TITLE OF THE INVENTION

Ink Jet Recording Method and Color Ink Jet Recording

Device for Practicing the Same

BACKGROUND OF THE INVENTION

Field of the Inveniton

This invention relates_to'an ink jet recording

method and a color ink jet recording device which are

applied-td-sopying machines, facsimilss, printers for
image prossssing, and other printers in general. More
particularly, it ﬁertains to a scanning type ink jet
recording device equipped with a plufal number of
recording heads having a plural number of discharge -
ports arrsyed in the sub-scanning direction and to a

" recording method of said device.

' Related Background Art

In the prior art, for improvement of gradsfion
or density.of recsrded images, it has been practiced to
form a plural number of picture elemests for fsrming
the image on a recording medium with a plural sumber
of overlapping ink droplets, or for imprerment of.
adjacent picture element densities, to shoot a.
plural number of ink droplets at a high density.

When this is appiied to color, there is.the advantage
that color reprodﬁcibility can be improved.

Further, in the'case when the recording medium

is a transparent film for transmission type OHP (overhead



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

In these systems, emission of ink droplefs for

emitting a plurality-of ink droplets on one picture

. element is performed by scanning of the_;ecordihg

head for plural times.while the recording medium is
fixed as such. Accordingly, scanning for plural times
corresponding to higher densification or scanning for
plural times corresponding to the ink colors to be
mixed is required for the recording range per one
scanning in scanning type recording, and no. high
speed ;gcording can be praéficed. In other words,

if a high density image or a color image is formed

“for ordinary printing, a printing time is required

which is as long as 2-fold to 4-fold of the time
required for ofdinary printing.

Accordindly, for the purpose of making faster
even by little the recording speed, in order to increase
the recording range per one scanniné, it ‘is effective

to enlarge the recording head by formation of a multi-

-nozile,'but since it is limited to make the head

lengthyY, the ratio of shortening of the printing
time is little in scanﬁing type ink jet recording.
In contrast, U.S. Patent 4,320,406 discloses
a constitution which miniaturizes the head constitﬁtion
itsel£ of a color devi&e by dividing the no;zleS'



-(diécharge port) of the single recordiqg head itself
formed into a multi-nozzle intg four nozzle units
predetermined for different inks, but since the
rebprding speed depends on only pne_recording heaﬁ,
_the ink discharge range of one color is reduced to
great extent, whereby the'a@vantage of the reéording
formed into a multi-nozzle will be lost.
The present inventors have investigated about
the prier—art and found the—éellqwing problems., —-
When image depsity is enhanced or color

formation is effected by écannig for plural times
continuously for the recording range to be recorded
by one scanning, because the picture element is formed
by ink discharge for plurai times, the ink a@ount per
" one piétpre element becomes larger;'and therefore in
the case of recording medium of which ink receptive
amount ié limited such as film for OHP or one having
_'poor inf.absérptiﬁity, the amount or the rate of
ink absorption is 1imited}-whereby ink may be some-
times overflowed from fﬁe picture element, resulting
in detérioration of the image quality. :

- Particularly; a plural‘number of recording
heads corresponding to the respective inks had a
-coqstitutibn arranged in the scanning direction,
and theréfore in the case when different inks
were oveflapped, the emission density per unit

time became greater, whereby the above problem




of ink overflow became marked.

Gené;ally speaking, recordiﬁg papers with
increased ink absorption amount haye been known, and
recording is possible'on;y“on expensive and .specific
converted papers and only-for limited recording.
However, when users employ another paper or sheet,
defective recording may be brought about, and in the-
worst case, users sometimes judged that_tﬁe recording

head was defective to make the recording head useless.

Anyway, even by use of a multi-nozzle head,
because scanning is performed for plural times by
stopping of paper feeding of the recording medium;

the recording épeed cannot be lowered, and also,

when only a recording medium excellent ink aﬁsorp-

' tivity ig used;-the disadvantages of the users by
limitation of the recoréing will be brought about,
such as the disadvantage of failing to use a diQersity
of recording media. - _

Furthér, as the problem of fixability, boundary
region, the following fécts have been—found out, and
it has been found that the difference in ;ecording
characteristics becomes marked when using different
recording media. |

More specifically, a great §ifference in ink
absorption ability occurs_at the boundary éortion of
tpe_écanning line in ovérlapped recording, whéreby

density irregularity due to nonuniform ink absorption



‘is liable to be generated.

Also, in the constitution which pefforms
‘recording for";lural times, on the same picture
‘'element through the same discharge port, irregu-
larity in density and shooting precision between
the discharge poits may be sometimes intensified
to lower the picture elemehf..' |

Further, since the ink densities chaﬁge at
the same time over tﬁe whole region of the width of
Ehe"ﬁfgzﬂhrge poft (scanniaaliegion), and therefore
stretéhing and shrinkage.of the recording medium
accomﬁaﬁied with ink absorption will occur at the
same fime,'whereby the change amount becomes gfeater.

_ On the other hand, dividedmrecording 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 surfacé"cannot Se touched before elapée
of a certain time. Therefore, the ﬁembers such as’
discharge rollers, press follers, etc. are required
to be_déﬁarted from the above-mentioned recording
region by the head width or more, whereby enlargement
of the device or lowering in paper féeding precision
may be brought about.

Further, the problem of stretching and

shrinkage of the recofding médium as mentioned

above also occurs in divided recording.



SUMMARY OF THE INVENTION

The present invention is intended to providé
" an ideal.ink jet recording device which has solved
the problems as described above in the case of using
a piural number of recording heads eéuipped.with a
plural nﬁmber of discharge ports (also called multif_
nozzle head).

A first object of the present invention is to
provide an ink jet recording device which can make
recording speed faster than in the prior art and can
improve overlapped recorde§ image or high density
recorded image with the so called multi-nozzle ink
jet recording head. -

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

A further objecf of the present invention in
cancelling the problems as described_aboﬁe is to
_ pfovide an ink jet recording device which can
prevent deterioration of image quélity according
to ink absorptivity of the recording medium without
lowering recording speed, and also is capable of
906d recording on a diversity of recording medié.

Still another object of the present iﬁvention

is to provide an ink jet recording device which can



..pgrform preferaﬁiy recording of high_sﬁéed and high

) image'quality dependiné on the kind of the recording
medium by utilizing the advantage of the multi-nozzle
' recording head to the maximum.

