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DESCRIPTION

Method for Driving Recording Head, Recording Héad, and Ink Jet Printer

Technical Field

This invention relates to a method for driving a. record heading, a record

_headmg, and an ink jet printer for impacting ink drop]ets on a recording medium and

- thus recordmg dots made of the'ink droplets on-the recording medium. " > -

-Background Art

A récording device of an ink jet system, that is, an ink jet printer, is a printer of

- atype which ejects ink droplets for recording from ejection ports of narrow nozzles
- arrayed on‘arecord heading and impacts the ink droplets on a recording medium such
as paper, thus recording characters or images in the form of dots. This ink jet printer .

 is characterized by a high recording speed, a low recording cost and easy realization -

of color print. As the ink droplet ejection system in this ink jet priliter, a thermal

Systemn using a heating element as an electrothermal conversion element is known.

The printer of the thermal ink jet system has a recording head which has an

- ejection port for ejecting flying droplets (hereinafter also referred to as droplets) of ink

- for recording, an ink flow path communicating with the ejection port, and an

electrothermal conversion element provided at a portion of the ink flow path for

providing ejection energy for forming droplets. In this ink jet printer, the recording
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head provides ejection energy to the iﬁk in the ink flow path by applying a drive pulse -
to the electrothermal conversion element at every arrival of the recording head at a |
recording position in accordance with the movement thereof, and thus ej‘ects the ink
é_s flying droplets from the ejection port. Themn, the ink jet printer impacts the droplets -
o-n a recording medium-such as paper, thus forming dots thereon. The dot.s formed on
therecording medium constitute a dot matrix in accordance with the movement of the. -
recording head:: Theink jet prjnter records characters aﬁd,hnages.using- the dot matrix.-
{ ) | In the above-described recording device, generally, the recording head has, for
. example, a plurality of ejection ports in the moving direction (main scanning direction)
. and in the direction perpendicular to the. moving direction (sub scanning direction).
The moving direction of the recording head is referred to as “main scanning direcﬁon”
~ and the direction perpendicular to thé main scanning direction is referred to as “sub
scanning direction.” In ﬂic-ink jet printer, though all the electrothermal conversion .
elements.can ‘be simultaneously driven in recording, it is- considered to divide the
plurality of electrothermal conversion elements iﬁfco several blocks and carry out time-
division drive for sequentially driving the respective divided blocks in a time-divisional.
manner; in order to avoid alarge burden ona power—lsupply unit for supplying power . .
"to the recording head.
Moreover, when recording an image or the like on paper as arecording me_dium,
the ink jet printer generally ﬁses image processing such as a so-called dither method

or an error diffusion method to express the gray scale and prints the image by pseudo
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gray scale expression. Normally, various image quality modes are provided in the ink
jet printer, and the ink jet printer records one line in the main scanning direction with
one nozzle-or records one line with a plurality of nozzles by utilizing the movement
' 6f the paper fed in the sub séanning direction. Particularly when printing an image of
high quality, the ink jet printer uses the latter method for recording with a plurality of -
-.»nozzlesjand shorten the moving distance of the paper.m the sub scanning direction, .. - -
thereby making correction-so that unevenness in the dot impact position‘causing'a .-
() longitudinal stripe in the paper feed direction, that is, a so-called banding noise,
-~ -becomes inconspicuous. - -
- ‘'The recording head in the ink jet printer may be a so-called serial head with a -
| rlength srﬁaﬂ_er than the page width of the paper, or a so-called line head with a length
substantially equal to the page width of the paper. The line head is a recording head
~which enables substantiaﬂy silnulténeous recordinéin the ;&irécﬁon ofthe .width ofthe - .
- paper. - Unlike the: serial-head; the line heaci does not move in-the main séanning
direction. That is, the ink jet p_riﬁter having the line head is characterized in that the
line head or the paper moves only in the sub scanning direction and that a very large
.- number of nozzles are provided in the longitudinal direction of the line head. For
example, with a pitch of 600 dpi (dots per inch), 5100'nozzles per an 8.5-inch width .-
are provided. . ,
Meanwhile, in carrying out multiple gray scale recording in the ink jet printer,

the following two problems arise.
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The first problem is that the ink jet printer having the line head cannot adopt the
recording method used in the ink jet printer having the above-described serial head.
. As the recording method in the ink jet printer having the line-head, it is considered.
- effective touse a PNM (pulse number modulation) system which impacts ink droplets
a plurality of times to overlap, thus forming one dot. However, the use of the PNM-
_ system increases the number of ejection pulses per pixel, and also in consideration of
- the number of nozzles in the-line head, (number ofnozzles) x (pulsenumber):must be:
controlled in the ink jet printer. Thus, there arises a problem that the dissipation
power tends to be largerthan in the case of the serial head.
. The second problem is that, in the ink jet printer having the line head; since thé
. line head does. nof move in the main scanning direct:ion,-the respective lines print
respec‘ave lines. Moreover, the ink jet prmter havmg the line head cannot adopt the
recordmg method used in-the ink jet printer havmg the serial head Thereforc the -
image quahty is -deteriorated by’ nonumfonmty, a streak ‘or the like due to the
- unevenness in the dot impact position on the paper. '
Furthermore, since the ink jet printer ha.ving the line head carries out the above-
_ described. time-division drive, the ink ejection timing differs -among the -nozzles..
Therefore, there arises a problem that a positional shift of dots occurs in the main

scanning direction, causing deterioration in the image quality. .

Disclosure of the Invention
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In view of the foregoiné status of the art, it is an object of the present invention
. to provide a method for driving a recording head, a recording head, and an ink jet
printer which enable reduction in the positional shift of dots on the recording medium
énd the instantaneous maximum dissipation power in time-division drive. .- |
‘According to the present i1‘1vention, there is provided a method for driving a-
recording-head having a plurality of heating elements as driving elements for ejecting

- mk droplets~ﬁ'om-¢asplurality' of nozzles, the-plurality: of: heating: elements-being

0

arranged in a direction substantially perpendicular to the direction of carrying a carried
tecording medium, the method comprising: a time-division driving step of dividing the
‘plurality of heating elements .into a plurality of blocks, each block consisting of a
predetcnnincd. number of spatia]ly arranged heating elements -of the plurality of
heating elements corresponding to the plurality of nozzles, and sequenﬁally driving
eéch— set of heating elements simultaneously drivén ovei'--,the respecti\.re' ‘blocks, in a -
: time-divisionél manner; and a recording step 6f ejecting ink droplets from the'nozzles
corresponding fo the driven heating elements and impacting the ink droplets on the
recording medium, thus recording.dots made of the ink droplets. -
- In such a.method for driving a recording head according to- the : present
: Vin'v'ention, each set of heating elements simﬁltaﬁeously driven over the respective
- divided blocks is sequentially driven in a time—divisional manner. - -. |
. According to the present invention, there is also proﬁded a recording head

having a plurality of heating elements as driving elements for ejecting ink droplets
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from a plurality of nozzlesr', the plurality of heating elemer_lts being arranged in a
direction substantially perpendicular to the direction of carrying a carried recording
medium, the recording head comprising: time-division driving means for dividing the
plurality of heating elements into a plurality of blocks; each block consisting of a
pre.determined number of spatially arranged heating elements.of. the pluraljty of
: .heating elements cerresponding to the plurality of nozzles, aﬁd_ sequentially driving.
each set.of heating elements: simultaneously?driveﬁ'oven-‘thetrespect_ive: blocks, in a:
time-divisional manner; and recording means for ejecting ink droplets from the nozzles
corresponding to the driven heating elements and impacting the ink drbpletson the
recqrding medium; thus recording dots made-of the ink-droplets. . ... -
In sucharecording head according to _the present invention, each set of heating.
elements simultanecusly driven over the respective divided blocks is sequentially
. driven'in a ﬁlne-divisidﬁal manner.
R Accdrding to the present invention, there is also provided-an ink jet printer
- having a recording head having a plurality of héating clements as driving elements for
-ejecting ink droplets from a plurality of nozzles, the plurality of heating elements being
arranged.in a direction substantially perpendicular to the direction of carrying acarried
recording medium, the ink jet printer being Aadapted for recording information -
-including a character and/or an image in the form of dots made of ink droplets; the ink.
jet printer comprising: ti1n¢-divisi0n driving means for dividing the plurality ofheating

elements into a plurality of blocks, each block consisting of a predetermined number
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of spatially .arranged heating elements of the plurality of heating elements
corresponding to the plurality of nozzles, and sequéntjally driving each set of heating -
elements simultaneously driven over the respective blocks, in a time-divisional
.manner; and recording means for eject_ing ik droplets from the nozzles corresponding
. to the driven heating elements. and impacting the ink droplets on the recording
‘medium,. thus recording dots made of the ink droplets. . -
Insuch an ink jet printer according to the present invention, the recording head
{ ) is driven so that each set of hcatiﬁg elements siiﬁultaneously driven over the respective
divided blocks is sequentially driven in a time-divisional manner.

According to the present invention, there is also provided-a method for driving
arecording head having a plurality of heating elements as driving elements for gjecting
ink droplets from a plurality of nozzles, the plurality of heating elements being
arranged in adirection suBstantiaIly perpend-icular to the direction.of canying.a carried

: recordiﬁg medium; the method éomprising: a drive-signal generating step of generating -
an element drive signal made of necessary daté for forming one dot so as to moduiate

| the.diarﬁeter-of a dot by the number of ink droplets, using - one or a plurality of ink

. droplets for-forming one dot; a time-division driving step of dividing the plurality of . - -

. heating elements into-a plurality of blocks, each block consisting of a predetermined

- number of spatially arranged. heating elements of the plurality of heating:¢lements.
corresponding to tﬁe plurality of nozzles, and sequentially.driving each set.of heating

elements simultaneously driven over the respective blocks, in a time-divisional
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manner; and a recording step of ejecting one or a plurality of ink droplets. from the

on the recording medium, thus recording dots made of the ink droplet(s)..

In such:a method for driving a recording head according to the present -

invention, the heating elements are driven to modulate the diameter of a dot by the

number of ink dropleté and each set of heating elements simultaneoﬁély- driven over - -

the respective-divided blocks is:sequentially driven-in:a-time-divisional manner:. .~
According to the present invention, there is also provided a recording head

having a plurality of heating elements as driving elements for ejebting ink droplets

from a plurality of.nozzles; the plurality of heating. elements being arranged in.a-

direction substantially perpendicular to the direction of -carrying a carried recording

medium, the recording head comprising: drive signal generating means for generating

an element drive signal rﬁade- of necessary data for fonnjilg-one.dot 50 as to modulate .
the diameter. of a dot by:the number of ink droplets, using one or a plurality of ink -

droplets for forming one dot; time-division dnvmg means for dividing the plurality of

heating elements into a-plurality of blocks, each block consisting of a predetermined

number of spatially arranged heating elements of the plurality of heating elements - - -
_corresponding to the plurality of nezzles, and sequentially driving each set of heating:
.elements simultaneously driven over the respective blocks, in- a time-divisional

.manner; and recording means for ejecting one or a plurality. of ink droplets from the

nozzles corresponding to the driven heating elements and impacting the ink droplet(s)
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on the recording medium, thus recording dots made of the ink droplet(s).

In such a recording head according to the present inventioﬁ,' the heating
elements are driven to modulate the diameter éf a dot by the number: of ink droplets
énd each-set of heating elements simuitaneously driven over the respective divided.
blocks is sequentially. driven in a-time-divisional manner. "

C Accord—ing- to the present invention, there is also provided-an ink jet printer
~.having arecording head having a plurality of heating elements as driving elements for - -
N ) éj ecting ink droplets from a plurality of nozzles, the plurality of heating elements being

: arfangedin a direction substantially perpendicular to the direction of carrying a carried
. recording medium, the ink jet printer béing adapted for recording. information
| jncluding a character and/or an image in the form of dots made of ink droplets, the ink
jet printer comprising; drive signal generating means for generating an element drive
sig:nal made of necessai‘y data for forming one dot so as to modulate the diameter of
a dotby the number ofink droplets, using one ora plurality of ink droplets for forming

~ one dot; time-division driving means for dividing the plurality of heating elementsinto -
) -2 plurality of blocks, each block consisting of a predetermined number of spatially

- arranged heating elements of the plurality of heating elements corresponding to the

plurality of mnozzies, and sequentially driving ~each .set of heating elements
simultaneously driven over the respective blocks, in a time-divisional manner; and
recording means: of ejecting one or a plurality of ink droplets from the nozzles

corresponding to the driven heating elements and impacting the ink droplet(s) on the
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recording mediuim, ﬂllis recording dots made of the ink droplet(s).
In such an ink jet printer according to the present invention, the recording head
- is driven so that the heating elements are driven to modulate the diameter of a dot by
ti]e mumber of ink droplqts and so that each set of heating. elements simultaneously
driven over the respective divided blocks is s'e-quentially driven in a time-divisional -

manner. .- . -

*.,‘) Bﬁef Description of the Drawings
Fig.1 schematically shows a nozzle anangeﬁ}ent ' a line head provided in an
- -ink jet printer as an-émbodiment 6f the present invention, in.'which -a’ plurality of
. nozzles-are sectioned by a predetermined number to constitute a block.
Fig.2 shows the basic operation of tune d1v151on drive in the ink Jet prmter n
thch ink droplets are ej ected from the nozzles for each phase
- ‘Fig.3.is a partial cross-sectional perspective view showing the overall structure
- of an ink jet printer as a first embodiment of the p.resent invention.
. Fig:4 is a cross-sectional side view showiﬁg-the ink jet printer. - -
- Fig:5is ablock diagram showing the structure ofa recordlng and control system - .
-of an electric circuit unit in the ink jet printer. -
Fig.6 is a block diagram showing the detailed structure of a head drive circuit -
~-shown in Fig.5 and a line head.

Fig.7 illustrates PNM (pulse number modulation) processing by the head drive
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éi-rcui_t shown in Fig.6, and shows the relation between a puise generated by a pulse
- generator provided n the head drive circuit, record dgata storedin a mérnory provided
in the head drive circuit, and a signal outputted from a comparator provided in the
' head-drive circuit. - -
Fig.8 illustrates PNM processing by the head drive circuit shown.in Fig.é, and
shows the operation at the compafator provided ih the head drive circuit. .-
Fig.9A 1san 'outef'sidé:view for'éxplaihing-'the‘strucnlre. ofthe line-head for one
“\() color. -
~ Fig.9B is an outer bottom vie_w for explaining thé structure of the line head for -
one color. |
: Fig. 10-1llustrates the detailed structure of é head chip.
Fig.11A s a side view showing a cross section along a line A-A in the line head
of Fig.9B. . |
e Fig.11B is aside view,showing a ctosséection a—long'a line B-B1n the line head - -
of Fig.9B. |
- -, Fig.12 is.a partial perspective view showing the line head. of Figs.9A and 9B
from the bottom side.: .
Fig.13 is a partial perspective view shoudi;g the detailed structure near-the
‘nozzles in the line head of Figs.9A and 9B and showing the line head from the head-

chip side.

Fig.14 shows an arrangement of -two adjacent groups of nozzles in a
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" conventional line head.

. Fig.15A shows the state of groupé of dots recorded by using the head éhip of
the -arrangement shown in Fig.13 and shows the state where a change point (line) of
fhe diameter of dot ‘is generated on the boundary of groups of dots recorded by using

_ different groups of nozzles.

