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;'\YZ[ \e3el "6LT 1 _DESCRI PTI ON Method for Driving Print Head in Ink Jet

}/_.Pri nter and Ink Jet Printer Technical Field 2 8 MAY 2004 This invention_

FA

relates to a nethod for driving a print head in an ink jet printzf ¥ 2004
ejecting ink drops to record characters and pictures, and an ink jet

.printer. Background Art An ink jet printer is a printer of such a type that

ink drops are ejected fromnarrow nozzles arrayed on a print head and are
caused to reach a recordi ng nmedi um suth as paper, thus recording characters
of pictures in the formof dots. This ink jet printer is characterized by a

i gh recording speed, a | ow rec@EEORIEGS®Nand easy realization of color
~print. The print head.in the ink jet printer is a so-called serial head

Wi Ch VRt REQESEDIFVIRE PHE TRAGCIn @Rt PFi d If¥ JA FBshtepl | ed |ine head
e g i o i i

with a large Is substantially the sane di nension as the page

~width of paper. The systemfor ejecting ink drops is a piezo systemusing a

pi ezoel ectric elenent, or a thermal systemusing a heating elenent. The
above-described |ine head need not be noved in the direction of the page.
wi dt h ‘BeclypakFis¥d dri vi ng means_ such as a notor as in the serial head at

‘the tine of recording. Therefore, the line head needs no driving neans and
it is easy Thivmakhtien reladd f'm2@dd 2omdrivialgur priat hen iof ait ik jet priber body

and reduction in cost. In the thernmal system it is possible to Increase

the -nUfﬂ}ee_rjeaﬁngiiﬂwaﬂﬂas%eree@;@cﬁa@aa%mﬁd peethrels, Sh@Ba AR et fitntBE.r @y density
of the drrving elenents, nore easily than"in the piezo system Therefore,

‘the ‘thermal systemis nore advantageous to realization of a |line head. For

~ these

Background Art
An ink jet printer is a printer of sﬁch a type that ink drops .are ejected from
- narrow nozzles arrayed on a print head and are caused to reach a recording medium
such as paper, thus recording chara'cters- or pictures in the form of dots. This 1nk jet
| prinier is characterized by a high recording speed, a low recording cost and easy
realization of color print.
The print head in the ink jet printer is a so-called serial head which is shorter
than the page width of paper, or a so-called line head with a large length which is
- substantially the same dimension as the page width of paper. The system for ejecting
ink drops is a piézo system using a piezoelectric element, or a thermal system using
a heating element.
The above-described line head need not be moved in the direction of the page
- width of paper by driving means such as a motor as in the seriai head at the time of

recording. Therefore, the line head needs no driving means and it is easy to realize



;; reasons, an ink jet printer having a line head of a thermal systemis
? ~proposed. However, the thermal system has drawbacks such as a Iowfn @ﬂ?rQM4
i efficiency and a larger dissipation power in recording than the plgz
-~ system To overcone these drawbacks; in the ink jet printer, a
-~ time-division driving systemin which a plurality of heating elenents
‘enployed in a serial head of the thermal systemare divided into severa
bl ocks, each of which is driven in a tinme-divisional manner, nust al so be
applied to a |line head of the thernal system The.ink jet printer generally
uses diIANTIZARGR ogﬁtﬁcaegieﬁ ofy apdsgdEGiipR il gP¥hdR thie birsabd ke e
di ffusion nethod in expressing the gradation. In these nethods, however,
si nce tossibieattainanasesthexpumbered! dnvongelanenty fosiepertngpink diapsyanst thgot s,
the actual resolution is | owered. Moreover, since the rough or granul ar
appear 3pe§ JeRRY oF 08l Mgldlemehsl Ridré bYsiBf thAQtif thd fiez@kgiteire Theatidry, | S
| onered.. Therefore, in the ink jet printer, it is necessary to reduce the

-~ rough ear e : i 0 i RE. ] i t duci ng
the i dhe AR RRRRBAE pA0Eh B R ) flnfial & 1 fRsfEl, Fonés
reduction in dianeter of dots can be realized by reducing the size of the
heati-ng'ea%a@él}kﬂmﬂrmtahﬁ%‘émg@r %be%g?ﬁﬁé e YREM &Y BIRPBFdt he

- chanber, and thus 2 0 ~~Y 2004 3 reducing the volume of ink particles to
be ej ect ed, Mowhvensiethermal bypsttmt ias drandabkasicings a lneveienesgy hfacicnty t he
thermal. system However, the increase in array density of dots is nore

di ff i culrld MarfFer dissiphfién peadr &f rdcaedingahamthesyisteBydtban Pé dherichmethesal
head. Specifically, with the serial héad of the thermal system the array

e Leradlviele, ifidfe Mk (P HERRCA hfe-AliBIKIAATE ystBih AAWHIAG pilFRY Gt ' On

frequency o S “or “reduti ng d scanning rate int
scanni jrection, and,b educi n he ,p r feed pitch in the.direction
of 't he Beatue fleatrnis RagPYed T4 IE diRa oG sheRfeh sl fecdifidtd B85 1 pe
thermal - system the array density of the heating elenents nust be increased
in the ssagealwwlecks.deachcef srhichns idsiveneinag thpe divisiqnpl gnagmsts mush alwo be
increased in the paper feed direction by a nethod simlar to that of the
- serial #gmddd fbha inediwadofithe tleased sgiteti.cul ty of working and assenbly of
the Iine head, lower yield, increased scale of the head drive circuit, and
hence | ar ger TReshk flPrint¥eserephllPRsed digital image processing by a so-called dither
method or an error diffusion method in expressing the gradation. In these methods,
however, since the gradation is expressed the'oreticallj} using a plurality of dots, the
actual resolution is lowered. Moreover, since the rough or granular appearance
Vremains due to the visibility of dots, the picture quality is lowered. Therefore, in the
ink jet printer, it is necessary to reduce the rough or granular appearance and to .
improve the picture quality by reducing the diameter of dots and increasing the array
density of dots.
The reduction in diameter of dots can be realized by reducing the size of the
- heating elements, the diameter of the nozzles and the volume of the chamber, and thlrxs'



e ' . - '
_,' Moreover, with the serial head of the thernmal system the unevenness in the
;_;quantity of ejection of ink drops (dot size and print density)Hfgd@#Qn&aﬁ
" ink drop position is nmade | ess visible by a so-called multipat 'y r
recording one line with a plurality of nozzles, often in the high
definition node. On the other band, with the line head of the thernal
- system such a techni que cannot be adqgpted since recording is conpleted by
one scanni ng operation. Therefore, with the line head of the thernal
system it is inportant how the unevenness in the quantity of ejection (dot
si ze amedypingtheisabing pfink paditentybe jeatrd, iwith Rspeaktaboih Pedind bgrdcan be
restrained for high definition. 16 0CT 2002 2 8 MAY 2004 Disclosure
of t heahdvhakedal hendvoiiieathetinel fystegoiigwstat tise afcrede @rdrray Hehsityasf
obj ect of the present invention to provide a nmethod for driving a print
head i’ o | £k BT Q@ i 1 J i i at i nter
Capabl G S B o ML AR P AR o
rough or granul ar. ear.ance at hj speed, .and such .an ink.jet. printer.
hccording t hesticRBE SRR B Prins BRraia) SEe G iRy HER OGRS vi ng
~a print head in an ink ] et printer in which ink drops are ejected froma
" pl ur al icep b inpseasedsrelaitv dy ¢ppdy bynraisingdbe giangionse gueney ohankideps ant i on
‘including a character and/ or an image is recorded in the formof dots
based audubtmgithk adpeanhing jate i tiehehdetangigpditction echdyy aedwsingghd n - a
zi gzag manner a plurality of head chips, the head chi ps having the nozzles

~and at 3AR8keanitel i INOGSLATEBNGE fIRIpARY 1 A0a BRI ORI 1Bt Dok o

fromthe*nozzl e so that sonme of the 'nozzles are arrange a zigzag

manner W th respe he | ongi Lnal  dir i f the print,head..the -
et nod 6 TR Pudrdi SRk, Bb ABayisSHY kF Methor i ey BRSL A
“portion on the _recordi ng,nﬁdi‘umpnl y .Qnce in one pri n% and driving the
print hageeassd wpin page Wikthglimebioss Whnledhg giragdenpby plidstscagrbg inrradseds,
‘using one or a plurality of ink drops for formng one dot. According to the
pr-esentini thegapepised disediarsbypaonéided samilankg Btat pk the seridl bead] dbid cagpsend
~dropping ink drops froma plurality of nozzles onto a recording nmedi um and
- recor di frédztardmicudty bhelodkingtarl £kafddy ef (e iAOhedd) loWRE§iéld, ifteedseim of
dots based on the ink drops,. the ink jet printer conprising a print head

scale of the head drive circuit, and hence larger cost and lower reliability.
Moreover, with the sertal head of the thermal system,-the unevenness in the
~ quantity of ejection of ink drops (dot size and print density) and in the ink drop
~ position is made less vi_s;ible by a so-called multipath system for recording one line
-with a plu:ality of nozzles, often in the high definition mode. On the other hand, with
the line head of the thermal system, such a technique cannot be adopted since
~ recording is compiét-ed by one scanning operation. Therefore, with the line head of the
thermal s_ystem; it is important how the unevenness in the quantity of ejection (dot size
- and print density) for eacﬁ nozzle and in Vthc ink drop posiﬁon can be restrained for

high definition.
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16 00T 2002 2 ~ SAY 20~~ constituted by arraying in a zi-gz
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" head dri SRRy PR

driving elenments for causing the ink drops to be ejected from h%eoéwp%]l es,
so that sone of the nozzles are arrayed in a zigzag manner wt reSpeth to
the |ongitudinal direction, whereirn the print head is caused tozsga?@,\s%q
sane portion on the recording nediumonly once in one print and*i dé‘ p\

to nodul ate the dianeter of a dot by the nunber of ink drops, ~ using one
or a plurality of ink drops for formi ngtone dot. Brief Description of the
Drawings Fig.l is_a partial cross-sectional perspective view show ng the

over al | ‘4fFkpsuis of ore WyepHRDj et printer as an enmbodi ment of the present
invention. Fig.2 is a cross-sectional side view showing the ink jet

printer. Fig.I8 visweaflthedkregjoags sanahominRet fes 54 E,H{ék%?th%farggngﬁﬁ&g%?o% and

control systemof an electric circuit section in. the i1n

Fig. 4 | 30 Brohask adhRt HNESH AL Ak L

n

detai l.ed structure of a head drive
circuit shown in Fig.3 and a i ne hggg? |8.]§ i I’&tl?%PﬁgtqiNW(%%@Iﬁmnber
nodul at i_om) c ing by the head drive circuit shown in Fi'g.4, and shows
the rel arte ?l)éﬁﬂg"(eﬁ %%rh”g‘ lﬁﬁ P?&Fedé:ﬁa F‘B’t%é%zf HEPV HIpE p secogdathinaager ofpr bighgedura t he
head drive,ci rc.ui'ltl, data_read out by a data reading section provided in the
OSSR R griamlas AnReEranke atoarhagic spqeal; ahQrsuRh M HRdiek n

- the head drive circuit. Fig.6 is a schematic view show ng the arrangenent

of nozzI®&ER the |ine head, .. _. 20 if=~~~f 20D4 6 in which every
predet erm ned nunber of nozzles, of a plurality of nozzles, are

According to the present invention, there is provided a methdd for driving
a print head in an ink jet printer in which ink drops are ejected from a plurality
of nozzles and dropped on a recording medium so that information including a.
character and/ or an image is recorded in the form of dots based on the ink
drops, the print head being constituted by arraying .in a zigzag manner a
plurality of head chips, the head chips having the nozzles and at least one
driving element for causing thé ink drops to be ejected from the nozzles, so that
some of the nozzles ére arranged in a zigzag manner with respeCf to the
longitudinal direction of the pﬁnt.he_ad, fhe method comprising the steps of
-causing the print head to scan the same portion .on the recording medium only
once in one print, and driving the print head to modulate the..diameter of a dot .-

' __ by the number of ink drops, using one or a phirality of ink drops for forming

one dot.
According to the present invention, there is provided an i"nk-sjet pﬁntér for
ejecting and dropping ink drops from a plurality of nozzles onto oy recording
‘medium and recording information including a character and/or an image in the

form of dots b'zis_ed on the ink drops, the ink jet printer comprising a print héad

e [ .?’L ."a' L
plurality of head chips, the head chips having at | east th@hﬁég\%pfé@?fa by orictT



/ .'s'ecti oned to con.sti tute a block. Fig.7 illustrat es PNM pr oeessi jgr"‘b}y.r; ahefw';“:r;—-
7 ~head drive circuit shown in Fig.4 and the operation at a sgﬁrah}?ﬁﬁ'f“éﬁi}“élaﬁuﬂ

converting section provided in the head drive circuit. Fig.BA ifg gn o%ter

side view for explaining the structure of the line head for one ¢ Fére Z

Fig:BB is an outer bottom view for explaining the structure of th%HQEi ngf

head for one color. Fig.9 illustrates the detailed structure of a adh 2004

chip. Fig.lOA is a side view show ng a .Cross section along aline A-Ain

the line head of Fig.BB. Fig.|OB is a Side view show ng a cross section

al ong e ' i o F .5 Fi Y i.al r ctive

Vi ow shon R b, A e e M b ety 8 RSl sRETRRET
i's a partialy., I, Vi€ Vi wing.the detail ed structure_.near the

ozl eethie RERE Tradin S A e Rl R R it W et som

t he head chip. si@o}g. Fig,l3 ShO\{\IS an arrangenent of two adjacent groups of

nozzl est® Peacisied fromn e norgitea® talgstma ehebe narales are aradbups of

dots recorded by using the head chip of 2 0 ~~,~Y 2004 7 the arrangenent

shown i Aigdag manaaed valowespens totthed ongemdimalohiangeomoivherdihithe )pridt Hdwl

- dianmeter ofi dots is generated on the boundary of groups of dots recorded by

usi ng diif tenesd t@rsepnsthefsarne zmsiontba. thdBes e ot hR dst@t nBf odteYRSRE

dots recorded by using the head chip of the arrangenent shown in Fig.l2 and

shows U5l alet a6y & 86 raNeEIaAD 18 1Bl dr r9east B o Alpe Badalop.of

groups ots recorded by using different groups of nozz _
shows the.state of ou of~-.dpts recorded by usi the head chip of the
arrangeryémggﬂsmarﬁf @B‘?Y?féﬂg @HB Of %rrg{ré-gng\ﬁg,te a gap between dots is
gener at ed .on_t he boundary of groups of dots recorded by using different
groups d3riglolPgp@dption of the Drawings L

Fig.11s apartial cross-sectional perspective view showing the overall structure

of an ink jet printer as an embodiment of the present invention.
Fig.2 is a cross-sectional side view showing the ink jet printer.
Fig.3isablock diagram showing the structure of a recording and control system
of an electric circuit section in the ink jet printer.

