; e3e5**+T0z1\ 565T5Yp DESCRI PTI ON Met hod for Driving Recordi ng Head,
Recordi’ng Head, and Ink Jet Printer Technical Field This invention relates
to a method for driving a record heading, a record headin an ink jet
printer for inpacting ink droplets on a recording nmedi um gm,g’m%w%[mmr di ng
dots nmade of the ink droplets on the recording nedium Ba A
recording device of an ink jet systemy that is, an ink jet pri*fsuer, is a
printer of a type which ejects ink droplets for recording from ejection
ports of narrow nozzl es arrayedDESGERIBEMDN headi ng and inpacts the ink
droplets on a recordi ng nedi um such as paper, thus recording characters or
| TagesMdthod fof DY RECLRtind Plcad; Réchiding HedliShnd e farmeay! zed by a high
recording speed, a [‘Ow recording tost and”easy’ realization of color print.
As the ink droplet ejection systemin this ink jet printer, a thernmal
system using a heating elenent as an el ectrothermal conversion elenent is
known. The printer of the thermal ink jet system has a recording head which
has anlegleutalofiepbrt for ejecting flying droplets (hereinafter also
referred to as droplets) of ink for recording, an ink flow path

communi cat i TRigMAventioa RIS t6M Msthod Add diivif ef recuriehigmling onvecsfdn
el ement provided at a portion of the ink flow path for providing ejection

ener gy for:. form ng: -t hi Sl j i r : Ginsh 2
- head p %\f{]a%s%{r{eq %gmq{oﬁpéﬁ}e]?eéyfwSBF%%UIMH@H cﬁjop Eegté ph% * Féﬁvtﬁ%%ﬁ&gy app(} ying a
drive mse to.the el ecaro%ger I cogqversi n el enent at..every arrival of
the rdWsdraerdingdotx made of Shemk droplsts pgthe reens BHEEREMi t h t he novenent
thereof, and thus ejects the ink as flying droplets fromthe ejection port.
Then, the ink jet printer inpacts the droplets on a recordi ng nmedi um such
as paper, thus formng dots thereon. The dots formed on the recording
medi unBgansbuhdigrta dot matrix in accordance with the novenent of the
recordi ng head. The ink jet printer records characters and i mages using the

dot matri X. ,l ve- I i NG . devi e LYy _
recordi ng. hAdRoRREnE PEYEERIREhRTE SFER thiisr Ik et PEARE S aritkefal
noving directiqn (main scanning direct.io and in the difgrection
per pendRA ¥ 1ﬁbeleﬁ§ %\Fﬁ' ﬁBPe(ﬁ ?‘%rc'ielceﬁhtlg &%Plg@é‘?ml%’gp‘lfﬁ 8@9?‘6% neg7lesovi ng
direction of the recording head is referred to as "main _scanning direction”
and t harayedon asacqudhpadiigandimpasts the inkidnopletson aeadirdingmodiung sudf er r ed
to as "sub scanning direction.” In the ink jet printer, though all the
el ect rﬁw&a{h&%w@%@ Bh@atR e b iagedin the Fotrh dfews | Thidiak §t printer
recording, it is considéred to divide the plurality of el ectrothennal
conver si it Kk : : dEALMesli2S T ve
for se%ucg{r%{ ifg[?ﬂgg%rBY\ﬁqhgh? ﬁ(\é&;dg{s%g%:e%?\’/é lgﬁ\%eggféf 1%% gg tsédl n aslzlllierarlé- fd\% si onal
manner; .in order to ayoi.d I e.burden on a power .supply. unit.for
supp! yPheoles it OXF Héerlglécafyaﬁ?g eﬁe?i‘&.n %&éﬂv‘@&ﬁ‘%‘éﬂw’e?g’ﬁ%ﬁﬁ’ ﬁlgthgﬂnfl}rage or
the |ike on paper as a recording nedium the ink jet printer generally uses
i mage $ystougsing adeeting slemen-asan egcptheamahsemrrsion elpment srkawi.usi on '
nmethod to express the gray scale and prints the image by pseudo

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

-ejection port for ejecting flying droplets (hereinafter also referred to as droplets) of ink
for recording, an ink flow path communicating with the ejection port, and an
electrothermal conversion element provided at a portion of the ink flow path for

providing ejection energy for forming droplets. In this ink jet printer, the recording
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3 gray scale expression. Normally, various inmage quality nodes are provided
inthe'ink jet printer, and the ink jet printer records one line in the

mai n scanning direction with one nozzle or records one line with a
plurality of nozzles by utilizing the novenent of the paper fed in the sub
scanning direction. Particularly when printing an i mage of high quality,
the ink jet printer uses the latter rethod for recording with a plurality
of nozzles and shorten the noving distance of the paper in the sub scanning
di r ectheyd pridved ] e doidn Bigerg9té ded inkrin she itiaflowirviebyepplyimg 4 devdpulienpact
position causing a . longitudinal stripe in the paper feed direction, that
is, aso i { ] i ; t ead in
the | b IR RRRAL dorSfon ABGBALS: T IRAYELE the HRGGiRE Heg 2 o172
than the page wi dth of the paper,.or a so-callged li.ne head with a | ength
subst affCPEIING RAgiTEM trbaqwd@wewuh d{’ﬁl’tﬂvq’ﬁ@tﬁgﬁ'@r‘)ﬁ afﬁgt?’lu? FECGI8 1RE P’g‘ a
recordi ng head which enabl es substantially sinmultaneous recording in the

di r ect aoflyinig drbplets fitom tife ¢jbetiqrapent.. Thieh; the inket peinicalimpaats, the deopletee ‘head
does not nove in the main scanning direction. That is, the ink jet printer

- havi ngyf P?eédrﬂ‘fh i sGERASFART! %@_fbﬁniﬂkadot% feerbomeThe ddtsforinkd dmaper

noves only 1 n the sub scanning direction and that a very | arge nunber of

nozzl es _are py.ovided in the | ongi i.ha i r i i For
oxanp! BetGERIY bifiynGohafshER bl HERIT IR e e oy BfnEEPthe.
8.5-inch width are provi ded., Meanwhile, in carrying out.nultiple gray scale
r ecor diesgrdingdead; Eﬁep@ﬂ%mlnte@mcqrdéclmapm tmﬂgeﬁrllémget:hed T@gf.lX- 4 The
first problemis that the ink jet printer having the |line head cannot adopt
t he recor di hptheeibovd-deseribedrédoedingidevede, generatly, theweoq dinghedsbivas; fescr i bed
serial head. As the recording nmethod in the ink jet printer having the |ine
head, §iahs1eCoPA Aot i iR SERRIinFBREERGH PN)
Syst o n?’\%ﬁﬁ]@r?’ ?Egirgﬁwne‘ééé}rﬁg{ df‘?SthhélﬁFOV%éj M &R (Bfaif SORRTingE P

act ets a plurality of tines to overlap, thus

formn ne dot. However, the,use pf the .PNM syst I e unber
Cof o] e Bt RcelRE b EipeputistR Bp o BNTRE Gb SEALRRE <l "or
nozzles in the |jine heaqd, (nunber of nozz|es) X (pul se nunmber). nmust ,be
cont r of hemQang gaectign pgthcrrﬁmd@%gh §,Te%‘>ﬁ'é‘|dé0z§§i HRMN SCARNGNE AREEURR ¢ he
di ssipation power tends to be larger than in the case of the serial head.
The semmhthepdivbitéon perpendiculamtotthe maik joatning direstiomaigirafprrabtd anésubead,
since the line head does not nove in the main scanning direction, the

respecidanfing BREctén Mt In ﬁi%oﬁl‘k'gkt/ rihtéie shoudl SIPVIRS elebiBtHeRthal BbnPersivrer.
havi ng the |7 ne head cannot adopt the recording nethod used in the ink jet

i nt ey _havi,ng_t ial head .Th L divd
et or DA Bgh 1, SFpHRIAESS ol B BEGahlS # SRR b i the, o
in the dot inpact positi th . Furth ,.since the ink jet

pr i nt cPlURRMiR R clonttathaenakseaversion eemsints ke seissHRIOUs Gy QR BIG i on

drive, the ink ejection timng differs anong the nozzles.. Therefore, there
ar i sesdiaigionBtivmforsequenpally divingthetespective dividedbieaksdn p imavdivisional
scanning direction, causing deterioration in the imge quality. D sclosure
of t hemhf¥entin @fder fo dvdid ladutgelburtien baragewagsupply usitdor Slysplgitg pawer s an
obj ect of the present invention to provide a nethod for driving a recording
- head, i , and an ink jet printer which enable reduction in

t he po&@gﬁgﬁds}ﬁgﬁgggf dots on the recordi ng nmedi um and t he instantaneous
maxi mum di ssj pati on power in.tinme-division.drive. According.to tmeul resent

i nventi on, MREPEVesWhenyrerrding andmagg of ghe lke on pgpef as arecordingme

the ink jet printer generally uses image processing such as a so-called dither method

or an error diffusion method to express the gray scale and prints the image by pseudo



recording head having a plurality of heating elements as' driving el enments
for ejecting ink droplets froma plurality of nozzles, the plurality of
heati ng el enents being arranged in a direction substantially perpendicul ar
to the direction of carrying a carried recording nmedium the nethod
conprising: a time-division driving step of dividing the plurality of
heating elements into a plurality of blocks, each block consisting of a
predet erm ned nunber of spatially arranged heating el enents of the.

pl ur al gtay walheqtrcngor! dioemiatly caricsninmgienmalioy tlodephrermiovidedah thenk es,

and sequentially driving each set of heating el enents sinultaneously driven

over t jreq gjrrﬁﬁeﬁ%hh&ﬁ?(m(}@ggﬁre@sd?frecéﬂd%n@iMesl}lqnéhndme&ﬁﬁﬁn dffedtibR Gt ng

step o ecti'ng in romthe nozzles corresponding to the driven
heati ng el ements and jnpacting.the jnk.droplets on t recordin [ um
Chus. T SEBRGRA QroReorsatcing it Rhirih SPusiied By bRz M0l V) g
a recordi ng head according to the present invention, each set of heating
el enenofths paperdaéd outiesubrscanninguivectivn. Pastiewarly svhempraginganirags e
sequentially driven in a tinme-divisional manner. According to the present

i nvent hiyh qﬁzﬂﬁ??tﬂesinﬁﬁ&%rﬁt%ﬁ&@@h@la&%@%&hﬂ@ theadohding vatlaa pluadity b of .
heating el ements as driving elenents for ejecting ink droplets G froma

pl ural | I : . | i .0 i nged in a
G ot o2 B3 hoREn e Btk Bikhilef b HRERAS i (RE S Soplifle drecfivged
carried recordi.ng nedium the recordi ng head, conpri sing: tj.nme-division

dri vi ngleﬁﬁla)ﬁ $PIE GOGTestiog hhaS RENEIIGHS dp thE oK iPaFhesien causng 8
plurality of blocks, each block consisting of a predeterm ned nunber of

spat i aldngitdinalgstiipheiat thegpapesrfiend slivdctione thatuisalai sorcallechbandimg neisenent s
corresponding to the plurality of nozzles, and sequentially driving each
set of hBeshEh@IRpRNoassi-nul t aneously driven over the respective bl ocks,
in a tinme-divisional manner; and recording nmeans for ejecting ink droplets
fromthe nozgl . i R .dr i LI -hnpact i ng
the i nic_ar oprieaeegRling BORLH I g sbFiftel Ky, BERsbOAUBURERA! R RINPT
ink droplets. ILn such a recor.ding.head accordin o, L.he present jnvention,
each s&n%h S I thpndhe page &v lgﬂhﬁiﬁ e RApELI§F 41?9'8%1#43{}%‘? hg?fgwﬂti’sﬂ)kggﬁ?/e

di vided bl ocks is sequentially driven in a tine-divisional nanner.

Accor dswlstantialie egualderthe pagewidthrof thapaper. sThe diveheadiisiagecordinghpad
printer having a recording head having a plurality of heating el enents as

dri vi ng/hetlesratiles §ulistRiti AR idinalthikourepbrling fif therdireption af thewidthndlie es,
the plurality of heating elenents being arranged in a direction

subst ap%éijrrle g{rﬂﬂn%rep?\%ggc?ﬁ:l( Heall Ot find ihregﬁ tddes 1t 1?1686 Yh He @&l §dfhing

record jet’ printer being adapted for recording

i nformgtion ingluding a.character ,and/ o n i .in the formo { s made
of ' § i 413 o Tt Bt PRber B fhsring FEATis bt gt et e

means for dividing the plurality of heating elenents into a plurality of

bl ockslinehendior sbk pepersinovesgnlyfinghpsublscanmingsldrestianand that ananelargénd a
recording step of ejecting one or a plurality of ink droplets fromthe

nozzl efusitbier ey ¢x0areprokiledr invibie loagitidmat dawetids ofinhe ilimedeadigFohe i nk -
droplets) on the recording nedium thus recording dots made of the ink

dropl e : : - VI i : width O t he
s i K s LA SVER i G DL
of a dot by the,nunber of ink droplets and each set of heating el enents
sinult%ﬁ%%%%?gcéhiven over the respective divided bl ocks is sequentially
driven in a_time-divisional manner. According to the present invention,
there i s al Megwivleda canvmgﬂtmmgltmé@araYasna?@gre@omugam the/nksjehpEDfGy

el ements as driving elements for ejecting ink droplets froma plurality of
nozzl ethe fdRWINgtRlod Iﬁmb@émg\aﬁgé,ng el ements being arranged in a direction
substantially perpendicular to the direction of carrying a carried
recordi ng medi um the recording head conprising: drive signal generating
means for generating an elenent drive signal made of necessary data for
form ng one dot so as to nodul ate the dianeter of a dot by the nunber of

i nk droplets, using one or a plurality of ink droplets for form ng one dot;
time-division driving nmeans for dividing the plurality of heating el ements
into a plurality of blocks, each bl ock consisting of a predeterm ned nunber
of spatially arranged heating el enments of the plurality of heating elenents
corresponding to the plurality of nozzles, and sequentially driving each
set of heating elenents sinultaneously driven over the respective bl ocks,
in a tinme-divisional manner; and recording neans for ejecting one or a
plurality of ink droplets fromthe nozzles corresponding to the driven

o, e . .