Still other objects of the present invention

~~  will be understood from the following descfiption.

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

One embodiment of the present invenfion-is
an iﬁiggzz-recqrding devicé—éoaprising: -

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

@ means for giving recording ink signals to
" the ink discharge energy generating elements corres-
"ponding to all or a part of the respéctive plufél
number of discharge ports of said plural number of
- recording heads; and
| a control means, which incréases_the number
_.of recording heads to be used during recording of
the recordable region formed by tﬁé total sum of
~all the discharge regions of said plﬁral.number of
recording heads from initiation of recoxding onto~a
recording medium, reducing the nuﬁQer of recording
heads to be used during recording of said recordable
region in the recording completion region 6f the

recording medium, and has one scanning width to be



recorded by scanning by the recording head during

-recording as the feeding pitch of the recording medium.

Another embodiment of the present invention is

" an ink jet recording device which has a plural number

of recording heads having diséharge ports for discharging'
ink afrayed thereon; and performs recording of images by
discharging ink through said discharge ports accompanied

with the scanning movement of said plural number of

'reCOrding heads,

) charactg:ized in that said device has a first

recording head and a second ;ecording head provided

- adjacent to fhe upstream side and down stream side

relatively with respect to the conveying direction

of the recording medium,:.and arranged in the positional

" relationship with the respective discharge ports not

overlapping each other in the upstream side region

and the downstream side region, and a recording

- mode which performs recording so that at least the

image of first ink droplets on the recording medium
by the first recording head relatively on the upstream
side and the image of the second ink droplets on the
recording medium by the second recording head relatively
on thé downstream side may be overalpped with each other.
More preferably, another embodiment is an ink
jet recording device wﬁich has a plufal number of
reco#ding heads having discharge ports for discharging

ink arrayed thereon, and performs recording of images



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

| characterized iﬁ that éach of said plural
numbér of recording heads and at least another of
said plural number of recording heads are arranged

" so that said discharge porfé arrayed on each ma&

not overlap each other in said:scanning direction,

and said device isrprqvided with a paper

fee&igb means which perfofag sapef feeding with %he
widtp of the recording regions by said scanning
movéﬁent of the recording heads arranged so as not
to overlap each other, and

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

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

ports accompanied with the scanning movement of
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said plﬁral number of recording heads,
characterized in that said device is provided
with a conveying means which conveys the recording

medium with the width of the equally divided rggibn

of the recording region by scanning of said plural

number of recording heads per every time of said
scanning movement, and
a recording signal supplying means which

supplies recording signals to.only'the discharge

—_— - ap—

porE;;bredetermined corresponding to said equally
divided regions in response to said conveying by
said conveying means. .

There is also provided an ink jet recording
device, which has a recording head constituted by
arranging a discharge port for discharéing ink in
the sub-scanning direction or a diréction different
from the scanning direction, arranged in the scanning
direction, and performs recording of images by.dis-
charging ink throuéh said discharge port accompanied
with the scanning movement of said plural number of
recording heads, |

characterized in that said device is provided
with a conveying nieans which performs conveying the
reporbing medium.with the width of the equally.divided
region of the recording region- by scanning of said
recording heads per evefy time of said scanning

movement, and
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. a recording signal supglying means which
supﬁlied recording signals to only'thé dischargé ports
. predetermined_Ebrresponding to .said equally divided
regions in response to said conveying by said conveying
" means, .

| In either one of the above inventions, in
using a plural number of recording heads ha&ing a
plural number of discharge ports, the ratio of the
recording -medium movéd can be made greater than in
the'ﬁfiaf'art, and.fheredeE the recording speed
can be improvedtlwhereby excellent image can be
formed by utilizing all or a part of the plural
numbef of discharge ports or a part of the recording
medium defined depending on the matétial, and there-
" fore £he-iﬁage 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 accor§ing to a first 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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- recording method in the first embodiment;

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

Fig. 5 is an illustration shqwing the'image.
evaluations corresponding to the ink densities of
the recording mediuﬁ:

Fig. 6 is an illustfétioﬁ of image'blotting .
of Fig. 6A and Fig. 6B; |

" Fig. 7 is an illustration of overlapping of

 e——

a——

_inks 'in the embodiment of the present invention;
Fig. 8 is a perspective view showing an ink
jet cartriﬁge of 4 heads integrated in the secqnd
embodiment of the présent invention:
Fig. 92 and Fig. 9B are conceptional views
of the recording 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. 11lA and 11B are conceptional views of
the recording method in the third embodiment of the
- present invention; m. | .
| Fig. 12-is a side sectional view of the ink
jet récording deviée according to the fourth embodiment
of thé present invention:;
Fig. 13 is a block diagram showing the
control constitution according 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 fourth embodiment;

"Fig. 15A and Fig. 15B are conceptional views

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

appliéable to the sernth.embodiment of the presénf
invention;

Fig. 16 is a perspective view showing the
ink jet cartridge of 4 heads'ihtegrated in the fifth
embodiment; |

'_ir_?ﬁg. 17A and Fig._E7B-are conceptional';iews

of the recording method in the fifth embodiment;

Fig. 18 is a perspective view of the ink
jet recording device according to the fifth embodiment
of the present 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 portion of the seventh embodiment of the
present.invént;on: .

Fig. 21 is a.schematic illustration of the
pertinent portion of the operati&h panel to be used

in the seventh embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

Fig. 1 is a side sectional view showing the



- 14 -

_ principal bortion of the ink jet recorﬁing device

‘according to an embodiment of the.-present invéntion.

In the Figures, 1 to 4 are recording heads each having

-64 ink-&ischarge ports, and the ink paésage communicated

" to these discharge. ports has aﬁ electrothermal trans-

ducer.for generating energy for dischargihg ink arranged

" therein. Also, the recordihg heads 1, 2, 3 and 4 are

fgéording heads for discharging respectively 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 diséharge

‘port array in the respective recording heads forms

the sub-scanning direction as described below with

reference to Fig. 3A, and they are arrayed so that

" the recording region by scanning may be the same.

