, the péesént embodiment is
also effective.

| Also, the present embodiment is effective for
obtaining recording of higher image quality even in
the case of a recording médium 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 thelimage quality higher similarly
as in thé 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 ghe same color-with.ﬁivided nozzles,
the image deterioration by connection of fhe ink in the

nozzle array direction can be reduced. Thus, the emission
2

’

of ink of the same color divided each into 6.6 nl/mm
with the droplet volume being made about half under

the same conditions as in the present embodiment, further



higher imaggmquality'cén 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 showing the fifth
embodiment of the present invention, and this embodiﬁént
has a constitution of recording heads corresponding to

recording of full color. That is, it has recording heads

1A, 2a, 32 and 4A corresponding to the respective colors
or yellow (Y), magenta (M), black (K) and cyan (C).

Each of these recordingvgeads has 128 discharge -
ports arrayed in the sub-scanning direction. Also, it
is a recording head of the cartridge type which constitutes
integrally the ink tanks of the respect;ve colors, and
therefore when fhere is no more ihk, 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 integrated as in'the head of this
embodiment, it becomes possible to effect strict
registr;tion 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.
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figs; 17A and 17B are conceptional views showing
the recording method by the recording héad showﬂ in fig. 16
thch are similar to Figs. 14A and iAB, respéctively.

' . Thi; embodiment show; the constitution in which
' ~recordidg af a recording density of 600 DPI is performed
on a 2-fold paper. Thus, sincé the recording density if
600 DPI, the picture elément size 42.33 um is_determined,
and §imila:;y as describéq above, the droplet diamter
become 30 um and its volume 14.2 pl. - —-

- As tﬁe-result, the plane density when mono-color,
2 colors, 3 coloré 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'permissiblehrange wﬁere no b;otting or ink
occurs in;thié embodiment is up to 2 colors.:

Accordingly, as shown in Fig. 17A, it becomes
possible that Ehe-recording heads corresponding to 2 colors
make the recording regions thg same. That is, the _
recording'héads 2A and 4A of M iﬂk and C ink have.the s;ﬁe
recording regions as the recordihg heads 1A and 3A of Y
ink and K ink, respéctively, and recording of A3 size is
performed by scanning fdf 153 times in ‘the data mode as
shown in Fig. 178:

Fig. 18 is a perspective view of an ink jet
recbrding device 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'scaﬁning
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: of:the.recording regions with the fécording heads 1A, 2A, .
3A, 42 possible by driving of the cérriage motor SA.

| ‘ -mThﬁs, the number of the recérding regions divided
can be set as desired, and this setting is done by -
varying the paéer feeding amount and the reéo?ding signal
supplied to the recbrding'heaﬁs'in the control coﬁst;tution
shown'in Fig.”13; By doing so, the method_can correspond
to recording media inferior in ink absorption chﬁracter-
istic,_fggg_as plain paper or transparent paper-§2; OHP,
lwheréby recording medi& can be diversified. '

Among plain papers, some are also poor in color
formability of ink, and it may bé sometimes necessary to
increase the density, particularly in the case of record-
ing with a mono-color ink. ‘In this case, for example,

‘the dischgrge 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 séanning'l 2 3 ... ... 150 151 152 153

K(2) region_' 0 Kj K, +-- .- Ky49 K150 K151 K152

K(1) region (K; K3 K .« K K 0

3 """ 150 “151 X1s2
According to this'embodiment, it becomes possible
to diversify the reéording media by diversifying of the
;ecording mode. Also, although image deterioration
through the differencé in shooting precision, discharged

amount, etc. existing between fhe discharge ports is

intensified by oveflapping recording with the same ports,
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it wili not be intensified'in overlappiﬁﬁ.recordiﬁg by use'
-of divided dischargé ports, but alleviated in most cases.

Fig. 19 is a éoﬁceptional view of the récording
.method aécording to the seventh embodiment of the present
invention. ]

This eﬁbodiment has a constitution tekan in the
case of low recording dehsitf;-and in this case, because
thé ink density of mono-color becomes higher, the

possibility of blotting between the scanning lines becomes

— — - —

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 Bécomes
smaller, whereby_cohtrast of the projected imagg can be
Bbtained Qith difficulty.. For this reason, a thick ink
receptive layer (opaque) is provided on a film suqy as PET,
etc., whereby ink absorptivity can be improved, and
_tﬁérefore.by performing recofding with 4 divided recording'
.regions, recording of high deﬁsity\without blotting

becomes possible.