9 on the recording nmedium thus recording dots nmade of the ink droplet(s).
In" such a recording head according to the present invention, the heating
el enents are driven to nodul ate the dianeter of a dot by the nunber of ink
dropl ets and each set of heating el enents simultaneously driven over the
respective divided blocks is sequentially driven in a tine-divisional
manner According to the present invertion, there is also provided an ink
jet printer having a recording head having a plurality of heating elenents

as driving Ehefiestoblem Rjtkettheink jek peintphevingtheine hehdcainatpdopt thez z| es,
the plurality of heating elenents being arranged in a direction

> ooor CLRLRG AEHRANKEAH Hhe ik I DritkERIViAR 1 a6 -HeRitRANRHal Alad.
recording nedium the 1nk je I'nter bel ng”adapted tor recording
information including.a character. and/ or .an.i .in the formof..dots nade
of i nkﬁaﬁﬁsréeogﬂlrtgq@eﬁﬂécir&h% dﬁhpﬂekﬁwvmérﬁ!% ¢bead; i A5 FORiAgTes i ng
means for generating an el enment drive signal nmade of necessary data for

f or mi neffectevetotussa PNM (pubseduinber moduldtianpsysteromwhicki ampagtsunk dreplstsr  of
ink droplets, using one or a plurality of ink droplets for form ng one dot;

ti me- dj ylhalRy F tiMied o RGP s Formhiligi@nd B6t. PHemalvet, thousbedthaNferent s .
into a pluraliity of blocks, each bl ock consisting of a predeterm ned nunber

cor  ooporBCiEBHEE piither Y e b T B ity i alsb o Rposigetdiol L 20N S
o ol nenbebeRsrin i o Ao o ety LSRG
plurality of ink droplets fromthe nozzles corresogondi ng to the driven

heat i ngpretreliehirs thaihli japgurititey fThasj therdmoiske asprodblem bat the disstpatinng
medi um thus recording dots made of the ink droplet(s). In such an ink jet

Print e5oRer RirlisNE tedatde® (RAERFIHe d2R¥ ¥Fich®Seridllieadecor di ng head is driven so
that the heating elenents are driven to nodul ate the dianmeter of a dot by

t he nunber i.nk d IS : i [
si mul ¢ ancout P “ErrfLARLTR it B ACRK EFnGFhaGngtig LBReAt R fhe | |
driven. in_ a tipe-divisional manner. Brief scriptjon of %.he Drawi ngs Fig.
| scheliig head dpesmatamave ¥ the main seaamRS direelion, the respegtive JNeS R it an
ink jet printer as an enbodi nent of the present invention, in which a
pl ur al tetspective lines. Moreover, the ink jet printer having the line head cannot adopt the
recording method used in the ink jet printer having the serial head. Therefore, the
image quality.is deteriorated by nonuniformity, a streak or the like due to the
- unevenness in the dot impact position on the paper. -
Furthermore, since the ink jet printer having the line head carries out the above-
. described. time-division drive, the ink ejection timing differs among the nozzles..

Therefore, there arises a problem that a positional shift of dots occurs in the main

scanning direction, causing deterioration in the image quality..

Disclosure of the Invention



nozzl es are sectioned by a predetermn ned nunber to constitute a bl ock.

Fig. 2 shows the basic operation of tine-division drive in the ink jet
printer, in which ink droplets are ejected fromthe nozzles for each phase.
Fig.3 is a partial cross-sectional perspective view show ng the overal
structure of an ink jet printer as a flrst enbodi nent of the present
invention. Fig:4 is a cross-sectional3side view showing the ink jet
printer. Fig:S is a block diagramshowi ng the structure of a recording and

control sysieniew ofithedfosggoing statusoafithe and, it is an bhiect okthegirepetitnheentidii g. 6 i s
a bl ock diagram showi ng the detailed structure of a head drive circuit

h | I t I
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nodul at i processing by e head drive shown in Fig. 6 and
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head drive circuit, and a signal, out putted froma conparator provided in
the heand @he instantapesus maxmyynglissipatson power PNVSr diyisien d5iVBy t he head
drive circuit shown in Fig.6, and shows the operation at the conparator
provi ded i nAdeerdiagdodhé peesdint éwention, there is provided a method for driving a-
recording head having a plurality of heating elements as driving elements for ejecting
ink droplets from a plurality of nozzles, the plurality of heating elements being
arranged in a direction substantially perpendicular to the direction of carrying a carried
recording medium, the method comprising: a time-division driving step of dividing the
plurality of heating elements into a plurality of blocks, each block consisting of a
predetermined number of spatially arranged heating elements of the plurality of
heating elements corresponding to the plurality of nozzles, and sequentially driving
each set of heating elements simultaneously driven over the respecti\}e' blocks, in a
time-divisional manner; and a recording step of ejecting ink droplets from the nozzles
corresponding to the driven heating elements and impacting the ink droplets on the
recording medium, thus recording dots made of the ink droplets. -
.In such a method for driving a recording head according to the present
- invention, each set of heating elements simultaneously driven over the respective
- divided blocks is sequentially driven in a time-divisional manner.

- According to the present invention, there is also provided a recording head

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



Fig.9A is an outer side view for explaining the structure of the Iine head
for one color. Fig.9B is an outer bottomview for explaining the structure
of the Iine head for one color. Fig.10 illustrates the detailed structure
of a head chip. Fig. | Ais a side view showing a cross section along a
line AAAin the line head of Fig.9B. Fig.l 1B is a side view showng a
cross section along a line B-Bin théline head of Fig.9B. Fig.12 is a
partial perspective view showing the line head of Figs.9A and 9B fromthe
bot t onfrenda. plrality3of sozezlpsrthiegplupality pefchéatmgyelemesitohienty atranged anlaed
structure near the nozzles in the |ine head of Figs.9A and 9B and show ng

L Relsat, Sl papingle v ik otansngcsrmessemning (e
the stat i191I1, glre%léggrd%g Si% cornelgl(r)lg%eggtig}/e- Sid Eiplgin%el%gaﬁsh & (ﬁ{/iding the
plurality of heating elements into a plurality of blocks, each block consisting of a
predetermined number of spatially arranged heating elements .of the plurality of
- heating elements corresponding to the plurality of nozzles, and sequentially driving.
each set of heating elements simultaneously driven over the respective blocks, in a
time-divisional manner; and recording means for ejecting ink droplets from the nozzles
corresponding to the driven heating elements and impacting the ink droplets on the
recording medium, thus recording dots made of the ink droplets. . .
In such arecording head according to the present invention, each set of heating
elements simultaneously driven over the respective divided blocks is sequentially
. driven in a time-divisional manner.
- According to the present invention, there is also provided an ink jet printer-
having a recording head having a plurality of heating elements as driving elements for
~ ejecting ink droplets from a plurality of nozzles, the plurality of heating elements being
arranged in a direction substantially perpendicular to the direction of carrying a carried
recording medium, the ink jet printer being adapted for recording information
including a character and/or an image in the form of dots made of ink droplets, the ink .
jet printer comprising: time-division driving means for dividing the plurality of heating

elements into a plurality of blocks, each block consisting of a predetermined number



t he arrangenment shown in Fig.l3 and shows the state where a change point
(l'ine) 'of the dianeter of dot is generated on the boundary of groups of
dots recorded by using different groups of nozzles. Fig.15B shows the state
of groups of dots recorded by using the head chip of the arrangenent shown
in Fig.13 and shows the state where an overlap of dots is generated on the
boundary of groups of dots recorded by using different groups of nozzles:

Fi g. 15C shows the state of groups of dots recorded by using the head chip
of t he odr spatgdiyendrratpedn heatifg geleteas! shahs phealstyatof hbeteg aclgapiiet ween
dots is generated on the boundary of groups of dots recorded by using

di ff | . ateyr t
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recorded by usin genen ig.13 a
Rl AR N N ER
the arrangenent of two adjacent groups of nozzles in the |line head shown in
Fi gs. 9mamergmd ecgrding steens fartegecting inkdiopjetsfpandhe nozzles eemesndivg usi ng
the line head shown in Figs.9A and 9B.
- to the driven heating elements. and impacting the ink droplets on the recording
medium, thus recording dots made of the ink droplets.
In such an ink jet printer according to the present invention, the recording head
1s driven so that each set of heating elements simultaneously driven over the respective
divided blocks is sequentially driven in a time-divisional manner.
According to the present invention, there is also provided-a method for driving
arecording head having a plurality of heating elements as driving elements for ejecting
ink droplets from a plurality of nozzles, the plurality of heating elements being
arranged in a direction substantially perpendicular to the direction of carrying a carried
- recording medium, the method comprising: a drive signal generating step of generating -
an element drive signal made of necessary data for forming one dot so as to modulate
the diameter of a dot by the number of ink droplets, using one or a plurality of ink
~ droplets for forming one dot; a time-division driving step of dividing the plurality of
- heating elements into a plurality of blocks, each block consisting of a predetermined
number of spatially arranged heating elements of the plurality of heating elements

corresponding to the plurality of nozzles, and sequentially driving each set.of heating

elements simultaneously driven over the respective blocks, in a time-divisional



13 Fig.18 is a conceptual view for explaining the principle of PNM Fig.19
shows the relation between the quantity of ink droplets ejected fromthe
nozzl es and the power applied to the heating elenents or the pul se
duration. Fig.20A shows the relation between the gray scale | evel and the
gquantity of ejection before the pulse nunber is corrected in accordance
with the quantity of ejection fromthe nozzles. Fig.20B shows the relation
between the gray scale |level and the quantity of ejection after the pulse
nunber manneny aret & eecondirgr stop derajecting bne be aqlurality wf ank drepletsofroft #he t he
nozzles. Fig.21 is a block diagram showi ng the structure of an automatic

Meas ur hhg,|d@VhirSspodinERSHUE deeh At adh @BRhMtOandindipdctintg the 22k dhsplst(she

state of dots formed in the case where the pul se nunber is increased with
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paper, in which each dot is recorded so that the center of each dot is

| ocat ed at n sachi ganpdiod; forrdgvamBastespedingeheadapecasding ép st Presenk -

recorded on paper, in which a dot with a large dianeter is recorded so that

t he cefifwitioh, techéingnélementd areadrivirareimedulse s diameter of a dot by the
number of ink droplets and each set of heating elements simultaneously driven over -
the respective divided blocks is sequentially driven in a time-divisional manner.

According to the present invention, there is also provided a recording head

having a plurality of heating elements as driving elements for ejecting ink droplets
from a plurality of nozzles, the plurality of heating elements being arranged in. a-
direction substantially perpendicular to the direction of carrying a carried recording
medium, the recording head comprising: drive signal generating means for generating
an element drive signal made of necessary data for forming one.dot so as to modulate -
the diameter of a dot by-the number of ink droplets, using one or a plurality of ink
droplets for forming one dot; time-division driving means for dividing the plurality of |
heating elements into a plurality of blocks, each block consisting of a predetermined
number of spatially arranged heating elements of the plurality of heating elements - .
corresponding to the plurality of nozzles, and sequentially driving each set of heating:
elements simultaneously driven over the respective blocks, in a time-divisional

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

nozzles corresponding to the driven heating elements and impacting the ink droplet(s)



| ocated at a predeternmined lattice point for recording. Fig.24 shows the
state of a dot fornmed in the case where recording is carried out by
generating a pulse to be an object of conparison with the record data from
t he 14 conparator so that the resultant dot is equivalent to a dot forned
by distributing ink droplets in the paper feed direction symetrically
about a lattice point as the center i%h performing PNM and shows the case
where a dot having an ultinate diameter is fornmed with ink droplets of even
or di nabn therbeyosdingirgedin,ithlis sécoadimg dots pedefafthesalndreplef(s).ecor di ng by t he
met hod shown in Fig.24, and shows the rel ati on between a pul se generated by

the pul se ORngHah of riAMIrHEReh? ddBrAIRBoHEY Bréieht hionticiEOME Hadngst o ed

in the nenory provi e clrcuit, and a signal outputted

fromt conpar at or ovided in the head dri,ve, ciycuit., ind.h ase, wher e
it o, vPEHSR Byt odBtave o dianiis of #46P 1 YhF Huhbes BeiRf S8R €
illustrates a specific exanple of recording by the nmethod shown jn_ Fjg. 24,
and shand eatle setcd Hheatingheemsots sinpiltaneoyslyalrateadoysr theaeppeattvegdivedast or
provided in the head drive circuit, record data stored in the nenory

provi delbcks id fqueaadlly drivenGh aQithe-didRibral Aiapmet. out putted fromthe 4
conparator provided in the head drive circuit, in the case where data with