T3

- - F1g:15B shows the state of groups of dots recordéd by using the head chip of
the arrangement shown in: Fig.13: and: shows the state. where- an. oveﬂap:;ofdbts s -
_ \ ) ~ generated on the boundary of groups of dots recorded by using different groups of
nozzles. - - | |
Fig.15C sho_ws the state of groups of dots recorded by using the head chip of . -
thé arrangement shown in Fig.13 and shows the staté where a gap between dots is
generated on the boundary of groups of dots recordedby using different gfou_ps* of
nozzles. | | |
o Fig;lSD shows the state of groups of dots recorded by using the head chip of - -
the arrangement shown in Fig.13 and shows the state where a step between dots is
RN generated on the boundary of groups of dots recorded by using different groups of -
nozzles.
Fig.16 shows the arrangement of two adjacent groups ofnozzles inthe line head
shown in Figs.9A and 9B.
Fig.17 shows the state of groups of dots recorded by using the line head shown

in Figs.9A and 9B.
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~ Fig.18 is a conceptual \}iew for explaining the principle of PNM.
Fig.19 shows the relation between the quantity of ink droplets ejected from the
nozzles and the power applied to the heating elements or the pulse durati.on,

| . Fig.20A shows the relation between the gray scale level and the quantity of .-
‘ .'ejectidn before the pulse mimber is corrected in accordance: with the qﬁantity of

N ejection_ from the nozzles.. . -

. .- Fig.20B shows the-relation between the: gray:scale level.and the quantity of

7N
L

gjection after the pulse number 1s cbrrecte_d in accordance with the quantity of ejection
from the nozzles.
Fig.21 is a block diagram showing .the structure of an aut_bmatic measuring .
-device for measuring the diameter of a dot. |
Fig.22 shows the state of dots formed in the case where the pulse number is
increased with reference fo a given time poi.nt irrespective of the recording &ii‘ection
- in performing PNM.: . -
- Fig.23A shows the state of each dot to be recorded on paper, in which each dot
- is:recorded so that the center of each dot is located at a lattice point.
. Fig.23B shows the state of each dot to be recorded on paper, in which a dot with
- a large diameter is recorded.so that the center of the dot with a.large diameter is not .-
located at a predetermined lattice poi:it for recording.
Fig.24 shows the state.of a dot formed in the case where recording is carried-out

by generating a pulse to be an object of comparison with the record data from the
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‘comparator so that the resultant dot is equivalent to a dot formed by distributing ink

~ droplets in the paper feed direction éylmnenically about a lattice point as the center
in performmg PNM, and shows the case where a dot having én ultimate diameter is
.fonned with ink droplets of even ordinal numbers.. - ..

- Fig.25A illustrates a specific example of recording by the method shown in
Fig.24, gmd shows the relation_between a pulse generated.by.the:pulse generator
provided in the head drive circuit, record data ‘stored‘ in the memory provided in the

| /) head drive circuit, and a signal outpuﬁed from the comparator provided in the head
drive circuit; in the case where data with respect to the heating elements has a value
2. |
Fig.25B illustrates: a specific example of recording by the method shown m
Fig.24, and shows the relation between a pulse generated by the pulse generator
- provided in the head drive circuit, record data stor,ed'infhe memory pfovided in the ...
head drive circuit, and a signal outputted-froﬁl the comparator provided in the head
drive circuit, in the case where data with respect to the heating elements has a value -
S g | |
Fig.26.shows the state of a dot formed in the casé where recording is carried out. -
- by generating. a pulse to be an object of compaﬁs;on.with- the record data from the
comparator so that the resultant dot is équivalent to a dot formed by distributing mk-
droplets in the paper feed direction symmetrically about a lattice point as the center -

in performing PNM, and shows the case where a dot having an ultimate diameter is



.-
DAY
1

15

formed with ink droplets of odd ordinal numbers.

I .. Fig.27A illustrates a specific example of recording by the method shown in

Fig.26, and shows the relation between a puise generated by the pulse generator

. ﬁrovided in the head drive circuit, record data stored in the memory provided in the .
. head drive circuit, and a signal outputted from the .comparator provided in the heéd
. d.rive.ci;_rcuit, in the case where data with respect to.the heating elements has a vaiue
I ST L atT L e WA SLUILIE T e Tl
- Fig27B illustrates a specific example of recording by the method shown, in_
~ Fig26, and shows the relation between a pulse generated by the puise” éenerator
provided in the head drive circuit, record data stored in the memory provided in the - -
.head drive circuit; and a'signal outputted from thg: comparator providéd in the head

drive circuit, in the case where data with respect to the heating elements has a value

37
S Fig:28is acircuit‘diégl‘am showingan exemplary electrical structure of the head
chip S ,
Fig.29 is a chart showiﬁg the timing of output data outputted from the

- comparator. - ... -

Fig.30:shows an exemplary arrangement of dotsto be recorded on the paper. by
using a method for driving a line head provided in an ink jet prinfer as a second
embodiment of the present invention.

Fig3lisa plan view showing an exemplary structure of a line head provided
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in an mk jet printer as a third embodiment of the present invention.

: .F ig.32 shows an exemplary arrangement of dots to bé recorded on the paper by
using a method for driving the line head provided in-the ink jet printer of Fig.B 1.
| Fig.33 is a chart showing exemplary timing of a phase signal outputted from a
time-division drive phase generating circuit ina line head.prov-i@edin an ink jet printer . ..
as a fourth.embodiment of the present invention. .- .. ..~ )

Fig.34-is a circuit:diagram showing an exemplary: elé@tlical structure.of a head: - -

i ) chip iﬁ a line head provided in an ink jet printer as a fifth embodiment of the present

mnvention.-

7 Best Mode for Car;ying Out the Invention
Preferred embodiments of the present invention will now be. described in detail
‘with reference to the drawings. _ | .
- 'This-erﬁbodiment-.'is applied to an ink jet printer which employs.a thermal
system for gjecting ink droplets and which has, as éreéording head, aline head having -
-  heating elements as driving elements for ejecting ink droplets in which the plurality of

heating.elements are arrayed in a direction substantially perpendicular to the feed
‘direction of paper as a recording medium. This ink jet printer has the line head and

- thus can carry. out recording by-scanning the same portion.on the paper only onee in
one print. Moreover, in this ink jet printer, the plurality. of heating elements provided

in the line head are divided into a plurality of blocks, each block consistiﬁg of a
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~ predetermined number of spaﬁally arranged heating elements, and time-division drive -
is carried out at. the time of reco;ding, in which each set of heating elements
simultanéously driven over the respective blocks is sequentially driven in a fime-
divisional manner. Thus, it is possible to reduce the positional shift of dots on the .
.. paper as a recording mediuilr‘l and the instantaneous maximum dissipation power in
time-division drive. | | |
- Prlor to-explanation of the _speciﬁ;:. constitution-of:the ink jet printer, the basic -
: ) operation of time-division drive will be described by ﬁsing a éimple example, Aswill
be later described in detail, the ink jet printer has a structure in which—ﬁ line head for
one color has a plurality of head chips and each head chip has heating elements
~ corresponding to a plurality of nozzles for ejecting ink droplets arrayed substantially
ina straight line. Therefdre, time-~division drive iS éxplained by showing the nozzles
in place of the heating elements. . |
In the.inkjet printer, as schematically shown inFig.l, a plur-élity of nozzlesare .

+ arrayed substantially in a straight line in the head chip; and the plurality of nozzles are

F—

sectioned by a predetermined number and divided into aplurality of blocks. InFig.1,

- the blocks are denoted by By; B,, ..., B, from left and-the nozzles.in each. block are |
denoted by N,, N, N, , N, ;. N, from left. -In the ink jet-printer, the respective .
nozzles (heaﬁng elements) in the respective blocks are sequentially driven in a time-

- divisional manner. In this case, in the ink jet printer, the positions of the nozzles.

(heatiﬁg elements) in the respective blocks are considered as phases. The nozzles -
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" (beating elements) of the same phase are grouped as a set and ink droplets are

: sequénfially gjected by each set as a unit. In the description, a nozzle N;1in each block .

1s refcrred to as a nozzle of the i-th phase, if necessary.
.. Specifically, i in the ink jet printer, ejection of ink droplets is made possﬂ:le from
the nozzles N, of the first phase in the respective blocks, as shown in the top stage 1n

Fig.2. In Fig.2, the nozzles allowed to-eject ink droplets are denoted by “®.” That is,

- in the ink jet printer, data for then nozzles N;. corresponding:to the number of blocks .
are supplied to the head chips and whether or not to drive the n heating elements
corresponding to the n nozzles N, is determined: Thus; ink droplets are ejected or not

- ejected from the respective nozzles N;.

- Subsequently, in the ink jet printer,'ejection of ink droplets is made possible

" from the nozzles N, of the second phase in the respectlvc blocks, as shown in the

second stage in Fig.2. That is, in the ink jet printer, data for the n:nozzles N, are

r-.'suppliedl to- ’the-head;-chips and whether or not. to:drive the-n.heating elements

corresponding to the n nozzles N, is determined. Thus;ink' droplets are ejected or not

ejected from the respective nozzles N,.

. ... Next, in the ink jet printer, ejection of ink droplets is made:possible from the .
- . nozzles N; of the third phase in the respective. bloéks, as shown in the third stage in
. Fig.2. . That is, in the ink jet printer, data for the n nozzles N, are supplied to the head

chips and -whether or not to drive the n heating elements corresponding to-the n

nozzles Nj is determined. Thus, ink droplets are ejected or not ejected from the
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resp'ective nozzles N,

Then, in the ink jet printer, the similar operation is sequentially carried out and

. gjection of ink droplets is made porssible from the nozzies N, of the m-th phase in the
réspective blocks, as shown in the bottom stage in Fig.2. That is, in the ink jet printer,.- -
- data f:Qr the nnozzles N,,, are supplied to the head chips and whether or not to drive the- -

~n hgating elements corresponding to-the n. nozzles N, is determoined. . Thus,: ink

- droplets are:ejected or not-ejected from the respective nozzles N,,.

In this manner, in the ink jet printer, the ‘plurality of heating elements

corresponding to the plurality of nozzles are divided into the plurality of blocks and -

the heating elements of the same phase are sequentially driven, thus realizing time-

division drive. By carrying out such processing, the ink jet printer can realize time- .

division drive of m divisions. For example, the ink jet printer can carry out time-

division drive of 64 divisions by dividing the heating elements in.one head. chip into "~ -
.- 7 blocks,- with one block consisting of 64 heating -elements: -corresponding to-64-

nozzles. The ink jet printer carries out such proc;eé;éing with respect to the plurality of -

head chips in the line head in printing one line, and also with respect to the line heads

. for all colors.. When carrying out PNM.(pulse-numbermodulation),‘--whichwill be later

described,-the ink jet printer additionally carries out such processing by the number

of ejection pulses per pixel.

In this description, the adjacent nozzles such as the nezzles N of the-first -

phase, the nozzles N, of the second phase, the nozzles N; of the third phase, ..., the
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" nozzles N,, of the m-th phase 'aie sequentially driven, as amatter of convenience.
However, in order to avoid the influence of cross talk due to the driving of the adjacent

. heating elements, the driving order may be changed so that the distant heating -

. eleinents are driven next.- In this case, too, the ink jet printer drives the nozzles of the--

same phase- in the respective blocks. )
- .~ A specific ink jet printer using such time-division drive will- now be des_cribed-. oo

. i_n detail; - oo wed e b rnp soneddugedes UG T DARET L8

<) | Fig.3 shows the overall structure of an ink jet printer 100 as a first embodiment..

The ink jet printer 100 has-a recording head having a-PNM function to inodulate the-

diameter of a dot by the number of ink droplets, using one or a plurality of ink droplets. -~ .. |
: for forming one dot. - .. - - S e o _ !
The ink jet printer 100 has a:'line head 120 having a recording range of

. - substantially:the same-dimension as thé page width of the paper P, a.pap_er feed unit -

s ey

130 for feeding-ﬂie paper P into a predetermined Vdirection, a:paper.charge unit-140.for
‘supplying the paper P'to the line head 120, a paper-fray 150 for housing the paper P,
-and an electric circuit unit 160 for carrying out drive control of these units, which are
.-provided mside a casing:110 constituting the appearance of the-ink jet printer 100, as. .
shownin Figs.3and 4. = . . .
The  casing 110 is formed, for example, in the shapé of a rectangular.. -
- parallelepiped. A paper discharge port 111 for discharging.tﬁe paper P 1s provided on

~one lateral side of the lateral sides of the casing 110, and a tray inlet/outlet 112 for
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attaching/detaching the paper tray 150 is provided on another lateral side that is

opposite to the one lateral side.

The line heads 120 for four colors, for example, CMYK (cyan, magenta, yellow

. and black), are provided. The line heads 120 are provided in an upper space at the end

on the side of the paper discharge port 111 inside the casing 110, with the nozzles

. . facing downward, though not shown..

AT
—

- for catching the paper P between them and feeding the paper P;'-a paper feed motor =

. 134 as a driving source:for rotationally driving later-described. pulleys 135, 136;-

- The paper feed:unit 130:has the following:constituent. elements: a paper, feed -

guide 131 constituting a supply path in feeding the paper P; paper feed rollers 132, 133

- pulleys 135, 136 for rotationally driving the rollers 132, 133; and belts 137, 138 for

- -transmitting the driving of the papef feed motor 134 to the pulleys 135, 136. The

. .- paper.feed unit 130 is provided in a lower space at the end on.the side of the paper -

- disch'arge. port-1 11-inside.the casing 110. ‘The paper feed guide. 131 is formed in the

. each other. The paper feed rollers 132, 133 are provided.on both sides of the paper-

shape of a flat plate and is provided at a predetermined spacing below the line head

120. . Each of the paper feed rollers 132, 133 consists of a pair of rollers contacting

feed guide 131, that is, on the side of the tray inlet/outlet 112 and on the side of the

paper discharge port 111, respectively. The paper feed motor 134 is provided below

the paper feed guide 131-and is connected with the paper feed rollers 132, 133 via the
pulleys 135, 136 and the belts 137, 138.
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The paper charge unit 140 has a paper charge roller 141 for supplying fhe paper
P to the papef feed unit 130, a paper .chal_'gc motor 142 as a driving source for
rofationa]ly driving later-described gears 143, and gears 143 rotationally driven by the "
péper charge motor 142. The paper charge unit 140 is provided nearer to the tray
- inlet/outlet 112 than the paper feed uni’; 130 is. The paper charge roller 141.is formed
ma subs’_cantially semi-cylindrical shape and is provided near the paper-feed rollers 132 .-
on the éide of the tray inlet/outlet:112- The-paper charge motor 142 isprovided above
the paper charge roller 141 and is connected with the paper charge roller 141 via the
gears 143, |
. - Thepapertray 150 is formed in a box-like shape capable ofhousing aplurality
of stacked sheets of paper P of A4 size.r The paper tray. ISO'ﬁas a paper support 152
which is retained by a spring 151 at one end portion on the bottom side thereof. The
pa?er tray-150°is loaded in é'space ranging from below-the paper charge unit 140 to. - -
- the tray 'ﬁﬂet/oﬁﬂet-l:-l-Z-;_: :

-+ The electric circuit unit 160 is a unit for coxitrolh'ng the driving of each section

PPN
e

and is provided above the. paper tray 150.
.- The ink jét printer. 100 as described above carries out the printing operation in
the following manner.- . -
First, a user turﬁs on the power of the ink jet printer 100, then-pulls out the -
. paper tray 150 from the tray inlet/outlet 112 to put a predetermined number of sheets - -

of paper P therein, and pushes the paper tray 150 in the tray inlet/outlet 112, thus



i ,fon.n of dots.on the paper P.- Then, in the ink jet pﬁnterle.O,—. the: pair ‘of paper feed - -~ - -
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Joading the paper tray 150. Then, in the ink jet printer 1‘00, the energizing force ofthe
spring.'15 | causes the paper supp’ort 152 to raise one end portion of the paper P, thus

pushing the one end portion of the paper P against the paper chargé roller 141. Then,

.in the ink jet printer 100, the driving of the paper charge motor 142 rotationally drives
. the paper charge roller 141, thus feeding one sheet of paper P from the paper tray 150
- to the paper feed rollers 132. . . |

... Subsequently; in the:ink jet printer 100; the-driving of the paper-feed motor 134-- -

rotationally drives the paper feed rollers 132, 133, and the pair of paper feed rollers

132 catch the paper P fed from the paper tray 150, thus feeding the paper to the paper

feed guide-131. Then, in the ink jet printer. 100, -the line head 120 operates at -
‘ predeteﬁm'ned timing to eject mk droplets from the nozzles and impact the ink droplets-

- onthe paper P, thus recording information including a character and/or an image inthe

rollers 133 catch the paper P fed along the paper feed guide 131, thus dis_charging the - -

paper P from the paper discharge port 111.
The ink jet p_ﬁnfer 100 repeats such an operation to generate prints until the
recording is.completed.