Fig.ﬁl‘is a block diagram showing the detailed structure of a head drive citcuit

shown in Fig.3 and a line head.

Fig.5 illustrates PNM (pulse number modulation) prbces-,smg by the head drive
circuit shown in Fig.4, and shows the relation between a pu]se:genefated by a pulse
generator provided in the head drive circuit, data read out by a data reading section

provided in the head drive circuit, and a signal outputted from a comparator provided

in the head drive circuit.

_Fig.6 is a schematic view showing the arrangement of nozzles in theline head,



2f Flg | 4D shoms the state of groups of dots recorded by using the head cm
of the arrangenent shown in F~g.|2 and shows the state where a st@ﬁ}ﬁéﬂM@&M

dots is generated on the boundary of groups of dots recorded by using
different groups of nozzles: Fig.lS shows the arrangenent of two adjacent
groups of nozzles in the |ine head shown in Figs.BA and 8B. Fig.l6 shows
the state of groups of dots recorded bg using the line head shown in
Figs.8A and 8B. Fig.l7 is a conceptual ®view for explaining the principle of
PNM Fig.l8 shows the relation between the g@antlty of ink drops ejected
f rom t hen whigh-every predeominechormbes ahaoznespeiver phpplitye @1t wozhes, gat i ng
el ements or the pulse duration. Fig.l9A shows the relation between the
gradatlg@jkﬁmghoam@sﬁhﬁequﬂotkty of ejection before the pul se nunber is
corrected in accordance with the quantity of ejection fromthe nozzl es.

Fig. 198 showg;s Bﬁlelﬁ%?t‘eg%ﬁ%ﬁ@%ﬁg&ﬁ%‘%ﬂh@iﬁ%ﬂ%;&%% lm&ﬂgh@*fgaunw of

ej ection aftéer®th ect I n accor ance Wi
guantit

the st r¥.le°fapea§?>5' 3 shralaerelhest g ssdurter il Sunbl il AR SFibr o

~of a dot. gﬁZl shows the state of dots formed i.n the case where the pul se
number is i ndiig8seis aniquiersidevisictoreaplriginghetstmetyreioithe inebpad fananeof
the recording. direction in performng PNM Fig.22A shows the state of each
dot to kelsrecorded on paper, in which each dot is recorded so that the
“center of each dot is located at a lattice point.
| Fig 8B is an outer bottom view for explaining the structure of the line head for
one color.
* Fig.9 illustrates the detailed structure of a head chip.
Fig.10A is a side view showing a cross section along a line A-A in the line head
of Fig.8B.
Fig.10B is a side view showing a cross section along a line B-B in the lme head
of Fig.8B.
~ Fig.11 is a partial perspective view showing the line head of Figs.8A and 8B
- from the botiom side.
| Fig.12 is a partial perspective view showing the detailed structure near the
- nozzles in the line head of Figs.8A and 8B and showing the line head from the head
~ chip side.
Fig.13 shows an arrangement of two adjacent groups of nozzies in a

conventional line head.

Fig.14A shows the state of groups of dots recorded by using the head chip of
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/ - Fig.22B 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 i
‘large dianeter is not |located at a predetermined lattice point fdrf MAY 200%

recordi ng. Fig.23A ShOAS the state of dots formed when recording is carried
out by dropping ink drops on paper so that the ink drops are distributed in
the paper feed direction fromthe lattice point as the center, in carrying
out PNMin which the pul'se nunber is 78." 2 0 ~~~~ 2004 9 Fig.23B shows
the state of dots formed when recording is carried out by dropping ink
drops tire grapegement simwi fre Fign k2 dndpshoarsethdi ssiteivbldredy cirarigeepqap €lind)esd

direction fromthe lattice point as the center, in carrying out PNMin

whi ch i RS s b Sneratec ' [ won -A
A B R P e e R e b
det ai | v}#th Eeferenc tolthe drawi ngs. This enbodinment is applied to an ink
fl 1 SRR YA ?ﬁ’i nt head which has a driving elenent for _
ej ecting ink drops and which has a PNM (pul se nunber nodul atjon) function
such that tﬁé&é&%eswft thenstate phgerups Qafs,cPQis reqoafled by usbeg the headelipreid only
once in one print, that is, so-called one-path recording is carried out,
whi | e tlieadiaagement showndim Figs12macd| stioees the Sthte mhperanobventdp df dpss isusi ng

one or a plurality of 'ink drops for formi ng one dot, as shown in Figs.|l and

2. By g@ﬁéwtéwoﬁ%ewndw %_fig%% bf BbtsERbrdR0b¢ ARirY aMEdens fcﬁgﬁr&ed R
i mge of a high picture gualifty th I ess rough or granular ap%ea ance at a
hi gh S%%%Ql‘esl n the follow ng description, a |line head 120 having a o
recording range of substantially the same di nension as the page w dth of
t he paper P_j.s _enployed as the print he in the ink jet printer.100. ,
Al W ghe Bﬁaifht)ggffllw,o sAgcaded byresipgdee hord cBipaeks t he

same portion on the paper P only once in one print, thus performng
r ecor dithe armungemeat shownt imeligol 2 end shosiessitici pate omheteha gapkbgteteeprdais és 100
2 0 i~~~" 2004 o

generated on the boundary of groups of dots recorded by using different groups of

" nozzles.

Fig.14D ”sh.ows.- the state of groups of dots recorded by using the head chip of
the arrangement shown in Fig.12 and shows the state where a step between dots is
generated on the boundary of groups of dots recorded by using different groups of
nozzles. |

Fig.15 shows the arrangement of two adjacent groups of nozzles in the line head
showninﬂ Figs.8A and 8B.

Fig.16 shows the state of groups of dots recorded by using the line head shown
in Figs.8A and 8B.

Fig.17 is a conceptuai view for exp]ainifig the principle of PNM.

'Fig.18 shows the relation between the quantity of ink drops ejected from the
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10 enpl oyé a thermal éystem for ejecting ink drops and uses heating

elenments as the driving elenents. The ink jet printer 100 has a |ine head
120 having a recording range of substantially the same dinension & t
page wi dth of the paper P, a paper feed section 130 for feeding the paper P
into a predeterm ned direction, a paper supply section 140 for supplying
the paper P to the line head 120, a pgper tray 150 for housing the paper P,
and an-electric circuit section 160 fdr carrying out drive control of these
sections; which are provided_ inside a, casing 110 constitﬁtin t he

-PEF%%H, for

- appear apzalennnd tee pawer appiied i the hendingrolemcats agthemylse

exanpl'e, in the shape of a rectangul ar parall el epi ped: A paper ejection
port 111 foFigjieat sigvs hiee pelption Petwepn dhé geadaiivmeyel andriak giagéitpfoft he
| ateral sides of the casing 110, and.a tray inlet/outlet . 112 for

at tachipnahdgt §&BkNInd Eﬁﬂd%a b%f@ylcéﬁ%citéd P Q¢E6RENES wRRAhbejuanfiterodl si de

that is' opposi.te to the one lateral side. The line head 120 has four

colors, . for exanpl e, K (cyan, magenta, yellow and bl ack). The |ine head
120 iselﬁcg’\‘?lncé‘ami'heé’r?zﬁ er space at the end on the side of the paper

~ejection port 111 inside the casin 110,. with the nozzl es, faci ng down 'rd,
“though not - $tigdAB Fhewpiherclpties edwernihe syadalion }f‘é’ei(ﬂnldowenﬂ?%g

MYt 9% uent

el enents: a carriage guide 131 constituting a supply path in feeding the

paper Rjectwmrafegehe plilsemanilda is d@3edted ircatcondarpethish tapguariitp of agestionhem

and feeding the paper P, a'carriage notor 134 2 0 ~~Y 2004 mas a driving

sourceggﬁ?thg5%%ﬂ%§ally driving |ater-described pulleys 135, 136; pulleys
135, 1 or rotationally driving the rollers 132, 133; and belts |37, 138

for- transm tgt.i t he drivi.ng of f:h i 0 135,
136. The papéég%ebsda gi%?lf gha%fgﬁl %ﬂsbq%lr g‘/ﬁ&iﬁﬁ‘%ﬁ% {)%\%gfm{g%%]tgg%a@% %}%‘Y d on
the side of the paper e{h%g%_i on po({it 11 inside the casing 110. The carriage. -
gui de MBVIgIGIIRRRAITING 13mgHd Y2 9% | at plate and is provided at a

pr edet er mi ned spaci ng below the |line head 120. Each of the carriage rollers
132, 133 consFigt2l sliows plé stagé of dptsefarmashimthe eageasberedhrdrulseraBmbsF is age
rollers 132,133 are provided on both sides of the .carriage guide 131, that

i's, on fbeaskdevit rdfbfericeay a gileh Hond peint lirgspurtiveroftihe recatding. dirbatiqmper
ej ection port 11l, respectively. The carriage notor |34 is provided bel ow

and the belts 137, 138. _ _
'Fig.22A shows the state of each dot to be recorded on paper, in which each dot

‘the cary i and is connected with the carriage-rollers 132, 133
RS e

viathe p

is recorded so that the center of each dot is-located at a lattice point.

 Fig.22B shows the state of each dot to be recorded on paper, in which a dot with
a lafge diameter is recorded so that the center of the dot with a large diameter is not
located at a predetermined Jattice point for recording. -

.Fig.2'3A' SﬁOWS' the state of dots formed when reco-rding is carried out by

dropping ink drops on paper so that the ink drops are distributed in the paper feed
_-direction from the lattice point as the center, in carrying out PNM in which the pulse
number is “87 I |
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f_ The- paper supply section 140 has a paper supply roller 141 for supplying
" the paper P to the paper feed section 130, a paper supply notor 142 as a
- driving source for rotationally driving |ater-described gears 21434AAn204
‘gears |43 rotationally driven by the paper supply notor 142. The paper
supply section 140 is provided nearer to the tray inlet/outlet 112 than the
paper feed section 130 is. The paper supply roller 141 is forned in a
substantially sem-cylindrical shape &d is provided near the carriage
rollers 132 on the side of the tray inlet/outlet 112. The paper supply
mot or 142 i Figl8W dkowalihe estateeopdpty foumped ywhal recordiie andaided onndnt ed
- wWth the paper supply roller 141 via the gears 143. 2 0 ~~~ 2004 12 The
- paper i ' ' ' i rality
| HE‘%]%(P%§QHI(SC1IB?§ FR0pdger dob®it bk eis Hf}k_ﬁfs ﬁ%p@i*%{r%l%dhﬁl{ﬁ!ﬁ Ypdr Rled

of stack eets of paper P of A4 size. e paper tray 150 paper
- support,.152 ich .is, r.etaine ing 151 .at on . portion on,the
 bor P omigtghofitiel she 1458 pRGS Jng BRI catbuifl AP R h e S £ o
bel ow t he paper supply section 140 to the tray inlet/outlet 112. The
el ect r PEMERETIdRI P-section 160 is a section for controlling the driving of
~each section and is provided above the paper tray 150. The ink jet printer
100 as descri bed above carries out the printing operation in the follow ng
.manner. First, a user turns on the power of the ink jet printer 100, then

pul |'s qaist MIBdOBPECalryag O thd DPen@nt ray inlet/outlet 112 to put a
predet ermi ned nunber Of Sheets of paper P therein, and pushes the paper

tray 150 in i . -l I . y..150.
(o 155 | A Bt b ekl B RAE IEp SRRSO L Rl
causes the paper suppori 152 to raise one end portion of the paper P, thus
‘pushi ng}”lthée%ﬁ%ﬂ‘?nﬁ) TAYMEY t he paper P against the paper supply roller
141. Then, in the ink jet printer 100, the driving of the paper supply "

mot or 142 r obhisieodwidimedt isvapplicddopapiak jetiprinierdd0 laving 3 pridtusafieddcihhg on
sheet of paper P fromthe paper tray 150 to the carriage rollers 132. :

SubsequentA Virivimg ehanémkidgradjeqing il dic@?s ahfevBichviiddga PNNMhEul8e hitader ot or
134 rotationally drives the carriage rollers 132, 133, and the pair of

o ) SRR P BIFLIARRS Fol L PP oS LA
scanned only once in one print, that is, so-called one-path recording is carried out,
while the diameter of a dot is modulated by the number of ink drops; usingone ora ..
plurality of ink drops for forming one dot, as shown in Figs.1 and 2. By carrying out
PNM, this ink jet printer 100 can provide a recorded image of a high picture quality
with less rough or granular appearance at a high speed.

In the following deséription, a ]ihe head 120 having a_rcéording range of
substantially the sime dimension as the page width of the paper P is employed as the
print head in the ink jet printer 100. Specifically, the ink jet printer 100, having the

line head 120, scans-the same portion on the paper P only once in one print, thus

performing recording. Moreover, in the following description, the ink jet printer 100



~ci rcui tsubsgtipdlydhe samg dimensionasibepagowidth

Then; in the ink jet printer 100, the line head 120 operates at
predetermned timng to eject ink drops fromthe nozzles and drgp tgg i nk
drops on the paper P, thus recording informati-on including a ch reckiér 2004
and/or an inmage in the formof dots on the paper P: Then, in the ink jet
printer 100, the pair of carriage rollers 133 catch the paper P fed al ong
the carriage guide 131, thus ejecting the paper P fromthe paper ejection
- port 111. The ink jet printer 100 repdfts  such an operation to generate
prints until the recording is conpleted. The electric circuit section |60.
in the dnfiloyeta Preirimaésystoth ¥or éjeoting dakdbopi dirdusAshehimelemdntgad thé he
electric circuit section 160 has the follow ng constituent elenments: a

signal(ﬂhgﬁg§%&ﬂgn%nd control circuit 161 for carrying out signa
_processing and control processing based on software, for exanple, as the

configurati of. a CPU (centr rocessin l.), and a DSP (digital signal
orocessory: g ink oet mer Al b8 35 Te Hrh A2 wibe A sra s FUS 86 dat a
is stored in a so-called ROM (read only nenon§?hﬁap Ségtenj aﬁgsad drive .

aht paperdhnatpapler tdedsattion 64
for controlling the driving of the carriage notor 134 and the paper supply

not or  1#%) farfdedingahe pRPEER intos pradereninedidive Glos) a%@gar sdppty bedti@r 14@mory
or a one-screen nenory; and a signal input section 166 to which signals of

d. '. . - .. - T - - |

ci 1 out 11 STPPR S e B SR IAPHEL20 TR BuIER) 19 R RIRRR ARbRTLC”
[ ity,163, th i . .rol ci it 164 .th 165. ..2 0 NMAY