; e; gteC]'E Oﬁ,géglaﬁ%%'t@%g Ip&ﬁ%@é?nv colro?ilf YRS ald PF&\Qd@@-a&S/ﬁR t-:ﬁ?ﬁ‘lt&t ate o

ase re ng i's carried out generating. a
pul se 1o be an object of, canparison wth the record data.fromth
conpar 38 GRELJ CE M ngﬁ@il&\ﬂn a “"&BB’? vf‘@tﬁ%\Fé?‘Bﬁ’tltStaéad%Wd‘ég e?’%‘??@& f%‘"y
distributing ink droplets in the paper feed direction symetrically about a
| atti cejeptinginkadrophats frem &pluralifyarfinozriesghppralitwb licatingclamentsbewger e a
dot having an ultimate dianeter is 15 foamed wth ink droplets of odd
or di najrrBHERENS: diﬁc@iog &0bktahtally pégendiciidaadb thediesaitn ¢f cabryiggacatrival by the

met hod shown in Fig.26, and shows the rel ati on between a pul se generated by

;[ Ee ; Eg}e@ﬁ%ﬁgeﬁgﬁ%’g Eﬂ%’ InlﬂF gieeit brifter etk Udapfed® 6 Yedordis Ghfortiddtrst or ed
including a character and/or an image in the form of dots made of ink droplets, the ink
jet printer comprising: drive signal generating means for generating an element drive
signal made of necessary data for forming one dot so as to modulate the diameter of
a dot by the number of ink droplets, using one or a plurality of ink droplets for forming
one dot; time-division driving means for dividing the plurality of heating elements into
~a plurality of blocks, each block consisting of a predetermined number of spatially
- arranged heating elements of the plurality of heating elements corresponding to the
plurality of nozzles, and sequentially driving each set of heating elements
simultaneously driven over the respective blocks, in a time-divisional manner; and

recording means of ejecting one or a plurality of ink droplets from the nozzles

corresponding to the driven heating elements and impacting the ink droplet(s) on the



head drive circuit, and a signal outputted fromthe conparator provided in
the head drive CIrCUIt in. the case where data with respect to the heating
el enents has a val ue 1. Fig.27B illustrates a specific exanple of
recording by the nmethod shown in Fig.26, and shows the relation between a
pul se generated by the pul se generator provided in the head drive circuit,
record data stored in the nenory prolided in the head drive circuit, and a
signal outputted fromthe conparator provided in the head drive circuit, in

t he cageotding encliilim, Midreceadiag dotomiate ofehs inlgdeipteks)t s has a value 3.
Fig:28 is a circuit diagramshow ng an exenplary electrical structure of

the head chyifychladifiRidiDrinté br(ﬁ 1 geﬁtjlm/@ﬂ A, (R dfR Read
i g i

outputted fromthe Co an exenp ary arrangernent of dots
to be recorded paper by u3| a net hod | Vil I|ne head
provi dédrviensA tﬁamt%ﬁgxeaﬁﬂg&d@m% age é@&%&o B}%{S@ﬁ“ﬁé @ di g?fﬁé ob ﬁéi%ﬁ’é/
I nvention. Fig.31 is a plan view show ng an exenplary structure of a |ine
head phewiuelstr oflifik droplets and so that each set of heating elements simultaneously

driven over the respective divided blocks is sequentially driven in a time-divisional

manner.

Brief Description of the Drawings
Fig.1 schematically shows a nozzle arrangement in a line head provided in an
- .ink jet printer as an embodiment of the present invention, in which a plurality of
nozzles are sectioned by a predetermined number to constitute a block.
Fig.2 shows the basic operation of time-division drive in the ink jet printer, in
which ink droplets are ejected from the nozzles for each phase.
Fig.3 is a partial cross-sectional perspective view showing the overall structure
of an ink jet printer as a first embodiment of the present invention.
.Fig:4 is a cross-sectional side view showing the ink jet printer.
- Fig.5 is ablock diagram showing the structure of arecording and control system
of an electric circuit unit in the ink jet printer.
Fig.6 is a block diagram showing the detailed structure of a head drive circuit -
-shown in Fig.5 and a line head.

Fig.7 illustrates PNM (pulse number modulation) processing by the head drive



inanink jet printer as a third enbodi ment of the present invention.

Fi'g. 32 'shows an exenpl ary arrangenent of dots to be recorded on the paper
by using a nmethod for driving the line head provided in the ink jet printer
of Fig.31. Fig.33 is a .chart showi ng exenplary timng of a phase signa
outputted froma time- di vi si on drive phase generating circuit in a line
dead provided in an ink jet printer &4 a fourth enbodi ment of the present
invention. Fig.34 is a circuit diagramshow ng an exenplary el ectri cal

st r uct areanpfhewheadigléi, andshawsithe rélation reoweeted pulseagenerkitgdey prpulder as a
fifth embodi ment of the present invention. Best Mbde for Carrying Qut the

! nvent ﬁ"o?g) Mlﬁéd i BRAh RISy Llirdiie rBé&?edhtta bt’&)\‘@d‘h n@é’ Wid&
descrl etail wth reference to 't he draw ngs. |s e ment 1s
app|led an K rlnt r mhl o a thernal sten1 cting
PR, ar S A Bl 80 el PG ool b SO P AT R ARL I bt ng
elenents as driving elements for ejecting ink droplets in mhlch t he

pl ur al qudmvmeacmmg el ements are arrayed in a direction substantially
perpendi cular to the feed direction of paper as a recording nedium This

ink jet priRiged ilRAfratdxPNMBrdteasinghs thbheas drivedironittsHow e iPFib. 6.l

scanni ng the sanme portion on the papér only once in one print. reover, in
this i P ided in the
l'i ne hée%)yﬁhg ¢ |e%tg na“hf'e H%%?‘J&t&alpr%ldé?thtﬂgl?%&each 612 consi sting of

a . :
Fig.9A is an outer side view for explaining the structure of the line head for one

color.
Fig.9B is an outer bottom view for explaining the structure of the line head for -
one color.
Fig.10 illustrates the detailed structure of a head chip.
Fig.11A is a side view showing a cross section along a line A-A in the line head
of Fig.9B.
- Fig.11B is a side view showing a cross section along a line B-B in the line head -
of Fig.9B.
- Fig.12 1s a partial perspective view showing the line head of Figs.9A and 9B
from the bottom side. -
Fig.13 is a partial perspective view showing the detailed structure near the
nozzles in the line head of Figs.9A and 9B and showing the line head from the head
chip side.

Fig.14 shows an arrangement of two adjacent groups of nozzles in a



17 predeterm ned nunber of spatially arranged heating el ements, and
time-di'vision drive is carried out at the time of recording, in which each
set of heating elenments sinultaneously driven over the respective blocks is
sequentially driven in a tinedivisional manner. Thus, it is possible to
reduce the positional shift of dots on the paper as a recordi ng nedi um and
t he i nstant aneous naxinunldissipatiothomer in tune-division drive. Prior
to explanation of the specific constitution of the ink jet printer, the
basi ¢ amwenational lafe héads- di vi sion drive will be described by using a sinple
exanple. As will be later described in detail, the ink jet printer has a

structure _imgw& E‘hﬁxgb KRS stafaBf g@r@rﬁ dts Pécdided dyRlsim@tie IY?EQF clllnpaesf chi ps

and each head chip s heati ng nts corresponding to a plurality of

nozzl es for ejecting ink grophLet rrayed bstantialdy in i i ne.
Ther erparapghifieut sfavBin digda 38 FosiR SN RS s et URROYT, 1 ace
of the heating elenments. In the ink jet pripnter, as schematically shown in

Fig. Ithegigmetesiofidpt i¥ gensrated onathe boundganokgnespaefidets secorded by paingnt 11 ne
in the head chip, and the plurality of nozzles are sectioned by a

pr edetdfferéifdroupdef napglesli vi ded into a plurality of blocks. In Fig. I, the
bl ocks are denoted by Bl, B2, ..., Bll" fromleft and the nozzles in each

bllock are dgpotsg sl‘i’«%(wythe H%tq Bﬁgr(q]@s’oﬂ\ffotspcd}fded ;b&%ﬁ;%fﬁe hddd é]ﬂ? dfnk jet .

printer, the®réespective nozzl es ating elements)“in the respective bl ocks
are sequentially driven in.a time divisignal nper. In this case, in the
"ok | onegiTanEententishoR I Fiink G sovRod, el HORTS A5 Y EIBSL oISt he
respective bl ocks are considered as phases. The nozzl es, 18 (heati ng

el emergegieraed iometheabennshiay of greups ofidets recordeskby asing diffarenpgronpsafe
sequentially ejected by each set as a unit. In the description, a nozzle N;

in eacipAdarck is referred to as a nozzle of the i-th phase, if necessary.
Specifically, in the ink jet printer, ejection of ink droplets is nade

ossible fr t fq i Mt gﬁpﬁ§*j cks,
gsksgoml i ?}qg]hlﬁgg%f%%s%e ﬁfé{d%i)sldﬁf(ﬁt%pgm?ﬁ%wo%%ts al | O\t/\ggpttgofotéj e](c:t
in r ets are denoted. by~ at i e ink je rinter ata for
the n BB geRent SPRuTBktienks pad ShEwS b sl sk gul mePeBb APt o he

head chi ps and whether or not to drive the n_heating el enents corresfpondl ng
to t hezanenated cssthe-beundasy of graups offdats recardedt byusing dHeereptegraa@s not

ejected fromthe respective nozzles N~. Subsequently, in the ink jet
pri nt efozzbisecti on of ink droplets is nmade possible

Fig.15D shows the state of groups of dots recorded by using the head chip of -
the arrangement shown in Fig.13 and shows the state where a step between dots 1s
generated on the boundary of groups of dots recorded by using different groups of -
nozzles.

Fig.16 shows the arrangement of two adjacent groups of nozzles in the line head
shown in Figs.9A and 9B.

Fig.17 shows the state of groups of dots recorded by using the line head shown

in Figs.9A and 9B.



fromthe nozzles NZ of the second phase in the respective blocks, as shown
in the 'second stage in Fig.2. That is, inthe ink jet printer, data for the
n nozzles N2 are supplied to the head chi ps and whether or not to drive the
n heating el enents corresponding to the n nozzles Nz is determ ned. Thus,
ink droplets are ejected or not ejected fromthe respective nozzles N2.
Next, in the ink jet printer, ej ecti & of ink droplets is nmade possible
fromthe nozzles N~ of the third phase in the respective blocks, as shown
in the thirkigst8ge condeptud view Tonexplaining thehprineiplg ef PMVint er, data for
the n nozzles N3 are supplied to the head chi ps and whether or not to drive

the n heat i,Flg. 1B ST theGelatRatRiiN e theoqudirity oﬂﬁﬂ@dﬁ)lé@ ejeetetbfronmibeed.

Thus, ink droplets are ejected or not ejected fromthe 19 respective

nozzl es . Th in the ink . r r L. 0N is
sequerﬁngerqsyarbCEﬂirel }é@y%@pp&}qﬁ t@ﬁh‘é?ﬂcSﬂ}’gF‘?ﬁ%ﬁa?’%?:‘ ée?{sﬂslggﬁf a {)aﬁ)'possi bl'e from
the nozzles N', of the mth phase in the respective Ioccﬁa, as shom}in t he
bot t om st agdigi2)Aishows thnaelation hetwenn thegraescaigilayedrandytiea ity n -
nozzles N', are supplied to the head chips and whether or not to drive the
n heatdjpgion deesesthRoprilgs pRMmeberdist corrésted inamtbedaride, with thet guarititgdf Thus,
ink droplets are ejected or not ejected fromthe respective nozzles N',. In

this Q&S‘SH ﬁ‘onnttlffnb ed €t printer, the plurality of heating elenents
;%on ing to '

corre e plurality of nozzles are divided into the plurality of

bl ocks and t.h atin | enent s ;of the sane phaseare seguent] iven,
thus real i zIfL lﬁ?(ﬁ?ﬁbm‘\%i@?gﬁ a&PP\}{P_tW§§né§? ﬁ'}?)gacaaﬁtle‘éﬁc Kgﬂbecé%@#tﬁé,&{ he i nk
jet printer can realize tipedivision drive of mdiyisions. For, exanple, the
i nk | egjegiomaBer thgrpudsemymbenis correatediiB reepdancewy tggquwt@/wgf&ﬁ&twy
dividing the heating elenents in one head. chip into 7 blocks, wth one
bl ock fremsthetndylexf 64 heating el enents corresponding to 64 nozzles. The
ink jet printer carries out such processing with respect to the plurality
of head chi N I : L N ! S G duineespect
21 é§ ?g%lbbfﬁll{%?%\r %ﬁb\?fwye”ﬁr&@&e‘ b 8n a%'ﬂpﬁﬁ@l?é Qn¥AsuRin

to the |ine Read a n carrying out pul se nurber
nodul a%‘jryon whi ch wi | b(g I agerq;deécri bed, the ink jet printer
addi t i $4¢¢ foramepswing the diametel fdet ng by the number of ejection pul ses

per pixel. In this description, the adjacent nozzles chh s the, nozzl es N~
of the firskiggiaskows bee piate pEdotAosmedra the cgse wWhnrsdhe PHISCIIMBPEEING of
the third phase, ..., the 20 nozzles N', of the mth phase are

sequeninicedalsyd evitly esferaredonetiven tiafe poiny éméspectve b ey secordmgaditeationo avoid
the influence of cross talk due to the driving of the adjacent heating
el erne*nitnz,per (;}@nig(ﬁimqng_.or der may be changed so that the distant heating
el enments are dri'ven next. In this case, too, the ink jet printer drives the

-nozzl es of 151%923%@ rsTEoR/rs] B stall S Gich FRREBE r¥Gorbd %ﬁdaper, in which each dot
is recorded so that the center of each dot is located at a lattice point.