The carriage 5 is engaged slidably with a
pair of guide shafts and is also movable in the
scanning direction (the direction perpendiculgr
to the drawing) B& 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 resbective colors at fhe ink tank portion 7
by the ink tube bundle 6 corresponding flexibly to _

the movement of the carriage 5 so that ink supply
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can be done. 6n the other hand, the récording medium
8 is copveyed by the conveying roller -pair 9 through

_ the paper feeding guide 10 at-a predetermined timin§
successively in thé.arrowhead direction in the Figure
to tﬁe recording portion. At the recordihg portion,
the recording medium 8 is adsorbed tﬁrough the
electrostatic attracting féfce of the adsorptidh
conveying belt 11, and adso;ption supporting convéying

is done while being synchronized with the conveying

) roli;;'pair 9 with movement of';hé belt 11, ana—¥he
medium stops shccessively at predetermined positions
to perform recorddng.

Fig. 2 is a block diagram shnwing the recording
éonfrpiiin the ink jet recording device shown in Fig. 1;
In the same Figure, S5A 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 discharge.signals for the
respective discharge ports based on the recording
data supplied from the control section. 30 is fhe
paper feeding driving section for driving.the
conveying roller 9 and the adsorption.conveying
belt 11, and is constituted méinly of a motor, etc.

The-contro; section shown in the Figuré has
CPU 100 which practices processing according to
control of the device while performing giving and

receiving of the data between the.host device or



" portion 12.

- 16 -

the respective sections of the recording deviqe,

RAM100A whi;ﬁ becomes the work are$ in processing

of CPU100, and ROM100B which memorizes the processing

procedure such as recording actuation, etc. as shown

in-Fig. 3A and Fig. 3B. « _
Figs. 3A and 3B are conceptional views for

illustration of the recordiﬂg method@ in the embodimeht“

shown in Fig. 1. In Fig. 3A, the_recording heads 1

to 4 for discharging respectively the inks of the

—_— - p—

respéEEive colors of R, G, B and K are, as mentioned.
above, supported and fixed so that the respectife_
discharge port arrays 3 may become perpendicular to
the scanning direction (sub-scanning direction)
relative to the both surfaces of the head supporting
In the same Figure, the discharge port array
13 cannot be seen as it is, but the recording head
is shown as perspective from the rear thereof. More
specifically, the array is made éo that the widths .
of the discharge §ort arrays of the recording head
(in the Figure, RL=GL=BL=K$) may be connected to one
another without gap, and the respective recording
regioné (R, G, B, K) by one scanning becomes con-
tinuous with the same width. When the recording-

medium is. conveyed as described. above to the

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

scans to initiate recording.
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- The recording medium 8 stops at the position
of (the first scanning) in Fig, 3A.by.the conveyihgu
-roller pair 9 Q;a the adsorption conveying belt 11.
This position is under the state where the tip portion
-of the recording medium 8 is in the recordlng reglon
K, and the recordlng medium has not reached other
-recording regions R, G, B. Therefore, in the first
head scanning, recording is performed only wirh the
K head. -

. ——:_Kgfer the f;rst sc;;orog, the recordlné_"
mediuﬁ 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. 1In 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 ie performed in response to the recording
signal Bi with the head 3 of B ink.

On the other hand, at the portion conveyed
newly to the K recording reglon recordlng is per-
formed in response to the next recording signal K2
w1th the head 4 of K ink. Here, since the recording
medium 8 has not yet reached the R and G recording
reglons, still no recordlng 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 again conveyed by the PL width. 1In the
third-séanniﬁg, at the portion where recording was
performed with the recording signals of B, and Kyo -
reéording in response to the recording signal Gl is
done. At the portion where recording was performed—
with thé recording signal kz, recording is done in’
response to the recording'signal B, with the head 3
‘of B ink. Also, at the K recording region, the
recording signal K, is recorded with the head 7 of
K ink.

After the third scanning, the recording
medium is similarly conveyed by the Pl width and the
fourth scanning is performed; In the fourth scanning,.
at the portion where recording was performed'in
response to the recording signals of K1, B1, Gl,'
recording is done in response to éhe recording
signal Rl with tﬁé head 1 of R ink. Thus, the recording
medium is successively recorded at every PL width .. ..
with inks of black, blue, green and_red.colors.

Fig. 3B shows the recording signals 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 aré |

successively lost from the K head. After completion

of recording of the final scanning, the recording
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medium 8 is_diécharggd out of the machine.

| Whereas, Fig. 4 shows the ink absorption
characteristics of recording media, with squafe root
of absorption time ( JET) being shown on the axis.
of abécissa, and abéorptipn amount of ink (aqueous)
(nl/mm%) on the axis of ordinate. It caﬁ be under-
stood that, in the coated éépgr héving an ink receptive
1ayer provided on the surfade layer, a large amount of

ink can be absorbed witﬁin a éhort time, while'in the

— — an—

noniegﬁted paper used in this embodiment, initial.
absorption is low and a.loné time is required fof
absorption of ink.

Fig. 5 shows the résqlts of examination of
blotting degree of images when inks of two colors
are emitted onto the recording medium substantially
"simﬁltaneously (sﬁarpness of the bdundary portion
between the in#s of two colors) in Table. In this
Table, the mark O shows one which is judged as )
practically useful, the mark A one.which is slightly
inferior in image quality and fhe\mark x one which
is entirely pracfically unuseful.

From this experiment, it can_be seen that

the idklamount which can be recorded within a short
time is 20 nl/mm2 or less in the ngn-coatéd paper and
25 nl/mm2 or less in the coated paper. This phenomenon
can be-estimated to occur according to the mechanism

shown in Fig. 6.
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More specifically, the absorﬁtion of ink onto
paper, as shown in Fig. 6A may be considered to be
effected in the order of contact, collision, dot
forméfion, permeation, drying. As shown in Fig. 4,
in the case of the nop-coateé paper, in a time of