5004 148117 b el oS SPEDR 1DIEF Shimyies off i FoRERLO UM ERE sty dara

-or- the like are inputted to the signal processing and control _ circuit 161
via t hewdighare prpiided aasidgrp eagngt bl sonstinting tgﬁradm}ééﬂﬂqﬁ? efhthe Bkojedi ng
order by the signal processing and control circuit 161 and are supplied to -
t he corprnterd@0circuit 1 62. The correction circuit 162 . carries out
correction processing such as so-called gama correction, color correction;
and correcti QheOtadifgZi B0 dis RPN NforTBRambl)alS tRE dhaper 8f nd réahRe@art he
like after the correction are taken out by the signal processing and

onee, B BRI e R A DA B
i on. 160 i . - Ciyi
SECt! O B8 RS i L eSS SRR S9345

and the various control circuit 164.. The electric-circuit section 160
causes aHachhiagdlagaching dhe quaper 168y 11§ Ocsrprayidachendanotheryladéra isede tied isead
120 in accordance with the driving signal. The electric circuit. section
160" causpposieto tire enslateat side. circuit 164 to control the driving of the
carriage notor 134 and the paper supply notor 142 in accordance with the
driving sign b M [ ani i ng
of the I i ne. ma B SREPRE Bl Tofbkdh PR, NI (el ey BERES. )
t he signal,s,of .recording d or the.ike are tenmporarily recorded.in_the
ronor y - 286 DlAtor SR b fed 1 203 plaidet 5 R bBebriahat (o b PRERS Sidetoti 07
Fig.4 shows the details of the structures of the head drive circuit 163 and
~ the |indh¢\paperigioction parddd ingide hesasingel Ha awithithepozalesiacing dewnward, .
~structure adapted for 2 0 ~~~ 2004is carrying out PNM and | ater-described
ti me- di theaglnndt shwg, and has a data readi ng section 163a; a pul se
generator 163b, a conparator 163c and a serial/parallel converting section

163d. . The paper feed section 130 has the following constituent elements: a carriage

N guide 131 consti’_cuting a supply path in feeding the paper P; carriage rollers 132, 133

for catching the paper P between them and feeding the paper P; a carriage motor 134



The data reading section 163a reads out data indicating |nf ormati on about
the pul se nunber for carrying out PNM fromthe driving signal supplied
fromthe signal processing and control circuit 161. The data readitng&f 2004
"section 163a supplies the read out data to the conparator 163c. The pul se
generator 163b generates a predeterm ned nunber of pulses for carrying out
PNM at predetermned intervals, as shown in Fig.5. For exanple, the pul se
~generator 163b constantly spont aneousl1§/ generates ei ght pul ses at
‘predeterm ned intervals: That is, the head drive circuit 163 determ nes the
nunber asfa drikingy space (fObEJtejlemlbjd danvingl btter-desteibedhmlbaysaiife 186t patledot s

for each gradation, on the basis of the pul ses generated by the pul se

~ gener ati®s, 168b. foimtmﬁalyg%wlﬁgomelﬁéi%rgup&v €331 hadoeaey ated 1By 88 to
t he corrpar ator 163c. The corrpara 163c receives the data read out from

t he me tr 1 by the
- data rgp d’}é I Ng se%'tﬂ?eoﬁhﬁg% clﬂfr‘?%gr@ggﬁgrvgﬂ @% eggr%éﬁbL% ﬁ;‘&pé%ﬁ by
~the pul nerat 163b. Jh arator 163c,_ compares the data with the
pul se H%Fr@ ctipp ]g%lsr BYy¢e (gfn BORPET SPBRC ah Ak cofAn theesigist of the paper ess
t han the pul se nunber, the conparator 163c supplies a high signal "H' to

t he sergjettigrapart|ldil msmleéhtt targng é¢0i dihe baBulageagnidhd G is foriayl I thEehape
exanple, if the data is "5" and the pul se nunber generated by pul se

~gener atgfra ﬂ&iszlat& and iopfovidddigt a Wg?@d&%ﬁﬁ%p&@nfgoﬁmmtw lid63ea@ubputs a .
e

~hi gh si gnal I f the pul se nu ris " | arger, the corrparat or 163c

whi O vt PR Eage ollerg 13270 B Pﬁm 4 Qi PR OREY DBty b ﬁch. ps
of 11 ol B GRATARY AT 303 S BAVAREA O RBILORFop r%sﬁcgﬁléé’e@ﬁheﬁﬁad' gt o
section 163d perforns parallel conver SI on on the serial data supplied from
the coriapathssidegt thmigay el owbetd 1giandan thy side efdha pBper ¢jectioDporBia| ned
respectively. The carriage motor 134 is provided below the carriage guide 131 and is
connected with the carriage rol}.ers 132, 133 via the pulleys 135, 136 and the belts 137,
" 138. |
The paper supply section 140 has a paper supply roller 141 for supplying the
paper P to the paper feed section 130, a paper supply motor 142 as a driving aoﬁrce
for rotationally driving later-described gears 143, and gears 143 rotationally driven by
the paper surply motor 142. The paper supply section 140 is pravided nearer to the
tray inlet/outlet 112 than the papef feed section 130 is. The paper supply roller 141
is formed in a sulastantiaily semi-cylindrical shape and is provided near the carriage
rollers 132 on the side of the tray inlet/outlet 112. The paper supply motor 142 is

. prov1ded above-the paper supply roller 141 and is connected with the paper supply

roller 141 via the gears 143.



by parallel conversion to the head chips of he |line head 120 respectively.
The line head 120 has a plurality of head chips 1210, ..., 121", snsggmn in
Fig.4. Each head chip 121 constitutes one bl ock in time-divisionédtikding04
and a plurality of parts for constituting the one block are tiled within

t he head chip. Specifically, each of the head chips 1210, ..., 121" has a

ti me-division driving phase generating circuit 121la, a gate circuit 121b,:

a switching elenment ? 2lc, and-heatingzelenents 121d. The time-division
driving phase generating circuit 121a has outputs of the sane nunber as the
t ot al- nunbeMhefpapkatay,1Hatfoimed ime bourike shaperrapableidonsing upluwgliyne

bl ock. The tine-division driving phase generating circuit 12la sequentially

generab?%ta%k@ﬁ%ﬁ@a@o@%?ef Profeqs RiAhark: ?ﬁ{ﬁbﬁmpﬂsefhats hepapasepséynsl to

the gate circuit 121b he gate circuit 121b is a so-called AND gate, which

t akes t i cal . ' ' IH

1 P o 0neh SR RngR Y Kb 47 ARG I LR Ve SRID ot The |
f th i al/ Il el ti [ 63d,, If both t h ' I
SUuppl | GHDFT BV U 19805 01 4 BRI BLEE OG s BARR URP BT O

~~"~ 2004 17 and the data supplied fromthe serial/parallel converting
sect i ortolh8tragrieldiicgitiesilgBal s "H," the gate circuit 121b turns the
switching elenent 121c ON. The swi.tching elenent 121c is adapted for
swi-t chi ng WhEkdeleciric Birtiie sédteol €60 ing setigsre firscodialling the deivingisf dacips
~fromthe nozzles. The OV OFF control of the switching elenment 121c is

carrie t ‘ Ui . h eating el ements 121d are driven
to hea?segﬁén(b:%&slg?rgﬁdgp?gr?ggftﬁ? kéﬁ‘%r%%%q?pbm t he correspondi ng nozzl es,

- when the switching. el ement lc.is iin the ON state., Since.the ink,.jet
orinter 100 ERpIKISTPROTEHACAT desfiobeh bone capituSuBerbulnE opdtiotin o
driving is carried out in order to restrain the dissipation power. To carry-

out t i nibediolliosiing nagnngrtng and PNM the ink jet printer 100 has the '
follow ng structure to operate. Specifically, in the ink jet printer 100,
as schemat i cBirkty asisertuims Bhghé poaveyl oft thiei ink jef priater| ¥30, ahen guilayoed the :
‘substantially on a straight line.in the Iine head 120 and every

predet ef,m . r ' ' to-
P E%#W%ﬂ{hﬂ?ﬁ hﬁét/sﬁt%éthppﬁog,{;m Phrederdhfifie @hAnfRS Uf ghads

formth ocKs correspondihg to the nunb of “ di visions of timne-division

o, bl of baBeP Selsiy 85 BuSi Pechsr P10 S RS BREGRIG HEPINES Y,
NI, Nz, ..., NmIl, Nm The phase.indicates the ition of. the nozzles in
each bi biadingthe pinarpiay, 1\l by in henpkijet ndenf ddithagnetgiging force of e
o spring 151 causes the paper supporf 152 to raise one end portion of the paper P, thus
pﬁshing the one end portion of the paper‘? against the paper supply roller 141. Then,
in the ink jet printer i’OO, the driving of the paper supply motor 142 rdtationally drives
. the paper supply roller 141, thus feeding one sheet of paper P from the paper tray 150
. to the carriage rollers 132. | | )
Subsequently, in the ink jet printer 100, the driving of the carriage motor 134

rbtationally drives the carriage rollers 132, 133, and the pair of carriage rollers 132

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



| ~nozzle No in the block BI, a'md’ the nozzle No in the block B" are of the
sane phase. In the ink jet printer 100 thus:-constituted, the %na MAY 2004
serial/parallel converting section 163d generates data DO, - _

corresponding to the respective blocks Bo, Bl, ..., B"
~~.r-.r~l~.~~:~"~1 ..~~1 9 OCT 2001 2 6 MAY 2Q4 18 for each pul se

- generated by the pul se generator 163b, and supplies these data DO, ..., Dn
to the blocks Bo, Bl, ..., B", respectdvely, as shown in Fig.7. In response

~to this, inthe ink jet printer 100, the time-division driving phase
gener atguide ciFicui Theflanstmuenki ek | prigenel @ e thea ljpteaheadi H2(@| ofeoatesagth
phase, thus causing ejection or non-ejection of an ink drop for one pul se,
that i %re@et@tﬁm&tﬁxﬂkng’fo%gm%w { 5RAGe rid2zRS Antl faegp? 7ZnRrdps bt thdi S
‘case, ‘the tinme-division driving phase . generating circuit 121a

i et PR, 8o RRG oG ing £ EnRRERs RHERF R mbdPon Worm 1

processing to drive the heating el enents 121d cqorresponding to {he zzl es
No i n t¥elass eaikhe papers!. Then, inghe inkjgt praterd&0s thespaiof carelage selssiing t o
drive the heating elements 121d corresponding to the nozzles N in the

bl ocks daoch Bie paper P f8al alhg thekarriage puidet E31,100s ejeptng shes paperdh fropethst i on
for each pul se generated by the pulse generator 163b, thus form ng one dot-

havi ng ; ir @i Rin negpondi ng to the. pul se number. Thus, the ink jet
print erﬁa{%g i?r{\ silgnél}:itaneousl y realize PNM and time-division driving. The

detail . the 0F gk I8 brifict ThoRepBEieniasibncralifn FpBheffE PR ABIST "

‘now be described in detgil. Figs.8A to 12 show the structure of the line.
head 12FCPHHNGHECEBIRYAn the ink jet printer 100a Fig.BA is a side view
showi ng the'%ﬁpear ance of the line head 120. Z 0 ~eY 2004 19 Fig.BB is a.
bot t om vi ew Thewlastrie hizceip peetiemiel on thehmk jehprinkead OD2all Ry be deomied: he
detailed structure of the head chip 12I. Fig.|OA is a side view showi ng the
~ cross - Asshown in Fig.3, the electric circuit section 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
- (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 carrtage motor 134 and the paper
supply motor 142, and other operations; a memory 165 such as a line buffer memory
' or a one-screen memory; and a signal input section 166 to which signals of recording
data or the like are inputted. The signal processing and control circuit 161 is

connected with the correcting circuit 162, the head drive circuit 163, the various -

control circuit 164 and the memory 165.



section along . the line A-Ain the line head 120 shown in Fig.BB. Fig:l1OBis
a side view showi ng the cross section along the line B-B in the IZ@eWﬂga@mg
shown in Fig.BB. Fig.ll is a partial perspective view of the line head 120
shown in Figs.8A and 8B; as viewed fromthe bottomside: Fig.12 is a

partial perspective view of the line head 120 as viewed fromthe side of
the head chip 121, in order to show the detailed structure near the nozzles
“in the line head 120 shown in Figs.8A@$nd 8B. The line 'head 120 is covered
by an outer casing 126b constituting a | ater described ink tank 126, and
the | ower pdntheglecthic ¢irewt srettpm e, ivsharpsignag dbyecpriingdata oz ¢he bkeare
electric wiring 127, as shown in Fig.BA. In the |line head 120, a _
sl it - shapeced nkilrugiphyl paydesdidgaaridscanesladrduit 86T e tial sipaslt inpat séctéor | near

- head frame 122, as shown in Fig.BB. A plurality of head chips 121 nmade of

S e, TR
: 122 J 122, in or . .
B LR PR R U5 T2 R RGBSR L0

plurality of heating elements 121d in a |line on the side of the ink supply
port 1ZRsErighentaorEsion preersaigsush as sprealad ganmacosieetion, sel@sorespondi ng
to the heating elenents 121d, on the side opposite to the ink supply port
1224, . tdmalcorgection diheoziddispérsione i sipnslsifngedrdtdy data arhhetikenffer gise 8B
-and 9. 2 0 1l~~~~Y 2004 20 In the exanple of Fig.9, the heating el enments

121a argraidisyade AlkefQhut %@"tgﬁ g%rﬁl ﬁf‘dqe%ﬁlfln?)and%hﬁ%i' lrcult '16?1% aBE8HahbE P

121, the gate circuit 12 e*swtchifng el ement 121c for the head chip
121 (heat,ing, el erents..121d) ,to car out _tinme-division drivin rewprovi ded -
et woertithatidng] St gt S ket i ndalied, AR PR Rga R TR, G
t he head chi E)S 121 is-a no_zzlﬁ(ggl ate 124 having a plurality of nozzles

124a, wintthe LledRsaircmsestion; thesigmals taken il pyciiepdgnal prasessing andzz| e -
pl ate 124, as shown in Figs.|l OA and 12. The nenber 123 is provided to form
a pl ur atarttyolafirduiitlé darchapipdied as 2Bwvihg sigsiabrtorige hedd dmde airphi 1 8Biangd the f | ow
pat hs123b for causing the ink to flowto the liquid chanbers 123a. The

nmenber J@doisScomest Ofrcait PHEA 0TRBSI1EdtYie: difiNsSdtion 860 aiSesCile! IRchadayvéi | m
photoresist and is provided so that the heating el enents 121d provi ded on

Phoh . ! e <10
123a, RSt B63 48 cBhfrof B REORAFOA O heiRf £50 ARREIESS b BerHIRE D 00
por t1 onSEBAL ¢ e Hesoaat sesonabeapses i SRvs Rt drafl atoiotel de of
the central part of the line head 120, as shown in Fig.lOB. The nozzle '
pl at e 1the duvingrofdewprdage madent i sgdihe paperaswppl s metor dderissicgerdance

with the driving signal and also to control the driving in the cleaning processing of the
line head 120. In the electric cir_cuit section 160, when necessary, the signals of
recording data or the like are temporarily recorded in the memory 165 and taken out
by the signal proc—essing and control circuit 161.

Fig.4 shows the details of the structures of the head drive circuit 163 and the
line head 120.