Fig.23B shows the state of each dot to be recorded on paper, in which a dot with
a large diameter is recorded so that the center of the dot with a large diameter is not
located at a predetermined lattice point for recording.

Fig.24 shows the state of a dot formed in the case where recording is carried out

by generating a pulse to be an object of comparison with the record data from the



A specific ink jet printer using such tine-division drive wll now be
described in detail. Fig.3 shows the overall structure of an ink jet
printer 100 as a first enbodinent. The ink jet printer 100 has a recording
head having a PNM function to nodul ate the dianeter of a dot by the nunber
of ink droplets, using one or a plurality of ink droplets for form ng one
dot. The ink jet printer 100 has a |ilfe head |20 having a recordi ng range
of substantially the sane dinmension as the page width of the paper P, a

paper dgffarabdrt sol fat s rdsaRahdottis @qpaRGEntHoi d6t riveddst distritngthgdinkect i on,
a paper charge unit 140 for supplying the paper P to the line head 120, a

paper 3 i . . Tl oA I kLt. 160
For - calieiters T8 b hppe Rl Rutes B RO <Ay BouCa AL oML it e de
casing 110 consti ing the appearance of the.ink jet printer. 100, as shown
i n-Fi g8 PeTigranng L/Icaagii WS @e; C@s¢ Jrhieg 2 ‘P‘Erhaé( naltimate damaienis of o
rectangul ar parall el epi ped. A paper discharge port 111 for discharging the
paper fermedpwithiidkdropletsnef dvaneordinad ndenbefrs.t he | ateral sides of the casing
110, and a tray inlet/outlet 112 for 21 attaching/ detachi ng the paper

tray 150 i SFi%nyAqﬂﬁst?ﬁeé"aék?é@fﬁd @%eﬁﬁ?ie §f fRokdiak By tIRPRRTHSE sh@wnhi; one.

| ateral side.” The |ine hea 120 fo our colors, for exanple, CWK (cyan,

" an s ALeBOs "HRe lnis, ReBledhid Bites Bacsf 67 P AR BETuRIR 127"

inside the casing 110; with the nozz]es facing downward, though not shown.
The papévidestm the headabvmeirewit reepnddatagtars gﬂithﬁmﬁm@%w&d W eper
feed guide 131 constituting a supply path in feeding the paper P; paper

f eed rledddedisvd 8xcuit3and arsigmt] chitmgtedfropatier cdmpatatercpravirded anthefleadi ng t he
paper P; a paper feed notor 134 as a driving source for rotationally

dri vi ngriv@tREnfieCiheRede MHek&Matalwith réSsct By theENSatinteletzsts Ras 4 9hRid onal |y
driving the rollers 132, 133; and belts 137, 138 for transmtting the

o drivi n%ogf the paper feed notor 134 to the pulleys 135, 136. The paper feed
unit 1 is provided in"a | ower space at the end on the side of the paper

Fig.25B illustrates a specific example of recording by the method shown in
Fig.24, and shows the relation between a pulse generated by the pulse generator
provided in the head drive circuit, record data stored in the memory provided in the .
head drive circuit, and a signal outputted from the comparator provided in the head
drive circuit, in the case where data with respect to the heating elements has a value -
“6.”

Fig.26.shows the state of a dot formed in the case where recording is carried out.
by generating a pulse to be an object of comparison with the record data from the
comparator so that the resultant dot is equivalent to a dot formed by distributing ink
droplets in the paper feed direction symmetrically about a lattice point as the center -

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



di scharge port 1 |1 1 inside the casing 110. The paper feed guide 13| is
formed in the shape of a flat plate and is provided at a predeterm ned
spaci ng below the Iine head 120. Each of the paper feed rollers 132, |33
consists of a pair of rollers contacting each other. The paper feed rollers
132, 133 are provided on both sides of the paper feed guide 13|, that is,
on the side of the tray inlet/outlet 1812 and on the side of the paper

di scharge port 111, respectively. The paper feed notor 134 is provided

bel ow fdithedartth ihRMopletsdsf dddloatifal muaberected with the paper feed rollers
| 32, 133 via the pulleys 135, 13G and the belts 137, 138. 22 The paper

charge uni ty; r e 4 r [ Pto
the paper. {E U TS E wEsHIOBaPpl e Forhtl BLRE HidtHed SReBRFEL for
rotationally driving | ater-described gears 143, and ge?rs | 43 rotationally
dr i venFigy2@.nand shews dharglationt batwegn 2 prlsepggneratedaby dhemulse gonemaien ovi ded
nearer to the tray inlet/outlet 112 than the paper feed unit 130 is. The
paper mdoaidgsl fmthHedheatddrivesciromitadcord dataustedrinith nyeraern) prophidediin tad . shape -
and is provided near the paper feed rollers 132 on the side of the tray

i nl et/ " 2 ek ' i : er
charge}pérgg ﬁyé%ﬁ‘fuﬁﬁn?%@?ggﬁ?@ﬁ%ﬁtwt {nt e pdé%%@ragﬁlﬁgelro Ylgtrhte??leldagﬁa t he

gears 143. The. papgr tray.,150.s forned in. a box-Ilike sha apabl e of

ous; ri1ve piraris e s re dhnath Fedpidt 4§ O BeainiEerREEs RARATARKE! . ay
150 has a paper support | 52 which is retained by a spring 151 at one end
portiod~on the bottom side thereof. The paper tray 150 is | oaded in a space
rangi ng from bel ow the paper charge unit 140 to the tray inlet/outlet 112.

The el ectriEige2 TB ulltistvates alfpRcific exaifiple & recrdingoby ithe nidikodrsheivmginof each
section and is provi ded above the paper tray |50. The ink jet printer 100

as desgl, i aQut ri nti 1100 41 ' 1
e T AP SHEERAE BB bAISoR') BB ARESRLLIN 10 IR BORerD,

pulls }%’%Rli(ierhein the head drive circuit, record data stored in the memory provided in the

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

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

3.7
- Fig:281is acircuit diagram showing an exemplary electrical structure of the head
chip.
Fig.29 1s a chart showing the timing of output data outputted from the
comparator.

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

Fig.31 is a plan view showing an exemplary structure of a line head provided



paper tray 150 fromthe tray inlet/outlet 112 to put a predetermn ned nunber
of sheets of paper P therein, and pushes the paper tray 150 in the tray
inlet/outlet 112, thus 23 | oadi ng the paper tray 150. Then, in the ink
jet printer 100, the energizing force of the spring 151 causes the paper
support 152 to raise one end portion of the paper P, thus pushing the one
end portion of the paper P. against ihe paper charge roller 141. Then, in
the ink jet printer 100, the driving of the paper charge notor 142

r ot at iioread ink jét prietertase thaplembodinunt rodlthe prasént invensioheedi ng one sheet of
paper P fromthe paper tray 150 to the paper feed rollers | 32.

Subsequent | ]Yigg.SZ‘sti»lﬁs aExdrRplaby !ﬁﬂhﬁ‘gelﬁgﬁb oftdifts € b¥ tét@r@éd N ehPFRRT b[yeed

notor 134 rotationally drives the paper feed rollers 132, 133, and fhe pair

of paper._feed rollers 132 gateh £ he paper P fed.fromth aper ay | 50,
hub” Rou AghethddsEh Brvie HRIRAGE PERHedin Bl ink Mbaife PR Rg a1 J o
printer 100, the line head 120 operates at predetermned timng to eject

i nk dropl etBigiioina eharhehowing exemnnlagpdmingef p phagh spnek eutprtted drgmper P,
thus recording information including a character and/or an image in the

f or m afmdatisision dfige phasergdierathgyrtirduit ihhdinetleadgiropidedtie an 1il0jet phartgrai r - of
paper feed rollers 133 catch the paper P fed al ong the paper feed guide
131, tdaus relicnr BRI AIMAChiSF RRAREsdR i A die paper . di scharge port 111, The
ink jet printer repeats uc% an operation to generate prints until the
recording IS | et.ed... The electric circuit, uni 60,in the i | et
brinter So0 T B At iednguth Skt Sxdnia locion sreleal A G  cui
unit 160 has the follow ng constituent elements: a signal processing and
cont r sthigiin adine hegid providegrinyinminkdet pehignas adifth esdiodgmentiot the prgsent
processi ng based on software, for exanple, as the configuration of a CPU
24  (cantvemhopr ocessing unit) and a DSP (digital signal processor); a
correcting circuit 162 in which predeterm ned correction data is stored in
a so-called ROM (read only nenory) map system a head drive circuit 163 for
driving the line head 120; a various control circuit 164 for controlling

the drg vi fth aper feed tor. 134 and the paper charge notor 142, and
ot her %%ngﬁ6é§¥Eagﬁgﬁbpy?%gﬁﬂg?ﬂéﬂnas a line buffer nenory or a ‘
one-screen nenory; and a signal input section 166 to which signals of
recordi ng drefersed emborlimentsof thepresentanvantiorswghapwiheadesesibag mdetadont r ol
circuit 161 is connected with the correcting circuit 162, the head drive

ci r cuivitl o8feréinee toathieadrawdgyst rol circuit 164 and the nmenory 165. In the
electric circuit unit 160, when signals of recording data or the |ike are

i nputted t orfRCefbeARhe’ RCGpHea%t ot s iﬁ]@gét_r ﬁhne‘érr@uich &8ploks2a tthermtalgnal
i nput section 166, these signals arranged ih the recording order by the

si gnal _pr ssi.ng.and.contyol cireuit, 161 and ane suppl i .

con ecyRIedt ERiRR AU ROR 4 BB R s BR e eR, b BEe bl Biving.. i on
processi ng such as so-called ga correction, color coryection, and

corr ezwaﬁ-g erpents|as dgivangelements foseleqtneink dsepletsapvdiigh thppliralityiafe | i ke
after the con-ection are taken out by the signal processing and control

ci r cuibieatifig ¢lemencoaraaneyed i aaditetion sulstatitialiynperpendicatamioztieefardnber
tenperature, and input signals. Then, in the electric circuit unit 160, the
Sl 9nalcﬁrécﬁ'éﬁrbﬂbﬁepel?)éstahl%cﬁhﬂﬂghnéﬁiﬁﬁf;.S’Fhﬂ&inﬁﬁé't [9Rter Bhs thd ﬁialb thea§hndr ©

supplied as drive signals to e head drive Circuit 163. and the various

o r cutbu bAE Pty i red i B sCinfhySi S5 b Dol dR By SRE DS ORVIRREEL W
the drive signal. The . 5_;Lectric circujt uynit_ 160 causes the various
cont r SneqiyilYlonewer gndhipk jetmymter, the plyrality of heating elements provided

in the line head are divided into a plurality of blocks, each block consisting of a



the paper feed notor 134 and the paper charge notor 142 in accordance with
the drive sigal and also to control the driving in the cl eaning processing
of the Iine head 120. In the electric circuit unit 160, when necessary, the
signals of recording data or the like are tenporarily recorded in the
menory 165 and taken out by the signal processing and control circuit 161.
Fig.6 shows the details of the structldres of the head drive circuit 163 and
the line head 120. As shown in Fig.6, the head drive circuit 163 has a

st r uct predlesetapined nfimbec af spatnﬂ;]ycmrtartgd&l@ndn ¢ elementssnxditinaetdiVignddnyai on

drive, and a plurality of nenories 163al; ..., 163aN such as RAMS (random
aCCGSSlS”EﬁEQIé(P%ht at tBH'ﬁﬁle%f'qfe@bem 63 .wisicH éndbl wérabf theatihgCcelenmmgd or s
163c he menories 163a ...,163aN of the sane nunber as the

nurrber .of head ch 121N, n | in v, d. Each
of the® %ﬂﬁaﬂ Ii'péﬂtven dver i%%éﬁ?%ef&y &s 1?@3 ged&t%gﬂgﬁgeqrﬁ{:eg]r ﬁ]{agttgﬂgbased
on a drive si naI sup‘%l i ed fromthe signal processjng an% EHPrOl circuit
161. | hvisiionat saannerhd husctrid peasibla t rsiss dhe pogutonal shitt o BHHRE dot .
Since the ink j et printer 100 forns one dot using 8 ink droplets at. the
‘maxi nupapasasia récdrdingesiedivme dndahennsthhaneesonthxiiatien dissipabion plawer in
presenting any value of 0 to 8 including the case of ejecting no ink

dropl efig; BEWPReEs 163al, ..., 163m supply the stored data to the

cor resﬁor?d?ﬁﬁsjcorrpar ators 163cl, ..., 163cN, respecti veI y. 26 The pul se
generator 183b te r.edet ermi ned s .f ar ng out
Bt pr ehBgEPnpReanATRE o BRSPS RTifIBR g e Mk PR, R GACD s