For recording in this embodiment, inks of two

calors of R and K were employed, and twdnheads having 50
diéchafée ports were arrayed in the-scanning’diréction.
Recording of A4 size was performed at a recording density
300 DPI and a driving frequency of 4kHz.

As the result, the picture elemént size became
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84.67 um square, the picture element dot diameter 120 nm,

the drdplet diameter 60 nm, the déoplet volume 113 pl,

the mono-color ink plane density 15.8 nl/mmz. and two-color

. ink plane density 31.6 nl/mm2. .

The recording Signals in the recording method

. shown in Fig. 19 are shown in the following Table.

— Head scanning -l 2 3i 4 5 6 7 8 9 ...
K(4) region 0 0 0 O p 0 0 0 O0...
—K{3) region 0 O -Kl K2 K3 K4 K5 K6 K7 ...
'x(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 O 0 0 Rl R2 R3 R4 RS R6 ...
K(3) region 0 0-0 06 0 0 0 O O ...
'K(Z}.region 0 Rl R2 R3 R4 RS R6 R7 R8 ...
K(1) region 0 0 0 0 0 0 0 0 O ...
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
pef every'completion of scanning for plural times, the
difference in ink receptive amount between the lines
becomes greatef. As the result, image deterioration

(density nonuniformity) of the joint which may be

. considered to be caused to the change in absorptioﬁ

phenomenon of ink of the next line'is liable to be
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_génerated at the boundary portion Setween scanning lines,
whereby blotting of the previous iine tbward the papér
feeding direction is great. -

;n contfésts, in the_seventh embodiment as
des&ribed above, since the ink récebtive amount changes
gradually per every line, such trouble becomes iittle.

Also, as the probléﬁmcéused by increase of ink
amount, there may sometimes_occﬁr 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 haé become to have the maximum ink
density within the same time has become smaller as
compared-with the prior art exémple as described above,
there is also the effect that w;ving.is suppressed.
Accordingly, it is not necessary to gxpand specially éhe
.interval between the head and the recording medium, whereby
shodting precision is more excellent than the prior art
example to improve image quality.

As is apparent. from the above description,
according tg the pluralhnumber of recording heads,
recording medium is conveyed with only the width of the
recording divided in~evefy one scahniﬁg; énd reco;ding
is performed only with the predetermined discharge ports
corresponding to the recording regions in response to '

such conveyance.

As the result, as compared with separate recording

for the respective colors with the 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 tiﬁes, aﬂd'therefg:e

cockling which is the waviﬁg_phehomenon of recording
medium can be made iittle; Also,'sznce the paper
dlscharge portion can be made shorter, minlaturlzatlon
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 reéion reaching the maximum density at the same
time can be made narrower substantially witﬁout increasing
the scanning times, and therefore cockling can be mede
little, and Ai;o the difference in ink receiving ability
during emission“between the scanning lines can be made
1ittle,.whereby the density uniformity at the 1ine-
boundary portion has become better. Aleo, since
overlapping emissioﬁs are done through separate discharge
porte, the density irregularity due to the difference in

discharge port precision is alleviated. Also, in

'performlng overlapplng recording, the recording time can

be reduced, and otherw1se the joint between the images can

be made -better.

- Further, in addition, a desirable

" diversity of recording Ean be provided to users, whereby

- it has become bossible to berform_good recording on a

diversity of recording media.
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-Fig; 20 shows the basi¢ schematic view of the
device for obtaining the optimum recording speeé
improvement ratio after having eﬁteined higher density
.or'higher iﬁage qeality by partial use of the respective
. heads of the present invention. |

400 is a means for detecting automatically or
hanually the material of the recording ﬁedium_(difference
in materials, including paper or resin sheet or cohverted
paperL_gemiconverted‘paper,;those'with great ink-absorption
amount, plain paper A, é, C: see Fig. 21), and as the
automat;g_giscrimination, 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
means for determinirg_the number for the total number
M of the discharge ports of each recording heed; and in
this eﬁbodiment, the divided ratio n of the total number
M is determined in the present embodiment. Specifically,
the means‘SOO has determined thch one of the groups Gl -
to G8 (Gl to G8 are groups each having 8 discharge ports)
suited for recording of the recording
heads 1, 2, 3, 4 suitabie-for the material of the
recording material should be used. According to  the
specific example of the present embodimeﬁt, also by
referring to Fig. 21, the ink absorption amount is large
to the extent which requires no divided uses for

converted paper with large ink absorption amount,
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_and:therefore no divided driving may be practiced, bgt

recarding speed will be thereby 1oweredf For this reason;' .-
for utilizing the effect of the prééent invention, n may
'be-p;eferably 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 embodimeﬂt_ |

shown in Figs. 17A, 17B as d;scribed above is practiéed.