As shown in Fig.4, the head drive circuit 163 has a structure adapted for



plated with gold or palladiumfor preventing corrosion due to ink. The
- nozzle plate 124 is formed to close the ink supply port 122a, mhi@ﬁgW@%agmM
space formed by the head chip 121, the head frane 122, the nenber 123 and a
| at er-described filter 125, as shown in Figs.lOA 10B and 11. Moreover, the
nozzle plate 124 is forned so that the 2 0 ~,"~ 2004 21 nozzles 124a
correspond to the heating elenents 121d one to one via the respective
l'iquid chanbers 123a, as shown in Figl?Z. That is, each liquid chanber 123a
is continued to the flow path 123b forned in the nenber 123 and to the
nozzl ecazging evhBH Mmandnlaterodesceibgddiraediyisiandrinmg tangr has aidatf readinghead
-frame 122, the ink tank 126 is provided with a filter 125 arranged between
the heaectigares3h22 ?ﬂdiset lmenerkot dBBL] 26, comspaitomn16Bc Rings al S¥idnshril8. The
~filter 125 is provided to close the ink supply port 122a and ser.ves to

- preven : 1-Qc ted ink ingredients fromentering the nozzle | 2~l a
PR

fromth The ink tank 126 has a dual structure nade up of a

bag 126a and.,an,quter,.casing 1 , as,shog in -Fig.l A spri nber
T8¢ for endith dAthacidiBEsEas dboh oSl stondieis RipuRelBn BeehBEn  he
bag 126a_and the outer- casing_126b. Thus, in the |ine head 120, a negative
~ pr essupdlsesnppet &g esarting ouh RNM, fean thdrising sigsalaswppdisdriremdbasignehkage
of the ink fromthe nozzle 124a can be prevented. In the [ine head 120, -
si nce tprecessat ane cpneobeitenit $63eTHeade readihg sectidat6Bhsuppiped {harrgafiorce
of the nozzle 124athe ink can be prevented from being drawn into the nozzle

124a: W’t%‘ﬁ’t’aefoﬂiﬁrb adatdie dmad 120, an area including a part of the end
7 surfaces of the head thips 121, the outer circunferential surface of the -

head franme 122 and the er. ehrcunferential .surface of the ink tan 126 is
Cover ed by (15 BB, Bnctiior] 16676 BYRRHE bt gaBhoRRTL Buptsl? d ubshf for '
printed board). The electric wiring 127 is provided for supplying electric
pover -EYaREouE PN, ghpradetermpinediategvels psshown and'igs. dovinexamaple, the -
r~~'"~ 20D4 22 to the connection termnals 121e of the head chips 121. In
t he i nkpyjlsg ggmdratoe i 6300ohstantly spbrtaneoeslh gaveras cizht gekbses atptdatrowdned nk i s
- Intervals. That is,'the head drive circuit 163 determines the number of ink drops to be
ejected and determines the arrangement of dots for each gradation, on the basis of the
pulses generated by the pulse generafor 163b. The pulse generator 163b supplies the
generated pulses to the comparator 163c. |
 The comparator 163c receives the data read out from the memory 165 via the
- signal processing and control circuit 161 by the data reading section 163a and also
receives the pulse number generated by the pulse generator 163b. The comparator
163c¢ compares the data with the pulse number. If the result of comparison shows that
the data is not less than the pulse number, the comparator 163c supplies a high signal

“H” to the serial/parallel converting section 163d, as shown in Fig.5. For example, if

the data is “5” and the pulse number generated by pulse generator 163bis “1 to 5,” the



- supplied fromthe ink tank 126 to the ink supply port 122a, then passes
through the flow paths 123b, and is supplied to the Iiquid chanberp gl2ga. FGM
Each of the nozzl es 124a has such a cross section that the circular dista
end of a cone is cut off on a plane parallel to the bottom surface, as
shown in Fig.l2, and a so-called neniscus of the ink surface wth its
central portion recessed by the negative pressure on the ink is forned at

 the distal end of the nozzie 124a. Inl€he ink jet printer 100, when a

. there are c

driving voltage is supplied to the heating el ements 121d and bubbles are
gener afcothpanationd 63urcfuspets adlfiightseg el dtH figlfethe peiltesmirB b isi K @datdee) g are
- ejected fromthe nozzles 124a. In the ink jet printer 1Q0, since the head

chi ps %ggigﬁrrgo@rlrsg@ iR ARV 9@l manner as descri bed above, the plurality
of nozzl-es 124a (hereihafter referred to as nozzle group) corresponding to

a single head chi 21 _ar iml.arl (o J ' : ough
| hE P REC oYkt BRh AR, vilo sl B T RE MRS ot 10
chips are sinply shifted from each ather in rall el and therefore wo
adj acerftetaibz 3 FrovEepssSNEa, thaahead echip tlyt%f}gﬁﬂeedwfiﬁio}rg%a tht HEtmpe
parallel, as shown in Fig.13. In the.ink jet printer using this arrangenent
unevenrness:sponting touhaniunyberfofefivisiémmoitimiendkivisiom driviveg heeaprovtidgels Hhel
- errors of ink dropping positions on the paper may take place because of .
-U”eV_eﬂrS%ﬁl/gBrélm cBRREMHeelchibhaB 3 i niigadaliélidenvendoPeaithé Setidlglagl rors.
‘'~a] ~~~~ 2004 23 In the ink jetprinter, if recording is nade on the paper

e S RN oL s At RS 8P s ppchanes or
AR T Y MER L RN M A

~chips in which a nozzle 8roup consisting of nozzles with a |arge quantity
of ej ecti on Eheliachoad 120dasaplumity of hned ehipad2il.es, WlLrasshewm llﬂqﬁﬁénti ty
of ejection are adjacent to each other, a change point (line) V of the .
di aret eEa€l head ships1 e vensitattsamd bleckan nidas-viikisionedrivingdahd gridumlidE of
recorded by the nozzle group consisting of the nozzles wth a | arge

~quanti t?(ax‘?gf | &l %%Ml&k%@tﬁ@“ﬁﬁﬁﬁﬂ?@ﬂe&ych@ﬁ:Sﬁ?&fi@al ,Q4eh

consi-sting of the nozzfes wth a_snall quantity ejecti as sho in

Fig.l4A . Such a, chan poi n | i ne) t he. : ' LEudi .
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the other hand, in the; ink jet printer; if_recording. is nade on. the paper

when t hé2ba,iasgals crqusl 12kbavit 1nar%ﬁlaﬁﬁbl%t%iwagw&ﬂenﬁab?ef2,1£n |

overlap of dots, a gap between dots, or a step between dots is generated in

an area on t Haephpedicisionsbpdngiphgse gendratipgcncuiv L 2i hbasheaiputhefdbe same

. Specifically, an overlap O of dots as shown in Fig.l4B, a gap C between -
dots aspahiheR ak thdidlal Aémbef ofphasR, thab &, WeeHufBE SoBfosdleyBonstithiigg bAD i s

‘gener at ed on the boundary between a dot group DGA recorded
block. The time-division driving phase generating circuit 121a sequentially generates
a phase signal for each phase and supplies the phase signal to the gate circuit 121b.
The gate ci-rcuit 121b is a so-called AND gate, which takes the logical product
of the-phase signal supplied from the time-division driving phase generating circuit

121a and the data supplied from the serial/parallel converting section 163d. If both

the phase signal supplied from the time-division driving phase generating circuit 121a



by one nozzle group and a dot group DGB recorded by another nozzle group.
These overlap of dots; gap between dots, and step between dots alz% %ﬂ@S?Mﬁ
| ongi tudi nal stripe in the paper feed direction. 2 9 p~~y 2004 stv
inthe ink jet printer 100, an overlap part 124c is provided at the joint
bet ween a nozzle group 124A and a nozzle group 124B corresponding to the

adj acent head chips 121, both nozzle groups consisting of a plurality of

. nozzles 124a, as shown in Fig.15. That/is, in the ink jet printer 100, of

- the nozzl e groups corresponding to the adjacent head chips 121 arranged in
a zi gzangd hendaa supplipd éohen éharsaread/nagatibed coor e rtoyzsestionrl®pdrarg high signaks

nozzl e group 1214A on the left side and the sane nunber of nozzles from

| ef t i AL heheeze! @raaiolD] B &ABs oife sWachinghleaiede 1216 GNNr anged so that their
centerlines coincide with each other, and this portion of overl apping

rorel 22 3 AR AT A M IR e, e
£t D RS BT b e B RSt T

direction. Thus, a dot. groups DGc corresponding to the overlap part 124c
can bethoswitdhing ¢lemdnt J2dariy chrriadeeut hhthedgate giroup IX3.r ecor ded by the one
nozzl e group 124A, indicated by white circles, and the dot groups DGB

recorded by Theh&ithey eleawthe]1 IO dAd¢Eh td Reliteaidashubys bleottn of gk 88opsas
. shown in Fig.16. Inthe dot group DGc, the dots recorded by the nozzle

group ;ffo‘elxﬁ ;ﬁg#gﬂﬁgggﬁéi@ﬁ;r 7 feedan thﬁgw?ﬁﬁilﬁj{ge%l%éh? 19&93{38@1%@@)1@5&&

altern oré, int printer t he generation

of the above:described. | ongitudjpal stripe,. that is, t bandi noi se, can
be roduced: aring g Hicist BRker Gpafiysi B thermin sy SiertiBe SBPTseRsted v 1
now be described in detail. 2 ~ ~i;~~"" 20Q zs PNMis_a technique for
nodul attimg-divisien drising iseriided guiip arfler teuasisaindhe disgipatiopporwatt (Ifueusy y
ejected in one pixel (pulse nunber), thus carrying out gray scale printing.
Fi g. 1 7 ahtimsc-aicoimedtivalg andPNM) thexpk gatrpritget b0 pas theifpliewafig Bidvttule
carrying out PNM the ink jet printer 100 ejects one or a plurality of ink
drops liofdupatehe nozzl es 124a onto paper P, thus recording a dot D thereon.
When ejecting a plurality of ink drops I, the ink jet printer 100 nodul at es

‘the di 1. .QpnL i .
berore. the Pty arbey faf dbanifer I e ity bndRh o i 88T 7
ink jet printer. | 00 nodul ates the

- di ameter of the_.dot. D, utilizing.th
spr ead RHra@yofpozelss e agpyedsubsia Y%aismalgg%w ipthe Hhe head 190 5md

every predetermined number of nozzles of these plural nozzles are sectioned to form

the blocks corresponding to the number of divisions of time-division driving, that is,
the head chips 121. In Fig.6, the blocks are denoted by B, B,, ..., B, from left, and the
nozzles in each block are denoted by N, N, N,,, ..., N, ,, N_. The phase indicates the
position of the nbs-zz'i'es'i'n each block. For example, the nozzle N, in the block B,, the
nozzle N, in the block B,, and the nozzle N, in the block B, are of the same phase.
In the ink jet printer 100 thus_constituted, the serial/paralle] converting section

163d generates data DQ, ..., Dn corresponding to the respective blocks By, By, ..., B,



"~ dropped on the paper P correspondingly to each pulse, in Q,IPI‘ 1 h'wgmqlﬂia\cﬁgcnt‘ i ons
of 360 as indicated by arrows SI, S2, S3, S4, S5, S6 in Bt betdie SHEET

. drying. In this exanple, the ink jet printer 100 drops the next ink drop |

“on the paper P before the first dot dl dropped on the paper P ig gy .and
thus recording dots d2, d3, d4, .... In this case, the drying of the |Lk
nmeans that the spread of the ink does not exceed an all owabl e raggé.r_‘__ﬁgezgﬂ!t
ink jet~rinter 100 nodul ates the dianmeter of the dot D in the stat % r
the plurality of ink drops | spread inig united manner. In this case, since
t he paper P continuously noves in a direction indicated by an arrow SD in
Fi'g. |7 firleatchyaiisd geridigtdd e tiepalsd 4 S afll iedd T
- recorded on tE? pa%er P artg}esl igﬂltsééggﬁﬁ@?regﬁ?)h agﬁesuggldgégﬁ{egggﬁaefg?i ‘oh of
the fee Irect thke paper .f the cycle of .dropping the ink drop I
ont o thgnglg}:}grg Y 8(F1(SSO§WO$’£’(§?" WA %ectIVé:t]¥, ﬁ§~5}£‘,o'w~n 5’06%26 pr edet er mi ned
cycle, the i fk i sotropi cg,l |y spreads and therefore the dot D presents a
shape si ni | atl £PRTEE @ tRisy &1 he nk jehoryer F0Gthatoppidivisidredriningdphase
"onto the paper P is longer, the dot D presents a substantially elliptic
shape wegen¢rating| cinepit A2flheseljuentislly eenhenneoh pihee f3r ehleR piekeat ihes
between the cycle of dropping the ink drop | onto the paper P and the
raspect - E@lﬁSiﬁ% @gedtiﬁﬁl (ﬁ'lfﬁ'ﬁit??tti@il dfhe iﬂﬁtdr%%}ad}ﬁ m%?ﬂ&ﬂ Jz{gng% 1PE 8ro
P su a e

‘properties of the ink and the paper as the abBsorption ik to -

1 he. papegsiiP., ik jrefs . PLi 009.determ nes the cycl.e of dr.oppi t he
i nk dro_gﬁ}fgﬁgtig%tt htg %%S%‘F ROBAES NOn ML srﬁwgﬁ ‘é’l‘“%}%‘é‘ngnaﬂ*?ﬁ? .
- accordance V\Aih.desi;rﬁgjsquse condij,tions, for exanple, to expand the cycle :
for suf ECRPEINE TR tald Sueitialy geacmtcsthe phase sigml {aheachpdigseso phatnt er
-100 enpl oys, far .exanple, approxinmately 100 mlliseconds or less as the. .
“cycl e ofth@HEARGSIORCTIHRE Phepe Eengrating leercpitSr aBirsTtvaries et theqdod®Ringn t he
ink jet printer 100 has four colors such as CWK as described above. WWen
m xi'ng -itakirtredhe Iehtiagplemahis 121af comtgpondingdito iH¥kndL1ePNI, I e B10CKIBOPS -an
ink drop of one color on the paper P and then drops the next ink dropof a -
di fferem, col @ -ahtethehh@rfiks S x - bl 141 4 he
time until dr oppi ng t he next ﬁlﬁ@g€§88%%3§§%e{ogﬁﬁ?gﬁg%?1%%% %reﬁi‘{sl&slgs oir%}‘,d t he
spread e 1 | b d curs, Hausipg deterioration of the
_.pi ctur e%ﬁ#ﬁ??&ﬁ%ﬁ%ﬁ?@%‘%{m kﬁ‘gﬁ}en@cojcg‘? ﬁmﬁm-erﬁmo preferably drops an
irnk drop of '%Ckﬂéﬁ on thiﬂ@a er Plastly. This is because the black ink .
usual | y. does hBt U FtPIURer IERfats sichyAp eperaticgotar fHachrscigeneratedy
‘recorded_ i mage by lastly dropping the black ink on the paper P. Mreover,
~the ink theipulye ganeratondotarihys Svimisgonentot having adianmeagecdisespbndingdodippi ng
a yellow (Y) ink, Z 8 RO~f 2QL4 27 which is bright in contrast to the
- bl ack i npylsemuidterpaper. P. An ordinary serial head, which does not carry
out the one-path recording, can increase the nunber of gradations by -
~overprinting %ﬁé,uh@hﬂ@étﬁﬁnier%@c%hs&ﬁgltﬁﬁmf%sgﬁéaﬁiz%g?w'?&cﬁﬁﬂ!er-‘@ivﬁ’s%ﬁ and
a [ ong ng tine:

forth on the paper, but” has a problemo recordi

cor respogdi t Of -1 f .overprintin the other.hand, a
line heagﬂgg%' crghn%?g%é?g?%kgfggﬁﬁpﬂgﬁmwﬂﬂae%@F BFWQ’C@aﬁ’f@SBuce .
the recording..time remarkably. If recording is carried out using the line. ..
. head w tH‘g&aQsol ution of 600 dpi and a pixel (line) recording frequency-of
10 kHz, the time required for scanning the |ongitudinal direction. of paper .
" of A4 size isTagptoustht ofythe. ling deaddifbin ¢he dnkijet phinteat®0whdl acangei nk
drop is ejected. However, in consideration of the'ink drying time, a o
r ecor di ndesdriteechin dgapiloxi mately 10 seconds is considered appropriate with
the line head. In this case, the pixel (line) recording frequencies for o
resolutions oFig08Ada2 400 B sritAtre 240 Rl 1368 13BREPYREBOR o AR Tnk e 700