_0.2.{?7 or shorter, no ink of 11 to 12 nl/mm?lprﬂ
more can be absorbed and fherefore, if an ink more

than that is emitted substantially simultaneously,

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

PE—Y — - apo—
-

the overflowed ink is attracted to the adjacent ink
which has reached préviously onto the papér, whereby
blotting may be consideréd to occur at the boundary
portion} ) _
In contrast, in the present embodiment, since
head scanning is performed successively with the
' recording regions for the respective heads being
separated in one scanning, blotting at the boundary
portion becomes smaller as shown in Fig. 7.
. For vefifying the effect of this embodiment,
.the recording test was performed under the conditions
shown below and consequently good recorded images
with little blotting at the boundary portion could
bé oﬁtained. In contrast, when fecording was per-
forméd'simultaneously_with the arrangement of-heads
being constituted so that the respective head
recording regions ﬁere overlapped with each other

as in the ink jet recording device in the prior art,
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.images which Qere entirely practicallf useless were
obtained. |
| To describe in detail, this embodiment can
perform recording of 7 colorslby use of 4 colors of
R, é, B, K, and recording was performed on a recordin§
medium of A4 size at a recording density of 360 DPI
and a driving frequency.ofi5.4 kHz. For this record-
ing medium, a two-fold papef on which the diameter
of the ink droplet emitted is expanded to 2-fold is
used - -
In this case, because the recording density
is 360 DPI, the pictu;e element size becomes 70.56 ﬁm
squaré, and the dot diameter embedding the picture
elemepf as a whole becomes 100 um. Accordingiy, the
droplet_diameter emitted onto the 2-fold paper
becomes 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. and the plane déhsity

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

As is apparent from the above desqription,
this embddiment, 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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for a'reéording meidum with poor water absorption as

" -the non-coated paper.

Also, according to the aboye-mentioned recording
conditions, since in.this_gmbodiment the recording-
region in one scanning ismdivided_into 4, and therefore
scanning for 68 times is required for recording of A4
size. This means that the scanning times are increased
only by 3 as compared with the device consfitution_of

the prior art, thus resulting in substantiallylno

— . -

loweriﬁa'in recording speed.
In contrast, for'récording of the same A4 size,

if the recording region is made the same as in the

prior art and the boundary blotting is prevented by

overlapping scanning for 4 times at the same position,

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

Also, for example, in the case of recording
only of K ink, the recording medium.may be discharged
without performing the 66th to 68th scanning, and by
doing so, there is no lowering in'recording speed at
all in the case of mono-color recording.

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

Further, the present embodiment is effective

-fo? obtaining recording of higher image quality

even in the case of a recordihg medium having ink
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ébsorptiyity such as the coated paper.

Fig. 8 is a perspective view showing the,éecond

embodiment of the present inveﬂtion, 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 éo the respective

colors of yellow (Y), magenta (M), black (K)-énd cyan
(C).

Each of these fecording heads has 128'discha:ge
pofts-affﬁ?éd in thé_sub-scaﬁﬁiﬁg direction. Al8c, it
is a reéordiﬂg heqd of the cartridge type which consti-
tutes irntégrally the ink tanks of the respective colors,
and thefefore-when there is no more ink, the whole
recording head is exchangeé with another cartridge.

nWhen'high resolution recording is performed
as in thislembodiment, the positional precision between
the heads is réquired 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

.registration during shipment, and even in a device

of the head exchange system, high image quality
recording extracting fully the performance of the
head is ‘rendered possible; |

- 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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o This embodiment shows the constitution in which
recording at a recprding density‘of‘GOO DPI is performed '
‘on a-2~foid paﬁer. Thus, since the recording density is
" 600 DPI, the picture element size 42.33 um is determined,
and #imilarly as described above, thé droplet diamete;
becomes 30 ym and its volume 14.2 pl.

As the result, the piane density when mono- .
color, 2 colbrs, 3 colors and 4 colors are emitted
oﬁerlappingly or adjoiningly become respectively 7.9
nl/mm?7715.8 nl/mm?, 23.7 nl/mm> and 31.6 nl/mm>.
.Again,'as is apparentlfrom Fig. 5, the permissible
faﬁge where no blotting of ink occurs in this
- emquiment'is up to 2 colors.

:'Accordingly, as shqyn in FPig. 9, it becomes
bossible ;hat the recording heads corresponding to 2
colors make the recording regions the.same. In thé
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 regiohs as the recording heads
1A and 3A 0f Y ihk and K ink, respectively; and
.recording of A3 size is_performed by scanning for
77 times in the data ﬁode-as shown in Fig. 9B.

"Fig. 10 is a perspective view of an ink jet
recording device which can mourit the recording'heads
shown in Fig. 8 and Fig. 9, and the carriage 5 is
engaged slidably with a pair of guide shafts, and

makes scanning of the recording regions with the
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lrecording heads 1A, 2A, 3A, 4A possible by driving of
_the cerriage motor 5A. .
Fige. 11A and 11B are conceptional views showing
"'the recording method according to the third embodiment
of the'present invention. As is apparent from fig;.llA,
the recording head of this embodiment has the respective
recording heads 1 and 4 corresponding to B ink and K
ink arranged in the sub-scanning direction with an
interval between their discharge port arrays corres-
ponding to the amount of paper feeding. -
ﬁbre specifically; the recording condition.in
this embodiment is a recording density of 300 DPI,
and in this case, the droplef volume in the same
process as in the second embodiment as described
above is determined as 113 pl. At this time, the
planeldensity of mono-color igk becomes 15.8 nl/mmz.
This is, as shown in Fig. 5, the range where no .
blotting of image occurs even in the ease of the
non-coated paper, but because it ie e value appro-
_kimate to the criticai value of blotting, blotting
may also sometimes occur. . )
Therefore, by providing an interval corresponding
to the baper feeding amount between the respective
recording heads, ink absorption is egcelerated by
the time of one scanning and paper feeding. By

doing so; ink blotting can be surely cancelled.

The constitution of this embodiment has
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'recording heads each.having 50 discharge ports, and
recording of A4 size is performed,af a head driving
.freqﬁéncy of 4 kHz. 1In this_case,'scanning is per-
‘formed for 72 times as shown in Fig. 11B.

In the embédiments as described above, ink
is discharged by heat ehergy of electrothermal trans-
~ ducer, étc., but.the discharge energy gqperatioh.means
is not limited thereté, as a matter of course;

As is apparent from the above description,

‘the fecﬁfaing regions of eaéﬁ'fécofding head in one
" scanning are divided.

By this, it becomes possible to perform
recérding corresponding to paper feeding and the
respective recording regioné pef.one scanning.

..As the resulf, overlapping recoxding with
time intervals can be done without lowering the record-
ing speea as a whole, whereby not only image quality
deterioration such as overlapping recording can be
prevented, but also it has become poséible 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
arrangeménts of a plurai number of recofding heads.
In thé latter half of the following embodiments,

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

' can obtain the effects of the preseﬁt invention while

using the ordinary arrangement- of a plural number of.