. ‘The electric circuit unit 160 in the ink jet printer 100 will now be described.

-As shown in Fig.5, the electric circuit unit 160 has the following constituent .

elements: a signal processing and control circuit 161 for carrying out signal processing

and control processing based on software, for example, as the configuration of a CPU
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* (central processing unit) and a DSP (digital signal processor); a correcting circuit 162

in which predetermined correction data is stored in a so-called ROM (read only

_memory ) map system; a head drive circuit 163 for driving the line head 120; a various
_ control circuit 164 for controlling the driving of the paper feed motor 134 and the
paper.‘chargc motor 142, and other operations; a MeMOry 165. such as a line buffer
metnory Or. a One-Screen Mmemory; and a signal input-section 166 to which signals of -

_recording data or the like-are inputted: The signal processingand control circuit.161:

is cormected with the correcting circuit 162, the head drive circuit 163, the various
control circuit 164 and the memory 165.

-In the electric circuit unit 160, when signals of recording data or.the like are

inputted to the signal processing and control circuit 161 via the signal mput section’ -

166, these signals arranged in the recording order by the signal processing and control

circuit 161 and are-supplied to the correcting circuit 162: The correction circuit 162 - -

- carries out correction processingsuch as so-called gamma-correction, colorcorrection,:

and correction of nozzle dispersion. The signals of recording data or the like after the

_correction are taken out by the signal processing and control circuit 161 in accordance - °

with external conditions such as nozzle number, temperature, and input signals. Then,
in the electric -circuit-unit 160, the signals taken out by the signal processing and

control circuit 161 are supplied.as drive signals to the head drive circuit- 163.and the

. various control circuit 164 The electric circuit unit 160 causes the head drive circuit

163 to control the driving of the line head 120 in accordance with the drive signal. The
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olectric circuit unit 160 causes the various control circuit 164 to control the driving of
the paper feed motor 134 and the paper charge motor 142 in accordance with the drive
signal and also to control the dﬁving in the cleaning processing of the line head 120.
: Iﬁ the electric circuit unit 160, when necessary, the signals of recording Adata or the like.
- are temporarily,recorded.in the memofy 165 and taken out by the sigxlal-i)rocessing and
control circuit 161.. ..~ ... 7
.. Fig.6-shows the details:of the structureé of the:heerld-.c.lrive.rcircuit 163 and the
%) line head 120. |
| | As shown in Fig.6, the head drive circuit 163 has é. structure adapted for
carrying out PNM and later-described time-division drive, and aplurality of memories -
- 163ay; ..., 163ay such as RAMs (random access ﬁemoﬁes), a puis_e; generator 163b, -
and a pharality of compaiafor_s 163cy, ..., 163¢cy.
The memon"es 163a1, .., 163ay; of the sarhe nﬁmbe_riés the number of head chips -~ -
.-‘12.11'~,...., 1213 in the.linc-]l:Lead'IZ.O are provided. :Each.ofthe-memories.-163ai','= ey
1632y stores record data after corrected based on a.drive signal supplied from the
- signal processing and. control éirbuit, 161. In this case, the record.data is necessary
- data for forming one dot. Since the ink jet printer 100 forms one dot using 8 ink
droplets at the maxunum, as will be described fater; the record data. is 4-bit data.
_presenting any value of 0 to 8 includjhg the case of -ejecting no ink droplets,. The
memories 163ay, ..., 163ay supply the stored data to the corresponding comparators -

163cy, ..., 163c,, respectively.
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The pulse generator. 1631) generates a predetermined number of pulses for -
carrying out PNM, at predetermined intervals, as shown in Fig.7.. For example, the

_pulse generator 163b consfantly spontaneously generates eight pulses at predetermined
interval-s. That is, the head drive circuit 163 determines the number of ink droplets to
be ejected and determines 'tlhc arrangement of dots for each gray scale, on the basis of .. . .
the pulses generated by the pulse generator 163b. The pulse generator 163b supplies- -

- .the generated pulses to-the: comparators 163cy;: ..., 163y s wovdnme o 30

-~
R

The comparators 163c,, ..., 163¢y receive the record data stored by the

- memories 163a,,...,163a,, respectively, and also receive the pulse number generated
by the pulse generator-163b.- The comparators 1630,, ., 163¢y compare the datawith ...~
thé pulse number. Ifthe result of comparisonéhows that the data is'not less than the-
pulse number, the comparators 163c,, ..., 163cy supply a high signal “H” as output

data to:the- c.orresppnding.head chips 121, ..., 121y in'.thé line head-120; as shown in

Fig7.: If the data 1s:less than the pulse number, the comparators 163c;, ..., 163¢y . -7 -

oufput a low signal “L” as output data to the corresponding head chips 121, ..o, 12 1&.

In this case, the comparators 163¢,, ..., 163¢cy generate a high signat 7‘ﬁ’? ora
low signal: L as-phase-corresponding data d1, d2, ..., dn, which are.element drive - -
signals corresponding to the plurality of heating elements of the:same phases-in the .

- - ‘above-described time~division drive, and handle the phase-corresponding data dl, d2,
..., dn as a series of serial data, thus supplying output- data D1, ..., DN fo the

comresponding head chips 121, ..., 121, as shown in Fig.8. For example, when data
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for acertain heating element is “5,” the comparator 163¢, generates a high signal “H”

Cas phase-corresponding data d with respect to the pulse numbers “1 to 5” generated
by the pulse generator 163b and generates a low signal “L” as phase-corresponding
- .,data d with respect. to the pulse number “6” and larger pulse numbers, as-shown in
Fig.l. The comparator 163¢, generates phase—_correspondmg data d corresponding to. .
the. respective. heating elements- of the same phase. and.supplies the phase--
corresponding data d as output data.DO0.. In this manner, the comparators 163¢, ...,
163cy, process, as a series of serial data, the data of the heating elements B
- simultaneously driven by the number of time divisions of time-division: drive within

" one gray scale, and supply the data as output data D1, ..., DN to the:corresponding. .-

head chips 12 1,,'..;, 121, respectively.
Meanwhile, the line head 120 has a plurality of head chips 121, ..., 121y, as

shown.in Fig.6..In each head chip 121, a plurality bf-paﬁé-:for-constituﬁng one block

in time-division drive are tiléd. Specifically, the head-chips 121;;-...; 121y have time- -

division drive phase generating circuits 121a, gafe circuits 121b, switching elements

121c and heating elements 121d, which are divided into a plurality of blocks in time-

- division drive. + - ... .o ...+ -
.. v+ . The time-division drive phase geﬁerating circuit 121a has-outputs of .the same

number as the total number of nozzies, which is equal to (total number of phase m) x-

(number of blocks: n).- The -time-division drive phase generating circuit 121a

sequentiaily generates a phase signal, which is a division drive signal, for each phase
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to be driven, and supplies the phase sié;nél to the gate circuat 121b.

The gﬁte circutt 121bisa sb-called AND gate, which takes the logical product
of the phase signal supplied from-thé fhﬁe-division drive phase generating circuit 121a
a;ld the data supplied from the comparators 163ci, -.., 163¢y, that is, the phase-

. corresponding data. If both the phase signal supplied from the time-division drive
phase generating circuit 121a and the phase~correspor;’ding:data- supplied from: the

co1nparator_su.-1"63c1, .3 163cy are:high-signals “H,” the: gate circuit-121b turns the

)
AN

switching element 121¢ ON.
- The switching element 121c is adapted for switching whether to drive the
. heating elements 12 1d to ejectink &oplcts from the nozzles. The. ON/OFF control of -
the switching element 121c is carried out by the géte circuit 121b.
| The heating elements 121d are driven to heat and causes ejection of ink droplets -
from:the corresponding ndziles, when the svx-ritching element. 121c is-in-th_é ON state. . -
. .In the ink jet printer 100 of the abové-descn'bed structure; the comparators - -
"+163cy, ..., 163cy generate the phase—correspond:ingr data dl, d2, ..., dn corresponding
.. to the respective blocks B, B, ..., Bn‘in one head chip 121, for each pulse generated -
by the pulse generator 163b, and handle the phase~correépoﬁding data'dl;d2, ...,dn -
. as a series serial data, thus supplying the output data.D to the one head chip 120, as- - - -
~ shownin Fig.8. In the ink jet printer 100, such output data D1, ..., DN are supplied to
the plurality of head chips 121,,-..., 121,

In response to this, in the ink jet printer 100, the phase signals for respective
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phases are sequentially generated by the time-division drive phase generating circuit
1214, ejection or non-gjection of an ink droplet for I pulse, that is, one ink droplet, is

carried out with respect to all the nozzles N. In this case, the time-division drive phase

- generating circuit 121a sequentially generates the phase signals for the respective

.- to-the:nozzles Ny in the respective blocks B,, B,,-...,;B, and then cérry out driving

processing: of the-heating: elements<121d corresponding "tdfthe'?-l_l'del‘e'sf;:N“z ithe:

respective blocks B, B,, ..., B,.

The ink jet printer- 100 repeats such an operation for each pulsé generated by

‘the pulse generator 163a, thus forming one dot havin g adiameter corresponding tothe - .

pulse number.

By doing so, the ink jet printer 100 can simultaneously realize PNM and time-

- division drive.: The:PNM operation in the ink jet printer 100 -will be.later described
ﬁnthefmdetaﬂ DR o B L

The structure of the line head 120 in the ink jet printer 100 will now- be

. described in- detail. . | |

- Figs 9A to 13 sﬁow the structure of the line head 120 for one color.in the ink jet
- printer 100.. Fig.9A is a side view showing the aﬁpearance of the line head 120..
. Fig 9B is a bottom view showing the appearance of the line head 120.- Fig.10 shows
the detailed structure of the head chip 121. Fig.11As a side view showing the cross . . -

section along the line A-A in the line head 120 shown in Fig.9B. Fig.1I1Bisa side
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view showing the cross section along the line B-B in the line head shown in. Fig.9B.
Fig.12 is a partial perspective view of the.line head 120 shown in Figs.9A and 9B, as - |
. - viewed from the bottom side. Fig.13 is a partial perspective view of the line head 120
p aé. viewed from the -side of the head chip 121, in erder to show the detailed structure.
near the nozzles in the line head 120 shown in Figs.9A and 9B. - |
- ... The line head 120 is coveréd by an outer casing '.126b coﬁstituﬁﬁg a later-
: dgscﬁbed‘ ink tank:126; and the lower-part: of the liné head120:is. coVeréd by:alater--
() descr-ibed electric wiring 127, as shown in Fig.9A.
In the line head 120, a slit-shaped ink supply hole 1222 is opéned in a central
~portion of a linear head frame 122, as sden in'Fig.9B. A plurality ofhead chips 121
made of 51 substrates are provided on one surface of the head frame 122.- The hea& '
chips 121 are arrayed in a zigzag mangner on both sides of the ink supply hole 122a
. opened-in the head frame 122, in-order to mal;e the head'loﬁg.' -Each of the' head chips: - -
121 1s constituted by arranging the above-described plurality ofheating elements 121d
in a line on the side of the ink supply hole 122a and arranging connecting terminals.
121ein aline corresponding to the heating elements 121d, on the side opposite to the
- ink supply hole 122a, that is, on the side of the outer casing'126b, as shown in.Figs.-9B.
and .10,
- Inthe example of Fig. 10, the heating elements 121a are arrayed at 600 dpi (dots
per inch). Moreover, in the head chip 121, the gate circuit 121b and.the switching - - - -

element 121c for the head chip 121 (heating elements 121d) to carry out time-division
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.drive are provided between thé heating elements 121d and the connecting terminals
121e.
| Below the head chips 121 is a nozzle plate 124 having a plurality ‘of nozzles-
124a, with a member 123 provided between the head chips.121 and the nozzle plate
i-24', as-shown in Figs.11A a1_‘1d 13. The member 123 1s provided to form a plurality
. .of liquidpharﬂbers.123a for storing ink and a plurality of flow paths 123b for causing.- . - -

the- ink to:flow: to! thexliquid-chambers 123a..+The member .123:is made-of'a

=
. .

photosensitive resin such asa so_—cal]ed dry film photoresist and is provided so that the
- heating-elements 121d provided on the head chip 121 are corresi)ondingly' situated -
above the liquid'chalnbers- 123;1, shownin &etail mFig:13. Mofeove’r, the member 123 -
-is formed so j:hat‘ the flow paths:123b extend from the 11'quid chambers 123a to the end
- portions of the head chips 121, that is, to the end _portions on the side of the central
- part of the line.head 120, as shown in Fig.1 115. e
ca --.The. nozzle plate 124 1s formed by electroforming nickel: and 1s anticorrosive-
plated with gold or palladium for preventing corrosion due to ink. The nozzle plate -
124 1s formed to close the ink supj_ﬂy hole 122a; which is‘a space formed by the head '
chip 121, the head frame 122, the,rﬁember 123 and a later-described: ﬁlte;r 125, as -
shown inFigs.l.-lA, 11B and 12. Moreover, the nozzle plate 124is formed so thatthe - .- .-
nozzles 124a correspond to the heating elements 121d one to one via the respective .-
... liquid chambers 123a, as shown in detail in Fig.13. That is, each liquid chamber 123a

is communicated with the flow path i23b formed m the member 123 and with the
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nozzle 124a formed in the noizle plate 124.
 Onthe other side of the head frame 122, the ink tank 126 is provided with a
. filter 125 arranged between the head frame 122 and the ink tank 126,-as shown in
, Figs.l 1A and 11B. The filter 125 is provided to close the ink supply hole 122a and -
-serves to prevent dust :':md. flocculated ink mgredients -ﬁ'.omentering, the nozzle 124a
fromthe ink tank 126. . ...
» - .. - Theink tank 126 lias a duakstructure made:up of a.bag-.12.6a!aﬁd arn outer casing -
{) 126b, as shown in Fig.11B. A spring member 126¢ for energizing the bag 126a to
- akpand outward is provided'between the bag 126a and the outer casing 126b. Thus, -
.- in the line head 120, a negative pressure is applied on the ink in‘the ink tank 126 and
.. spontaneous. leakage of the.ink from the nozzle 124a can be prévented. In the line - -~
: head 120, since the negative pressure is set to be smaller than the capillary force of the
"nozzle 124a, the ink can be prevented from l.aeing drawn into the nozzle 124a. -
“. .. Moreover, in the line head 120, an area including a part of the end:surfaces of . -
- the head chips 121, the outer circumferential surface of the head frame 122 and the
) outer circumferential surface of the ink tank 126 is covered by the electﬁc wiring 127 - -
. made of'a so-called FPC (flexible priﬁted board). : Thé-elecﬁfic wiring 127 is provided -
- forsupplying electric power and eléctric signals to the head éhips 121 and s connected -
to-the connecting terminals-121e of the head chips.121. . - | |
In the ink jet printer 100 haﬁng the line head 120 as described above, ink is

supplied from the ink tank 126 to the ink supply hole 122a, then passes through the