Hz, and 1. 4"'kHz‘? respectively. Therefore; anin

printer 100. Fig.8A is a side view showing the appearance of the line head 120.



printer using a line head can carry out PNMw thin the pixel (line)
recording frequency, unlike an ink jet printer using an ordinary'%egi?ky '4
head. Thus, PNMis considered as a gradati on expressing nethod sui“ bf*g f%$
the line head. The quality of a recorded inmage printed by the ink jet
‘printer 100 using PNMw || now be described. To inprove the picture
quality, the resolution of the recorded i nage should be raised for
printing. However, it is desired to ri®iim ze the nunber of nozzles in view
2 g ~~Y 2004 28 of the manufacturing cost and reliability, thus raising a
pr obl efigdiB desbottoimgyit washowhiagtes appiaranceodf thedincamadde)). iFiggesimanndie be

rai sed. Thus, by using PNMfor printing, the ink jet printer 100 can
expr esdergladatiefcti divhe ol b BN SRR 1BAOK 18R Y RGPEASH AFREERIssN o
~definition wth ['ess rough or granul ar appearance even when I ower
resolution is set.than i,n binary.recording..Mreover he...i jet _printer
100 sussTimeRieRE e Tasa r g SR 20 suy o Bl dueal fa B pe
maxi mum pul se nunber in form ng one dot and therefore can conmbine PNM Wi th
so- cal Yisw slirwaehtie srosp sedtion dengithe dimesBdhir thesline deadshowndndrigri®Ror di ng
within a pixel can be realized by using PNM the ink jet printer 100 can
carry Big.1hdd a paktyaljenspoctivgtviatvssf i fline-Headel 2008 Hdver impFi iamg SBdaser r or
di f fusi on processing, and can carry out snoother gray scale printing, of

hi gh dgfdutid freh the Bt SRR %gtpz ﬁ%P;i%rYY‘aI Ee@ﬁec%{vfecifiewrbfttﬁ@ I.i'n!alhe%?%' ng

position on the paper and unevenness 1n the quantity of ejection of Ink
~anmong t he. noz S Ln-t.he i-nk |et in .00 .using PNM wi,l | ..now. be, ,

Goscri BogiGF i W 1108 ot dhcibEhy PRTLEL intaarnie hen e hrieuPE Hrdeape e on
"specifications shown in.Table 1 is used. Table 1 Maxinmumrecording w dth8.5
i. nches RealihggRbsand e Ninspsadok 2Ghehovmdn Fags. 80 ands4BoTar get quantity of

ej ection of each nozzle per pulse3 pl ‘
o The line head 120 is covered by an outer casing 126b constituting a later-

~ described ink tank 126, and the lower part of the line head 120 is covered by a later-
described electric wiring 127, as shown in Fig.8A.
hﬁMHmhwdﬂQaﬂwm@whMwapmﬂlhhowmdmaWMMl
portion of a linear head frame 122, as shown in Fig.8B. A plurality of head chips 121
made of Si substrates are provided on one surface of the head frame 122. The head
- chips 121 are arrayed in a zigzag manner on both sides of the ink suppiy— port 122a
opened in the head frame 122, in order to make ihe head loﬁg. Each of the head chips
121 is constituted by arranging the above-described plurality of heating elements 121d
in a line on the side of the ink supply port 122a and arranging connection terminals
121e in a line corresponding to the heating elements 121d, on the side oppoSite to the
ink supply port 122a, that is, on the side of the outer casing 126b, as shown in Figs.8B

and 9.



| 2.8 (~~;1 2Q4 29 Maxi mum pul se nunber 8 pul sesNunber of | evel 59
| evel sEj ection frequency4.8 kHzLi ne recording frequency600 Hz g M&F 2%04

" design specifications, the ink jet printer 100 ejects ink drops

pul ses at the maxinumto pixels of 600 dpi. One pulse is equivalent to irik

. drops for 3 pl' and ink drops for 24 pl at the naxinumare ejected for one

pi xel . The dianmeter of a dot in this case is approxinmately 40 ~m for one
pul se on ink jet glossy paper on the Aerket, used for evaluation. The ideal
dot diameter is ~2 times the obtained value, that is, approximately 60 Vim
The ink jet Ipﬁhﬂt&ﬂmpﬂﬁ)oﬁﬁ’@%ﬁheélepnﬂgtalamemterlﬁlaram mga;mbatﬁﬁ(] tiyi (@oes i nk

o drop on the paper as a-virtual lattice point on the paper, and ideally, the

i nk | etpepihefh BT MRG0T & 1% tEOhSadLhAN 2RI heNshté Q‘i‘rdlﬁ‘lt 121’@ aRAItAE SwitbRtd NK

~jet print er 100 provi dés a dot deviati on margl n of ~m on the paper- as an
al | ona det e _phoi nt h.this
mar g1 nlGRER el Fhor iy .hn%fﬁe?ﬂlfé"&l Bsauhk R iRe %ﬁgbfo iy Ol el e

. ink dr?fg. p05|t|8 gn t he er. To prOV|de a recorded i nage of high
def i ni tITBHNEARRPIAEdes Reweanhe iheating Flaments i1 dandf he Rannest kTl TR be
mnimzed. As a method for reducing the unevenness in the quantity of
ejectlcklhmnng the nozzles, that is, the unevenness in the print density,
it is considered to change the electrlc power applied to heating el ement

. and the pul sBeMiltie hé&d cERpsh 11082 fiozzle JJCT)EI‘SEI’BI ha‘hﬁig zﬂtzlﬁﬁ‘hlliay 0Pho8tIgsti On

- S.of ink drops fromthe nozzles usually not _
: t t I th
onot oney *x&ff%@ﬁ%ﬁzﬁ%&rwﬁw@?&@esrﬁg%dsghw% ot . g0 fluke "
det d ted b lid | Fig :
s PSRBT AR APE T8 Shtaf 35 Sebilea s sty

~usual |y presents the sane tendency, as indicated by a broken line in
Fig.| 8.Oi%mmdl chiambers A334 fiar steringrinkesd a pluralitydiffilow paths1@3bdor colisinge
quantity of-ejection of ink drops by the power applied to the heating
el enenttheaink ttheflpwl se thiedliuidTbhismbehe 128k, | Thepimienitr 109 icanhie oot
correction of unevenness in the print density, using PNM Specifically,

~ when
en pr@m?&g%gﬁ PGB Wch ARSI a4 it i PRI @%@f@%&id&%}%oﬁﬁiﬁﬁéng a

plurali I es o ej ection,

printer R t hus con

quant i tgéa%)né ng?'ntlgid p#&ﬁk@p@ﬁ? ﬁﬁ%gﬁﬁggﬂ\&e SRY R Bglynﬁlt'?zﬁﬁg
unevenness in f ejection_anpng_the nozzles. For exanple a
nozzl e Wﬁ‘(ﬂihéﬁlee%ﬂgéi@ ergil %HWW})@ detath if Kig b2, Horseves thy membherildd f or
each nozzl e per pulse, and a nozzle which can only eject 2.5 pl of ink
drops perfopmiedso thatdhe Bosi pathed 23Bientand finamdho piyuiic ch@npatssi23azo thbend

maxi mum are used for. recordi ng one pixel, the quantity of ejection should

be 3 pl pofiidis of%thelhealiZhips 129, tiat is, to the end portions on the side of the central

~ o~ o~~~

part of the line head 120, as shown in Fig.10B.
The nozzle plate 124 is formed by electroforming nickel and is anticorrosive-
plated with gold oﬂr palladium for pfeventing corrosion due to ink. The nozzle plat'e-
124 s formed to close the ink supply port 122a, which is a space formed by the head
chip 121, the head frame 122 the member 123 and a later—descnbed flltcr 125 as

shown in Figs.10A, IOB and 11 Moreovcr the nozzle plate 124 is formed so that the



18 pl, 21 pl and 24 pl, respectively; for eight |evels. However, wth the
nozzl e having the quantity of ejection of 2.5 pl per pulse, onl é'?'?|HM§
pl, 7.5 pl, 10 pl, 12.5 pl, 15 pl, 17.5 pl and 20 pl of ink drogg g

ej ected, respectively. Therefore, the difference in the quantity of
ejectionis -0.5pl, -2 pl, -2.5pl, -2 pl,,-2.5pl, -3 pl, -3.5 pl and -4

pl Z 0 ~~v zoos 31 for the respective |levels. Wien ink drops are to be
ej ected fromthe nozzl e having the qu%htity of ejection of 2.5 pl per
pul se, the quantity of ejection is caused to be 2.5 pl; 5 pl, 10 pl, 12.5

pl, 15npazles 184picorzsppnd 4 dheBeging glegecrs é&ldgm@nt@ ne i@, the tpspessive 4
pulses 5 pul ses, 6 pulses, 7 pulses; 8 pulses and 10 pul ses. Therefore,

‘the di fifaicehemberd Ne3auanishbwnoin Sigtli ofhbeisyeach timidotzntbaf 1235ipl per
pulse and the nozzle of 3 pl per pulse is -0 5 pI -1 pl, #1 pl, +0.5 pl, O

Ocanfihued fo Be ABY gﬁmg%z%  Bstaild [PIRNR m BHaRs by n8fi8] Bl on

‘ can be restralne e HBXIHUWI a nozz ewtht

'~ quanti ej ection  of er pulse is con3|dered The quanti't of

| gj ectu%&ﬂ' %%ﬁle Rozgle Pi% 32% P a BI, 17.5 pl, 21 pl: 24.5 3| and 28 pl,
~ respectively; for eight levels. Therefore,-the dlfference in the quantity
~ of ejectionOrtheetheriside abihe beath framee 133z thecinkftagk J26pisrprpuided wih-20. 5
pl, +1 pl, +1.5 pl, +2 pl, +2.5 pl, +3 pl, +3:5 pl and +4 pl for the
res pectfilt/eﬁ 1Matmngmexetwadm ﬁm)hsacamnwlﬁe andetheddkftankn16e anghalver tavi ng
the quantity of ejection of 3.5 pl per pulse, the quantlty of ejectionis

-Cauzsdg gse ?gfﬁf’%xgﬁl gtr}lg ;'B?élfﬁt@r iZBlls g}Qv@eﬁlto AdsdPihe 1;1? gpily %%npizzﬁd"ﬂ%@‘l S

2 pul's 3 pulses, 3 puls pul ses
pul ses, |.ses a S ore. the ffere the |ty of
b eor: SATERY oA %U%gyffﬁoca?ﬂlﬂq?ﬁin rehiegy ot tRRF g e et |
+1 pl, +1.5 2 -1 pl, -0.5pl, 0 pI and +0.5 pl for the '
'respecﬁFW§thé@%k§anhﬂi6d|fference in the guantity of ejection can be

restrained to 1.5 pl at the maximum 1In this manner, when producing a
recor ded i nefee mkvtank 136 ddet dual stedcturm@deiy ofabag 126a and an outer casing

" 126b, as shown.in Fig.10B. A spring member 126c¢ for energizing the bag 126a to
expand outward is pfovided between the bag 126a and the outer casing 126b. Thus, h
- -in the line head 120, a negaﬁve pressure is applied on the ink in the ink tank 126 and
spontanecus leakage of the ink from the nozzle 124a can be prevented. - In the line
head 120, since the negative pressure is set to be smaller than the capﬂlary force of the
nozzle 124a, the ink can be prevented from being 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 electric wiring 127
made of a so-called FPC (ﬂex1ble pnnted board) The electric wiring 127 is provided

for supplymg electrlc power and electrlc signals to the head ch1ps 121 and is connectcd



32 gradations by using a plurality of nozzles with different quantities of
-ejection, the ink jet printer 100 changes the nunber of ink drops to be

ej ected fromeach nozzle and corrects the unevenness in the quantiZt§ HRY 2004
ejection anong the nozzles. Thus, the ink jet printer 100 can control the
gquantity of ejection of ink drops fromthe nozzles and can restrain the
difference in the quantity of ejecti og%per pi xel . Fig.l9A shows the

rel ati on between the gradation |evel d the quantity of ejection before
the pul se nunber is corrected in _accordance with the quantity of ejection
from t hethrogonrastion lgrmupls Adhs of fhe g@@@?ﬁ’d&)ﬁ tween the gradation |evel
‘and the quantity of ejection after the pulse nunber is corrected in .
~accor dance \iitthe tilile jefysidtiet Y 06f haajing tho hinkriwadt 1) modedasbedmabaven ideisseen
fromFigs.l|9A and 19B, if the pul se nunber is not corrected in accordance

wth t Eﬁyﬁpéatﬁém @k inRit8Rk 128 tbragiAk Qu?}:j)l%'zﬁcﬁ@ 1208 etheﬁ-%tssésytmuﬂamt ion

~hecessar or expressing the sane gradation1evel differs anong t

.nozzles. On,th t her, hand, ,if, t i or t i dance
w th R T3 Bras Btimaen e Rtiag SR 2 E0 R Syl e O
necessary for expressing the sane gradation |evel is substantjally.the sane
anong t ar@pﬁé‘@ﬁia\@oﬁﬁ)ieﬂt&lth%ﬁ@j ‘é&“i?%i 1§@§Fn§§féé’99?é§)‘:‘5@ﬁ ‘PBP}E’&WC t he
‘nozzles and the quantity of ejection fromeach nozzle is neasured on the
‘basi s gfarafiel tithebotonoéuréac) adshowadorfdgd 2pand heosaled meptiscusedfdbp ik -
between the quantity of ejection and the dianmeter of the dot is found in. a

measur %gﬁﬁﬁce%ﬁﬁ hts cMAtraRpbfidH RRBEAA BeRmRiative pfdisutl andticinkos fofmsediot i s
nmeasure y an automati c neasuring device 200 having at |east a m croscope

| 202 2.8, ~~t~ - ) 1 oS ,
- Speci fi%ﬁPW?S‘?‘(%g‘?(ﬁ%?g‘ﬁf’ggn%@ %Qﬁ%g&ﬁengﬁjgﬁréé@g&&@;s gﬁgg%ﬂé@g lz‘lg%ltgg?\ t he
P t tic,st 201 is the i 203 _psi
ho i cisgopBped 2o B CEsaR |21 570 BHBHIes aFe BENRICLTLOBd sy oS of * 7

conputer 204 on the basis of the diameter of the dot. The automatic

measur i thy ledingeelzoentnt 21 dsinkpartdcieh asmeisstadarpenthegrozzles 142 nozzl es and
prepares a correction table relating to the pul se nunber corresponding to
each nozzl e. 11 fhé hek jerkprister AOONsaTCe 186, helechips 12t tareartamged inhugigaagpar ed
is stored i.n the :

manner as described above, the plurality of nozzles 124a (hereinafter referred to as

nozzle group) corresponding to a single head chip 121 are sim_ilaﬂy arranged ina -
Zigzag manner.