generator 163b constant|ly spont aneousl y..gener at, es ei ght pul ses at

pr edet eperiation afiiirae~davigiondrzxe will be desdvihed by vsing @isivple cxaenplge i Wilhes t he
nunber of inlc droplets to be ejected and determ nes the arrangenent of
dot s flog lstecHegwribedsnaleeil, ahe itlejdvarintecias detrpetuse in whidr atiad heydttbe pul se
generator 163b. The pul se generator 163b supplies the generated pulses to

the. cogpar3l A Rad §3glurality 1of1ﬁ§£d\|chgd%eatﬁp'§ﬁ€ﬁ iﬂeﬁﬂschl 3}'%15 heatingl&3aNntecei ve

t he record data stored by the nenories . respectlvely, and

Compar StaraPorcafs 80 purdBRF BFAE Briecting @W?ﬁfﬁ%ﬁéﬁt@é‘“ﬁ]ﬁ%@@ Y1 the

resul t, of conparison shovvs that the data is no an.th ul se nunber,
t he cms@aﬁé lingzd herefore, tnaedmmwiryvealsrﬁ lgpéizéus oping thoReAles dat a
to the correspondi ng head chlps 121 ~, ..., 12INin the line head 120, as
shown inplacg:of thé¢ heatireg eleheents | ess than t he pul se nunber, the conparators
163a, ..., 163cN output a low signal "L" as output data to the

corr espondi I}Qt]ﬁeiﬁﬂ j&ttPrRfted 43 sbhelnatlcalkzsm\éwﬁ th Fipl 15 eﬁﬂﬁﬁalltﬂfr(h‘fn‘éﬁﬂlléahﬁé ors.
163a, ..., 3cN generate a hi hS|gna or a low signal--"L"

phase- nal s
corr es%‘%éia@%mgﬁt‘%‘ﬂ%m ShaiefHtine e B8 ﬂ@ad e ?‘@@W%ﬁéﬂ a§£§ n
t he above:-desgri bed tine-di n drive,. .and han | e .t he ort.espondi ng
 data cseptiopsd by aprealsteagmaei b atldéé\flfiaﬁ QP ut-'ﬂﬂttg of Eg%iﬁi Y8 Fid put
data D1, ..., DN to the corresponding head chips 121 ~, ..., 121N, as shown
in Fi g;lﬁ bleoks axmdghcdsd\ktye]a,,dlat a.., B2 from left and the nozzles.in each block are
denoted by N;, N,, N;, ..., N, N, from left. In the ink jet printer, the respective .
nozzles (heating elements) in the respective blocks are sequentially driven in a time-

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

) (heating elements) in the respective blocks are considered as phases. The nozzles



for a certaln heating elenent is "5," the conparator 163a generates a high
S|gnal "H' as phase-cowesponding data d with respect to the pul se nunbers

"1l to 5" generated by the pul se generator 163b and generates a | ow signal
"L" as phase-corresponding data d with respect to the pul se nunber "6" and
| arger pul se nunbers, as shown in Fig.7. The conparator 163c, generates
phase-correspondi ng data d correspondBng to the respective heating el enents
of the same phase and . supplies the phasecorresponding data d as out put

data DOheatifgtélemeiB)Nef thd b&me Phage adrer sroliped. as. a .set dhdciNkpdomests ares a
series of serlal data, the data of the heating el ements simultaneously (

g ; :51; egc&iﬁeﬁngﬂg ‘éga%d[ @y F#}{@gfx di \c/llél?ltg Hﬁ tﬁ’% déé&}'t@ilv 'a%'o%legﬂl ﬁﬁ%aﬁ‘ﬁ}l bk one

correspondi ng, head ChIpS respectively. Meanwhile, the
Line h’éafG?WHh%S anazamftﬁylﬁhphé%lgﬁcwsaml ..., 121N, as shown in
Fig.6. In each head chip 121, a plurality of parts for constituting one

»bI ock i n tiSpedfivaliy, onthhfm\kgemrmtelr lefettioBpddnk toaplets is inade peasibbtirps | 21 ~,
., 121N have tine division drive phase generating circuits 121a, gate

Cciroligs Jies Srbt uralt? S he 189 100RL B AWATTEHetobAlagh inihi of

are dIVI to' a Intime division drive. Thetlrre

ﬁLXLZ'r%sZ I ER RIS RS o Wi 5 el il s MRG0 8 TRRRRDY

phase m (hunber of bl ocks n). The time-division drjve p aseoﬁﬁ &Fatl ng
Ci rcmmtbzlnbjmuémldmﬁorgbﬁarr@@ékssaﬂlmmp@n g to thanumber of Blpgks;i on

drive signal, for each phase 28 to be driven, and supplies the phase
si gnal aﬁeosdﬁ]f}ie@aﬁoethei liead thipa dnd whether or not to drive the n heating elements

corresponding to the n nozzles N, is determined. Thus, ink droplets are ejected or not
- gjected from the respective nozzles N;.

- Subsequently, in the ink jet printer, ejection of ink droplets is made possible
from the nozzles N, of the second phase in the respective blocks, as shown in the
second stage in Fig.2. That is, in the ink jet printer, data for the n nozzles N, are
supplied to the head chips and whether or not to:drive the n heating elements
corresponding to the n nozzles N, is determined. Thus, ink droplets are ejected or not
ejected from the respective nozzles N,.

- Next, in the ink jet printer, ejection of ink droplets is made possible from the

- nozzles N, of the third phase in the respective blocks, as shown in the third stage in
- Fig.2..That is, in the ink jet printer, data for the n nozzles N, are supplied to the head
chips and whether or not to drive the n heating elements corresponding to the n

nozzles N, is determined. Thus, ink droplets are ejected or not ejected from the



The gate circuit 121b is a so-called AND gate, which takes the |ogica

product” of the phase signal supplied fromthe tine-division drive phase

generating circuit 121 a and the data supplied fromthe conparators 163c;,
., .163cN, that is, the phasecorresponding data. If both the phase signal

supplied fromthe time-division drive phase generating circuit 121 a and

t he phase-correspondi ng data supplied®fromthe conparators 163c,, ...,

163cN are high signals "H '.' the gate circuit 121b turns the sw tching

el errerytesg,gd@\;@bzzTégeN%w tching elenment 121 c is adapted for sw tching
whether to drive the heating elenments 121d to eject ink droplets fromthe

nozzl es. ﬁfé: T%%Et f)%te?fthre R {)g@aﬂgnﬂ %%ﬁgﬁg%@;lﬁaﬂr?ecp&wd out

by the gate CI r’cu heat’i ng ments 1 driven to heat and

causes .ej ecti of ink droplets f, the corr di no wh n the
 swi t cHRIREHIEN ki droplets asmiade pResiblq Teoak e noRZRR ﬁ&ﬁéﬁﬁpﬁmtﬂ B0 of

t he above-described structure, the conparators 163c,, ..., 163cN generate
t he phaspectve Eepks)dis showatin thi¢ botti@n stage, indog orTled g pso il thegnkget pranter,
respective blocks B,, B2, ..., B" in one head chip 121, for each pul se

gener g mytﬁehﬁlcpzﬂaqvgﬁfteagip%dt@atb heRrciAashE whathep baset ealiiestendi ng

data dl, . do as 'a series serial data, thus supplying the output

dat e o AR oo 80 R BN b, LIl B

head chlp 121,,. ..., 121IN.. In respopse to this, in e ink jet printer
100, 598 gjeghedd er n@trew@tgéée@m\ﬁge respgCHNg $08zlgs i\ns equential ly '
generated by the tine-division drive phase generating circuit 121 a,

ej ecti on orImahisejramhennimfthannknjet dsropiest tHeorpldrapity sef, hestang idements i nc
droplet, is carried out with respect to all the nozzles N. In this case,

the ti V) f3RPSIR 8 FiHHES Hhtb the bldrafiBABEBIdAs|dnd -
genera{%g&tﬁt?eﬂlb%tséejmsellgﬁg%]%%or t he respectl ve ph as?s go%gs to castr r]y out

N 1 SarortpeRsntolrt o 58 e Sealigly B AAE Mg Kige el ©°

processing of the heating el emen}1 121d.corresponding to the nozzles .Nz in
the. r@ypdenidyvep By rarrping @yt such progpssing, ghe Jeépfiglﬁ‘?frﬁaélrf ge fumesat s
such an operation for each pul se generated by the pul se generator 163a,
t hus fdivision drive ofbm dawsions.a For axemple,cthe irk jet grintertcant ¢aary wus déimenrber .
- division drive of 64 divisions by dividing the heating elements in one head. chip into
7 blocks, with one block consisting of 64 heating elements corresponding to 64
nozzles. The ink jet printer carries out such processing with respect to the plurality of
head chips in the line head in printing one line, and also with respect to the line heads
- for all colors.. When carrying out PNM (pulse number modulation), which will be later
described, the ink jet printer additionally carries out such processing by the number
of ejection pulses per pixel.

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

phase, the nozzles N, of the second phase, the nozzles N, of the third phase, ..., the



By doing so, the ink jet printer 100 can sinultaneously realize PNM and
time division drive. The PNM operation in the ink jet printer 100 will be
| ater described further in detail. The structure of the line head |20 in
the ink jet printer 100 will now be described in detail. Figs.9A to 13 show
the structure of the Iine head 120 fqor one color in the ink jet printer
100. . Fig.9A is a side view show nng)he appearance of the line head 120.
Fig.9B is a bottom view show ng the appearance of the Iine head | 20. Fig. 10
shows noezldeij bEthesm-tlcpbase ofe sdymentially chiiven) 23 .a matger loficonvesieacsi de
vi ew showi ng the cross section along the [ine A-Ain the |ine head 120
shown Howdver,3Borddrde hv%f? thié il igeride é)f cRéss\thiRueite \thedriving ofitheadjaeehi on

e

along the line B-Biili i ne head shown in Fig.9B, Fig.12 is a parti al

perspegtive view of the line head 1 0 i.nqFi ngl. | ewed
from tﬁ%atb%'t tcl)eﬁ‘{’%'ﬁ&eihq:fi&v b iofg%{ Bé&t ﬁglc\?%ggg%ésjg? ?bazﬁ\b?e@vsoﬁnt}ﬁ%t I“he head
120 as viewed fromthe side of the head chip 121, ip.,order to show.the

det ai | dlemantsiatedravanengxt; fe this 2ase £09,the fk jet painterdrivesdhe nezgles At Higys. oA
and 9B. The line head 120 is covered by an outer casing 126b constituting a
| at er desne iphase imthetrempectiR®, blacik.t he | ower part of the line head 120 is
covered by a l|laterdescribed electric wiring 127, as shown in Fig.9A 1In the
line head 1 el 4 [ I & i , ' s ral
portion of a(ﬁqegbf?r%éggﬁﬁﬁgﬁglg%g#ﬁ aﬁgﬁgﬁgi\}vﬁl S?&ﬁlzglgéggﬂ%g%g?%?gﬁ ty of head
chi ps 1%%nn$de of Si substrates are provided on one surface of the head
frame H2%®¥he head chips 121 are arrayed in a zigzag nanner on both sides
of the ink supply hole 122a opened in the head frame 122; in order to nmake
the head | ohig.3 shaws dre quesalhstzucture pamink jetprantes 1 V0 as e drgembodimantg t he
above-described plurality of heating elements 121 d in a line on the side
of theThalinls }mgirmtélouﬁ) h22a recuidiig leewd ny/ing afXM figctientonabdulbldtle in a

| ine corresponding to the heating elenents 121 d, on the side opposite to

t he inj; i j : ﬁ%% : [ 6b, as
shown @gﬁﬁqulsé{%%&gtﬁ)ﬁg%uﬁ]ﬂé?tﬁgﬁ%(%[léetgg?ﬁfﬁggnggr5? ﬁgg atﬁlﬁhggg(ﬁgr?egsznt s 121
a are grrayed at 6Q0, dpi (dots per inch). Mreover, in the head chip 121,
the gat® 8%‘?‘81&9“‘1 b and the switchi ng el enent 121 ¢ for the head chip
121 (heati n% elements 121 d) to cant' qut tinme-division 31 drive are
provi ded bethednkust prenter nPOchasrdnline 1padyl 20 havme acieserdinggangedhal s
121e. Below the head chips 121 is a nozzle plate 124 having a plurality of
nozzl esubkP4tially the santeedinesnsiciBapthevpagedvidth of dne piygertBadpaperdsed 2initand. t he
nozzle plate 124, as shown in Figs. | | A and 13. The nenber 123 is
provi desp F& ﬁ@diﬂ%@h@k%ﬁé’r‘l’ in¥o gkrédeq&hﬂinea@m%ﬁén,leﬁﬁﬁpefr%aﬁgeqmw 940 R and a -
fl ow pat hs 3b I

plurality of 12 r causing the ink toflowto the liquid
chanmbers 123a.., The negher, 123 is of a t 1 ' as a
co- ol VRPGPR b BapFRERS ad file a0, Bhalr bRy J36TRLOOYInE FELPARY E: Shen
121 d provided on the head chip 121, are cporrespondi ngly situated above the
li qui @ %ﬁ%@grlq%&wt YABWEV; for garrying out deivg, %ﬁr@&? Anits; WRichfiser 123
is formed so that the flow paths 123b extend fromthe |iquid chanbers 123a
to thepravidgbimsidenscasing h&0 benstitahingshd 2ipeartmate oEthetiok jeteprovedr poOiasons on
the side of the central part of the |ine head 120, as shown in Fig.11B.
shown in Figs.3 and 4.