20 July 2004

33 .

flow paths 123b, and is sup}'ﬁlied to the liquid chambers 123a. Each of the nozzles
124a has such a cross section that the circular distal end of a cone is cut off on a plane

. parallel to the bottom surface, as shown in Fig.13,and a so-.called meniscus of the ink
.surface with its central pdrtion recessed by the negative pressure on the ink is formed .
at the distal end of the nozzle 124a. In the ink jet pr-.interA-IOO, when a d;jving voltage

-~ 18 supplied to the heating elements 121d and bubbles are generated on the surfaces.of

: theheating.elementsi12:1d,.ink—pa1ﬁcles-are:ejected-ﬁ‘om-.the;nozzles;lZAas-_ Sor s

BN

In the ink jet printer 100, since the head chips 121 are arranged in a zigzag

. i .

manner as described above, the plurality of nozzles 124a (hereinafter réfélredto as
nozzle.group) corresponding to a single head chip 121 are similarly arranged na
- zZlgzZag imanner. .- |
Although" there are conventional head chips arranged in a zigzag manner, these
- head chips are‘.simpl.y shifted from each otiler in parallel‘and therefore two-adjacent ..~ .
» --nbzzle'groups NGy, NGg are simply shifted from each other in parallel,-as shown.in--
- Fig.14. In the ink jet printer using this arrangement, unevenness in the. quantity o.f o
ejection of ink among the head chips and errors of impact positions on the paper may. -
take place because of :unevenness- in the characteristics .of the head chips .and - .
. positioning errors. - ..
In the ink jet printer, if recording is made on the paper when there is unevenness - -

.in the quantity of ejection of ink, a.change point (line) of the quantity of ejection, that

is, of the diameter (print density) of dots, is generated in an area on the paper
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- corresponding to the joint of fhe_ head chips. Specifically, if the ink jet printer uses

\ head chips in which a nozzle group consisting of nozzles with a large quantity of
gjection and.a nozzle group consisting of nozzles with a small quéntity of ejection are .
adjacent to each other, a changer-point (line) V of the diameter of dots is generated on
the boundary between a dot. groﬁp DG, recorded by the nozzle group consisting of the

: ‘.nozzles-with a large quantity of ejection and a dot group DG; recorded by the nozzle.

group consisting:of the nozzles with-a-small quantity:ejection; as shown in Fig.15A. -

=

~ Such a change point (line) of the dots causes a longitudinal stripe in the paper feed
direction, that is, a so-called banding noise. |
- ..On the other hand, in the ink jet printer, if recording is-made-on the paper when -
- there is an error of the impact position on the paper, ‘anoverlaﬁ of dots; a'gap. between
dots, or a step between dots is generated in an area on the paper corresponding to the _
L joihtof the. héad chips.- Specifically, an overlap O dﬁdotsr,és-'shown m Fig;ljB, agap |
- € between dots-ag-shown in Fig.15C, or a stepAL.betw'een dots as shown mn Fig. 15D is
_generated on the boundary between a dot group D_GA recorded by one nozzle group
/ ,)--':- -and a dot group.DGy recorded by another nozzle group. These overlap of dots, gap
between dots; and step between dots. also cause a longitudinal stripe in the paper feed -
direction.. - | |
- Thus, in the ink jet printer 100, an overlap part 124, is provided at-the.joint
between a nozzle group 124, and a nozzle group 124, corresponding to the adjacent - -

head chips 121, both nozzle groups consisting of a plurality of nozzles 124a, as showﬁ
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in Fig.16. That is, in the ink jet printer 100, of the nozzle groups corresponding to the
adjacent head chips.12] arranged in a zigzag manner, a predetermined number of
: .nozzles ﬁ'om. right in the nozzle group 124, on the left side and the same number of .
" nozzles from left in the nozzle group 124 on the right side.are arranged so that their.- :
.centerlines -coincide with each other, and this portion of overlapping nozzles _is
provided as the overlap part 124.. .
oS In the overlap part 124, the nozzles '.124jz{.coﬁstituting- the one nozzle: group
124, and the nozzles 124a constituting the other nozzle group 1245 are used to
alternately eject ink, for example, both in the lateral difection and in the longitudinal
'directio'n.- - Thus, a:dc_)t' groﬁps. DG¢ corresponding-to. the overlap part-124. can be
formed on the boundary betw;een the dot group DG, recérded by-the one nozzle group--
- 124, indicated by white circles, aﬁd the dot groups DGB recorded by the other nozzle
. group 12.43,'indicated=5y block circles, as shownin.Fig..l7. Inthe dot group DGC-, the.
-dots. recorded:by- the: nozzle. group 124 a and the dots recorded:by the other nozzle -
- group 124 are alternately- arraxiged. Thcreforé; ‘in the ink jet printer 100, the
kL generation of the above-described longitudinal sﬁipe, that is, the banding noise; ¢can
‘ be‘-redu__ced. or moderated. ... .
The PNM operation in the ink jet printer 106 will now be described in detail. .
PNM 1s a technique for modulating the diameter of dots by the number of ink
'dropleté continuously gjected in one pixel (pulse number), thus carrying out gray scale

printing. This technique is advantageous in the case of digitally expressing the gray
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scale.
Fig. 18 shows a concepmal view for explaining the principle of PNM.

.. In carrying out PNM, the ink. jet printer 100 gjects one or a plurality of ink
droplets I from the nozzles 124a ontorpéper P, thus recording a dot D thereon. When
--gjecting a plurality of ink droplets I, the ink jet p‘rinter, 100 modulates the diameter of
- the _dot D by.impacting the next ink droplet I onto the paper P-before the first ink . -

droplet I impacted onthe paper P'is dried: .-That'- is; the'ink j'ét printer-100 modulates * -
k} the diameter of the dot D, utilizing the spread of dots d, formed by the respective.ink |
E dropletsi impacted on the paper P correspondingly to each pulse; in all the directions |
.of 36.0F° as-indicated by arrows S,, S, S;, S, S, Sgin Fig. 18 before drying: .In this.
. e_xample,the ik jet printer 100 hﬁpacts the nextiﬁk droplet.I on the paper P before: -
‘. | the first dot d, impacted on thé paper P is dried, and thus recording dots d,, ds, d,, ....
- In this case, the drying of the ink means that the spread of the ink cioes not exceed-an -
. allowable-rangé. .The ink.jet printer 100-moc‘lulate_s-the diametér'of.the'ddtD-in the
state where the plurality of ink droplets I spreaci_m'a united manner. In this case, sirice
. -the paper P continuously moves in a direction indicated by:an arrow SD in Fig.18 -
relatively to the line head 120, the dots d,, d,, d;, d,, ... recorded on-the. paper P are
: #Iightly- shifted in the opposite direction of the feed direction of the paper P |
. If the impacting period of the ink droplet I onto the paper P is shorter than a
predetermined period, the ink isotropically spreads and therefore. the dot D presents-

a shape similar to a true circle. If the impacting period of the ink droplet I onto the
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" paper P is longer, the dot D presents a substantially elliptic shape which is long in the

feed direction of the paper P. The rélation between the impacting period of the ink
droplet I'onto the paper P and the aspect ratio of the diameter. of the dot D changes,

dependmg on-the propertles of the ink and the paper P such as the absorption of the

* ink to the paper.P. The ink jet printer 100 determines the impacting period of the ink -

droplet Lonto the paper P on the basis of experimental values and.in accordance with: - -

desired use.conditions, for: example; to-expand the, period:for-sufficiently:increasing

- the diameter of the dot D. The ink jet printer 100 employs, for eﬁ:ample,

approximately 100 milliseconds or less as the unpactmg period. of the ink droplet I

-onto the paper P. _ |
The line head 120 in the ink-jet printer 100 has four eolors such as CMYK as
_ described above. When mixing ik droplets of a plﬁrality of colors, the ink jet printer
- 100 impacts:an ink droplet of one color on ti-xe paperP and.then impacts the next.ink.
+ droplet of a-different color after the first impaétedand reco'rded.-‘dét isdried. If the:
©_ time until 1mpacting the néxt ink droplet of the different'coldr 1s short, the s;pread of
. - the ink called color bleed occuré, causiﬁg deteridraﬁon of the picture qualitj. In this
- case, the ik jet printer 100 preferébly mmpacts an ink droplet of black (K) on.the f;aaper
~-P-lastly. ‘This is because the black ink usually does not dry fast. The ink jet printer

100 can provide a sharp recorded image by lastly impacting the black ink on the paper

.P. . Moreover, the ink jet printer 100 can provide a more natural image. by first

impacting a yellow (Y) ink, which is bright in contrast to the black ink, on the paper.

- 20 July 2004
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An ordinary senal head, which does not carry out the one-path recording, can
-increase the number of gray scales by overprinting a plurality of times at the same
position m scanning back and forth on the paper, but has a problem of'a longrecording
- time corresponding to the ;number of times of overprinting. On the othe; hand, a line
- head can complete recording by scanning once and therefore can reduce the recording - -

time remarkably.. Ifrecording is carried oﬁt:us'ing.;th‘e Ime: head'.with-za.resoluﬁon of. -

;/(LT,)N‘ . )

600 dpi and a pixel (line) recordiﬁg frequency of 10 kHz, the time required. for
scanning the Iongi_tu'dinéd direction of paper of A4 size is approximately 0.7 second per
color in 'the case where one ink droplet is ejected. . -~ .
- -~ - However, i consideration. of f;he ink drying time, -a recording time of -
- approximately 10 seconds is considered appropriate with the line head. In this case,
-the pixel (line) recording frequencies for resoliltic')ns of 300 dpi, 600 dpi,.and 1200.dpi- -
.are approximately 350 Hz, 700.Hz, and 1.4 kHz, respectively. Therefore, an ink jet
printer using a line head can carry out PNM within ‘the pixel (line) recording
-frequency, -unlike. an ink jet printer using an ordinary serial head. Thus, PNM is .
- considered.as a gray scale expressing method suitable for the line head.
The quality of a recorded image printed by the ink jet printer 100 using:PNM-'
| will now :bé described.
.. To improve the picture. quality, the resolution of the recorded image should be

raised for printing. However, it is desired to minimize the number of nozzles in view
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of ther manufacturing cost and reliability, thus raising a problem of designing that the
resolution of the recorded image cannot be raised.

Thus, by using PNM for printing, thé ink jet printer 100 can express gray scales -
‘within a pixel and can provide a recorded image of high definition with less rough or
gmular-appeﬁmce— even when a lower resolution is set than iﬁ binary record;ing.> :
Moreover, the:ink jet printer 100 supplemenits the numbler of gra;,r-scales-.based. on

.-.PNM determined by the maximumpulse numbe'rin forming-one dotand therefore can

£
:—‘\___)

combine PNM with so-called dot density modulation. In this case, since multi-level
- recording within a pixel can be realized by using PNM, the ink jet printer 100 can - -
carry out not only binary but also multi-level dither processing and error diffusion
- .proces.sing, and can carry out smoother gray scale printing of high definition. -
The measures to cope with an error in the impact position on the paper and
. ﬁnevenn_ess in the-quantity of ejection of ink among the nozzles in the ik jet printér Coe
w o+ -100.using PNM will now be described. In the following description, the ink jet printer -

- 100 of design specifications shown in Table 1 is used:

Table 1.:
‘Maximum recording width I e 8.5 inches
Resolution - ' ~.o | 600 dpi
Number of nozzles per color . -~ ]5100
Target quantity of ejection of each nozzle per pulse 3pi
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Maximum pulse number : 8 pulses
Number of levels _ : : 9 levels
| Ejection frequency . . . | 4.8kHz
 Line recording frequency | 600 Hz

.Witﬁthese_ design spf:ciﬁcations,_the ink jet printer 100 ejects ink droplets for. - -
8 pulses-at the maximum to. pixels of 600-dpi.. One pulse is.equivalent td ink:droplets:
) for 3 pl and ink droplets for 24. pl at the maxnnum are ejected. for one pixel. The
o diameter of a dot in this-case is approximately 40 [bm for one pulse on ink jet glossy
. paper _oh the market, used for evaluation. The ideal dot diameter is V2 times: .the
. _. obtained- value, that s, approximately 60 {lm. The ink jet printer 100 assumes a -
- positiqn fér forming one dot by one ink droplet on the papéfas a virtual lattice point
,.on, thc paper, and.ideally, the ink jet printer iOO forms:dots atand around the lattice
. points.- The ink jet printer 100 provides a dot deviation margin of 20.Jim on the paper
as an allowable range of deviation of dots from the lattice points. With this margin;-
_ _ ) theink jet printer 00 copes.with the problem of an error of the impact position on the
paper. |
To provide a recorded image of high de'ﬁnitipn, the unevenness -in the
characteristics of the nozzles must be minimized.. As a method. for reducing the.
unevenness in the quantity of ejection among the nozzles, that is, the unevenness in

the print density, it is considered to change the electric power applied to heating



.

4]

| element and the pulse width, for each nozzle.

However, the quantity of gjection S of ink droplets from the nozzles usually

does not monotonously increase along with the increase in the power V applied to the

heating elements, but tends to suddenly increase when the .power exceeds a - -

predetermined power value, .as indicated by a solid line 1n Fig.19. The quéntity of
| ejection S of ink dmplets-in relation to the pulse width W usually presents the same-
tendency, as:indicated:by-a broken: line in Fig:lf9§"-’fhéi% is,'in‘the ink jet printer; it .'i's‘ S
_ difficult to control the qﬁantity of ejection of ink droplets by the power applied to the
heating elements and-the pulse width.
| Thus, the ink jet printer 100 carries out correction of unevenness in the print - .
" density, using PNM., Specifically, when producing” a- recorded image having -
| _predetermined gray scales by using a plurality of nozzles with different quantities of
ejec-tic)n, the ink je£ printer 100 changes the pulse number by using PNM thus. .. -
controlling the quantity of ejection ofink droplets from thé-:'ﬁozzles and correctingthe . - -
. tnevenness in the quantity of ejection among the DI(JZZIGS.' S
For eﬁample; a nozzle which ejecfs 3plof ik droplets, the target quantity of .

~ ejection for each nozzle per pulise, and a nozzle which can only eject 2.5 pl of ink.

droplets per pulse, are considered. Since ink droplets for 8 pulses at the maximum are

used for recording one pixel, the quantity of ejection should be 3 pl,6pl, 9pl; 12'pl, .
15 pl, 18 pl, 21 pland 24 pl, respectively, for eight levels. However, with the nozzle

having the quantity of ejection of 2.5 pl per pulse, only 2.5pl, 5pl,7.5pl, 10 pl, 12.5
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4 pl, 15 pl, 17.5 pl and 20 pi of ink droplets are gjected, respectively. Therefore, the

- difference in the quaﬁtity of gjection is -0.5 pl, -1 pl, -1.5 pl, -2 pl; -2.5pl, -3 pl, -3.5

pl.and -4 pl for the respective levels.