On the other hand, with the‘discrimination result'df plain

péper B, n=4 is employéd, and recording of the embodiment

— — a— -—‘ -

:shown-in Fig. 19 is practiced. Further, for plain paper

C or OHP sheet, n=8 is employed,;and'group Gl units with
one scanniﬁg width of discharge ports 8 are practiced
as in the above-mentioned embodiment.
- 600 is a recording.head driving means, and the
.recording signal imparting regions which are tﬁe discharge
ports to be used for the recording heads 1, 2, 3, 4 are
determined and driyen 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
'recoﬁding head, the conQeying amount x/n of oné scannigg
unit is dgterminéd on the basic of the ratio n determined |
by the determining-ﬁeans 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 tbe constitution shown in Fig. 20,
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'regafdless of .the kind of the recording medium, iﬁk jet
" recording of good quality and high speed can be_surely
performeé. ' -

_Fig. 21 shows the display panel 800 by which the
operator determines éhe'diVision ratio n for conveying
‘the abovementiéned recording heads corresponding to the
re;ording medium to be employed. 801 is the key for |
converted paper, and by tu:hing on the key, the recording:
mode described in Fig. 21 is set. _similarly, 802 is the
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
éwitch of operation. |
) Even if the constitution may be made as shown
in the operational panel of Fig.'21 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 p:acticing
variou§ kinds of recording systems. ”

The numerical values in the“fofegoing embodiments
are not of course limiting Qoﬁditions for the present
invention; and the precision of the present invention

is enough even if the number of discharge ports to be
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. used hay bé determined wifhout dete;miﬂation of the ratio
of the ‘total nuﬁber'of discharge ports.

The present invention brings about excellent
'effectshparticularly in recording heads, recor&ing devices

of the bubble jet'system among the ink jet recoraing

" systems.

Its representative constitutions and principles

should be preferably those by use of the basic principle -

disdlosgd in U.S. Patents 4723129 and 4740796. Tyis
system is applicagle tg 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 léast one driving signal which giveé abrupt
temperature elevation exceeding ﬁuclear boiling to the
electrothermal transducers arragged corresponding to

the sheets éf liquid passages on which liquid (ink) is
held, heat energy can be generatéd in the electrothermal
‘transducers to effect f£ilm boiling on the heat-acting
surface of the recording head, and consequently form
bubbles within the_liquid (ink) corresponding oﬁe b&

one to the driving signal. Even if the liquid (ink)

may be_dischargéd through opening for discharge by
growth,-shrinkage of the bubblés, ét least one droplet
will be formed. By making the driving signal sgaped

in pulse, instantly growth and shrinkage oflthe bubble

are effected adequately, whereby discharge of liquid

(ink) particularly excellent in response characteristic



- 46 -

‘can be more preferably accomplishéd.. As the pulse-shaped
'driving signal, those as deécribed in U.S. Patents
4463359 and 4345262 are suitable. Further fecording
" can bg performed by empioyment of the conditions disclosgd '
in U.s. fatent 4313124 concerﬁing the tempefature
elevation ratio of the.ébove-mentioned"heat-acting
surface. | "

As the constitution of the recording head, in

addition to the combined coﬁstitution of discharge port,

- wn—

iiquid passage, electrothermal trénéducer as disclosed

in the respective specifications as mentioned above
(1inéar liquid passage or right angle liquid passage),

the constitufions by use of U.S. Patents 4558333 and

4459600 disclosing the coﬁstitﬁtion 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 also effective even if the
constitption may be madé one based on the constitution

disclosed-in_Japanese;aid-Open Patent Applicatidﬁ

No. 59-123670 which discloses the constitution comprisiggl
a slit common to a plural number of electrothermal
transdupers as the discharge portion of the electrothermal
transdycers or the constitution Japanese haid-Opeh |
Patent Application No. 59-138461 which discloses the
constitution comprising opening fér abéorbing the

.pressure wave of heat energy corresponding to the

discharge portion.
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in addition, the present invention is also
‘effective for the case of using a recording head of the

freely exchaogeable chip type which enabies 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 heod.itself.