The casing 110 is formed, for example, in the shape of a rectangular
parallelepiped. A paper discharge port 111 for discharging the paper P is provided on

one lateral side of the lateral sides of the casing 110, and a tray inlet/outlet 112 for



The nozzle plate 124 is formed by el ectroformng nickel and is
anticorrosive plated with gold or palladiumfor preventing corrosion due to
ink. The nozzle plate 124 is formed to close the ink supply hole 122a,
which is a space forned by the head chip |21, the head frane |22; the
menber 123 and a | ater-described filter 125, as shown in Figs.11A 11B and
12. Moreover, the nozzle plate 124 i8!formed so that the nozzles 124a
correspond to the heating elenents 121 d one to one via the respectjve

| i qui cateduhimg/dstatiiey thes papawray rl eisapiovidedriog. aimthahaterad sidadhatl isqui d
chanber 123a is communicated with the flow path 123b forned in the nenber

123 a At thiBe onddafepA%&ide. 124a formed in the nozzle plate 124, On the
othern%l)%tseS of the head frame 122, the ink tank 126 is provided with a

filter 125 ranged be nethe headesfr i as
shown i'n Fi ﬁé‘?ﬁllgﬁe%?%fﬁ%ié‘?wﬁ?«i“%r fqrg%%éi%s%g%gd (g% gf%géﬁéﬁ% i nk
supply hole 122a and serves to prevent dust and floccul ated ink_ ingredients
from eandblagk), arepreyideds Tirding headstRd araprewdrd mpen unper spake eblie oisls has a
dual structure made up of a bag 126a and an outer casing 126b, as shown in

Fig. lon tie siﬁescfﬁﬂheq;ar&maegchaegﬁﬁgmrl laninsitlezihegedstgr by, Withaht meezepasnd
outward is provi ded between the bag 126a and the outer casing | 26b. Thus,

in th%lggr%%g\ggglag,&Qﬁoagﬁlﬁggklié%«gnpressure is applied on the ink. in the ink

tank nt aneou of the. ink fromthe nozzle 124a can be

Crval For - thahe Rabesfsen ey 116 0 PG SFRRLAE BN E rale® fled © 7

prevented from being drawn into the nozzle 124a. Mre gg, in L&e |i.ne head
120, aguided3 liconstiting asupahyi path in fredingithepapacReparer ford nedlsss t3d.dd3121,
the outer circunferential surface of the head frame |22 and the outer

ci r curfegridliing thepapeeP Hetwben thvm hadkeddingithe paper Boa ipapehéeed motor ¢
wiring 127 nadée of a so-called FPC (flexible printed board). The electric

W 10132 sl dRRBYE UBHrdeOforSHRRMAIY LAY |fteRQURKIRACRAIGE! 135, $3gnal s to

t he head chips 1 I's connected-“to t onnecting term’nals 121 a of

=5 5 bt B SRR 28
hote 1t2r§1?§1nitt12r61g tﬁg ?i?‘levsmgt; rz)rfot]lig q)atpgre feenglotor 134 to the pulleys 135, 136. The
- -paper feed unit 130 is provided in a lower space at the end on the side of the paper -
- discharge port-111 inside the casing 110. The paper feed guide 131 is formed in the
shape of a flat plate and is provided at a predetermined spacing below the line head
120. Each of the paper feed rollers 132, 133 consists of a pair of rollers contacting
~ each other. The paper feed rollers 132, 133 are provided on both sides of the paper
feed guide 131, that is, on the side of the tray inlet/outlet 112 and on the side of the
paper discharge port 111, respectively. The paper feed motor 134 is provided below

the paper feed guide 131 and is connected with the paper feed rollers 132, 133 via the

pulleys 135, 136 and the belts 137, 138.



fl ow paths 123b, and is supplied to the |liquid chambers 123a. Each of the
nozzl es 124a has such a cross section that the circular distal end of a
cone is cut off on a plane parallel to the bottom surface, as shown in
Fig.13, and a so-called nmeniscus of the ink surface with its centra

portion recessed by the negative pressure on the ink is formed . at the
distal end of the nozzle 124a. In th&2ink jet printer 100, when a driving
voltage is supplied to the heating elenments 121 d and bubbl es are generated
on t he surf@hepapér cHaeghenit 140 hat e papeschbzderollend 4pdot suppdgingrthe papet ed
fromthe nozzles 124a. In the ink jet printer 100, since the head chips 121

are arlgatr%ggg ‘E)ﬁpéi' Fele@ZG% t "BIE] pggefj%ﬁﬁfsgebﬁl%t P42 ast ‘?irR}ng%h}%ﬁ Pbr

nozzl e erel nafter refer to as nozzl e group) corresponding to a

singl e_head ip.121 . are sim.Jarly arran in gza nper . hough
here gt e aiac Tt achss 1 358 veals Puf it ARShaIRv R Ven feb o
chips are sinply shifted fromeach other in parallel and therefore two
adj acepaperoharge graiopd 4RGA henpiperr chasgzenpnit fst provideshneareh totthertrayn
~parallel, as shown in Fig. 14. In the ink jet printer using this

ar r anggileributletaPaRnR dse paper feeduant 30 Ys. Ofhep&sdricharg roliek 1410 brikal head
chips and errors of inpact positions on the paper may take place because of

uneven ' , -aCh-enl.Shy ' Iiti.ani rrors.
It Rl gty iy SRR ROLEH apand RraGAR R b AP RGO AR BT (o
unevenness i.n t uantity of ejection of ink, a cha .poi nt, . (lLine) of the
quant | 99 t sigp e?ﬁre‘gtﬁ@y vﬂ%ﬁ/outifﬁa?- e Rﬁp&ﬁeﬂ@ﬂeelmtpﬁﬁgﬁéﬁem\gﬁie%?b% s, is
generated in an area on the paper 34 corresponding to the joint of the
head cthepapessbeige rodlet 4 1 iandtheonmictedwithr thatpapeushargegatice hit paia thenhi ch a
nozzl e group consisting of nozzles with a large quantity of ejection and a
nozzl eggargu@d3consi sting of nozzles with a small quantity of ejection are
adj acent to each other, a change point (line) V of the dianeter of dots is

gener at ed oL RS BOHAESY I RIHRA A IR 16k QUbIXRRbREIRiY, piRaligz 2! ©

group consi's e nozzles wth a I'arge ‘quant on and a dot

group recorded by the nozzle.gro consi st f the nozzles w a
Jrei | Shstatked Sisede of paperaS Of Aaids. 1 Be popntran] 40 Hascrsage UBPREC (12 ne) of
the dots causes a longitudinal stripe in the paper feed direction, that is,
a so- cwhicldisyatadnedby aispeingdf 1t st@nstanesk portiod, on thethastam gidesthepaafntlhe i f
recording is made on the paper when there is an error of the inpact

posi t i papertrdyn &SP apRyadediin Q\pat@parfing ditoin balw@rphdpip@acshaigé anitord(atost.ep-
bet ween dots is generated in an area on the paper corresponding to the

jF;;)ignt | ﬂlfgtéz%?ilﬁ%%éliﬂ% Specifically, an overlap O of dots as shown in

a gap between dots as shown in Fig.15C, or a step L between

dots as sho in Fi.g..l SD i enerated on {he. boundary between a dot group
DGA 1 acor dedigiksta® fissuitany 6B Byiciongenteime Bestieg PEERTDS A ner
nozzl e group. These overlap of dots, gap between dots;. and step between
‘dots adbiscRrevided abavgi the paper tray didfe i n t he paper feed direction. Thus, in
the ink jet printer 100, an overlap part 124 is provided at the joint

bet ween a- nbhe itk @t puintdr2V andeseribed zbevegcaufesldidBhe printiapepdratipi m t he
adj acent . head chips 121, both nozzle groups consisting of a plurality of

N0zzl egelRfidwiRS nimer.

First, a user turns on the power of the ink jet printer 100, then pulls out the
paper tray 150 from the tray inlet/outlet 112 to put a predetermined number of sheets. -

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



35 in Fig.16. That is, in the ink jet printer 100, of the nozzle groups
corresponding to the adjacent head chips 121 arranged in a zi gzag manner, a
pr edet er mi ned nunber of nozzles fromright in the nozzle group 124A on the
| eft side and the sanme nunber of nozzles fromleft in the nozzle group 124n
on the right side are arranged so that their centerlines coincide wth each
other, and this portion of overlappi 8 nozzles is provided as the overlap
part 124. In the overlap part 124a the nozzles 124a constituting the one
nozzl dogdimgrthe papertray 1 5@ Thea)iathd idejet printertl(0; the drvegiaingforooetthe gr oup
124n are used to alternately eject ink, for exanple, both in the |l ateral

Siﬁ? ?5? g %@#ﬁ?’%@@%}%@ﬁil%‘E?e“é“aéﬁqlﬁ’ee TRt ot e i Eé’%“sbetmmen
g DGA ] 24A, jndi [
ci 1 ol T aRnetd g TohePRRe abtingy e pevel sbiasolPEI4F oFfetd ey  ©

i ndi cated by block circles, as shown in Fig.17. In the dot group DCc, the
dot's riadbe addjebprinter 196z eedmgvingf thepapamehargs moter HMecwtaéenally dmeesot her
nozzl e group 124 are alternately arranged. Therefore, in the ink j et

print ehe %{&%er Eﬁ‘@rg@ eoRéal4 Rihed feelthghnyshedestpapad frongilieyshipeatragtiSiope,

that is, e bandi ng noi se, can be reduced or noderated. The PNM operation
in the.ink i ' r will now be described in detail. PNMis a
technﬁgdgéﬂ%ﬁ%ﬂgﬁﬁﬂgﬁfﬁépg%e di anmeter of dots by the number of ink droplets

continuously ejected i.n one pi xel, e, nunber), .thus carryi ng. o gray

“scale pri ntg%g.eqvﬁn »t‘@élh‘?]F&{)lSt P“én&g\l’;hﬁttgﬁg&)’éné hf't @@55@6%#“187‘5%% ly

expressing the gray 36 scale. Fig.18 shows a conceptual view for

expl ainotatgonally &-nwscihpmp@f fepdvrollens d 32y Y3 hpnslthemaiy of papemicedapllprs nt er

100 ejects one or a plurality of ink droplets | fromthe nozzles 124a onto

paper 132 tiwh tﬁ@ﬁﬁ’lg@* P e EfreRai the ;ila of fa9 1 Sohginsgkedinigbie papéioahe pypaf i nk
n

droplets I, the i jet printer nodul ates the diameter of the dot D by

i mpact 4 toi dr: t. . p €l d hink
dropl fedfl é@@sﬁf%ld t%nhéﬂgggelpklﬁ? é’%?ié@%ﬁ%% Eﬁ’g?ﬁﬁ‘gl?gk"éé@%ﬁr ot er

.100 nodul at es .t he .di.aneter of, the dot, D, utilizing the spread, qf dots d,

{ or e TBglciaR G aLR wsTrrienluIERdam Hhéeades B HiRAch ek rosiels
correspondingly to each pulse, in all the directions of 360 as indicated by
ar r onsorgthe mBer B3thussecagdingsaformatian inglugdinga eharagtesgnd(ar animagesathe e, t he
ink jet printer 100 inpacts the next ink droplet |I on the paper P before

- the. fifosin 8PHofdon theasded ONThee, idagherink jespdhieed 00atdse phivdfpaper thedy dot-s
d2, d3, d~, .... In thi's case, the drying of the ink nmeans that the spread

of the. i 1l h¥c | i 100 .
odul SRy 185 §htcRihe BAGAP (AT afinl e Bnfior ROMGudC P Khils BRKNBIAINY Bl 0%, 1y
droplets | read in a united manner.. In this case, since the paper P

cont i rR?cH%IIf/P‘PB%g}? PapeR ‘ﬁﬁt}’éég‘? Bﬂ‘qﬁrHi'cat ed by an arrow SDin Fig. |8
relatively to the line head 120, the dots d,, d2, d3, d4, ... reQPrded on

t he paper Plhe enk jétgintntgr 160 frepents suelhen epssatiareteligenetate prigts ppg!l theeq
direction of the paper P. If the inpacting.period of the ink droplet |I onto
t.he pareordingds sbeipletedt han a predeterm ned period, the ink isotropically
spreads and therefore the dot D presents a shape simlar to a true circle.

|1 Lhe | npaphRfechit Lt rkNPq BAARS! prin@Rl 00K oW beRRRBHLEY o

| onger, the resents a substantia i ptic shape which is long in

the feed direction of.th aper P. The.rel.ati b the i '
" period of tH§3 HW’d‘Po%Igef’ ‘E‘ecfﬁ?‘gnﬂfﬂrcb’étp I?I!’@ﬁl?steth\é\%ﬁgﬁgﬁg Pgﬁqﬁh%ﬁpt'he '
di aneter of the dot D changes, depending on the properties of the ink and
t he paglements;asignad provsssipgangdicovtrobeireit 16 hfoncarpynpg pubHgna pravrssingk | et
printer 100 determ nes the inpacting period of the ink droplet | onto the
paper ghdonth6l grasessit bavedan sofvare, il examplathsithe @onfigdenion ofid GPUesi r ed
use conditions, for exanple, to expand the period for sufficiently
i ncreasing the dianeter of the dot D. The ink jet printer 100 enpl oys, for
exanpl e, approximately 100 mlliseconds or |ess as the inpacting period of
the ink droplet | onto the paper P.