When ink droplets are to be ejected from the nozzle. having the quantity of
glection of 2.5 pl per pulse, the quantity of ejection.is cause;d to: be 2.5 pl, 5 pl, 10 pi,

-12.5 pl, 15 pl, 17.5.pl, 20 pl and 25 pl by génerating. I pulsé,- 2 pulses;- 4 pulses; 5 -
pulses, 6:pulses; 7 pulses, 8 pﬂses»and%-.m pulses:.. Therefore; the difference in the

\i) unantity of ejection between the nozzle of 2.5 pl per pulse and the nozzle of 3 pl per
pulseis-0.5pl, -1 pl, +1 pl, +0.5 pl, 0 pl, -0.5 pl, -1 pl and +1 pl. The difference inthe

N quantity of ejection can be restrained to 1 pl at the maximum, .. |
_ Meanwhile, a nozzle with the quaﬁﬁty of ejection. of 3.5 pl-per pulse is
. considered. The quantity of ejection 3.5 pl, 7 pl,. 10.5pl, 14 pl, 175 pl, 21 pl, 24.5pl
--and 28 pl, respectively, for eight levels.. The'refore,.thef difference in the quantity-of -
- --gjection between this nozzle and-the nozzle of 3 pl per pulse is +0:5:pl; +1 pL:+1.5pl, - -0 -
+2 pl, +2.5 pl, +3 pl, +3.5 pl and +4 pl for the fesf:ecti_ve levels. -

SR . When ink droplets are to be-ejected forrﬁthe nozzle having the quantity of -
gjection of 3.5 pl per pulse, the quantity of ejection is caused to be 3.5.pL;, 7-pl, 10.5
pl,.10.5 pl, 14 pl, 17.5:pl,-21 pl and 24.5 pl by generating 1 pulse; 2 pulses, 3 pulses,

-3 pulses, 4 pulses, 5 pulses, 6 pulses and 7 pulses. Thérefore, the difference in the :
- quantity of ejection between this nozzle and the nozzle éf 3 plper pulse-1s+0.5 pl, +1

pl, +1L.5 pl, -1.5 pl, -1 pl, -0.5 pl, O pl and +0.5 pl for the respective levels. The
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difference in the quantity of ejection can be restrained to 1.5 pl at the maximum.

- In this manner, when producing a recorded image having predetermined gray
scales by using a/plurality of nozzles with different quantities of ejection, the ink jet
- printer 100 changes the number of ink droplets to be ejected from each-nozzle and
corrects the unevenness in thé quantity of ejection among the nozzles. Thus, the mk -
- J et.printer: 100 can control the quantity of ejection of ink droplets from the nozzles and
- can restrain:the difference:in the-quantity of éjection'per: pixeli- cnrviosouwn

Fig.20A shows the relation between the gray scale level and the quantity of
ejection before the pulse number is corrected in accordance with the quantity of
. eje'qtion from thenozzles. Fig.20B shows the relation betweenthe gray scale level énd
-the quantity of ejection after the .pﬁlse nﬁmber is corrected in accordance with the
quantity of ejection frbm the nozzles. As can be seen from Figs.19A and. _19B,,if the

: ;.-pulse_:'number. is not corrected in accordance with the quantity of ejection.from the

differs among the nozzles. On the other harid, if the. pulse-number is corrected in
accordance with. the qﬁant_ity of ejection from the nozzles, the quantity of gjection - -.
necessary for expressing the same gray scale level is substantially the same among the
. respective nozzles: - . |

An gjection test is carned out for all the nozzles and the- quantity: of ejection
from each nozzle is measured on the basis of the diameter of each dot recorded on the -

paper. The relation between the quantity of ejection and the diameter of the dot is

. . ~nozzles, the quantity of ejection necessary for expressing the same gray scale level - -
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found in a measurement graph,which is prepared separately. The diameter .of the dot
1s measured- by an automatic meésuring device 200 having at least a MICroScope 202 :
and: an.image processor 203, as shown in Fig.21.
| - Specifically, inthe automatié measuring device 200, a dotrecorded on the paper . -
P on an automatic stage 201 is read by the image processor 203 using the 1n10r0500pe
. 202, a.nd the quantlty of ejection is calculated by a.computer-204 on the basis of the |

- diameter. of the: dot.* The automatic measuring device 200 carries-out such an

P
o

operation for all the nozzles and prepares a correction table relating to the pulse
" number corresponding to each nozzle. |
o I the dnk jet printer- 100, the correction table thus prepared is stored in the.
correcting circuit-,162_' as-the correction data. At the time of'recording, the ink jet_
- printer 100 deterﬁjines the pulse number for eag:h nozzle on the basis of the correction
. data and—.é.ontrols the quantity of ejection of ink-_dropléts SO aé to can'y out recording.
- -The pulse.'mnnb_er thus correéted.sometimes exceeds 8, :which is presented as
+ 'the standard maximum pulse number in Table l._'"I"herefore, the ink jet printer 100
i _- } needsto preseta slightly large value for the maximufn pulse number for recording, and
. determines the maximum pulse. number in accordance with the unevenness in-the - -
‘quantity of ejection. Ifthe une\}enness 1s within the ra;lge 0f 3+0.5 pl as in the.above-
described example, since the minium quantity of ejection is 2.5 pl, the maximum pulse -
number.may be 10. Inthis case, the ejection frequency must be 6 kHz (or higher) to

meet tﬁe line recording frequency of 600 Hz.
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In this manner, when producing a recorded image having predetermined gray

scales by using a plurality of nozzles with different quantities of ejection, the ink jet

. printer 100 changes the pulse number by using PNM. Thus, the ink jet printer 100 can

' control the.quantity of ejection of ink droplets ﬁom-the‘ nozzles-and can correct the
ur_leven.‘l;ess in the quantity 0;‘.' ejection among the nozzles.. By thus correcting the..

-...-unevenness in the print density, the ink jet printer.100 can .provide: a smoother

.recorded image of high-definition; - +--... -~ PR

. The method for ejecﬁng ink droplets by the mk jet printer 100 will now be
described. |

.-+ . In the ink jet printer, the paper moves relatively to the line head as described-

above.. Therefore; in carrying out PNM, when the pulse number is increased from a * -

reference time point as shown in Fig.22, the tendency becomes noticeable such that

. the center.of a dot D, formed by dots d-based on respective ink droplets on:the paper =

- correspondingly to each pulse, shifts rearward with respecttothe paper feed direction. . -

For example, it is assumed that recdrding should be carried out so that the

centers of dots are situated on respective lattice points on the - paper, as- shown in

- Figi23A. InFig.23A, adot D, with a large diameter and a dot D, with a small diameter . -
-.are-shown. Since these dots D, D, are recorded on predetermined lattice points Gy,
G, where these dots-should be recorded, the dots D,, D, dot not overlap each-other. - .

.-+ - -However, in. carrying out- PNM, if the pulse number is increased from.a

reference time point without considering the recording direction (opposite of the paper
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feed direction) indicated by an arrow R in Fig.23A, the center of the dot D; with a
large diameter is not recorded on the predetermined lattice point G, where it should
be recorded, as shown in Fig.23B. That is, the dot D, is shifted in the.direction of the
arrow R in Fig.22B. . As a result, the dot D, is recorded, overlapping the next recorded
dotD,.. . | o |
. As described above, In carrying out PNM in the ink jet printer,.if the pulse - . -
number is increased: from-a référence. time point: without: considering the~récording:
/ ) | | direction, the center of a dot with a large diameter is shifted from the lattice point
‘where the dot should be formed, and tlﬁs causes failure in fecording such that a
: -straigﬁt'line to-be recorded is actually recorded as a curved line. Theréfore,. accurate.. -
recordmg cannot be.carried out. - .
Thus, in order to avoid such a problem in carrying out PNM, the ink jet printer
..100.distributes ink droplets.in the paper feed direction’ from the lattice point as the .- . -
: centqr,':thus-carrying out recording.. |
For example, when forming a dot D having an ultima_te' diameter with ink
droplets of even ordinal numbers, as shown in Fig.24; the ink jet printer IQ,O causes the
. pulse generator 163b to generate a pulse to be an object of comparison with the record. ,
. data from the comparators 163¢ in accordance with the order described in the left end
- part of Fig.24, so that the resultant dot is equivalent to dot formed by distributing ink
droplets of odd ordinal numbers and ink droplets of even ordinal numbers in the paper. - -

feed direction symmetrically about a lattice point as the center indicated by a chain-
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dotted line in Fig.24, in which an arrow R rep}esents the recording direction (reverse
of the paper feed direction).

Specifically, in the ink jet printer 100, if data for a certain heating element 1s

. “2 ” the comparators 163c generate a low signal “L” as phase-corresponding data d- -

'with respect to pulse numbers “7, 5, 3” generated by the pulse generator 163b, then

o ‘generate a high signal “H™as phase-corresponding datad only when the pulse number . -

-is £1,2,” and generate a low signal “L” as phase-corresponding data d with respect to

pulse numbers “4, 6, 8,” as shown in Fig.25A. Therefore, in the ink jét printer 100,

- during the periods when the pulse number is “7, 5, 3,4, 6, 8” and the comparat.o'rs

- :163c generafe-a low. signal “L” as phase-corresponding data d, the paper.- is carried

without driving the heating element, and only. during the periods when the. pulse

number is “1, 2” and the ‘comparators 163 generate a high signal “H,” the target

- . heating element.is driven to gject ink- droplets from-the nozzle. By domg so; the-ink - - -

- jet prmter 100 can form a dot equivalent to a dot shown in Fig.24 asadotinthecase - .-

where the pulse numberis “2.” . --

Similarly, in the ink jet printer 100, if data for a certain heating element is %6,”

- - the.comparators 163¢ generate a low signal “L” as phase-correspoﬁding data-d with .-

- respect to a pulse number “7” generated by the pﬁlse generator 163b, then generate a

high signal “H” as phase-corresponding data d only-when the pulse number is ©5, 3,

. 1,2, 4, 6” and generate a-low signal “L.” as phase-corresponding-data d with respect -

to a pulse number “8,” as shown in Fig.25B. Therefore, in the ink jet printer 100,
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~ during the periods whén the pulse number is “7, 8” and the comparators 163c¢ generate
a low signal “L” as phase-corresponding data d, the paper is carried without driving
the heating element, and only during the periods when the pulse number is 5, 3, 1,2,
4,6 and the comparators 163 generate a high signal “H,” the target heating-element-
is driven to ejectink droplets from the nozzle By doing so, the ink jet printer 100 can
form a dot-equivalent to a dot shown in Fig.24 as a dot.in the case where. the pulse
. number i§ €67 ¢ .- e . LS aTe
On the lothelr hand, Wheﬁ forming a dot D having an ultimate diameter with ink
droplets of odd ordinal numbers, as shown in Fig.26, in 'which an arrow R reﬁresents‘
the 'reclording direction (r‘everée of the paper feed direction), the ink jet:printer 100 -~ -
- causes the pulse generater 163b to generaté a pulse to be an object of comparison with
the record data from the comparators. 163¢ in accordance with the order described in
: thf:- left.end:part of Fig.26, so that the result'ant-ddt‘ is.equivalent to a dot formed by - -
. -.impacting the first ink droplet on a latﬁce:poﬁlt 'indic-a.ted.by a-chain-dotted line in .
Fig.26 and then distributing ink droplets of odd o}dinal.numbers' and ink droplets of
\ - evenordinal numbers in the paper feed direction symmetrically about the lattice point .. -
- as the center: .
Specifically; in the ink jet printer 100, if data for a certain heating element is
- *1,” the comparators- '163.c generate a low signal “L” as phase-corresponding data d
with respect-to pulse nﬁmbers “5, 3” generated by the pulse generator 163b, then -

generate a high s gnél “H” as phase-corresponding data d onty when the pulse number
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is “1,” and generate a low signal “L” as phase-corresponding data d with respect to

- ‘pulse numbers 2, 4,” as shown in Fig.27A. Therefore, in the ink jet printer 100,

- generate alow. s1gna1 “]”.as. phase-corresponding data d, the paper is camed without
 driving the heating element, and only during the periods when the pulse number is ¢ 1“

. and. the comparators 163 generate a high signal “H,”-thc target heating element is. . .~

~ driventoeject ink droﬁletsr.from:-thc nozzle: By doing so; the ink jet printer 100 can

A/(_:'.L:\‘

form a dot equivalent to a dot shown in Fig.26 as a dot in the case where the pulse

number is “1.”

: Similariy,'in the ink j_ct-priﬁter 100, 1f dafa for a certain heating element is “3,”

.the comparators. 163c generate a low signal “L” as phase-.cprresponding data d with

. Tespect to apulse number “5” generated by the pulse generator 163b, then generate a

. -high-signal.“H” as.phase-corresponding data —d only-when thé pulse number is.“3;.L,: - -
..o -2,” and generate.alow signal-.“.L’.:i as phase-corre‘spond.ing datad with respect to apulse -

' limnber'“4',” as shoﬁvn in Fig.27B.. Therefore, m the mk jet printer 100, during the

- periods when the pulse number is--‘,‘S, 4” and the comparators 163¢c.generate a low

signal “L” as phase-corresponding data d, the paper is carried without driving the

'heating element,-and only during the periods when the pulse number is-“3, 1,2” and. .. -
- the comparators 163 generate a high signal “H,” the target heating element is driven
to eject ink droplets from the nozzle. By doing so, the ink jet printer 100 can forma -

~ dot equivalent to a dot shown in Fig.26 as a dot in the case where the pulse number is

20 July 2004

during the periods when the pulse number is “3, 3, 2, 4” and the comparators 163¢ -



20 July 2004

50

“3.7
In thi$ manner, the.ink jet pﬁnter 100 carries out recording while changing the
ink droplet impactlposition oﬁ the paper in accordance with the pulse number soasto
form a-dot equivalent to-a dot formed in the case where ink droplets are distributed in -
-the paper feed direction from the lattice poiht as ths; center. In this case, when fonﬁin g
a dot-D»with ink droplets of even ordinal numbers, tﬁe. ink jet printer 100.determines -
the order:of buls_esio: be generated. so that the:resultant .dot‘is'_,equivalent tc;. a dot
. ) fonned by distributing ink droplets of odd ordinal numbers and ink droplefs of even
. ordinai numbers in the paper feed direction symmetrically about the lattice point as the
»center;: ‘When forming a dot D with ink droplets of odd ordinal numbers, the ink jet
'printer 100 determines the order of pulses to be generated so that the resultant dot s
equivalent to a dot formed by impacting the first ink droplet on the lattice point and
- then.distributing ink droplets of odd ordinal ;:1u1nbefs-.-and ink'droplets of'even ordinal-
. .. numbers.in-the paper feed direction symmetxiéally aboutthe lattice point as the center. "
-_"ThllS, the irik jet printer 100 can minimize 'thé deviation of the formed dot from the
- o Jattice point and can prevent curving of a straight line and unwanted overlapping of
. dots:
An exemplary electﬁcal structure of the head chip 121 will now be described.
- A heater unit 250. is provided in the head chip 121, as partly shown in the circuit .
- diagram of Fig.28. The heater unit 250 has combinations of the switching element

121c and the heating element 121d of the same number as the number of nozzles 124a.
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These switching elements 121c and heating elements 1214 are driven in a matrix by
 the gate circwit 121b. The gate circuit 121b is constituted as an AND gate for taking:
a. logical product of a phase signal supplied from the time-division drive p};ase
. generating circuit 121a and output data supplied from the comparators 163c, that is,
phase-corresponding data, as described above. .When. both the. phase. siéngl a‘s a.
. division drive signal and the phase-corresponding data as an element drive signal are -
- high signals “H,” the head chip 121 turns the switching elements 121c ON and drives - -
f:] the heating elements 121d to eject ink droplets from the nozzles 124a.
| - In this case, the phase signal as a division drive signal is indicated by symbols
--PHI,. ._,“PHm provided for the number of time.diyisi_ons, that is, the number of nozzles
mp‘er.blbck, andthe phase-corresponding data as-an element drive signal is indicated . - -
. by di, ..., dn provided for the number of simultaneously driven nozziesn. The phase-
~ .- corresponding data d1, ..:, dn as element drive signals.are data for driving the riozzles:-
v 124a-when forming a pixel-on the paper P, that is;.-neéessarjdata- for forming one dot: ;.-
* For example, when both the phase signal PH1, ..‘., PHm and the phase-corresponding
' U data- dl, .., dnofa combination are high signals. “H,”.the head chip:121 causes the .
gate circuit 121b to turn the corresponding switching element.121¢ ON. Thus, in the .-
head chip-121, the heating elements 121d heats to ej'ect ink droplets from.the nozzle.
- 124a, thus forming a pixel on the paper P.
Fig.29 is'a chart showing the timing of output data D outputted from the

comparator 163c. Fig.29 also shows an exemplary driving method in carrying out
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g time-division drive in the line head 120. The number of time divisions and the number
of simultaneously driven nozzles at that time are defined by the following relational
.expressions. For example, when the time period (line period) for printing a head width .
. inone rdw by the line head 120 for one color capable of color printing is denoted by
~'T and the pulse number in PNM at the time of multi-value recording is denoted by P,

- . the maximum. ejection frequency t,,, is expressed by the following equation (1).
| Ay = T/P A _

‘When the total number of nozzles is N, the ejection drive pulsé width is T, la.nd
the ejection frequency is t (t < t_,.), the maximum number of time divisions A is
expfess_ed by. the following equation (2).