Also, addition of restoration meado, preiiminaryl

aiding means, etc. to the recording head is_provided

as the constitution of the ogzo;ding device of'tng .
present invention is préfofoble, because the effeots
of the present invention can be‘fﬁrther stabilized. .
Specific examples of such means may include, for recording
heads, capping means, cleaning means, pressurization
or suction meané, preliminary heating moans such as
electrothermal fransducer or heating element separate
from this or combination of these, gnd'it is also
effective for-performing stable rocording to practice
a preliminary discharge mode which performs discharging
separately from recording. |

Further, as the recording mode of the recordiog
device, not only the recording mode only of the main
color such as black, etc., but also the recording head

can be constituted integrally or according to a

combination of _plural number, and the present invention

"is\oxtremely effective also for a device equipped with

- at least one of complex colors with-different colors.
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or full colors by color mixing. — |

The present invention can solve adequately the
vhfious problems found by the préseht inventors according
to'fhe constitution, driving not found in the prior ért,
and is an industrially-éffective invention.

An ink jet recording @evice comprises a carriage
having a plural number of ink jet'recording héads each
having a plural number of dischérge ports mounted

the:éon,.a means for giving égpg;ding ink signalg_to

the ink discharge energy generating elements corresponding
to all or ampart of the respective plural number of
discharge ports of the-plural number of discharge
heads, and a éontrol means, which increases the number
of recording heads to be used during recording of the
fecordable region formed by the total sum of all the
discharge regions of fhe blural number of recording
heads from initiation of recording'onto a recordipg
medium, reducing the number of recording héads to be
used during recording of the'fecordable region in the
recording completion region of the recordiné mediﬁm,
and has one scanning width to be recorded by scanning
by the ggcording head during recording as the feeding

pitch of the recording medium.
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" An ink jet recording device oompnsmg

scanning means for scanning a piural number of ink jet recordmg heads, wherein each of said ink
jet recording heads has a plurality of discharge ports, and wherein said discharge ports are adapted to
perform-a recerding operation within a recording area which is ‘the total area covered by said discharge
ports during one scanning operation,

supplying means for supplying recording slgnals correspondmg to the recording area to ink
discharge energy generating elements,

conveying means for conveying a recording medium relative to said recording 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 recording mode m which a recording covering
the recording area is produced during one scanning operation, and

said control means being able to operate in a second recording mode in wh:ch 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, at least, according to a number of color of the

image to be recorded on the recording medium. )

10.

11.

12,

13.

‘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 boiling in the
ink to occur. ’

An ink jet recording device according to any of the preceding claims, wherein said piurality of recording
heads are arranged in the scanning direction.

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 Un of the recording area, wherein n is a switchable
integer.

An ink jet. recording device 'acoording 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.

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.

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 an eighth part of the recording area.

An ink jet recording device according to any of the precedmg claims, wherein said plurality of recording
'heads is four.

An ink jet recording device according to claum 8, wherein said four recording heads emit Y, M, c and K
inks respecuvely

An ink jet recording device according to claim 8, wherein said four recording heads emit, R, G, 8 and K .
inks respectively.

An ink jet recording device according to any of the precedmg claims, wherem said plurality of recordmg
heads is integrally formed.

An ink jet recording devnce according to any of the precedmg clalms. wherein said plurallty of recordmg
heads is exchangeable.

An ink jet recording device 'acoording to any of the preceding claims, wherein said control means
increases the portion covered per scanning operation by increasing the number. of recorcging heads



14.

15.

16.

17.

18.
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used for recording and reduces the portion covered per scanning operation by reducing the number of
recording heads used for recording.

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 operaﬂon by deereasmg the
recording area of one or more of said recording heads.

An ink jet recording device according to claim 1, wherein said recording area reoorded in the second
recording mode is defined by the number of discharge ports.

An ink jet recording device according to clmm 1, wherem said portion of the recording area recorded in
the second recording mode is deﬁned by the number of discharge ports.

An ink jet recording device according to claim 1, wherein
said control means selects the first recording mode, when the image to be recorded on the
recording medium is in mono-color.

An ink jet wmﬁing device according to claim 1, wherein i
said control ‘means selects the second recording mode, when the image to be recorded on the
recording medium is in multi-color. .