Although there are conventional head chips arfanged in a zigzag manuer, these

head chips are simply shifted from each other in parallel and therefore two adjacent |
‘nozzle groups NG,, NGy, are simply shifted from each other in parallel, as shov-vn in

- Fig.13. In the inlfc jet printer using this arrangement, unevenness in the quantity of -
ejection of ink among the head chips and errors of ink dropping positions on the paper
- may take place because of unevenness in the charactenstics of the ht;ad chips and

positioning errors.



correcting circuit 162 as the correction data. At the time of recording,
the ink jet printer 100 determines the pul se nunber for each nozzle on the
~basis of the correction data and controls the quantity of ejection ié§Y i200%
drops so as to carry out recording. The pul se nunber thus corrected
soneti mes exceeds 8, which is presented as the standard maxi num pul se
nunber in Table 1. Therefore; the ink jet printer 100 . needs to preset a
slightly large value for the maxi num &l sé nunber for recording, and
det er mi nes t he maxi mum pul se nunber in accordance wi th the unevenness in
t he quanti t nohe bjkejet prnter) if r¢doedmgey eradess the papeiwhet teere dngeevahnndss 5 pl
as in the above descri bed exanple, since the mniumquantity of ejection is

2.5 pl.intheq brgfum djbitseh BETHRSE MBHgOBoHR (1ihE) 6{1;11% fudnfit r%{'ﬁe@?@ﬁtthﬁf‘

frequency muist 6 KHz (or higher) To neet* the line rec g frequency of
600 Hz...In L Sy r e r.Qducy a recorded .inmage havi ng

pr edet é?moﬁtetgé gdrlgﬁg elgo er\I%yH@gﬁlﬁ'g %f gg[ﬁ” dﬁgeﬁpeﬁteﬂo}& LA (T HhS PAPEHt
gquantities of ejectiogn, the jnk 2 ~i L~~~ ~Q4 34 jet printer 100 changes
the pulSEIGHHERBEMELY Wsiiaptrivhe fisad chipe Spgcifically pifithe dpk(jopriaier @68 r ol
the quantity of ejection of ink drops from.the nozzles and can correct the
unevenrtessl chipsfie whizhta npzafe gioegt consistimg of tvezhszziths lddge tquastity of
correcting the unevenness in the print density, the ink jet printer 100 can

provi decjacisomahil @mozekosdag doﬁg&ﬁngqumo&m&%ﬁwhfshﬁﬂ? ublhityBE BREtbAMre
-ejecting ink drops by the ink jet printer 100 will now be described. In the

- ink jet j : p . w“wel yw.to.the lin ead as descri bed
Lhove’ AflabaiEh cabSRAPELRIESOREIMA P of b alalferet HaIS o BRI 00
‘froma reference tine poipt as s in Fig. 2l, the tendency becones

not i cea‘éaeémy&@ﬁrx \g\ate"eteﬁé %é.gmp egerded vy Biemards signpcapsistiggpighe
respective ink‘drogé on the paper correspondingly to each pulse, shifts

r ear war gozglehwidsp ege fuantiey cpi{)@wtlﬁleemd didot growgm DGrprecexdatbbe the hozae
assuned that recording should be carried out so .that the centers of dots

are sit gahpdconsistigpet thevitodAés wWith Dotiallsquamtity jevfpa! as 8o WwHAMFiM4A.
Fig.22A. In Fig.22A, a dot D with a large dianeter and a dot DZ wWith a

smal | d5gpRteihaR pﬁ}eefg ineY dtGfie [dAGSE it StSe .
predet erm nedqagt@i cep }nr?ﬁs %ﬁe g%g\/\%%r&%%t@glgle §%) sl,%g 'u%ﬂ%gp%gofreagd,
t he dotg. Dl .ODzwggt not, O\g(ferl ap .ach other. However, in carrying out PNM
if the éHthé Pu 5 2SO HiE g BSS- reference tine-point wthout
considering the recording direction (opposite of the paper feed direction)
i ndicated by Qihtharathes rndy irthe ink et prrdendhtasordingtinmadstonphe giaphr wheear ge
di ameter is not recorded on the predetermned lattice point A where it
shoul d th&eds ha-errér f0b4 188 dropping position on the paper, an overlap of dots, a gap
between dots, or a step between dofs is generated in an area on the paper
corresponding to the joint of the head chips. Specifically, an overlap O of dots as
shown in Fig.14B, a gap C between dots as shown in Fig.14C, or a step L between dots
as shown in Fig.14D is generated on the boundary between a dot group DG A 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.



be recorded, as shown in Fig.22B. That is, the dot D, is shifted in the
direction of the arrow Rin Fig.22B. As a result, the dot D is i C r?e&m'”'“
over |l appi ng the next recorded dot D2. As described above, in car g'%é §

. PNMin-the ink jet printer, if the pulse nunber is increased froma
reference tine point wthout considering the recording.direction; the
center of a dot wwth a large dianeter is shifted fromthe lattice point
where the dot should be fornmed, and t®d4s causes failure in recording such
that a straight line to be recorded is actually recorded as a curved |ine.

Therefore, guaMl & the KOt phigt SEATIMarPev &Ry bl 1ML . is ThreviddaOihdebirito
avoid such a probl emin carrying out PNM the ink jet printer 100

oL 4T D5 P PR T ARG Lt RO
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i ﬂut hgrh&'ﬁﬁébmsolrélcﬁo{fh@f%ﬁsg 5#@%55!&@8@@%%%9 goF tf«'%:? 3R htgwalsr? EZ |

- center indicated by a chain-dotted line in Fig.23A correspondl ng to the
pul ses infFigdd. drtit mslin therikrjst pnntelrﬂBOpcuﬂ&esnoazle@eupapdrmaponmngm theof the
first to eighth pulses, as shown.in Fig.23A. The ink jet printer 100 thus

forns defsceit dRdd e sﬂzm eB ivi 4 blogm guhhhfel! @ phedoRifinedh@mbdicopul se
“nunber 15 "5," the ink jet prlnter drops an ink drop to forma dot d on .

the | atxtqz%ﬁasﬁ%ﬁt %}\g\tn%ftglkﬁu%zmz’%% %%giri){kﬂcgﬁ [k 18l afd thg s%f?l% mIIHBCIIt{)::le

first p as s second to ei ul ses

et printe ~9~| 04 36 uen i al strlbutes |nk d
A he hapBiesdaom o8 ithe nozalh wean iy i gisht sKAS Hectianged S0 et k% | "

correspondlng to the pul ses of odd ordlnal nunbers and ‘the pul ses of even
or di nal cemterbiaes . cotpeide nwitheeaqly othesy andothis portien md dvedappiagdnezdes és- a
"dot Dwith an ultimate dianmetér. In this manner, the ink jet printer 100
carri esprowidedaoid ngrhy magdgdtial |y distri but i ng ink drops in the paper
feed direction fromthe lattice point as the center; corresponding to the

pul se nunberg, tHe”oJ'éHzﬁ') ‘Eﬁﬁel%! [ e H8%21E% '1245 Qoﬁ?tltfu%r gﬁﬂe%e‘ Aoz SRSu

even ordi nal nunbers, e ink jet printer 100 sequentially dlstrlgut s ink

poner PRA R g ”@%Zﬁ?%’ﬁn%%e@#l%ﬁ i drtﬁﬁ%ﬁﬁéf 10 §H58124%?‘$’1‘%eﬁ%49 i

“to be faormed by ink, drops of odordln nunbers; the ink | printer 100
drops t#ierpa Yeie@kllﬁ? dBT gRample, both i ed@rwl %}ﬁ%Ft!%%P%Eh gitpginal
distributes ink drops of odd ordinal nunbers and ink drops of even ordlnal
nunber sdiractitve J2wes afdetgrdiipeddGe rediresponimg thiecevgrtampamtsl 2dqecanehe er .
Thus, the ink jet printer 100 can ninimze the deviation of the formed dot

from t hfornidd o thelSiuiidasyn HeAde riihe \don bty UGN Gedrdad Hlyrthe ot nbizfle 286
unmanted over | appi ng of
124, indicated by white circles, and the dot groups DGy recorded by the other nozzle
_group 124y, indicated by block cirdles, as shown in Fig.16. In the dot group DG, the
dots recorded by the nozzle group 124, and the dots recorded by the other nozzle
- group 124 are alternately arranged. Therefore, in the ink jet printer 100, the
generation of the above-described longitudinal stripe, that is, the banding noise, can

be reduced or moderated.

The PNM operation in the ink jet printer 100 will now be described in detail.



dots. As described above, the ink jet printer 100 can realize rnulti-Ievel
recording within a pixel by carrying out PNM ™ Therefore, the ink %eat
printer 100 can provide a recorded i nmage of high definition with e?sﬁﬁt*fo@@}ﬁ
or granul ar appearance at a high speed, in conparison with to conventional .
ink jet printer. Mreover, by conbining PNMw th dot density nodul ati on,
‘the ink jet printer 2 ~ ~~~~ 2~~4 37 100 can carry out not only binary
but also nulti-level dot density nodu$tion and can carry out snoother gray
.scale printing of high definition. As a result, the ink jet printer 100 can

realize hi gpndafisai t%bl@;ﬁ‘ig%tfbr B tind tHE@fanh e NOZdE Hyand ugbef o igkcan

reduce the nunber of nozzles and the work and assenbly cost. By setting the

et R GRS Bl B R0 M R G L0,V

recording tinme, the ink jet printer 100-can reduce the dissipation power.
The i nRTPEBEprinter 100 can al so carry out correction of the quantity of

: _ejection, that is, correction of.- the print density, using PNM and thus can

provi de a sigfAehomecocorctptnaigaewef foniegiplaaingniheippmciBe celdiNédt i al |y
di stributing ink drops in the paper feed direction froui the lattice point

- as the cent gf.catRBnk WatIIMRIthBLEK j4OPriaRN TUOYedR GndTBE @ FaeMigt &f fkcor ded

i mge of high.. defrnition. Mreovér, by arranging the plurality of head

ONT S ol I ¢ A0R079% 206 LX) F1 <L 0ERIRL LMD herd 240 Wil {1k

~jet printer can.-restrain di 'ng "noi se join
i | ooyl b KFopah o a IgkPnias a0 o eHakad e aiteler RE A ci ur e
quality, the speed and the dissipation power, and provides conveni ence for
users. dot D by dropping the next ink drop I onto the paper P before the first ink drop I
- dropped on the paper P is dried. That is, the ink jet printer 100 modulates the diﬁmeter
~ of the dot D, utilizing the spread of dots d, formf:d by the respective ink drops I'-
droppéd on the paper P correspondingly to each pulse, in all the directions of 360° as
mdicated by artows Sy, S,, S;, S, S, 54 In Fig.17 before ;irying. In this example, the
ink jet printer 100 drops the next ink drop I on the paper P before the first dot-d, -
‘dropped on the papef P is dried, and thus recording dots d,, d,, d,, .... In this case, the
~ drying of the ink means that the spread of the ink does not exceed an allowable range.
The ink jet printer 100 modulates the diameter of the dot D in the state where the
plurality of ink drops I spread in a united manner. In this case, since the papef P
- continuousl'y mov;as in a direction indicated by an arrow SD in Fig.17 relatively to the
line heéd 120, the dots d,, d,, d;, d,, ... recorded on the paper P are. slightly shifted in

the opposite direction of the feed direction of the paper P.

If the cycle of dropping the ink drop I onto the paper P is shorter than a



- The present invention .is not linited the above-descri bed enbodi nent. For
exanpl e, though the line head is used in the above-described enb?d%nﬁﬁu;ﬂMQ
t he present 8 Mc~:Y 2004 38 invention can also be applied to a‘ser'il
head as long as it is a print head for scanning the sanme portion on the
paper only once in one print, that is, a print head for carrying out
so-cal |l ed one-path recordi ng. Modreover, though the systemfor ejecting ink
-drops using the thermal systemis enployed and the heating el enents are
used as driving elements in the above descri bed enbodi nents, the present

i nvent Pﬂfﬂe@@@ni@bﬂ@yﬁ&, applileftotropicyll egmresysindihgtfige phedoeDaesds a
~elements as driving elements, despite the increase in scale and the

oL S Srifab i (R0 chiBlel I PR dfidiBpbihe hATHRRoSYShRIIhe it p

vari ous cations and changes epar

t he sco of the present invention. |ndusi.rj.al licability As is

oscr | Botplsey e Fpiaparent A S R HBHE SHADE o hoii A AR foan 1§ ni
jet printer according to the present invention, ink drops are ejected from
a pl ur alitectionfofiibe plaper Bndllay splptiondretweendbe ¢yalg ofediopping thehiak drop I

I nformation including a character and/or an inmage is recorded in the form

of dot spasiedpgierthend the sbpepsratithef fiel ditmeeradf gy dadDahdnpys, Rigpehéimgnt f or
ejecting ink drops fromthe nozzles is caused to scan the sane portion on

eSS AR IER 0 S o ool U, ! a0
o e, s, SR DT L xR gl SSRGS D,
- the paper P on the bésis of experimental Valués and in accordance with desired use
‘conditions, for example, to expand the cycle for sufficiently increasing the diamctm;
of the dot D. The ink jet printer 100 employs, for example, approximately 100
- milliseconds or less as the cycle of dropping' the iﬁk drop I onto the paper P.
The line head 120 in the ink jet printer 100 has fbur colors such as CMYXK as
~described above. When mixing ink drops of a plﬁrality of colors, the ink jet priﬂter. :
100 drops an ink drop of one color on the paper P and then drops the next ink drop of
a different color after the first dropped and recorded dot is dried. If the time until
dropping the next ink drop of the different color is short, the spread of the ink called
color bleed occurs, causing deterioration of the picf_ure quality. In this case, the ink
jé’i printer 100 pre;ferably drops an ink drop of'blz;tck (K) on the paper P lastly. This
is because the black ink usually does not dry fast. The ink jet printer 100 can provide
a sharp recorded imaée by last]y dropping the black ink on the papér P. Moreover, the

ink jet printer 100 can provide a more natural image by first dropping a yellow (Y) ink,