. recording heads are to be described. The followihg

embodiménts have the merit of accomplishiné miniaturi-

- zation of'recording hequ than the pr;vious embodiments.
Fig. 12 is a side sectional view showin§ the

-principal part of the ink 5et recording device according

to the fourth embodiment of the present invention.

.. —— - ——

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

| ;Ifig. 12 has recording heads 1 to 4 mounted on
‘a carriage in parallel to the scanniﬁg direction as .
shown in Fig. 14. Also, to the recording heads 1 to
4 is connectéd the control portion shown in Fig. 13.

Fig. 13 ig a block diagram showing the

recording control in the ink jet recording 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 drivér for generating dis-
charge signals for the respective discharge porté
based on tﬁe recording data suppliéd from the control
‘section. 300 is the paper feeding driving section

for driving the conveying roller 9 and the belt 11,
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and the paper discharge roller éair 16.
The control section 7 shown in the Figﬁ:e has _ .

CPU100 which practices processing according to control

"0f the device while performihg giving and receiving of

the data between the host device or the respective °
sections of the recording device, RAMldOA which becomes
the Qork area in processing of CPU100, and ROM100B which
memorizes the processing procedure such as';ecording
actuation, etc. as.shown in Fig. I@A-and Fig. 14B.
—Figs. 14A and 14B afE_diagrams for illustration
of the recording method in—the embodiment shown in Fig.
12. 1In Fig. 14A, the recofding‘heads 1 to 4 for dis-
charging respectively the inks of the respective colors
of R, G, B and K are suppqrted’and fixed on the
barriag; 5 so that the respective recording regions
by scanning of the'carriage 5 may become the same.
In the same Figure, the dischérge port arrays 12 to
15 cannot be seen as they are, but for convenience

of description, they are shown as-perspective from

above.

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 recoraing
signals inputted as synchronized with the movement of
the carriage 5.

In thié embodiment; printing is perforﬁed with

the discharge port arrays 12 to 15 each divided intb.
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. four recording regions. The four fééording regions (1)
(4).have the width of the width L of the discharge port
érray equally divided into 4, and cdnstituted so that
kecording'may be performed onl& with one head in each.
recording region. The recording region (1) pefforms
recording with the use of the L/4_widfh on- the pap;r__
feeding side of the head 4 qf-K ink, the récording
region (2) with the head 3 of B ink, the recordin§

region (3) with the head 2 of G ink, and the recor@ing

—

‘region (4) with the L/4 width on the paper discharge
side of the head 1 of R ink.- The recording medium 8
is recorded in the order of K, B, G, R while being
conveyed for every scanning of the carriage 5 with the
same width of the recording regions equally divided by
the conveying roller pair 9 and the adsorption conveying
belt 11. Fig. 14B shows only the récording signals
corresponding to the recording regions as described
above. Also, in the portions not corresponding to

the recording regions of the respective heads, 0 is
inputted as the non-recording signal. -

Based on the abo;e constitution, in the first
scaﬁning, recording is done corrgsponding.to the
recordiné signal K1 (signal corresponding to L/4 width)
with thé head 4 of K ink. Then, paper feeding of:L/4
width is done, and the portion where recording of the
signal K1 is done in the first scanning proceeds to

the recording region (2) and is recoided 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, reéording of the recording signal K2 (K com-
'ponent.of the line subsequent to K1) is done with the
head of the recording region (1). After the second’
-scanﬁing, the-recording mediqm, after paper féeding

of L/4'width, transfers to the third scanning. 1In

the third scannidg, recording of K3, B2, Gl is practiced |
in the respective recording_fggions similarly. 'Eg;ther,
in the fourth scanning, recording of K4, B3, G2, R2 is
practiced, and on the first line of the récording

medium is formed a color image according to the
recording signals of K1, Bl, Gl, Rl. Thus, by ca;riage :
scanning (color récording in response to recording
signals) and paper feeding of L/4, color images are
;uccessively formed.

In this embodiment, since the recording region
is divided into 4, scanning corresponding to 3 times
becomes necessary as superflubus scanning as compared
with the prior art. After completion of all scanning,
the recording medium 8 is discharged out of the machine -
by the paper discharge roller pair 16. The function
of the paper discharge roller 16 is stabilization
(aidiné of adsorption.cﬁnveying belt, protection
of unnecessary force épplied from outside of the

machine) of the recording medium at the recording

section and discharging of the terminal end.
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Néw, as shown in—Eig._4, Fig. 5, depending on

. the recording médium, the amount of ink absorbes differs
greafly. Accordingly, it is preferable to change the

'.amount'bf-ink discharge according to the recording

medium. This has not been don; at all in the pfior art.

In thé present iﬁvention, from this experiment,_the

ratio of divided use of the.recording heads is determined

so that the ink amount which can be recorded within a

shoit time may become 20 nl/mm2 or less in the non-

= mma—e —_— - —

coated paper.and-ﬁs nl/mm2 or less in the coated paper.
To describe again, the absorption éf ink onto

‘paper, as shown in Fig. 6A.may be considered to be -
effected in fhe ordei of contact, collision, dot
formation, permeation, drying. As shown in Fig. 4,
in the case of the non-coated paper, in a time of
0.2 S or sharter, no ink of 11 to 12 nl./inm2 Oor more
can be absorbed and therefore, ink is dischérged in
an amount smaller than this range. Accordingly, in
the present invegfion,:such problem can be preveﬁted
that the ink will bé overflowed and, as shown in Fié.
6B, fhe o#erflowed ink is attracted to the adjacent
ink which has reached previously onto the paper,
wherebf blotting occurs at the bouﬁdary portion.

) in short, in the present embodiment, siﬁce
head scanning is performed successively with the
recording regions for the respective heads being

adeduétely separated depending on the recording
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' medium in one scanning, blotting at the boundary
portion'as shoﬁn in Fig. 7 can be reduced to great
extent. B

For verifying the effect of this embodiment,
the recofding test was performed unde; thé conditions
shown below and consequéntly_good recorded images little
.blotting at the boundéry portidn could be obtained. 1In
contrast, when récording was performed simultaneousl&
with EEg_gE;angement of heaég_bging constituted‘gg
.that the respective head recordiﬁg.regions were over-
lapped with each other as in the ink jet recording
device in the prior art, images which were entirely
practically useless were obtained.

- To describe in detail, this embodiment can

perform recording of 7 colors by use of 4 colors of
R, G, B, K, and recording was performed on a recording
medium of A4 size at a ¥ecording density of 360 DPi
and a driving frequency of 5.4 kHz. For this recording
medium, a two-fold paper on which the diameter of the
ink droplet emitted is expanded to 2-fold is used.