The Iine head 120 in the ink jet printer 100 has four colors such as CWK
as described above. Wien mixing ink droplets of a plurality of colors, the
ink jet printer 100 inpacts an ink droplet of one color on the paper P and
then inpacts the next ink droplet of a different color after the first
i npacted and recorded dot is dried. If the tinme until inpacting the next
ink droplet of the different color i#short, the spread of the ink called
color bleed occurs, causing deterioration of the picture duality. In this
case, (bbﬁtrhl]b’rojceﬁsi@% initpand DR @igitallsignal ppecessonna cokredtingcrtuinfl 681 ack
(K) on the paper P lastly. This is because the black ink usually does not
drY T 3Rt whidhe ptditerdifilinpd | Brflcitd0as@sNiBidlfh 8 fhdilfed RONARRaUT@g by
Png the B ac P

| astly i npact I nk on the paper P. Mreover, the'ink je

printer 100 can provide .a e nat ur i e. b i st [ - yel | ow
09" ey ERap By RenG e deberentstiCles fRarhie el e MRPEIL MR ' 58
An ordinary serial head, which does not carry out the one- paéh rec%rsdi ng,
can i romées] eitcuét hodrber caritrajliag the arsangofshe mapenfeedymotar dddiandythss ¢ i mes
at the same position in .scanning back and forth on the paper, but has a

pr obl giapek chatgd ot GCM I idnd 4thee operatRfioadhsmory lidsesuvhndres lint tuffers of
overprinting. On the other hand, a |line head can conpl ete recordi ng by

[ ] ' i AV
*ccor dNRR SrAhe AR Ridndd? el 4 P Rl AR E LTRMGOTREML, op
d [ (L di f of 10 kHz, the.ti i f
S CannitRgoRH RS Kafighn e ke SRSt 6 SIBEPEPTOSFSSinE 8hd CoREOLEAPRL L of y

0.7 second per color in the case where one ink droplet is ejected, However,
i n corsicoanactedrwith thtreoimakting pirnyittliée theaheadt drive warcuim £6 3f thgprotisnat el y
10 seconds is considered appropriate with the line head. In this case, the

pi xel ddrtfst)cifcasorét aed fHeemeaitey as5f or resol utions -of 300 dpi, 600 dpi, and
| . 200 dpi are approxi mately 350" Hz, 700 Hz, and 1.4 kHz, respectively.

Therelons (it ek St it 1800 dhtn il S BR e RRiARAN Ghthe MY el I 7

t he pi xel recordi ng uehcy, jet printer using an

ordinary serial head. Thus, .PNMi.s consi dere S a gray scal e expr.essing
met hodNBUfted 69 the signehpracessng Bagsonto, CHﬁ‘édtﬂtéa v ‘g‘er%@?ﬂﬁdﬂﬂu‘i §8Mpr i nt ed

by the ink j et printer 100 using PNMw || now be described. To inprove

.t he pi6f, thesegignals grranges indbereadrdimgairdeay thecugrerl proeesgingsamieantid rai sed
for printing. However, it is desired to mnimze the nunber of nozzles in

vi ew ciffhiel61 Bad apesipsicd tortbie eofrecting cirebitdltll i Tlye cofrusticmcitmy 162pr obl em-.

of designing that the resolution of the recorded i nage cannot be raised.
carries out correction processing such as so-called gamma correction, color correction,
and correction of nozzle dispersion. The signals of recording data or the like after the
correction are taken out by the signal processing and control circuit 161 in accordance -
with external conditions such as nozzle number, temperature, and input signals. Then,
in the electric circuit unit 160, the signals taken out by the signal processing and
control circuit 161 are supplied as drive signals to the head drive circuit 163.and the

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

163 to control the driving of the line head 120 in accordance with the drive signal. The



Thus, by using PNMfor printing, the ink jet printer 100 can express gray
scal es wWithin a pixel and can provide a recorded i mage of high definition
with |l ess rough or granul ar appearance- even when a | ower resolution is set
than in binary recording. Mreover, the ink jet printer 100 suppl enments the
nunber of gray scal es based on PNM determ ned by the maxi mum pul se nunber
in formng one dot and therefore can2éonbine PNM with so-cal | ed dot density
modul ation. In this case, since nulti-level recording within a pixel can be
real i zelchyc ciscuiguVGOtdaasésthejvariops control dfmit kvt traconytralithe dotving\of)

bi nary but also nulti-Ilevel dither processing and error diffusion

proc esﬁe(’}%xpej’rﬁéjecﬁﬁﬂt&qrﬂya]ﬂ{he EHB&?(%T%?%&B%YOISF@, # RbPddme with feddtive

defi ni € nmeasures to cope w nerror in the inpact position on

t he paper and,unevenness.i.n the quaniity of ejectigon of. d nk n e
0271 oSEnal b SRLS BRTIN Fht &itvingon due klsankad tuocr o o ElinE FRRZA20T,  he
fol |l ow n% description, the ink jet printer 100 of design gi@e?d fi ca]ti ons
shown Imthieaddectric circuitawdt 16 mhenineppssamyithe signalsdifiec itg or the like.

i nchesResol uti on600 dpi Nunber of nozzles per col or5100Target quantity of

ej ect i gre teipeasfilyesatdedif thepubady pb5 and takivhourbynlpedigralmrobessing and

pul sesNunber of l'evel s9 | evel sgj ection frequency4.8 kHzLi ne recording

freque Ig}p Hz W t hese, design specifications, the ink jet printer 100
ej ect S&Ig]% d?lg%fﬁe/\{lébﬁ‘ or 8 pulses at the maxi mumto pixels of 600 dpi. One

I i i val ink . . .
putse 13 eqﬁg\{g sﬁp){vstt e !dgtalloslroc%‘%gtstsructures of the head drive circuit 163 and the

line head 120.

As shown in Fig.6, the head drive circuit 163 has a structure adapted for
carrying out PNM and later-described time-division drive, and a plurality of memories
163a; ..., 163ay such as RAMs (random access memories), a pulse generator 163D,
and a plurality of comparators 163c, ..., 163cy.

The memories 163a,, ..., 163a, of the same number as the number of head chips
121,,-..., 121y in the line head 120 are provided. Each of the memories.163a; ..., -
163ay, stores record data after corrected based on a drive signal supplied from the
- signal processing and control circuit 161. In this case, the record data is necessary
- data for forming one dot. Since the ink jet printer 100 forms one dot using 8 ink
droplets at the maximum, as will be described later, the record data is 4-bit data
presenting any value of 0 to 8 including the case of ejecting no ink droplets. The
memories 163a,, ..., 163ay supply the stored data to the corresponding comparators

163c¢y, ..., 163cy, respectively.



for 3 pl and ink droplets for 24 pl at the maxi mum are ejected for one
pixel . 'The dianeter of a dot in this case is approximately 40 ~,mfor one
pul se on ink jet gl ossy paper on the market, used for evaluation. The ideal
dot diameter is ~2 tunes the obtained value, that. is, approxinmately 60
~m The ink jet printer 100 assunmes a position for form ng one dot by one
ink dropl et on the paper as a virtual?6l attice point on the paper, and
ideally, the ink jet printer 100 fornms dots at and around the lattice

poi nts. TheTheknjle¢ generiter 16810 genendteiea predeternénédaniimberenfgpulses fon
~.,~ I n on the paper as an all owabl e range of deviation of dots fromthe

latti C@arﬁ’ﬁn? Sut MOMY a;tmxéd&eﬁﬁmed ihhe@vaRKai ShowhiinFes. 71000 ORARPM, the t he
(0) nerror o

pr obl em the 1 nmpact position on the paper. To provide a

recorded image of high definition, the . unevenness 4n th har. rjstics of
the- nobalse Eefiafor, b banstantl shaBtenengyea e oGS aRRRRELEEL T
the quantity of ejection anpng the nozzles, that is, the unevenness in the
print udemsials;, That issthedwsil deve¢incuitdibdrdptenmines themumbepofuak digplatetp t o -
heating 41 elenent and the pulse width, for each nozzle. However, the

quant i by eftlctéd 86d defernigds thekndngeehsof ds@ifot bechgazlseslelontid yasivef not.
nonot onously increase along with the increase in the power V applied to the

e oy Shep RSB hher R PR SRR Y 630C THRTRIYN B APY NESBufgREEHS 2

pr edet er ower val‘ue, cate y a solli Ine 1n Fig.
quantity of ejegtiqn S of ink drople inrelation to the pulse width W
usual I'-E}}/epgeé’seé]f\tle H‘ﬂ%essté’ © COHIRRRALQTS i{é?lndhgz@@d“by a broken line in
Fig.19. That is, inthe ink jet printer, it is difficult to control the
quantity of Thpecomparasérsi he3eis opl dbdchyrechiveptheereeqrdl data storehdnélr i ng
el ements and the pul se w dth.
memories 163a,, ..., 163ay, respectively, and also receive the pulse number generated
by the pulse generator-163b. The comparators 163c,, ..., 163cy compare the data with -
the pulse number. If the result of comparison shows that the data is not less than the
pulse number, the comparators 163¢,, ..., 163cy supply a high signal “H” as output
data to the corresponding head chips 121, ..., 121 in the line head 120, as shown in
Fig.7. If the data is less than the pulse number, the comparators 163c,, ..., 163¢cy =
output a low signal “L” as output data to the corresponding head chips 121, ..., 121y
In this case, the comparators 163c,, ..., 163cy generate a high signal “H” or a
low signal “L” as phase-corresponding data d1, d2, ..., dn, which are element drive -
signals corresponding to the plurality of heating elements of the same phases-in the -
- above-described time-division drive, and handle the phase-corresponding data d1, d2,

..., dn as a series of serial data, thus supplying output data DI, ..., DN to the

corresponding head chips 121,, ..., 121, as shown in Fig.8. For example, when data



Thus, the ink jet printer 100 carries out correction of unevenness in the
print density, .using PNM Specifically, when producing a recorded i nage
havi ng predeternined gray scales by using a plurality of nozzles with
different quantities of ejection, the ink jet printer 100 changes the pul se
nunber by using PNM thus controllin% the quantity of ejection of ink
droplets fromthe nozzles and correctlng t he unevenness in the quantity of
ej ection anong the nozzles. For exanple, a nozzle which ejects 3 pI of ink
dr opl efar,a ¢dreain biegang qlmmmtly“hf’ the epmpaiaiar i&c,@nhraﬁe&ah@mgnaiu%e and
a nozzle which can only eject 2.5 pl of ink droplets per pulse, are

consi dgg gﬁasesb&%%ﬂdﬂﬂﬂ%@lmaed %flﬂﬁesﬁe&‘{bstﬁé gﬁlsé REnBBS LY |9"° geﬁé@@ed or

recordi ng one pi X quantlty of ejecti should be 3 p 9 pl,

12 pl,, 15 pl.,18 ect i vely [

FovpvePy ?II’PHISFI@%%% F 4B ﬁemﬁataaaﬁP o0y was Pharebibe EI% e

pul se, onI 5pl, 5pl, 7.5 pl, 12.5 42 pl, 15 pl, 17 5 pl and

20 pl - dataj thh mspeeiicathe m}l&nwber gpéﬁdl Igegey pulseonenbees, askhas fier ence

in the quantity of ejectionis -0.5pl, -2 pl, -2.5pl, -2 pl, -2.5pl, -3
pl, -3Fig. Pl Taedor ﬁbaihtd‘rdmt:Egeﬁeﬁeaueephhy@cbﬁ*ee[b@adimdataidwkordesqmmiisgm.e. to

be ejected fromthe nozzle having the quantity of ejection of 2.5 pl per

bl 15t e gt Reftiyf) “”’eﬁ&’?pﬁﬁééﬁg‘eiﬂ%'ﬁdﬁﬁnsﬁﬂp*‘tﬁpﬁi*' AN
I I I I her ef
fﬁssmwu el o a3 Shmty ﬁiasems*ﬁﬁlriaﬁfqég etwénﬁ%@%res %5 pl per

pul se and the nozzle of 3 pl per pulseis -0.5 , +1 pl, +0.5 pl, O
pl, -0163¢q| ,progess, anch serigk. ofitserial fdatacrthe datat hé @@ahcatnygoﬂe@]eeﬁsu on
can be restrained to 1 pl at the maxi num Meanwhile, a nozzle with the

quant i giymgtarjoasky drivaf by the alimber oPtihsedivisionn st demesdivisiba drisantvithyn of
ejection 3.5 pl, 7 pl, 10.5 pl, 14 pl, [7.5 pl, 21 pl, 24.5 pl and 28 p

r esPeC&hc}‘/ gIé@B g&é’l% ghd Iéﬁgf) VtﬁIeSdateIr Q?Bﬁfﬁftﬁi@% :Eﬁ di flf.)N ﬂﬁa dtrédporidignt I ty

of eject fween thi ozzle and t “of” 3 per pulse is #0.5

I +3 pl, +3.5 pl and‘+4 pl for the
respeg?$ chﬁﬁ Qg’ Vhi%?mﬂﬁﬂﬂFgﬁgbIs are to be ejected formthe nozzle

having the quantltY of ejection of 3.5 er ulse t he qyantlty of

ej ection i sMeanydile, sheding 13ad|1207hqs|apIItuag hea_cbcleppln 14-pll2lg7as p1,