39 the present invention; by driving the print head to nodul ate the

di ameter of a dot by the nunmber of ink drops, the gradation can ?e .
expressed within a pixel and a recorded i mage of high definition wﬁtﬁgfé@ﬂé
rough or - granul ar appearance can be provided at a high speed. Mreover, in
“the ink jet printer according to the present invention, ink drops are
ejected froma plurality of nozzles and dropped on a recording nmedi um thus
recording information including a chayacter and/or an inage in the form of

- dots based on the ink drops. The ink jet printer has a print head having a -
drivi Rﬁhi%hqgﬁgflglhft%céhﬁﬁ_&ﬂt%gchbrﬂ%a&{ﬁﬂéofnrt‘ﬂ@tﬁea%r pozzles. In the ink jet

printer, the nt head is caused to scan 't sane portion on the recording
‘medi um onl y, once. i ne in nd,is drivyen to ulate the dianeter of a
ot by +ne A0 aoair=By SPaP el oiEa dbs® b Sy iR s gt Foctnigs Gt o
formng one dot. Thus, with the-ink jet printer according to the present

i nventifgieaseyhe nugnbry eharasiationsfungveprimsing apbunalisy of dmseeat dic sardet by

t he nunber of ink drops, the gradation can be expressed within a pixel and
a' r ecqpabition meganaingbatk sied forth onthepdper| whak @ygbblein of aldtgdecapiggar ance

- can be provided at a high speed. ~"lk;.r'~~i~~CGQY~i~~~~~~~ 16V~
T 20W2ide torrespéHdithed® thedbel ofAiHBS infinkV! ' ih@ an
~ink jet1 Srciorrl]i eP in \%{i%ch i nk droopsngrgeeg?‘e]%@@gﬁ?%bnq?gt% Q{rﬂgﬂltagﬁ’o Ilir%gzzl es

and dr 0 r rdi diumso that i.nformation including a gharacter
nd TR Ao R R TS AT ot i BBt S felfed fie R ip e,
the print head bei ng constjtuted by arraying _1In a_zigzag manner a :

pl ur al {img fsmaﬁk%‘aiyeﬁﬁfds?oﬁ%g Fegdrried g4 uRing Hhe line head »iéls agasplationedst one
driving elenent for causing the ink L drops to be ejected fromthe nozzles,
.. s0 that(Gaipe apid & HexrbZkine} recading dregmdncy of Y0 ihy theniee mdguiredefopect to
~the longitudinal direction of the print head, =~ the nethod conprising the

st eps @fan@ausiRdofFitudinaldirbaash @fépag{e?@fmﬁgﬁaﬁeapp%ﬁh%em%@cd rdi ng

medi um only once in one print, an ving the pfint head”to nodu e the

di anet @6]0??11 %%&se%h&ﬁeoﬁﬁjg?@&ré}%fi#ei&%g{lOps" using one or a plurality of

ink drops for formng one d h hod for driving the print head in
the ink jet printer .as claiimed. in claim1, erein the ink jet printer uses
a heating eﬂ%??é‘?ﬁeraéntﬁ%“sd@?%gw& éﬁeﬁ’@nﬂl.%k ﬁr\,{)}% HEEN B T$ G AHNG Jimgy afhe -
print head in the ink jet printer as clainmed in.claim1, wherein in order
“t o f or AppPIexiwAtelyd0 sechads mcqnsidgsed appropriasp svithhéhenine bead. dn tpis case t he
recordi ng medi um before the first ink drop dropped on the recordi ng nmedi um
is dri @ piseh@ohe) a¢ eortiveg fieqoetaes fifr refdudons of 300 dpi, 660 dpi, and 1200 dpi

are approximatély. 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 gradation expressing method suitable for the line head.

* The quality of a recorded image printed by the ink jet printer 100 using PNM
will now be described.

To improve the picture quality, the resolution of the recorded imiage should be

raised for printing. However, it is desired to minimize the number of nozzles in view



 scan a sane Do MGGRUISS01qepe &

4. The nmethod for driving a print head in an ink jet printer as clainmed in
~claim 3, wherein when mxing the ink drops of a plurality of colors w 2004
‘using each of the print heads for a plurality of colors, the ink?ﬁeM
printer drops the ink drop of one Color onto the recordi ng medi um and drops
‘the next ink drop of a different color onto the recording nedium after the
dot recorded by the first ink drop is dried. ° ~C~! ~~~i~s' ieT ~~~rET ~
s ocr 20c2 2 0 f'~r~ ~ ~ 2004 ai 5. Tie nethod for driving the print head
inthe ink jet printer as claimed in claim11, wherein when producing a .
recor d@ﬂtﬂd@ﬁﬁufwﬁﬁﬁ% @oﬁraeﬁﬁteﬁaﬁnit?gtmfsadfsﬁﬁg) tp%/bl'éﬁi BfdestgPingthAf thy Of
“nozzles wth different quantities of ejection; the ink jet printer changes

t he n”%%'i“‘f?‘??%?g‘}éjf%%?@d ﬁﬁ%ﬁ%ﬁ%‘{‘ﬁ?b%%% rapzzl e to correct an unevenness

in the quan ej ectron e nozzl'és. 6, The nethod for driving

the print head in the i et printer_as clained i laim1, wherei.n the
ink jet pri s, ﬁy-yﬁmgbﬂ@éﬁ?ﬁrﬁrmmgahsagkm RIHECR Ulican Pasiespenaghtione.
recording mediumfroma lattice point as the center, which is a position on
t he r evdthinmgpirebiandrcin préddeiarrgcoiiedinmgtoif high defingiameithikssraggh @and
thus drops the ink drops to carry out recording. 7. The nethod for -driving

~ the prighimlieadppearafies ievknjwhephi lokas r@SolutidnBdet thal 8i BifryWeesgiifg when
form ng the one dot with the ink drops of even ordinal nunbers, the ink |j

and"tnd Prog R RE Mt Pt DR lots A RS BlaBn S AR AP PIET ©

- recordi medi fromthe lattice point as the.center, thus dropping the
ink dr SRR Ty H kT (R, BUBGeT iR IOTRHRE P8 It B BIETBHATe G nal
nunbers, the ink jet printer drops the first ink drop on the lattice point

“and se@@mlnalﬂm/hwﬂhsq;mlé@i deledensity. modrlatiwnofInghis ensdi siace mudbiekeselnd
the ink drops of even ordinal nunbers in the feed direction of the
r ecor diragordinly withiinanpixet canttel raliped by @sing FNNEmheink fet pintenk (0etan
printer for ejecting and dropping ink drops froma plurality of nozzles
onto a i i (g i SR ' j C r
N or e R R e S S A B

SHEET . N 2003, 42 ~ i in.the r f_dot ed on. t.he ink drops,
the. i Eﬁégfe%g%ia%%e‘%ﬁ“c%aﬁﬁ Hiig g‘é“’%‘*ﬁ??i%{{“?ﬁ@g mg\?]ln%gé}gﬁgﬁi(%’?%g%?‘énent for
ej ecting ink_drops fromthe nozél es. V\/n_er?{g.n fshe print head is caused to

EB 28 0T hG s SIQPRIRE PASHIGh EN $PE RAPSINd i s
driven to nodul ate a dianeter of the dot by the nunber of ink drops, using
one or: andhnewdiineys ¢h the kuaniofysof ejectionnifhgkoamongtthe hozaleseinrihe inkrjet
driving a print head i'n an ink jet printer in which ink drops are ejected -
from a plinteall 00Wstfg PNM wdH vl be desiebd Mndhe REOWAhS de SEbtIHA, I Re irtldfet
information including a character and/or an inage is recorded in the form

of - dot spased 09 AR M p i RBRiod oWl 1PFa6RTPIY 83, the steps of

-

Table 1
Maximum recbrding width ' 8.5 inches
Resolution | : -600 dpi
Number of nozzles per color o 5100
Target quantity of ejection of each nozzle perpulse | 3 pl




causing the print head, controlled by pulse nunber nodul ati on and, having a
plurality of driving elenments for ejecting the ink drops fronlt?q%@mﬁr?héty
of nozzles and driving -the driving elenments in a time-divisiona er;’"to
scan a sane portion on the recording nediumonly once in one print and
driving the print head to nodul ate a dianeter of the dot by the nunber of

i nk drops, using one or a plurality of ink drops for form ng one dot,
wherein the print head is a |ine head2onmovably fixed on the ink jet

printer and extending a page-width direction there across, the plurality of
nozzl es. arr.anged i.n bl ocks alternating Tn a Zigzag nafner across the egntire
pri nt hRFITHTARUINABRMRCH: h direction. 10. The nethod & pulsdsi vi ng t he
pri nt hﬁfd Bn %EF ig¥ jet printer as clarnmed in clairm|9, wherein the [nk
jet printUPOHs@S!eNESt i ng el ements as the driving el emgrit¥velsi. The nethod
for dri%$qg.th§_8rint head in the ink jet printer as dlained rn claim?9,
“wher ei i PECEIHEFIEE$or m t he_one dot, the ink jet printed ktops the next
i nk dro&Aonto tﬁf rﬁpordin medi um before the first ink drop dropped on the
r ecor il i IS GHIEREY t hus nodul ating the di amet dr®@tHEhe dot. |
REPLAGEME~1T SHE~'~ 42/1 i 3 JUM 20~ 12. The nmethod for driving the print
-head in the ink jet printer as clainmed In claim1l1l, wherein when m xing thé

i nk drops ofwgihpihet@bkdi S HDVHESHR f it for a
plural Lty of e el A bR 3o heP 1 OPNe S 1B PR R
and dr ' .hk drop.of a.different col.or.onta the recqrdi ng nmedi um
after t eséfg‘ﬁ tﬁ%i‘%ﬁ’%@’éﬂ%ﬁﬁﬁ%ﬁfl? Pt 5{)6 Rk _@F’Sd’qlge Bre@yvalest tOI'H‘g( ‘E@&%éﬁr f or
drivingst e print head in the ink jet printer as clainmed in claim@9,
wher ei Rﬂ@ﬁi Brodops 8T 241l @b thremaximys pepeisgted for enetndxeti B diaamkiei on by
using a plurality of nozzles wth different quantities of ejection, the ink

j et - priofteedocindhiresasetie appriximabélyi 4kpdr fipsome] pelse dnf in@jeeglelsy pagéeon t hus
~.correcting the unevenness in the quantity of ejection anong the nozzles.

14. Thehewetdrket, ieed dod evialeatidie THd deah@adihmetd?gs iIp 'ﬁrﬂh&tth@roib ifiEd 9stye! ai med
inclaim9, wherein the ink jet printer distributes the ink drops in the

feed di i 1 h i AE, i 2 lattice pint.as.t center,;

whi o iS5k, SBpRicimAly BRI, MhoTAL AT P AES aP it ohHe ¢

the one_ink drop, and,thus drops the ink drops to carry out recording. 15.
The rret%lﬁ#‘ftgary S Rk AFopR e P efr?éé‘d“if’[h‘aﬂi’ég%kmjnépnﬁﬁ? ReRer, ard ideadlyed in
claim 14, wherein when formng the one dot with the ink drops fo even

~or di nal thedpkéetrintee 100 ojras dpisi aitad aseend thd kittige posits.i The ésk jdigrimér dr ops
-of odd ordinal nunmbers in the feed direction of the recording nmediumfrom

the | at10@prodie a dot deeiationtmargin fL00nEPER Bige pRser A¥kardsl0RsabRNEnpE BF
formng the one dot with the ink drops of odd ordinal nunbers, the ink jet

pri nt er aérigfsn 9raidts Tedm Ak 181708 ilnfsh oW ie S SnRRiA RIS RINERIL AL b

di stributes the ink drops of odd orglnal ers. t rops ©

-or di nal i e Lrecti.an of the recordi.ng medi um fromthe
lattice”poi ntﬁzﬁ;é}lgﬁgb 8{“ gz.‘rgen&%ﬁt&&%ﬁ{%ﬂﬁﬁpﬁﬂ@%f%&fm@%o3 2 8
e~~?~ 2~O-f 16. An.ink jet printer for ejecting and dropping ink drops from
aplurality 6P PEYies greqydsd  maagaliofghiaghdidehiniion, twondiengnnessoimdhe on

i ncluding a character and/or an image in the formof dots based on the ink
drops. charachekisfies ofrthetmzzismunuiss begmininrized. h&ac hathed fof rvdudneltreent s
for ejecting ink drops fromthe plurality of nozzles and driving the
dri Vi ngugéRFRRES il thedqudriRy Hf\disd it § | s
control | ed by puIse(ﬁ%nﬁg§Yggﬁ??%??%%ngﬁgqgéPegﬁﬁﬁém?f#g?%?ébg?%ﬂggglriving
and is [ rijon,.on the recor.di ng nmedi um only once in
one pri ﬁ%ugﬁ& Ihgn%ﬁ%\%ﬁs ?ggﬁgg?ﬁ&atoecga%ea gfecglflctﬂfg’v%?l’ﬂ%‘f%%ﬁﬁﬂ%r of

i nk drops, usin ne or a plurality of ink drops for form ng one dot and is
a line -Eléa&ntmagdgﬁpylsw hotorieashingzzleet printer and-extending in a -
page-wi dth direction thereacross, the plurality of nozzles arranged in

bl ocks al t er hetwewgrj theapuantinagf ejeotien Sasfriagrbpefrom ifeend¥7l & uh@ad doest he
page-w dth direction. 2 g. ~~~ n004 43 ABSTRACT An ink jet printer (100)
ejects ink drops froma plurality of nozzles and drops the ink drops on
.paper P, thus recording information including a character and/or an inage

. in the formof dots based on the ink drops. The ink jet printer (100) has a
-I'ine head (120) having a driving elenent for ejecting ink drops fromthe
nozzles. The ink jet printer (100) causes the line head (120) to scan the
sanme portion an the paper P only once in one print and drives the |ine head
(120) to nodul ate the dianeter of a dot by the nunber of ink drops, using
one or a plurality of ink drops for form ng one dot.

even
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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 in Fig.18.. The quantity of .
ejection S of ink drops in relation to the pulse width W usually presents the same
tendency, as 'indica‘ted by a broken line in Fig.18. That is, in the ink jet printer, it is :
difficult to control the quantity of ejection of ink drops by the power applied to the
~ heating e]ements end the pulse width
Thus the mk ]et printer 100 carries out correction of unevenness in the prmt .
deﬁsﬂy, using PNM Speaﬁcally, when producing a recorded image having
predetermined gradations by usmg a plurahty of nozzles with different qﬁantities of
© ejection, the ink jet printer 100 changes the puise number by using PNM thus
controllmg the quantity of C]CC'[IOI] of ink drops from the nozzles and correctmg the
unevenuness in the quantlty of e}ectlon among the nozzles.
| For example, a nozzle which ejects 3 pl of ink drops, the target quanﬁtj’ of
ejection for each nozzle per pulse, and a nozzle which can only eject 2.5 pl of ink
drops per pulse, are considered. Since ink drops for 8 pulses at the maximum are used
for recording one plxel the quantity of ejection should be 3 pl, 6 pL, 9 pl, 12 pl, 15 pl,
18 pl, 21 pl and 24 pl, respectively, for eight levels. However, with the nozzle havmg |
the quantity of ejection of 2.5 pl per pulse, only 2.5 pl, 5 pl, 7.5 pl, 10 pl, 12.5 pl,15
pl 17.5 pl and 20 pl of 1nk drops are eJected respecuvely Therefore the dlfference

n the quantlty of C_]CCI]OI] is-0.5pl,-1pl, -1.5 pl -2pl,-25pl, -3 pl, -3.5 pl and 4 pl
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| can restrain the difference in the quantity of ejection per pixel.