A=yt .. (2)

Therefore, the number of time divisions m may be not more than the maximum
. number of time: divisions A.. A dec‘imai point of the maximum number. of time . : . -
-~ divisions: A calculated by the equation '(2) is rounded.-out.: The.number - of
" simultaneously driven nozzles n in this case 1s e)ipressed by the following equation (3).

n=N/A... - (3) |
" A decimal point of the number. of simuitaneously driven nozzles n calculated
: _by-the- equation (3) is rounded out, thus holdiflg the relation of (number of time

divisions m) X (number of simultaneously driven nozzles n) < A.
For ekample, when the nozzle pitch is 600 dpi, the number of nozzles is 5100,

the line recording frequency is 600 Hz, the pulse munber in PNM i1s 8 and the
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instantaneous maximum dissipation power is 0.74 W, the dissipation power 1s

calculated as shown in the following Table 2 based on the equatiohs (1), (2) and (3).
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A Table 2
1 Ejection drive “Number of Number of | Dissipation Dissipation
.pulse width nozzles per simultaneous- | power per’ power for
_ ';E(us) block m ly driven color (W) four color
| nozzles n (W)
15 138 37 27 110
B O 204 e e 25 ]G - e |
1.8 255 20 15 59

* The plurality of nozzles 124a eject ink droplets when the phase signals PH1, ..

PHim with their phases shifted within the range of the ejection periodtare inputted for .

- each block. Thus, in the line head 120, since the number of simultaneouély driven

‘mozzles is reduced, the maximum dissipation power-in driving can be' lowered:
‘Meanwhile, the number of simultaneously driven nozzles is changed by. setting the

(ejection-drive pulse width T) x (munber of time divisions m) to be substantially

- constant in consideration of the ejection period . Thus, the dissipation-power in the--

case of using ink of one color or four colors, too, is lowered by the reduction in the
number of shliultaneously driven nozzles.

As described above, in the ink jet printer 100 as the first embodiment, since
matrix drive is carried out in the head chip 121 by the circuit structure shown in

Fig.18, the number of wirings can be reduced. Moreover, the ink jet printer 100 can
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reduce the positional shift of dots for forming pixels on the paper P and carries out
time-division drive by minimizing the number of simultaneously driven. nozzles.
Therefore, the instantaneous maximum dissipation power can be reduced. . - .

Furthermore, since the multi-level recording within a pixel is made possible by

carrying out PNM, the ink jet printer 100 can provide a recorded image of high -

deﬁnition with less rough or granular appearance can be provided at a high-speed,.in - |

‘comparison with:te-conventional ink jet printer:: By:combining PNM-with:dot density
modulation, the ink jet printer 100 can carry out not only binary but also multi-level

dot density modulation and can carry out smoother gray scale printing of high

~.: definition. As a result, the mk jet printer 100 can realize high definition even witha - - -

- -small number of nozzles and therefore can.reducé the numbér of nozzles and the work.

and assembly cost.

Moreover, by setting the recordiﬁg time in consideration of the ink drying time .-

- and then carrying’ out time-division drive of multipie:divisions which fully -uses the--

: recoi‘ding time, the ink jet printer 100 can reduce the dissipation power." The ink jet

printer 100 canalso carry out correction of the quantity of ejection, that is, correction

of the print density, using PNM, and thus can provide a snioothcr recorded image of -

high definition.
- In addition, by carrying out recording while changing the ink droplet impact
. position on the paper in accordance with the pulse number so that the resultant dot is

equivalent to a dot formed by distributing ink droplets in the paper feed direction from
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the lattice point as the center, the in. jet'printer 100 can provide a more accurate
recorded image of high definition.

Moreover, by arranging the plurality of head chips 121 in a zigzag manner and
providing the overlap part 124, the ink jet printer 100 can restrain the banding noise . -
generated at the-joint of .ihe head chips 12 l.,w that s, at the joint of the nozzle groui)s.

.Thus,-the ink jet printer. 100 is well balanced as a whole with--respect to the
. picture:quality, the speed and the-dissipatioﬁ:power, -and provides convenience: for

;e
< ) nSers.

An ink jet printer as a second embodiment will now be described. This ink j et
printér-has a basic. structure similar to that of the ink jet printer 100 of the first -
. .~ embodiment, and 15 characterized by its ink droplet impacting methbd as-a: dri.ving-
| method based on the PNM system. Therefore, the same numerals and symbols as in
.- the ink jet printer 100. are used in the following description.- -..-
"o - . Fig.30 shows an exemplary arrangement of dots to be recorded on'the papér P
by & method for dnvmg the line head 120 pfpvided in the ink jet printer 100 as the
L .second embodiment. “PIT” in Fig.30 represents the diameter of the dot D previously
" shown in Fig:18 and is referred to. as “pixel pitch” in this embodiment.. Symbols “0” .
in Fig.30 correspond to the record data after correction and numbers provided in “O”
indicate the-arrangement order of pulses-to be objects of comparison with the record
data from the comparators 163c. The positions of “O” corresponding to the record

data in Fig.30 are coincident with the positions of dots within a pixel in printing, that
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is, the positions of the dots d fonﬁed by the respective ink droplets I shown in Fig.18.
-In the line head 120, the arrangement of the record data relative to the center of image
IC 1s changed depending.on the pulse number is an even number or an odd number,
. in fbrming. one dot in accordance with the PNM system.
Speciﬁcally, when_printjng.animage in accordance with the PNM system, the
-line head 120 sequentially- distributes record data outward from a -position .C - .
(herenafter referred to as start-point of pixel) indicating the first record-. data in:image:
5:) processing of mk droplets to be impacted, which is identical with the above-described
| lattice point. Moreover, the line head 120 is driven to impact ink droplets on the paper
- Pby tilne;djvis;ion drive based on the distributed record dat.é, thus printing an nage. -
- In ths case, the record data is set so that the dots to'be pn'nfed fall within the range .éf
the pixel pitch PIT. Since the paper P is éarried into the predetermined: paper feed
- direction, the dots are actuall}.f'fonned obliquel'y; not in a straight liné.mdicéﬁng the .
- -start point of pixel C-shownin-Fig.30. |
In this manner, the mk jet printer 100 as the second embodiment can reduce the .
. positional shift of dots on one line and can carry out matrix drive of the plurality of |
3 nozzles. ‘Therefore; the number of wirings can be reduced. : The ink jet printer 100:.
. also can.minimize the number of simultaneously driven nozﬂes and can reduce the
| dissipation power in- dnvmg
~ -An ink jet printer as a third embodiment will now be described. Thisink jet. . - -

 printer has a basic structure similar to that of the ink jet printer 100 of the first
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embodiment, and is characterized by its ink droplet impacting method as a driving
method based on the PNM system. Therefore, the same numerals and symbols as in
the lllk jét printer 100 are used in the following description. .
Fig.31 is a plan view showing an exemplary structure of the line head 120. The - -
- ..head chips are not shown.in Fig.31.. ;
e In.the line.head 120, a plurality of nozzles 124a arrayed substantially in.a -
. straight.- line (or in-a zigzag-manner) are divided into-sets: of nozzles, with-each set -
Y ) consisting of I-Jredetennined'nmnber of nozzles. The sets of nozzles are obtained by
dividing the line head 120 in the real épace and include, for'exalnple; a first nozzle set -
- '260a,..a second nozzle set 260b, a third nozzle set 260c, a fourth-nozzle set 260d, a - .
. fifth nozzle set 260e and a sixth nozzlé set 260f shownin Fig.31. In the line head 120,
the plurality of nozzles 124a in the respective nozzles éets. are driven in a time-
. divisional manner by bloek. The ejection p.eriod t in.this case.is the tir'n;a'-requi‘red:for -
.- gjecting one ink ‘droplet: eacil from all_the- ﬁozzles- :124a included in.the respective -
nozzle.sets. | |
Fig.32 shows. an-exemp!a.t_y arrangement of dots to be recorded on the paper P
‘by the method for driving the line head 120. Symbols PHI, ..., PHm appended above
. the-dots in Fig.32 indicate that the respective d’ots-arepﬁnted- on the basis of the .
-above-described phase signals PHI, ..., PHm. Symbols “O” in Fig.32, similar to those’
shown in Fig.30, correspond to the record data aftér correction-and numbers provided .

in “O” indicate the arrangement order of pulses, that is, the arrangement order of
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pulses to be objects of comparison with the record data from the comparators 163c.

The positions of “O” corresponding to the record data in Fig.32 are coincident with the -

positions of dots within a pixel in printing, that is, the positions.of the dots d formed.

bjr the respective ink droplets I shown in Fig.18.

Fig.32 shows exemplary recording data showing the exemplary ananggxnent of -
. dots-for dot impact up to four pulses in accordance with the PNM system. In the lime.:. .- .

. head 120; the record. data-in image processing. for ejecting. ink:droplets:from. the. .

nozzles 124a included in one nozzle set is temporally divided into two, that is, the

former half record data FD and latter half record data LD. In the line head 120, in-
: printiné an ﬁnage: by using the PNM -system, for example, the former halfrecord data - -
.. FD is sequentially distributed outward from a-start pofnt of pixel C and the latter half . - -
. record data LD is sequentially distributed outward from the stait point of pixel C so :
. that the record data based on the pulses of o;id ordinal numbers and the record data - -

.based on:the pulses-of even ordinal numbers are arranged on the opposite sides of the” - -+ -

start point of pixel C to those of the former half record data FD, as shown in F ig.32j

. Other distribution. methods may also be used as long as the latter halfrecord data LD- - -
. is distributed differently from the former half record data FD...Therefore; in-this

. record data distribution méthod, at least the way of dJ:stributing former halfrecord data

ED need to be held and any distribution manner may be used for the latter-half record

-data LD. Of course, the former half record data and the latter half record datamay be: . -

distributed similarly.
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By carrying out time-division driving in accordance with the record data thus
‘ distﬁbuted, the line head 120 impacts ink droplets on the paper P. Since the paper P
. 1s carried . into the predetermined paper feed direction, the dots are actually fonned
obﬁquely, not in a straight line in&icating the start point.of pixel C shown in Fig.32.
With respect to. the record data ,ba_se(i on the pulses of even 6rdinal numbers, the
former half record data FD and the latter half record data LD are slightly shifted fromr

- .each: other: *"Thcréfore;. in the-line: head* 120,. by: preparing: the record data: i

; /)S-b\‘ :

consideration of the paper feed direction of the paper P, the positional shift of the dots
impacted on the paper P can be made less visually recognizable.
o T]"le ink jet printer 100 as the third embodiment, similar uﬁ theink jet printer100 .
of the second embodijhent, can reduce the positional shift of dots.on one line and can - - -
; carry out matrix drive of the plurality of nozzies, thus reducing the number of wirings.
. The ink jetprinter 100 can-also minimize the number of simultaneously drivennbzzles R
- .and. can reduce the dissipation power‘iﬁ driving. .In addition, since the ink jetprinter -~ = - -~
100 prnts, for example, one line with dots by further dividing the plurality of nozzles
) ‘12442 in the line head 120 into smaller units, the ink jet printer 100 can furtkier reduce -
the positional shift of dots on one line.
~An ixik jet bﬁnter. as a fourth embodiment will iow be described. This ink jet -
_printer has a basic -structure similar to that of the ink jet printer..100. of the first
: embddiment,-and is characterized by its ink droplet impacting method as-a driving.

method based on the PNM system. Therefore, the same numerals and symbols as n
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the ink jet printer 100-are used in the following description..

Fig.33 1s a chart showing exemplary tining of a phase signal oﬁtputtedfrom the

time-division drive phase generating circuit 121a shown in Fig.6. . -

The time-division drive phase generating circuit 12 1a outputs a pulse-like phase:

signal PH in a line period T. The phase signal PH:is a pulse-like-signal generated

- every ejection period t, which is a period for ejecting an ink droplet. from the nozzle ;

-121a. - The-phase: signal PH-is* dutputted: during: the: entire:line: period. T. *The line

period T is expressed by (pulse number P) x (gjection period t) for forming one pixel

on the paiJer P. The respective phase signal PH of the line period T is provided for -
: reachbl'ock. SRR

- .+ The hne head-120 pfints' one dot by using one nozzle and is driven to : -

sequentially print one dot each by the second nozzle, the third nozzle, ..., the m-th

nozzle; as shown i Fig:33. Iﬁ the line head 120, when the line period is T, the -

the number of time divisions m is expressed by the following equation (4): -

o o-m=THtxP) .- - (4)

A decimal point of the number of time divisions m calculated by the equation

. (4) is rounded out. -In.this case, the number of simultaneously driven nozzles.n is

expressed by the following equation (5), where the total number of nozzles 1s N.
- n=N/m.- L (8)

A decimal point of the number of simultaneously driven nozzles n calculated
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by the equation (5) is rounded out.
The ink jet printer 100 as the fourth embodiment, similar to the ink jet print
100 of the first embodlment can reduce the positional shlft of dots on one line and can .

carry out matrix drive of the plurality of nozzles, thus reducing the number of wirings.

. The mk jet printer 100 can also minimize the number of simultaneously driven nozzles

a.nd-'can reduce the dissipation power in driving.

Anmk jet:printer as a fifth embodiment will now be described. This ink jet
ﬁrinter has a basic structure similar to that of thé ik jet prinfer 100 of the first
embodiment, and is characterized in that phase signals, whjch are division drive signals

in carrying out time-division drive, are generated corresponding to the number of time -

 divisions, by multi-dimensional input signals. Therefore, the' same portions as those
of the above-described ink jet printer 100 are denoted by the same numerals and

- symbols.