In this case, because the recording density_
is 360 DPI, the picture element size becomes 70.56 ym
squére, and the dot diameter embedding the pictu:é
_element as. a whole becomes 100 uﬁ. Accordingly, the
droplet diameter emitted onto the.2-fold paper becomes
'50/um, namely its volume becomes 65.5 pl.

When recording is performed under such conditions,
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thé plane deqﬁity of mono-color (one discharge) becomes

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

2

discharges) becomes 26.3 hl/mm . and when two colors

‘are overlapped or adjoineq at the same time as shown

in Fig. 5, the image becomes bad. - |

Also, as in the constitution of the prior art -
shown in Figs. 15A and 15B, when recording ;s performéd
without dividing the recording region so that paper

feeding may be performed per every cérriage scannipg

for 4 times, because the recording medium 8 contacts
the paper discharge rolle;";air 16 immediately after
ink emission of the fourth colorj—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 coné&itute the
paper discharge.roller pair with the width L of the
discharge port array or longer apart from the recording
section, wheréby the device becomes enlarged and also
the aiding effect for the conve&ing beit 11 (stabi-
lization of the recording medium) is also 1oweréd
to make it necessary to expand the opposed distance
between the head and the recording medium, resulting
in déterioration of the shooting precision of ink.
-In contrast, since this embodiment is a cbn-

stitution such that the recording medium reaches the

‘paper dischargg roller after scanning for 3 times on

completion of all recoxrding of the first portion, 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

' oﬁiy of K ink, recording may be performed in the whqle
. head region, and paper feeding may be done with L width,.-
whereby the recording speed can be made greater-in the
case of mono-color recoxrding.

In the case when the recording medium is a

trgﬁspa;ené film formed o% PET or PET coated wigg;an

water absorptive material, the present embodiment is

also effgg?ive.

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

Further, even in the case of performing'mono-
color recording with one multi-nozzle head, therg is
the effect in making the image quality hiéher similarly
as in the present embodiment. That is, by use of a
head with discharge amount set small so that the same
picture element may be formed with two ink droplets,
by recording ink of the same color with divided nozzles,

the image deterioration by connection of the ink in the

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

of "'ink of the same color divided each into 6.6'n1/mm
with the droplet volume being made about half under

the same conditions as in the present embodiment, further
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. higher image quality can be.acéompiished. Also, with

thé discharge amount being made the same as in the

..presénf'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 tﬁis embodiment

has a constitution of recording heads corresponding to

recordihg of full color. That is, it has recor@igg heads

s
———

1A, 22, 3A and 4A corresponding to the respecti#e colors
or yellow (Y), magenta (M), black (K) and cyan (C).

Each of these recording heads 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 respective Colors,.and.'
therefore when there 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 thé head of this
embbdiment, it bécomes posSible to effect strict |
registrétion 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 head shown in Fig; le
which are similar to Figs..14A;and 14B, respectively.

- _This embodiment shows the constitution in which
recording at a recording densify of 600 DPI is performed
on a 2-fold paper. Thus, since tﬁe recording density if
600 DPI, the picture element size 42.33 nm is defermined,“
and similarly as éescribed above, the droplet diamter
become_30 um and its volume 14.2 pl. —

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

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

Accordingly, as shown in Fig. 17A, it becomes
possible that the recording heads correspondiﬁg.£0m2 colors
make the recording regions the same.  That is, the

‘.

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

recording regions as the recording heads 1A and 3A of Y

ink and K ink, respectively, and recordiﬂg of A3 size is
performed by scanning for.153 times in the data mode as
shown in Fig. 17B: |

Fig. 18 is a perspective view of an ink jet
recording_device which can mount the recofding heads shown
in Fig. 16 and Fig. 17, and the carriage 5 is engaged

slidably with a pair of guide shafts, and makes scanning
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of the.recording_regidns with the recbréing heads 1A, 2A,
3A, 4A possible by driving of the carriage motor SA.

Thus, the number of the recording regions divided
can be set'as'desired, and thisrsetting is doneiby
varying the paéer_féeding amount and the recordiﬁg signal
supplied to the recording hegds in the cohtrol cqnsfitution
'quyn in Fig. 13. By doing so, the method can correspond
to recording media inferior in ink absorptioh character-
isticn_iggg_as pléin paper oE_tEanéparent paper fg; OHP, L
. whereby recording ;edia can be diversified._

| Among plain papers, some are also poor in color

formability of ink, and it may be sometimes necessary to
increase the density, particularly in the case of record-
ing with a mono-color ink. In this case, for egample,
‘the dischg:ge ports of the recording head 6f 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 scanningl 2 3 ... ... 150 151 '152 153

K(2) region 0 K; K, ... ... Kj49 K150 K151 K152

K(1) region (K; Kz K ..« K K 0

3 " 150 X151 X152
_Accordin§ to this embodiment, it becomes possible
to divgrsify the reéording medié by diversifyingJof'thé
;ecording mode. Also, although image deterioration
through the differencé in shooting precision, discharged

amount, etc. existing between the discharge ports is

intensified by overlapping reéording with the same ports,



- 38 -

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

Fig. 19 is a conceptional view of the recording
method according to the seventh embodiment of the.presen?
invention. | .

This embodiment:has a'constitﬁfion tekan in the
case of low recording density; and in this case,ubecaﬁse
the ink density of mono-color becomes higher, the |

possibility of blottlng between the scannlng lines becomes

—— —— - a—

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 f£ilm
only once, and therefore ebsorption with the dye becomes-
smaller, whereby contrast of the prqjected image can be
obtained Qith difficulty.' For this reason, a thick ink
receptive layer (opaque) is provided on a film such as PET,
etc., whereby ink absorptivity can be improved, and
tﬁerefoie.by performing recording with 4 divided fecording
.regions, recording ofeﬁigh deesity withoﬁt blotting
becomes possible.

For recording in this embodiment, inks of tﬁo
colors of R and K were employed, and two heads hav1ng 50
dlscharge ports were arrayed in the scanning direction. -
Recording of A4 size was performed at a recording density
300 DPI and a driving frequency of 4kHz.