Fig.'19A shows the relation 'between-the gradation level and the quantity of
ejection before the pulse number is corrected in accordance with the quantity of 3
ejection from the nozzles. Fig‘...19B shows the relation between the gradation level and
thé Quantity of ejection after the pulse number is corrected iﬁ accordance with thé
quantity of ejection from the nozzles. As can be seen from Figs.19A and 198, if the.
pulse number is not corrected in accordance with the quantity of ejection from the-
nozzles, the quantity of ejection necessary for expressing the same gradation level
differs ambng the nozzles. On the other hand, if the pulse number is corrected in
accordance with the quantity of ejection from the nozzles, the quantity of ejection

- necessary for expressing the same gradation level is substantially the same among the
Tespective ngizles.
| -An ejection test is carried 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 onthe
paper. The relation between the quantity of ejection and. the diameter of the dot is
-found in a measurement graph, which is prepared separately. The diameter of the dot

is measured by an automatic measuring device 200 having at least a microscope 202 .
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E+UtW++@ [ g32bifRally, in the automatic measuring device 200, a dot recorded on the paper
M g pap
P on an automatic stage 201 is read by the image processor 203 using the microscope
202, and the quantity of ej_ec'tion is calculated by a computer 204 on the basis of the
diameter of the dot. The automatic measuring device 200 carries out such an
. operation for all the nozzles and. prepares a correction table relating to the pulse
- pumber corresponding to each nozzle.

In the ink 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 determines the pulse number for each nozzle on the basis of the correction
data and controls the quantity of ejection of ink drops so as to carry out recording.

The pulse number thus corrected sometimes exceeds 8, which is presented as

. the standard maximum pulse number in Table 1. Therefore, the ink jet printer 100
~ needs to preset a slightly large value for the maximum pulse number for recording, and -
~ determines the maximum pulse number in accordance with the unevenness in the
quantity of ejection. If the unevenness is within the range of 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. In this case, the ejection frequency must be 6 kHz (or higher) to
~ meet the line recording frequency of 600 Hz.

In this manner, when producing a recorded image having predetermined

gradations by using a plurality of nozzles with different quantities of ejection, the ink
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0* S_#lo%u‘%e(f)eﬁﬁésslﬁtyﬂfg (ﬁaa'ntf{? of ejection among the nozzles. By thus correcting the
o unevenness in '_the print- density, the ink jet printer 100 can provide a smoother
recorded image of high definition.
The method for ejecting ink drops by the ink jet printer 100 will now be
described. |
In the ink jet printer, the paper moves relatively to the line head as described
_ aBove. Thereforé, in cérrying out PNM, when the pulsc number is increaéed from a
- reference time point as shown in Fig.21, the tendency becomes noticeable such that
- thé center of a dot D, formed by dots d based on respective ink drops oﬁ.the paper
correspondingly to each pulse, shifts rearward with respect to the paper feed direptibﬁ.
- For example, it is assumed that recording should be carried out so that the
centers of dots are situated on respective lattice points on the paper, as shown in
~ Fig.22A. InFig.22A, a dot D, with a large diameter and a dot D, with a small diameter
ére showﬁ. Since these dots D,, D, are recorded on predetermined lattice points G,
G, where these dots shoul.d be recorded, the dots D, D, dot not overlap each other.
However, in carrying out PNM, if the pulse number is increased from a’
-refere,nce time point without considering the recording direction (opposite of the paper

feed direction) indicated by an arrow R in Fig.22A, the center of the dot D, with a

large diameter is not recorded on the predetermined lattice point G, where it should
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dot D,.
| As described above, in carrying out PNM in the ink jet printer, if the pulse
number is. increased from a reference time point without considering the recording
Vdirection, the center of a dot with a large diameter is shifted from the lattice point
where the dot should be formed, and this causes failure in recording such that a
straight linerto l_)_é recorded is actually fécor&ed as a curved line. Therefore, accurate
-recording cannot be carried out. | |
| Thus, in order to avoid such a problem in carrying out PNM, the ink jet printer
© 100 distributes mk drops in the paper feed direction from the lattice: point as the
: center thus carrying out recording.

For example, when the pulse number is “8,” the ink jet printer 100 sequentially
distributes ink drops in the direction of the paper feed direction from the lattice point
as the center indicated by a chain-dotted line in Fig.23A, corresponding to the pulses
of odd ordinal numbers and the pulses of even ordinal numbers of the first to eighth
pulses, as shown in Fig.23A. The ink jet printer 100 thus forms dots d and records a

‘dot D with an ultimate ‘diame.t.er.

When the pulse number is “5,” the ink jet printer 100 drops an ink drop-to form

a dot d on the lattlce point indicated by a chaln-dotted line in Flg 23B, for the first

pulse, as shown in Fig.23B. For the second to elghth pu]ses the mk ]et pnnter 100
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sequentially distributes ink drops in the paper feed direction from the fattice point as

the center, corresponding to the pulses of odd ordinal numbers and the pulses of even

ordinal numbers. The ink jet printer 100 thus forms dots d and records a dot D with

an ultimate diameter.
In this manner, the ink jet printer 100 carries out re_oording by sequentially
distributing ink drops iﬁ the pai:er feed direction from the lattice point as the center,
“corresponding to the pulse numbers. In this case, if a dot D is to be formed by ink
- drops of even o'rdinai nﬁmoérs, the ink jot_ printer 100 sequentially distributes ink drops
“of odd ordinai numbers and Ink drops‘of_ even ordinal numbers in the paper feed
direction from the laftice.point as'the center. If a dot D is to be formed by ink drops
-of odd ordinal numbers, the ink jet printer 100 drops the first ink drop on the lattice
point and then sequentially distributes ink drops of odd ordinal numbers and ink drops.
.of even ordinal numbers in the paper feed direction from the lattice point as the center.
Thus, the ink jet printer 100 can minimize the deviation of the formed dot from the

lattice point and can prevent curving of a straight line and unwanted overlapping of

dots.

—

As descr'ibed‘above, the ink jet printer 100 can realize multi-level recording
within a pixel by carrying out PNM. Therefore, the ink jet printer 100 can provide a
recorded image of high definition with less rough or granular appearance at a high

specd in comparlson with te conventlonal ink jet pnnter

Moreover by comblmng PNM with dot density modulation, the ink jet printer .
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carry out smoother gray scale printing of high definition. As a result, the ink jet printer
100 can realize high definition with a small number of nozzles and therefore can
reduce the number of nozzles an-d the work and assembly cost.

By setting the recording time in coﬁsi&eration of fhe_ink drying time and then
éarfying out time-division driving of multiple divisions which fully uses the recording -
time, the ink jet pﬁnter 100-can reduce the dissipation power.

The ink jet pfinter 100 can also carry out co_ﬁectidn of thé quantity of ejection,
‘that is, correctién of the priﬁt d'ensity, using PNM, and thus can provide a smoother
recorded image of high definition. .

By sequentially distributing ink drops in the paper feed direction from the lattice
point as the center, the ink 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 the head chips 121, that is, at the jOint of the nozzle groups.

Thus, the ink jet printer 100 is weil balanced as a whole with respect to the

 picture quality, the speed and the dissipation power, and provides convenience for
users.

The present invention is not limited the above-described embodiment. For

example, though the line head is used in the above-described embodiment, the present
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Moreover, though the system for ej_ecting ink drops using the thermal system
is employed and the heating elements are used as driving elements in the above-
"-described embodiments, the present invention can also be applied to a piezo system
using piezoelectric elements as driving elements, despite the increase in scale and the
reduction in resolution in comparison with the thermal system.

Thus, various modifications and changes may be effected without departing

from the scope of the present invention.

Industrial Applicability
- As is described above in d:etail, in the method for driving a print head in an ink
~ jet printer according to the present invention, ink drops are ejected from a plurality of
nozzles and dropped on a recording medium so that information including a character
| and/or an image is recorded in the form of dots based on the ink drops. The print head
having a driving element ‘for ejecting ink drops from the nozzles is caused to scan the
‘same portion on tile recording medium only once in one print, and to drive the print
head to modulate the diameter of a dot by the number of ink drops, using one or a

pluralitjr of ink drops for forming one dot.

Thus, with the method for driving a print head in an ink jet printer according to
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10_ . {he number of ink drops, the gradation 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 speed.

Moreover, in the ink jet printer according to the present invention, ink drops are
ejected from a plurality of nozzles and dropped on a recording medium, thus recording
information including a character and/or an image in the form of dots based on the ink -

- drops. The ink jet printer has a print head having a driving element for ejecting ink
drops from the nozzles. In the ink jet printer, the print head is caused to scan the same
portion on the recording medium only-once in one print and is driven to modulate the
diameter of a dot by the number of ink drops, using one or a plurality of ink drops for
forming one dot.

Thus, with the ink jet printer according to the present invention, by driving the
print head to modulate the diameter of a dot by the number of ink drops, the gradation

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 speed.
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CLAIMS
L. A method for driving a print head in an ink jet printer in which ink drops are ejected
from a plurality of nozzles and dropped on a recording medium so that information including
- 2 character and/ or an image is recorded in the form of dots based on the ink drops
the print head being constituted by arraying --In a zigzag manﬁer a plurality of head
chips, the Head éhips having the nozzies and at least one driving element for causing the ink t'

drops to be ejected from the nozzles, so that some of the nozzles are arranged in a zigzag

manner with respect to the longitudinal direction of the print head, e
the method comprising the steps of causing the print head to scan the same portion on

the recording medium only once in one print, and driving the print head to modulate the

diameter of a dot by the number of ink drops, using one or a plurality of ink drops for
forming one dot.
2. ‘The method for driving the print head in the ink jet printer as claimed in claim

1, wherein the ink jet printer uses a heating element as the driving element.

3. The method for driving the print head in the ink Jet printer as claimed in claim

1, Wherein in order to form the one dot, the ink jet printer drops the next ink drop onto

. the recording medium before the first ink drop dropped on the recording medium is
dried to modulate the diameter of the dot.

4. The method for driving a print head in an ink jet printer as claimed in claim 3

wherein when mixing the ink drops of a plurality of colors by usi-ng each of the.pn'nt
heads for a plurality of colors, the ink jet printer drops the ink drop of one ¢olor onto

the recording medium and drops the next ink crop of a different color onto the

recording medium after the dot recorded by the first ink drop is dried.
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5. The method for driving the pr.int head in the ink jet printer as claimed in claim

1, wherein when producing a recorded image having a predetermined gradation by
using a plurality of nozzles with different quantities of ejection, the ink jet printer
changes the number of ink drops ejected from each nozzle to correct an unevenness
in the quantity of cjection' among the nozzles.

6. The method for driving the print head in the ink jet printer as claimed in claim v

1, wherein the-ink jet printer distributes the ink drops in the feed direction of the
recording medium from a lattice p.oint as the center, which is a position on the

recording medium for fonming the one dot with the one ink drop, and thus drops the
ink drops to carry out recording.

7. . The method for‘driving the print head in the ink jet printer as claimed in ciaim

6, wherein when forming the one dot with the ink drops of even ordinal numbers, the
ink jet printer sequentially distributes the ink drops of odd ordinal numbers and the ink
- drops of even ordinal numbers in the féed dirgction éf the recording medium from the
- Jattice point as the center, thus dropping the..ink drops, and
when forming the one dot with the ink drops of odd ordinal numbers, the ink jet
R - printer drops the first ink drop on the lattice point and sequentialiy distributes the ink
| dropé of odd ordil;al numbers and the ink drops of even ordinal numbers in the feed

direction of the recording medium from the lattice point as the center.

8.

An ink jet printer for ejecting and dropping ink drops from a plurality f nozzles onto

- arecording medium and recording information including a character and/or an image in the

form of dots based on the ink drops,
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: ejecting ink drops from the nozzles.
wherein the print head is caused to scan a same portion‘on the

recording medium only once in one print and is driven to modulate a diameter

of the dot by the number of ink drops, using one or a plurality of ink drops for
forming one dot.

9. A method for driving a print head in an ink jet printer in which ink
drops are ejected from a plurality of nozzles and dropped on a recording
medium so that infermation including a character and/or an image is recorded
in the form of dots based on the ink drops, the method comprises the steps of
causing the print head, controlled by pulse number modulation and,

having a plurality of driving elements for ejecting the ink drops from the
plurality of nozzles and driving the driving elements in a time-divisional
manner, to scan a same portion on the recording medium only once in one
- print and driving the print head to modulate a diameter of the dot by the
number of ink drops, using one or a plurality of ink drops for forming one dof,
wherein the print head is a line head immovably fixed on the ink jet printer
and extending a page-width direction thereacross, the plurality of nozzles

arranged in blocks alternating in a zigzag manner across the entire print
head in the page-width direction.

10. The method for driving the print head in the ink jet printer as claimed

in claim 9, wherein the ink jet printer uses heating elements as the driving
elements.

11. The method for driving the print head in the ink jet printer as claimed
in claim 8, wherein in order to form the one dot, the ink jet printer drops the
next ink drop onto the recording medium before the first ink drop dropped on
the recording medium is dried, thus modulating the diameter of the dot.
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lattice point as the center, thus dropping the ink drops, and

when forming the one dot with the ink drops of odd ordinal numbers,
the ink jet printer drops the first ink drop on the lattice point and
sequentially distributes the ink drops of odd ordinal numbers and the ink
drops of even ordinal numbers in the feed direction of the recording medium
from the laftice point as the center.
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drops, using one or a plurality of

ink drops for forming one dot and is a line head immovably fixed on the ink

jet printer and extending in a page-width direction thereacross, the plurality
of nozzles arranged in blocks alternating in a zigzag manner across the
entire print head in the page-width direction.
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ABSTRACT

An ink jet printer (100) ejects ink drops from a plurality of nozzles and drops

| the ink drops on pai)er P, thus récording information including a character and/or an
image in the form of dots based on the ink drops. The ink jet printer (100) has a line
head (120_) having a driving element for ejecting ink drops from the ﬂozzles._ The ink

jet printer (100) causes the line head (120) to scan the same portion on the paper P

- only once in one print and drives the line head (120) to modulate the d1ameter of a dot

by the number of ink drops, usmg one or a plurahty of ink drops for formmg one dot.