- In the ink Jet printer 100 for example, when the time period (hne penod) for
printing a-head width in one row w1th the line head 120 for one color is denoted by T
and the pulse number in PNM at the time of multi-value recording is denoted by P, the

;naximum gjection frequency t,,, is-expressed by the following equation (6), similar

~ to the equation (1).

b = T/P -(6)
When the total number of nozzles is N, the ejection drive pulse width is T, and.

the ejection frequency is t (t < t.,,), the maximum pumber of time divisions A is
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expressed by the following equation (7), similar to the equation (2).
A=tlt o (T

. Therefore, the number of time divisions m may be not more than the maximum

number of time divisions A. A decimal point of the maximum number of time -

divisions - A calculated by the equation (7). is rounded out. - The number. of

simultaneously driven nozzlesn in this case is expressed by the following equation (8), .

similar to the equation:_(S)s.- FUNTRRITI S e T e L e

n="N/A .8

- A decimal point of the number of snnultaneously driven nozzles n calculated

by the equatlon (8) is rounded out, thus holding the relation of (number of time.:

divisions.m). x-(number of simultaneously dﬁven nozzles n) < A

In the line head 120, the maximum number of time divisions A is further |
divided into two dimensions as expressed by thie following equation (9); thﬁs camrying . .

- outdrivings . . et

A=myxmy, . ...(9)

. - In the equation (9), m; represents Al,...., Ai in Fig.34 and m; represents AA1,.

.» AAj-in Fig.34, as will be described later. . .. -
The schematic circuit of the heater unit 250 i this time-division drive is shown
in Fig.34. In the head chip 120, an input circuit 251 is provided in addition to the heat
unit 250 shown in Fig.28, as partly shovsﬁ int the circuit diagram of Fig.34. - .

The input circuit 251 is adapted for generating phase signals PH1, ..., PHm to
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- be supplied to the heater unit 250 and has a matrix processing circuit 252. First input

circuit 251.- The input circuit 251 generates phase signals PHI, ..., PHm on the basis

- of the first input signals Al, ...; Ai and the second input signals. AAL;-..., AAj. .
The matrix processing circuit 252 forms a matrix on the basis of the first input. -
-signals-Al, ..., Ai-and the second input signals AAL, ..., AAj. The matrix processing ..

circuit 252 is constituted so-that when one of the ﬁrst'input-‘signaIS'Al‘,-.'.'., Aiiand"oné'- o

of the second input signals AAI, ..., AAj are high signals “H,” one or a combination

of the corresponding phase signals PH1, ..., PHm becomes a high signal “H.”

+ - Therefore; the number of signals of the first mput signals Al;:.., Ai-and the second

- -input signals AAl, ..., AAj may be smaller tan the number of signals of the phase .

signals PHI, ..., PHm.

".~.+~ . Inthe line head 120 having the head chip 121 as described above-, matrix drive . -

- .can be carried out by using the three-dimensional data groups of the first input signals

Al, ..., Ai, the second input signals AAL, ..., AAJ, and the phase-corresponding data

-dl, ..., dn as element dﬁve signal_s.

As described above, the ink jet printer 100 as the fifth embodiment, similar.to

- theink jet.printer 100 of the first embodiment, can reduce the positional shift of dots -
on one line-and can carry out matrix drive of the plurality of nozzles, thus reducing the-

- number- of wirings. The ink jet printer 100 can. also. minimize. the number of

stmultaneously driven nozzles and can reduce the dissipation power in driving. In
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/ addition, .the ink jet printer 100 can carry out three-dimensional matrix drive of the
plurality of nozzles 124a and can further reduce the.number of wirings for signal lines .
to control the input to the head chips 121. Thus, the electrical structure of the head.
. chips 121-can be further simplified.
The present invention is not limited the above-described embodiments. For n
: exalnplf.:; though the head chips are arranged in-a zigzag manner in.the above- . -

- descﬁbed?embodiments;athe: present invention: can‘also'be-applied: to-a line-head-in

e
S’

which hiead chips are arranged substantially in a straight line.
- The present inﬁention may also be applied to the method for driﬁng aline head -
of thé.. foﬁﬂ:h. embodiment combined with the method for. processing record data
- described in the secoﬁd elﬁbodhnent. In this éasé; .similar to: the second embodiment, -.
the ink jet printer can reduce the positional shift of dots on one line and can redﬁce the
.nUmber-of-wi:-ings- by carrying out matrix drive o_f.'a- plurality of nozzles. Moreover, .
- :the ink jet-printer can minimize the numbér of simultaneously driven nozzlg:‘s-and can. -
also reduce the dissipation. power in driving, |
Furthermore, the present invention may also be applied to.the method for -
. driving aline head of the fourth embodiment combined with the method for processing
. record data.described in the third embodiment. . In this case, similar to the second
embodiment, the ink jet printer can reduce the positional shift of dots on one line and -
canreduce the number of wirings by carrying out matrix drive of a plurality of nozzles. -

Moreover, the ink jet printer can minimize the number of simultaneously driven
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- nozzles and can also reduce the dissipation power in driving. In addition, since the ink

| Jet printer prints, for example, one line with dots by further dividing the plurality of

nozzies in the line head into smaller units, the ink jet printer can further reduce the .

positional shift of dots on one line.

--Moreover, the line head of the fifth embodiment may also be driven by the

effects as in the ink jet printers of the second to fourth embodiment as well as in the

ik jet printer of the fifth embodiment. Similarly, the line head of the ffh

embodiment may-also be adapted for the method for driving a line head of the fourth

-embodiment. combined. with the method for processing record: data .of the second . - :

_embodiment, or may also be adapted for the ‘method for dnvmg a line head of the
. fourth embhodiment combined with the method for processing record.data ofthé tlﬁrd

... -embodiment: Ao

Although the line heads for a plurality of c;olors are assumed in the above-

described embodiments; the present invention ma)lz also be applied.to a line head for -

one color.. .- -

.. Thus, various modifications and changes may be effected without departing

- from the scope.of the present invention.

. Industrial Applicability

PP
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~As 1s described above in detail, the method for driving a recording head

according to the present invention is a method for driving a recording head having a
- plurality of heating elements as driving élements for ejecting nk dropiets from a
plurality of nozzles, the plurality of heating elements being afrangedin a direction
sgbstantially perpendicular_to‘the direction of carrying a carried record.ing medium, the
: method‘co‘m_pris'ing:- a time-division driving step of dividing the plurality of heating . -

. elements into-a plurality-of blocks; each block consisting ofa predetenmined number:

.,"‘:"‘\I
e

" of spatially arranged heating' elements of the plurality of heating elements
corresponding to the plurality of nozzles, and sequentially driving each set of heating -
.elemerﬁ;ts.-shnultanec_)usly ‘driven over the respective blocks, in a thne-‘divisidnal-r
1ﬁar_|ner;.and arecording step of ejecting ink droplets from the nozzles corresponding
to the driven heating elements and impécting the ik droplets on the recording
o 1nedjujn,_thu3:.r'ebordi11g dots .méde of the ink dropléts. et
: Therefore,'in.thé method for driving a recording head according to the present:
mnvention, since-thé' heating elements are scéuéntially driven in a tune-divisional
- - manner by-each set:of heating elements simultaneously driven over the respective. -
divided blocks, the positional shift of dots on the recording medium can-be reduced
. and the instantaneous .maximum dissipation pov;rer--in time-division drive can:be
reduéed.
The recording head according to the present in-.vcntion is a recording head: .

having a plurality of heating elements as driving elements for ejecting ink’ droplets
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- from a plurality of nozzles, the plurality of heating elements being arranged m a

direction substantially perpendicular to the direction of carrying a carried recording - |

medium, the recording head comprising: time-division driving means for dividing the

: plurahty of heating elements into a plurality of blocks, each block consmtmg of a

_predetermined- number of. spatially arra:nged heatmg elements of:the. plurahty of .
- heating elements corresponding. to the plurality of nozzles, and sequentially driving - - . - -

each set of heating:elements: simultaneously’ driven:over. the:respective-blocks; ina .

time-divisional manner; and recording mearis for ejecting ink droplets from the no_zzles

con"espondmg to the driven heating elements and nnpactmg the ink droplets on the -

recording medium, thus recording dots made of the ink droplets

.- Therefore, in the recordmg head accordmg to the present mvention, since the -

heating elements are sequentially driven in a time-divisional manner by each set of R

-heating elements ‘sinjmltaﬁeously driven over the .respective. divided blocks, the
. positional slu'ft.of dots on the recording medium canbe reduced and the mstantaneous

maximum dissipation power in time-division drivecan be reduced.

" The inkjet printer according to the present inverition is an ink jet printer having . -
arecording head having a plurality of heating elements as driving elements for-ejecting -
mk. droplets from a- plurality- of nozzles, the plﬁrality of heating. elements. being - :

arranged in a direction substantially perpendicular to the direction of carrying a carried -

recording medinm, the ink jet printer being adapted for recording information

“including a character and/or an image in the form of dots made of ink droplets, the ink
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jet printer comprising; tilnc-diﬁision driving means for dividing the plurality of heating
- elements into a plurality of blocks, each block consisting of a predetermined number
of spatially arranged heating elements of the plurality of. heating elements
cbrresponding to the plurality of nozzles, and sequential_ly driving each set of heating - -
-elemeﬂts simultaneously .driven over fhe respective: blocks; in a. time-divisional
. .manner; and recording means for ejecting ink droplets from the nozzles corresponding- . - ..
‘to: the driven-heating: elements. and: ilﬁpacﬁng ‘the ink’ droplets’on- fhé* recording- -
| inedium, thus recording dots made of the ink droplets. |
‘Therefore; in the ink jet printer. according to the present invéntion, since the -
- heatin’g.‘ elements. are sequentially driven in a time-divisional manner by each set of
“heating elements. simultaneously. driven over the- respeétive'r' divided blocks; the -
. positional shift of dots on the recording mediqm can be reduced and the instantaneous
- - maximum dissipation pdwei';iil time-division drive can be-reduced. .- - .-
Moreove'r,--thef--method' for driving a recording head accordiﬁg to the present
invention is a method for driving a rec'ordiﬁg héad'having' a plurality of heating
. ) elements as driving elements for ejecting ink droplets ﬁ'oﬁl a plurality of nozzles; the. - .-
plurality of heating elements being arranged in a direction substantially perpendicular .- -
. to the direction of carrying a carried recording meldium, the method comprising: a
drive signal generating step of generating an element drive signal made of necessary -
data for forming one dot so as to modulate the diameter of a dot by.the number of ink

droplets, using one or a plurality of ink droplets for forming one dot; a time-division
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driving step of dividing the plurality ofheating elements into a plurality of,bl‘ocks, each
block consisting of a predetermined number of spatially arranged heating ele1ﬁents of
the plurality of heating elexﬁents corresponding to the plurality of nozzles; and
séquentially driving each set of heating elements. simultaneously driven over the- -
respective blocks, in a time-divisional manner; and a recording étep of ejecting one or
. a plurality: of ink. droplets from the nozzles.corresponding to the driven-heating -
. elements and iir;pacti;lg'the-ink droplet(s) on the recordmg-medium;- thus recording
) dots made of the ink droplet(s). | |
| - Therefore, in the method for-driving a recording head according to-the present
Lo 1jnventio.‘n, since the heating elements are driven so asto modulﬁte-the- diameter of adot . . -
- -by-the nﬁmber of ink- droplets and the heating elements are sequentially driven-in a - |
. time-divisional manﬁer by each set of heating elements simultaneously diiven over fhe . |
. respective divided bloqks,- the positional shift of dots. onfhé 'recordihg'-medimn canbe -
- --reduced and the.instantaneous maximum dissipation power in time-division drive can. .- - - ..
be reduced. Moreover, gray scales can be expreésed within a pixel-and a recorded
| / ) 1mage of high definition with less rough or granular appearance-can be.pfovided ata - .
- high speed.- .-v.- . -
.- The recording- head according to the prese;lt invention is-a recording head :
having a plurality of heating elements as. driving elements for ejecting ink drbplets- .
. from a.plurality of nozzles, the pluralit} of heating elemeﬁts beiﬁg arranged in a -

direction substantially perpendicular to the direction of carrying a carried recording
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medimn, the.recording head §oinprisin g: drive signal generating means for generating
an element drive signal made of necessary data for forming one dot so-as to.modulate
,I-: ~ the diameter of a dot by the number of ink droplets, using: one or a plufality of ink
: dfoplefs for forming one dot; time-division driving means for dividing the plurality of -
heating elements-into a plurality of blocks, cach block consisting of a predetermined-
- number of spatially.arranged: heating elements of the plurality-of .heatillg'-ele;ncnté-. S
.. corresponding to the plurality. of nozzles, and sequentially driving-each set ofheating’
| / ) elements simultaneously driven over the respective blocks, in a time-divisional
" manner; and recording means for.eject'ing one or a plurality of ink droplets from the
: .nozzleé corresponding to the driven heating elements and impacting the ink droplet(s) - -
-on the recording medium, thus recording dots made-of the ink droplét(s)...;-- ERE
Therefore, in the recording head according to the present invention, since the
.. heating elements are driven so as to modulate the dia_meter of a dot by the number of - -
- ink droplets. arid--the heating elements are sequentially. driven m-a: time-divi._siopal: -
manner by e;':xch set of heatling elements simﬁ]’taheously driven over the respective
divided. blocks; the positional shift of dots on the recording medium can be reduced
and the instantaneous maximum dissipation power in- time-division: drive. can be
reduced. Moreover, gray scales can be expressed within a pixel and a recorded image -
of high definition with less rough or granular appearance cant b'e-provided- at a high -
speed. - - |

The ink jet printer according to the present invention is an ink jet printer having
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: y ~ arecordinghead having a plurélity of heating elements as driving elements for ejecting
1nk droplets from a plurality of nozzles, the plurality of heating élements being
. .arrangedina direction substantially perpendicular to the direction of carrying a carried
récording -medium, the ink jet printer being adapt,cd.r-for récording- informat_ion
- including a charaéfer. and/or an image in the fOI‘li;l of dots made of ink droplets, the ink
- jet printer comprising: drive signal generating means for generating an element dﬁve
--signal made of necessary data for fonnjng one dot so ﬁs to-niod_ulatc- -the--diameter of -
() a dot by the number of ink droplets, using ;Jne or a plurality of ink droplets for forming
S ‘one dot; time-division driving means for dividing the plurality of heating elements into
a »pluraiity'of.blocks? each.block consisting of a predetermined munber of spatially
. arranged heating elements of the pl.urality of heating elements corresponding to the . - .
plﬁaliw of nozzles, and sequentially driving each set of heating elements
- simultaneously -driven- over the respective blocks, ina ‘.‘c-ilhe.,-divisi'onal manner; and - -
- recording means-of-ejecting. one or a pluraiity of.ink- droplets- from .the nozzles
- corresponding to the driven-heating elements a.‘nd'impactin'g the mk droplet(s) on the
:) recording medium, thus:recording dots made of the ink droplet(s). - .- -~ . -
- Therefore, in the ink jet printer aécording to the present invention, since the
. heating elements. are driven so as tb modulate the diameter of a dbt by the number of .
mk droplets and the heating elements are sequentially. driven in a time-divisional
manner by each set of heating elements simultaneously dﬁveﬁ over the respective

divided blocks, the positional shift of dots on the recording medium can be reduced
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and the instantaneous maximum dissipation power in time-division drive can be
‘reduced. Moreover, gray scales can be expressed within a pixel and a recorded image -
. of high definition with less rough or granular appearance can be provided at a high -

: spéed.
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CLAIMS

| 1. A method for driving ; recording head 'having‘a plurality of heating elements as

dnvmg elements for ejecting ink droplets ﬁ-om a plurality of nozzles, the plurality of heating

| elements being. arranged ina dlrectlon substantiaily perpendlcular to the dlrectlon of carrying
a carried recording medium, the method comprising;: -

a time-division driving step of dividing the plurality of heating clements into a
plurality of blocks, each block cohsisting of a predetermined number of spatially arranged
heatiﬁg elements 035 the plurality of heating elements corresponding to the plurality of
nozzles, and sequentially .driving each set of heating elements simuﬂaneoﬁsly driven over the
respective blocks, in a time-divisional manner; and

a recording step of ejecting ink droplets from the nozzles corresponding to the driven
' heeting clements and impacting the ink droplets on the recording medium, .'thus recording
dots made of the ink droplets

wherein at the time-division driving step, the heating elements are Vdriven on the basis
of a division drive signal generated for said each set and an element drive signal, which is a
. signal for driving the heating elements and is made up of necessary data for forming one dot.
2. The method for driving a recording head as claimed in claim 1, wherein at the time-
- division driving step, the division drive signals corresponding to the number of time divisions
ere generated by multi-dimensional input signals.