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

the droplet diameter 60 nm, the droplet volume 113 pl,
the mono-colbr ink plane density 15.8 nl/mmz, andugwo—color
ink plaﬁe density 31;6 nl/mme. .
' The recordiﬁg signals in the recording method
shown in Fig. 19 are shown in the following Téble;
Head scanning 1 2 35 4 5 6 7 8 9 ...
K(4) region o 0 0 0 0 0 O O O...
__K(3) region 0 0O ’Kl_Kz K3 K4 K5 K6 K7 ...
K(2) region 000 0 0 0 0 0 0 0 ...
K(1) region K1 K2 K3 K4 K5 K6 K7 K8 K9 ...
K(4) region 0 0 O Rl R2 R3 R4 RS R6 ...
K(3) region 6 0 0 0 0 0 0 0 0 ...
'K(2) region 0 R1 R2 R3 R4 R5 R6 R7 R8 ...
K(1) region 0 0 0 0 0 0 O 0 O ...
As desqribed above, when overlapping recoréing
is performed with inks of plural colors, the emission
amoﬁnt of "inks will become very high in density, and
therefore in the system as in the prior art wherein
recording of the next iine is commenced with paper feeding
per every compleiiqn of scanning for plural times, the
difference in ink receptive amount between the lines_
becomes greater. As the result, image deteriorafion
(density honuniformity) of the-ﬁoint which may be
cdnsidgred to be éaused to the change in absorption

phenomenon of ink of the next line is liable to be
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generéteé at the boundary portion between scanning lines,
whereby blotting-of the previous line toward thé papéf
feeding direcéion is great. |

| In contfésts, in the seventh embodiment as
- described above, since the ink receptive amount changes
gradually per every line, such t;ouble becomes little.

Also, as the problem caused by increaée of ink
amount, there may sometimes occur waving phenoﬁenon of
. paper due to swelling, stretching and shrinkage by ink
reception of the paper, but in the present embodiment,
since the_region'éhich ha§ become to have the maximum ink
density within the same time has become smaller as
compared with the prior art example as described above,
there is also the effecf that waving is suppressed.
Accordingly, it is not necessary to 9xpand specially the
-interval between the head and the recording medium, whereby
shooting precision is more excellent than the prior art
example to imprer image quality.

As is apparent from the above description,_
according to the plural number df recording heads,
recording medium is conveyed with only the width éf the
recording divided in evéfj one'scanning, and recording '
is performed only with the predetermined discharge ports
corresponding to the recording regions in response to
suéh 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 regordi;g region, the ink emission
region or one scanning can be made narrower substantially
.withoﬁt-incréasing the scanning times, gnd therefore
cockling wﬁich is the waving phenomenoﬂ of recordin§

" medium can be made little. Also, since the paper .
discharge portion can be made shorter, miniaturization

of the main body has been rendered possible.

.' Further, as compared with overlapping recording of
_the recording region over thé—whole head width, tke width
‘of thé region reaching the maximum density at the same
time can be made narrower suﬁstantially without increasing
the scanning times, and thefefore cockling can_ﬁe made
little, and éigo the difference in ink receiving ability
during.émission between the scanniﬁg lines pan~be made
little, whereby the density uniformity at the line’
boundary portion has become better. Also, since
overlapping emissidhs are done through separate discharge
ports, the density irregularity due to the differénce in
discharge port precision is alleviated. 'Also, in
performing overlapping recording, the-recording time caﬂ
be.reduced,_and otherwise_the joint between the imagé; can
be made -better.

-Further, in addition, d desirable
- diversity of recording can be provided to users, whereby
it has become possible to perform good recording 6n a

diversity of recording media.
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Fig. 20 shows the basic schematic view of the
" device for obtaining the optimum recording speed
_improvem;nt ratio after having obtained higher density
or higher image qﬁali?y by partial use of the respective
heads of the present inVention.

400 is a means for detecting automaticélly or
manually the material of the reéording medium (difference“.
in materials, inciuding paper or resin sheet or converted
paper, semiconverted paper, those with great ink._absorption
amouﬂt,‘plain paper A, B, C: see Fié. 21), and as the
automatic-discrimination, various known discrimination
methods such as light transmission, attachment.of different
marks according to the respective materials and
discrimination thereof, etc. can be utilized. 500 is a
means for determining the number for the total number
M of the discharge ports of each recording head, and in
this embodiment, the divided ratio n of the tbtéi number
M is determined in the present embodiment. Specifically,
the means® 500 has determined which one of the groups Gl
to G8 (Gl to G8 are groups each having 8 dlscharge ports)
sulted for recordlng of the recording )
heads 1, 2, 3, 4 suitable for the materiai of the
recording material should be used. According to .the
specific example of the present embédiment, 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 tﬁerefdre no divided driving may'be.practiced, but
:ecor@ing speed ﬁill be thereby lowered. For this reason,
for ufilizing the effect of the present invention, n may
'ge preféfably 2 or more. For the ratio n, with'the
.discrimination resulg of semi-c;nverted paper, plain papér 
A, n=2 is employed, and recording of the eﬁbodimgnt_
"shown in Figs. 17A, 17B as déscribed above is practiced.

On the other hand, with the discrimination result of plain

papei B, n=4 is employed, and recording of the embodiment -

—

shown in Fig. 19 is practiced. Further, for plain paper
C or OHP sheet, n=8 is employed, and group él units with
one scanning width of dischﬁrge 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 the dischafge
ports to be ;sed for the recording heads 1, 2, 3, 4 are
determined and driven on the basis of the rafio n
determined by the above-mentioned determining means 500.
700 is a recordin; medium conveying means, and for the
printable regions x at all the discharge ports of tﬁe
recording head, the conveying amounf x/n of one scannipg
unit is dgterminéd on the basic of the ratio n determined
by the determining means 500, and the pitch with respect
to the-recording medium conveying direction whiéﬁ is the
sub-scanning in the recording mode deterﬁined is
'continued"to be delivered each by x/n.

With the constitution shown in Fig. 20,
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.régardless of the kind of the recording medium, ink jet
recording of godd'qﬁality and high speed éan be surely
performed. - 7

Fig. 21 shows the display panel 809 by which the
opefator.detefmineé the division'rafiq n for conveying
the abovementioned recofding:heads corresponding_td the
'recording medium to be empldfed, 801 is the key for
converted paper,'and by turping'on the key, the recording
mode described in Fig. 21 ié_geg. -§imilarly, 802_is the
key for semi-converted paper, pléin 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 whiéh 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 qf_course, but may be also provided for practicing_
varioug kinds of recording systems. |

The ﬁumerical values in the foregoing embodiments
are not of course limiting conditions for the present

invention, and the precision of the_present invention

is enough even if the number of diSéharge ports to be
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used may be determined without determination of the ratio

"of the total number of discharge ports.