3. A recording head having a plurality of heating elements as driving. elements for
ejec_ting' ink droplets from a plurality of nozzles, the plurality of heating elements being
arranged. in a direction substantially perpendmular to the direction of carrying a carned

recording medium, the recording head compnsmg
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3 txme cimswn driving means for dividing the plurality of heatmg eIements 1nto a
plurality of blocks, each block consisting of a predetermmed number of spatially arranged
heating elements of the plufality of heating elements corresponding to the-plurality of

nozzles, and sequentlally driving each set of heating elements simultaneously driven over the

respective blocks, ina tnne-d1v1s1ona1 manner; and

recording means for ejecting ink droplets fromi the nozzles corresponding to the
driven heating elements and impacting the ink droplets on the recording medium, thus
'recording dots made of the ink droplets
wherein-the time-division driving means drives the heating elemeﬁts on the basis of a
~ division drive signa:I generated for said eacﬁ set and an element drive signal, which isa signal
for driving the heating elements and is made up of necessary data for f‘orming one dot.
4, The recording head as claimed in claim 3, wherein the time-division driving means

‘generates the division drive signals corresponding to the number of time divisions by multi-

dimensional input signals.

5. An ink jet printer having a recording head having a plurality of heating elements as

driving elements for ejecting ink droplets from a plurality of nozzles, the plurality of heating
elements being arranged in a direction substantially perpendicular to the direction of carrying
a. carried recording medipin, the ink jet printer being adapted for recording information
' mcludmg a character and/or an 1mage in the form of dots made of ink droplets, the ink jet
printer compnsmg
tlme-dlwsmn dnvmg means for dividing the plurahty of heating elements mto a
plurality of blocks, each block consisting of a predetermined number of spatially arranged
heating élements of the plurality of heatlng elements . corresponding to the plurality of
nozzles, and sequentially driving each set of heeting elements simultaneously driven over the

respective blocks, in a time-divisional manner; and
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recording means for ejectihg ink droplets from the nozzles corresponding to thé
driven heating elements and impacting the ink droplets on the recording medium, thus
' recording dots made .of ink droplets |
wherein the time-division driving means drives the heating elements on the ba;sis ofa
division drive signal generated for said each set and an eIement drive signal, which is a signal
for driving the heating elements and is made up of necessary data for forming one dot,
6. The ink jet printer as claimed in claim 5, wherein the timf;-division driving means

generates the division drive signals corresponding to the number of time divisions by multi-
dimensional input signals.

7. A method for driving a recording head having a plurality of heating elements as

driving elements for ejecting ink droplets from a plurality of nozzles, the plurality

of heatirig
_ elements being arranged in a direction substantially perpeqdicular to the diréction éf carrying
a carried recording medium, the iﬁethod comprising:

a drive s,ignai generating step of generating an elemel;t drive signal made of necessary
data for forming one dot so as to modulate the diameter of a dot by the number of ink
d:oi;iets, using one or-a plurality of ink droplets for forming one dot;

a time-division driving step of diﬁding the plurality of heating .elelments into a
pluréhty of blocks, each block consisting of a predetermined number. of spatially. arranged
- heating elements of the plurality of heating elements’ cori-‘esponding to the plurality of
ﬁoz’zleé, and sequeﬁtiqlly driving each sét of heating elements simultaneously driven over the
respective blocks, in a time-divisional manner; and

a recording stép of ejecting one or a plurality of ink droplets from the nozzles
corresponding to the driven heating elements and impacting thé ink droplet(s) on the

recording medium, thus recording dots made of the ink droplet(s).
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8. The method: for driving a recording head as claimed in claim 7, wherein at the fime-
division driving step, the heating elements are driven on the basis of a division drive signal
generated for said each set and an element drive signal generated at the driven signal

: generating step for dnvmg the heatmg elements belongmg to said set designated by the

dmsmn dnve szgnal

9. The method for driving a recording head as claimed in claim 7, wherein at the drive

signal generatmg step, - record data made up of necessary data for forming one dot is
compared with the number of pulses generated for determining the number of said ink

droplets to be ejected from the nozzles, and the result of comparison is outputted as the
' element drive signal.

10.  The method for driving a recording head as claimed in claim 9, wherein at the drive

signal generating step, the order of the pulses to be objects of comparison with the record
data is determined so tilat a dot to be formed on the recording medium is equivalent to a dﬁt
formed by distributing the ink droplets in the direction of camrying the recording medium
from a lattice point as the center, which is the position on the recording medium in forming
one dot with one said ink droplet.
11.  The method for driving a recording head as claimed in claim 10, wherein at the drive -
signal generating step, |

in the case of forming one dot with the ink dropiets of even ordinal numbers, the order
of the pulées to bé objects of comparison with the record data is determined so that the
resultant dot is equifalcnt to a dot formed by distributing the ink droplets of odd ordinal
numbefs' and the mk ldroplets of eveﬁ o‘rcﬁnal numbers in the direction of ccarrying the
reqérdi"ng mediﬁm symmetrically about the lattice point as the cehter_, and

in the case of foﬁning one dot with the ink droplets of odd ordinal numbers, the order

of the pulses to be objects of comparisbh with the record data is determined so that the
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resultant-dot is equivalent to a dot formed by impacting the first ink 'd:'oplet on the lattice

point and then distributing the ipk droplets of odd ordinal numbers and the ink droplets of
even ordinal numbers in the direzc‘;i;m of carrying the recording medium symmetrically about

the lattice point as the center. .

12.  The method for dnvmg a recording head as claimed in claim 10, wherein at the

recording step, recording is carried out while the position on the recording medium where the

ink droplet should be impacted is changed in accordance with the number of pulses generated
at the drive signal generating step.

13.  The method for driving a recording head as claimed in claim 9, wherein at the drive

signal generating step, the record data is temporally diﬁded into two, and the order of the .
pulses to be objects of comparison with the former half record data of the record data divided
into two is determined so that a d_ét to be formed on the recording medium is equivalent to 2
dot formed by distributing the ink droplets in the direction of carrying the recording medinm

from a lattice point as the center, which is the position on the recording medium in forming
one dot with one said ink droplet.

14.  The method for driving a recording head as claimed in claim13, wherein at the drive

signal generating step, the order of the pulses to be objects of comparison with the latter half
record data is detemﬁnéd so that record data based on the pulses of odd ordinal numbers and
- record data based the pulses of even ordinal numbers are afranged on the opposite sides of the
iattice point to the former half record data.

15, The method for driving a recording head as claimed in claim 8§, Wheréin at the timef
div_ision'driving step, ’;he division drive signals corresponding to the number of time divisions
are generated by multi-dimensional input signals.

16. A recording head having a plutality of heating elements as driving elements for

ejecting ink dropiets from a plurality of nozzles, the plurality of heating elements being
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arranged in a direction substan'tialjly perpendicular to the direction of cafrjdng’ a. carried
recording medium, the recording head comprising:

drive signal gene;ating means for generating an element drive signal ma&e of
necessary data for forming one dot so as to modulate the diameter of a dot by the number of
ink droplets, using one or a—plurali‘ty of i1_1k droplets for forming one dot;

time-division driving means for dividing the plurality of héating eiements into a
plurallty of blocks, each bIock consisting of a predetermined number of spatially an'anged
heatmg elements of the plurality of heating corresponding to the pIurahty of nozzles, and
sequentially driving each set of heating elements simultaneously driven over the respective
blocks, ina ﬁme-di’visional manner; and

recording means for ejecting one or a plurality of ink droplets from the nozzles
_ corresponding to the driven heating elements and impacting the " ink droplet(s) on the
recording medium, thus recording dots made of the ink droplet(é).
17.  The recording head as claimed in claim 16, wherein the time-division driving means
drives the heating elements on the basis of a &ivision drive signal generated for said each set
- and an element drive signal generated by the drive signal generating means for driving the
heating elements belonging to said set designatcd by the division drive signal.
i8. The recording head as cIaimed in claim 1‘6, wherein the drive signal generating means
- has:

storage means for storing reéo_fd data made up of necessary data for forming one dot;

pulse generating means for generating pulses for determining the number of said ink
droplets to be ejected frpm the nozzles; and |

comparing means for comparing the record data stored iﬁ the storage ﬁems with the

r'_mmber of pulses generated by the pulse generating means;
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the drive signal generating means outputting the result of comparison made by the
comparing means as the element drive signal,

19.  The recording head as 'clainied in claim 18, wherein the drive signal generating means

determines the order of the pulses to be objects of comparison with the record data so that a
. dot to be formed on the recordmg medium is equlvalent to a dot forrned by distributing the
ink droplets in the direction -of carrying the recording medium from a lattice point as the

center, which is the position on the recording medium in forming one dot with one said ink

droplet.

20.  The recording head as claimed in claim 19, wherein in the case of forming one dot

with the ink droplets of even ordinal numbers, thé drive signal generating means determines
the order of the pulses to be objects of comparison with tI;e record data so that the resuitant
dot is equivalent to a dot formed by distributing the ink droplets of ot;ld ordinal numbers and
the ink ;iroplets of even ordinal numbers in the direction of carrying the recording medium
symmetrically abdut the lattice point as the center, and
in the case of forming one dot with the ink droplets of odd ordinal numbers, the drive
signal generating means-detemﬁnes the order of the pulses to be objects of .comparison with
| the record data so that the resultant dot is equivalent to a dot formed by impécting the first ink
&ro'plet on thé lattice point and then distributing the ink droplets of odd ordinal numbers and
- the ink droplets of even ordinal numbers in the direction of carrying the recording medium
slymmetricz.ally about the lattice point as the center.
21, The recording head as claimed in claim 19, wherein the recording means carries out
reqording while changing the position on the recorciing mediu:rﬁ where the ink drolﬂet should
be impacted, ih accordance with the number of pulses generated by the drive signal

- generating means.
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22 The recording head as claimed in claim 18, wherein the drive signal generating means

temporally divides the record data is temporally divided into two and determines the order of
~ the pulses to be objects of cﬁmparison with the forrner half record‘data of the record data
- divided into two so that a dot ;to be formed on.the recording medium is equivalent to a dot
formed by dis{ributing the ink droplets in the direction of carrying the'recording medium

from a lattice point as the center, which is the position on the recording medium in forming
one dot with one said ink droplet.

23.  The recording head as claimed in claim 22, wherein the drive signal generating means

determines the order of the pulses to be objects of comparison with the latter half record data
so that record data—based on the pulses of odd ordinai numbers and record data based the
pulses of even ordinal numbers are airanged on the opposite sides cl:f the lattice point to the
former half record data.
24. - The rq-:ording head as claimed in claiﬁ 17, wherein the time-division driving means
generates the division drive signals corresponding to the number of time divisions by multi-
dimensional inpuf signals.
25.  An ink jet printer having a recording head having a plurality of heating elements as
ciriving elementé for ejecting ink droplets from a plurality of nozzles, the plurality of heating
élements being arranged in a direction substantially perpendicular. to the direction of carrying
a carried recording medium, the ink jet printer being adapted for recording' information
| including a character and/or an image in the form of dots made of ink droplets, the ink jet

_priniter comprising; .
drive signal gen‘erating means for generating an elément drive signal made of
: necessary data for fonmng one dot s0 as to modulate the diameter of a dot by the number of

ink droplets, using one ora plurahty of ink droplets for formmg one dot;
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ﬁme-divis'ion driving means for dividing the plurality of heating elements into a
plurality of blocks, each block consisting of a predetermined number of spatially arranged
heating elements of the plurahty of heating elements correspondmg to the plurality of
nozzles, and sequentlally driving each set of heatmg elements smmltaneously dnven over the
respective blocks, in a time-divisional manner; and

;ecording means of ejecting one or a plurality of ink droplets from the nozzles
corresponding to the driven heating elements and impacting the ink dropiet(s) on the

recording medium, thus recording dots made of ink droplet(s).

26. The ink jet printer as claimed in claim 25, wherein the time-division driving means

drives the heating elements on the basis of a division drive signal generated for said each set
and an element drive signal generated'by the drive signal generating means for driving the
heating elements belonging to said set designated by the division drive signal.

27.  The ink jet printer as claimed in claim 25, wherein the drive signal generating means

has:
storage means for storing record data made up of necessary data for forming one dot;

pulse generating means for generating pulses for determining the number of said ink

droplets to be ejected from the nozzles; and
| comparing means for comparing the record data stored in the storage means with the
- number of pulses generated by the pulses generating means;
the drive signal generafing means outputting the result of comparison made by the
comparing means as the element drive 31gnal
28. The ink jet printer as claimed in claim 27, wherein the &rive signal generating means
determines the order of the pulses to the objects of comparison with the record data so that a
dot to be formed on the recording m_edimn is equivalent to a dot formed by distributing the

ink droplets in the direction of carrying the recording medium from a lattice point as the
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center, which is the position on the recording medium in forming one dot with one said ink

droplet.

29.  The ink jet printer as clalmed in claim 28, wherem in the case of formmg one dot with

the ink droplets of even ordinal numbers, the drive signal generatmg means determines the -
order of the pulges to be objects of comparison with the record data so that the resultant dot is
equivalent to a dot formed by distributing the ink droplets of odd ordinal nﬁmbers and the ink
droplets of even ordinal numbei's in the direction of carrying the recording medium
symmetrically about the lattice point as the center, and

in the case of forming one dot with the ink droplets of odd ordinal numbers, the drive

signal generating n.mans &etermines the order of the pulses to i.)e‘ objects of comparison with

- the recofd data so that the resultant dot is equivalent to a dot formed by impacting the first ink
droplet oﬂ the lattice point and then distributing the mk droplets of odd ordinal numbers and
the ink droplets of even ordinal numbérs in the diréction_ of carrying the recording.mgd_ium~
symmetrically about the lattice point as the center.
30.  The ink jet printer as claimed in claim 28, wherein the recording means carries out

recording while changing the position on the recording medium where the mk droplet.should

be impacted, in accordance with the mumber of. pulses generated by 'the drive signat
genemﬁng means.
"~ 31. The ink jet printer as claimed in claim 27, wherein the dﬁve signal generating means
. ¢
temporally divides the record data is temporallj divided into two and detenpines the order of
" the pulses to be objects of comparison with the former half record data of the record data
divided into two so tﬁat a dot to be formed on the recording r.nedium is equivalent to ﬁ dot
| .formed by distributing the ink droplets in the direction of carrying the recording medium

. from a lattice point as the center, which is the position on the recording medium in forming

one dot with one said ink droplet.
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ey The lnk Jet prmter as clalmed in clalm 31, wherem the dnve signal generatmg means

determines the order of the pulses to: be obJects of companson w1th the latter half" record data

50 that record data based on the pulses of odd ordinal numbers a.nd record data based the '
' ulses ¢

el ordlnal numbers‘ are an-anged o1 the opposue mdes of the lattlee pomt to the',_' '

"fonnerhalfrecorddata : _ T

33. The ink jet pnnter as clauned in claim 26 wherem the t1me-d1v151on driving means

B generates the d1v131011 dnve mgnals correspondlng to the number of tnne d1v131ons b

ymuit_i.-ﬁ'_.,