The present invention brings about excellent

" effects particularly in ;gcording heads, recbrdiné-devices

‘of the bubble jet system among the ink jet recording

systems.

Its representative céﬁstitutions gpd principiés“
should be preferably those by use of the basic principlg
disclosgd in U.S. Patents 4723129 and 4740796. Tyis

—— a—

system is applicable to either of;the so called_on-demand
type and continuous typejmbut particularly in the case

of the on-demand type, it ié efgéctive, because by
applying at least one driving signal which gives abrupt
temperature elevation exceeding nuclear boiling to the
électrothermal'transducers arranged coé?esponding to

the sheets or iiquid passages on which liquid (ink) is
held, heat energy can be generatéd in fhe electrothermal
transducers io effect film boiling on the heat;acting

surface of the recording head, and consequently form

bubbles within the liquid (ink) corresponding one by

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

may be_dischargéd through opening for discharge by.
growth, shrinkage of the bubbles, at least one droplet
will be formed. By making the driving signal sﬁaped
in pulse, instantly growth and“shrinkage of the bubble
are effected adequately, whereby discharge of liquid

(ink) particularly excellent in response characteristic
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can be mére preferably accomplished. As the pulse-shaped
driving signal, those as described in U.S. Pﬁtents.
4463359 and 4345262 are suitable. .Further-recordihg
'gaﬁ'be performed by employment of the conditions disclosed‘
/in U.S. Patent 4313124 concerning the temperature
elevation ratio of the. above-mentioned heat—agting
surface. |
| As the constitution of the recording head, in

addifioq to the combined constitution of discharge port,

w—

liquid passage, electrothermal transducer as disclosed

in the respective "specifications as mentioned abov

(linear. liquid passage.or right anglelliquid passage),
the constitutions by use of U.S. Patents 4558333 and
4459600 - disclosing the constitution in which the heat-
‘acting portion is arranged in a flexed region are also
included within the pfesent invention. 1In addition,

the present invention is also effective even if the
constitution may be made one based on,thé-constifutidn
disclosed-in_Japaneselaid-dpén Patent Application

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

Patent Application No. 59-138461 which discloses_- the
constitution comprising opening for absorbing the
pﬁessure 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 exchangeable chip type which enables electrical

'cénnection-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 1ntegrally
provided on the recording head itself.

Also, addition of restoration means, preliminary

aiding means, etc. to the recording head is.proQidéd

——— — = — *

‘as the constitution of the recording device of the

present invention is preferable, because the effects
of the preéent_invention can be further stabilized.
Specific examples of such means may include, for recording
heads, capping méans, cleaning means, pressurization
or suction means, preliminary heating means such as
electrothermal transducer or heating element separate
from this or combination of these, and it is also
effective for performing stable recording to practice
a preliminary discharge mode which performs discharging
separately from recording. |

Further, as the hecording mode of the recording
deQice, not only'the recording mode only of the main
color such as black, etc., but also the recordlng head
can be constltuted integrally or according to a
combination of plural number, and the present invention
is extremely effective also for a device equipped with

at least one of complex colors with different colors



dr-fuil colors. by color mixing.

The present invention can solve adequately the
various pfoblems fouhd_bj the present inventors according
to the qonstitution, driving not found in the prior art,
and is an industriallf-éffective invention.

An ink'jet recording device comprises a carriage
“ having a plural number of ink jet recording heads each
having a plural number of disqhérge ports mounted

thereon, a means for giving recording ink signalé_;o

———

the ink discharge energy generating'elements corresponding
to all or a part of the respective plural number of
discharge ports of the plural number of discharge

heads, and a control means, which increases the number

of recording heads to be used during recording of the
fecordable region formed by the total sum of all the
dzscharge regions of the plural number of recording

heads from initiation of recording onto a recording
medium, reducing the numbér of recording heads to be

used during recording of the fecordable region in the
recording completion region of the recordiné medium,

and has one scanning width to be recorded by scanning -
by the ;gcording head during recording as the feeding

pitch of the recording medium.
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Claims -

1.

An ink jet recording device comprising:

-scanning means for scanning a plural number of ink jet recording heads. wherem each of said ink
jet recording heads has a plurality of discharge ports, and wherein said discharge ports are adapted to
perform a recording operation within a recording area which is the total area covered by said discharge .
ports during oné scanning operation,

supplying means for supplying recording signals correspondmg to the recordmg 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 bemg able to operate in a first recording mode in whuch a reoordmg mthm said
recordmg area is completed in a single sganning operation, and
said control means being abie to operate in a second recording mode in whnch the recording within
said recording area is completed by plural scanning operations, as a result, the recording area is
subjected to the overlapped recordings by different discharge ports,
characterized in
that said control means selec!s the recording mode accordmg m a condition at least relating to a

' material quality of the recording medium.

7.

10.

1",

12

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 plurality 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 1/n of the recording area, wherein n is a switchable
integer. -

An ink jet recording device according to any of the preceding claims, -whefein 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 preceding claims, wherein said plurality of recording
heads is four

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

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

An ink jet recording device according to any of the preceding claims, wherein said plurality of recording
heads is integraily formed.

An ink jet recordmg device according to any of the preceding claims, wherein. sand pluramy of recording
heads is exchangeable.




13. .
: increases the portion covered per scanning operation by increasing the number of recording heads

T

An ink jet recording device according to any of the preceding claims, wherein said control means

used for recording and reduces the portion covered per scanning operation Dy reducing the number of

" recording heads used for recording. -

14.

15.

16.

17.

18,

An ink jet recording device according to any of the prececlmg claims, wherein said control means
increases the portion covered per scanning operation by increasing the recording area of one or more
of said recording heads, and decreases the portion covered per scanning operation by decreasing the
recording area of one or more of said recording heads.

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

An ink jet recording device according to claim 1, whereiﬁ 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 second recording mode, when the recordmg medium has a poor ink
coloring property.
An ink jet recording device according to claim 1, wherein B
said control means selects the second recordmg mode, when the recording medium is a film for
OHP.