21 pl and 24.5 pl by generating 1. pul se;, 2 pulses 3 pul ses, 3 pul ses, 4
-pul sesshdwip it FEE6.. QnI@ublshéadibhhﬁﬂml;laslﬂaralifyeﬂf%ﬁuse"or thestitufihgoasddotk t he.
quantity of ejection between this nozzle and the nozzle of 3 pl per pulse

i's. +0. t11Ii’IIe+dJI7iIs1&I1 drﬂ?é a?e HIed S%Je'élﬂi)éaﬂl thPhead Chips 1,0 Pl2 1@3khveGimep! - for

the respective |evel ferénce in the quantlty of ejection can

: &2?2@%@5@3@%&%% pgs@%%w%r#ﬁﬁa Wéﬁ‘gykéts LRty ﬁwI@ﬁIhaﬂé@WI?%f )

nozzles wt i fferent quantltles ej ec the i printer 100
changek? I%@ndmgﬁmmg glements d2bgy whigh taée léIéVléFgé@t@cﬂ Pl é’(fII’I‘PRIESZII“é“HﬁU |

corrects the unevenness in the quantity of ejection anong the nozzl es.
Thus, divisionkirivet printer 100 can control the quantity of ejecti.on of ink
droplets fromthe nozzles and can restrain the difference in the quantity

of ejection [ M k6F Heangs al e

of Slectl t'rl;geglagﬁa?\hyo@ FivOphB Yehctdihg @t@lit 021 PRAVEEPU 1
number as the total number of nozzles, which is equal to (total number of phase m) x
(number of blocks n). The time-division drive phase generating circuit 121a

sequentially generates a phase signal, which is a division drive signal, for each phase



ej ection before the pul se nunber is corrected in accordance with the
quantity of ejection fromthe nozzles. Fig.20B shows the rel ation between
the gray scale level and the quantity of ejection after the pul se nunber is
corrected in accordance with the quantity of ejection fromthe nozzles. As
can be seen fromFigs.19A and 19B, if the pul se nunber is not corrected in
accordance with the quantity of ejecfBon fromthe nozzles, the quantity of
ej ection necessary for expressing the same gray .scale level differs anong

t he nogzbedriveh, altbswiplis thapHase dighdletothe patacintugt 128bcorrected in
accordance wth the quantity of ejection fromthe nozzles, the quantity of

ej ection ne £.qr: ' i iR ikl nroduct
cubst anti ol 1o EAL et S2PS EFHELaHEE AT IFRIIR R R product
carried, out for all the nqzzles and the. quantity of ejection.fro ch
noz21 cof hebase signabsnnphed fram helimerdivision bies DaascLERRTAINE Sital L on t ne
paper. The rel ation between the quantity of ejection and the dianeter of

- the doand she déta sopplied fircan rthe siomeparatorgrldc,, whiléBcysthatesarthd phaser atel y.
The diameter of the dot is nmeasured by an automatic measuring device 200
hayi ngc&%érﬁfi‘ﬁﬁn@dﬁlaﬁ HMBQh@%a@é‘gig@a'al kApElte PFroGe BfPfimeAdividbn st i n
Fig.21. Specifically, in the automatic neasuring device 200, a dot recorded

on the e . ti | ] : €. A or 203
usi ng. PRER-PelesdlnBidls TR S BREBNAY ¢ el iy dhd sipHReR BhRFERLY 2
conputer 204 on the basis of the dianet r“gé,,the dot.. The omat i
nEasur?@i@Pé@\?P@eEQim, car¥a¥s %ﬁﬁ“g]lih@ 80 rélﬁ'?.ﬁﬁtef?}ffc‘HFlﬁﬂhet“ﬁ%sz@Fees and
prepares a correction table relating to the pul se nunber corresponding to
each neowittkingleletieat I1Dkc ON. printer 100, the correction table thus prepared
is stored in the correcting circuit 162 as the correction data. At the tine

of .recordi nﬁhetmtémh iﬁmeﬁﬂ 2 B¢ sl QHapiRHEFON SifitcHife vfzwétﬁsr Ryndieve tiRg each

nozzle on the basis o e correction data and conttols. the quantity of

Thus corBis SReBiERs Lo a8y iPostels Nofithe hEpates, T8y TIRRECERUBLER T

maxi mum pul se .nunber in Table 1. Therefore, the ink t printer 100 needs
to preg;@ts‘@té?lpg gpenia} ke 5 parraed gpt )ﬁéh?rﬂ%‘ierﬁ!ﬁﬁ%li ‘nunber for -
recording, and determ nes the maxi num pul se nunber in accordance with the
unevenness Thehketingelemenys 12 1 dgredriven to heatane aansessgjeetsen pEinkidraplets he
range of 30.5 pl as in the abovedescri bed exanple, since the m nium

quanti fr&mhee&&?éér@ﬁdi@ Rozzl8Y, wHeRGhBRWiRMM PR UDDE (s iiBthe BN fate! N thi s
case, the ejection frequency nust be 6 kHz (or higher) to neet the |ine

recording 1. eeny AR 10 or 45 JibPASPIASEnIED o SBHERPROR

recorded i mage having 'predeterm ne scales by using a p ity of
nozzl e ith different quantities of ejection, the jnk jet printer..|00
chahgeid&le--pﬂlé@lﬂrﬁ?ﬁﬁ e g@e Bé?sﬁgcquﬂo?ﬁﬂbg, H?tﬁéni’ rﬁil% j'et‘ﬁ‘p?‘?rﬁ‘fsé’ronﬁ‘)‘?f can
control the quantity of ejection of ink droplets fromthe nozzles and can

" corr ecto thearespestorerilosks B, 1 Bg . duBnin one béad¢kipt § 2Jn faneach prlse gonenated By - -
thus correcting the unevenness in the print density, the ink jet printer
100 caby ph@pulte genefmot N68b ) fiPhsirlle ih@pRastchiredpodingidataadl, dPhe. ndt hod
for ejecting ink droplets by the ink jet printer 100 wl|l now be descri bed.
In.the,. | /] i r thyuel t | ¥ ag. as
doscr Bu SSpsS o} B thls pRRASE aRUEDUL B D6 (He bte tehd cHF 120587, ¢
increased froma_reference tine int as shown.in_Fig. t he tendency
becorregh(%‘i‘ i %85&3@@@&5&1@%@@@%@ QRHPYt dasp EB# "f’ﬁsweeﬁe ﬁypﬁﬁ?iﬂﬂ based
on respective ink droplets on the paper correspondingly to each pul se,

shi ft sthecgluvality ofi headradupet2 1y o.,t12dwpaper feed direction.

In response to this, in the ink jet printer 100, the phase signals for respective



For exanple, it is assuned 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:23A In Fig.23A, a dot D1 with a large dianmeter and a dot D2
with a small dianmeter are shown. Since these dots D1, DZ are recorded on
predetermned |l attice points G-, & where these dots should be recorded,
the dots D,, DZ dot not overlap each28ther. However, in. carrying out PNM
if the pulse nunber is increased froma reference tine point wthout

consi dehaseg arbsequantiallyrggndiated by she tioppdiiisien driverphage generating qiecaat
direction) indicated by an arrow Rin Fig.23A the center of the dot D~

Wi th altm,%geéligmf fén-efectioh dfaadnkddopiet fdiel piilgdaher iz ordinladtiplet, i nt G
S u

where it be recorded, as shown in Fig.23B. That is, the dot D1 is

shifted in the.direction o he antr i F : : dot D,
isr ec%?‘ﬁ’«?&l,o"g\y@ﬁ %F&BP?%BOFﬂéB%B%ZI?ﬁgo582@58%?6’ ﬁge%ll@s (Hg!ssﬁ:@?g}elge ghgsee, in
carrying out PNMin the ink jet printer, iL t he pul se ngknb?}rq IS increased
f r om agergrating curauitrb2 b pequentialy genesaies d emﬂ@se stenals BathegredPretys on,
the center of a dot with a large dianeter is shifted fromthe lattice point

wher e phgsed@b aghodhely bat dfveptoceanagtofithe heatimselemichtsr k2 lidncareespodiding such
that a straight line to be recorded is actually recorded as a curved |ine.

Toe 181 e BALENG R LAUEAAR FBLT LB W ey Dt

di ib 1 nk ' h feed di [ f [ [
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dot D having an ultinmate dianeter with ink droplets of even ordinal
nunber ggspastiegblacks BBy, 24B,the ink jet printer 100 causes the pul se
generator 163b to generate a pulse to be an object of conparison with the

record dat a-”[‘lheqﬁk'ltjaepﬁmrﬂaoatrep&ti §dch ian operatictaforeach tpulschgenerdeed by
described in the left end part of Fig.24, so that the resultant dot is

_ f of Fig.24, s  dot i
R L e e R A R e et

direction s tricall about a lattice point as the center indicated by a
chai n pu-seﬁ{nnger. y P B : y

By doing so, the ink jet printer 100 can simultaneously realize PNM and time-
division drive. The PNM operation in the ink jet printer 100 will be.later described
further in detail. -

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

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

section along the line A-A in the line head 120 shown in Fig.9B. Fig.11B is a side



47 dotted line in Fig.24, in which an arrow R represents the recording
ditecti'on (reverse of the paper feed direction). Specifically, in the ink
jet printer 100, if data for a certain heating elenent is . "2," the
conparators 163c generate a |low signal "L" as phase-corresponding data d
with respect to pulse nunbers "7, 5, 3" generated by the pul se generator
163b, then . . generate a high signaB0"H' as phase-corresponding data d
only when the pulse number is "1, 2," and generate a |ow signal "L" as
phase- gieiw sisheindithe caistsedtiohtdionedrelite BoBpnlthe linaizad shown & Fig.9Bas
shown in Fig.25A Therefore, in the ink jet printer 100, during the periods
when t LS apid T y :
| P, B |SE p AR BlrdpRetiv yitw 8 tib lirfe héhid PATASId\n ROTREA AN 918 34

gener a SI'g as phasé-correspondi ng data d, the paper is

carried w thout iving the heating elenent, and only dugi 4 h i ods
hen ¢ vievsd Bamdhabertomside, 15 135 HALBrismearYs Wehss! e NP o
sigmal "H," the target heating elenent is driven to eject ink droplets from
t he noagzViewedyfromi thg side of He herd ¢hap 134] it erder 00 shaw thedetailegottregiure/al ent
to a dot shown in Fig.24 as a dot in the case where the pul se nunber is

2.7 Sh&d Rk lnbrzidl ihTRe 1iRK He8d 120ishb®m ihG0gs O siad @Bf or a certain heating
element 1s "6," the conparators 163c generate a |l ow signal "L" as

Phe: pul s goneniieafedB130%s ol S BGHL oMl Fath Tofpilufingd RNRRC 0 B
P v ek sk 125 St phe e e vared B et poe

to a pul se nunber "8," as shown in Fig.25B. Therefore, in the ink jet
pri nt edesk®ibed eld@riduwiring 12iE asshoeasinifigiWA.he pul se nunber is "7, 8" and
the conparators 163c generate a | ow signal "L" as phase-correspondi ng data

d, the papef, jis 13126 %@djl!btﬁ‘glﬁ-sl@dﬂeﬂiiﬂﬁ shfiﬁlﬂgtﬂ’éisl@gaﬁé gp@ﬂéd irna¢enthl

during the perio en the pul se nunmber TS , 3, 1, 2; 4, 6" and the
t 3. t hi i Y HE t at.l t i
“ari venbodiah R iRydrEnd 197, RS uTEie It o Al MR ISR, 1S

printer 100 can forma dot equivyalent to.a dot,sho in Fi.g 24..as,a dot in
the cad@dgdry substrptessue preyded og ong surfags qfh@e@p‘é@ﬁ%ﬁga?%ﬁg}ﬁ }P%‘?(ﬂi ng a
dot D having an ultimate dianeter with ink droplets of odd ordinal nunbers,
as shounipsH 2i gre26rayied inha eigzag rmanmer dd betbr sdemo thenakrsaspphahale 822 ction
(reverse of the paper feed direction), the. ink jet printer 100 causes the

- pul se geasiPinthe HeaA fEand 02/ ildidér Ruhake e haddon@bEsCK ofthedmemaashipon wi th -
the record data fromthe conparators 163c in accordance with the order

SSE?CLF’%E# {‘Oafsglﬁg's? b el oAbl B ipdfbidy ?Eﬁe‘ﬁr ‘E@%ﬁi?‘% 43 ce.
i g he F e
G opl oA et i af (hRiloRPPY ol kO 4 o aEan B e s BB RHAIDS, < i

the paper feed direction symetrically about the lattice point, as the
cent er 12 Bpirca tine abngspomdingdo thkh¢atingmlements 120al, opftheisids grposiedethai n
heating elenent is "1," the conparators 163c generate a | ow signal "L" as

- phase- i apphPRdieND X4atit ds, \Wnithe sRizRAChe bOtep Uh_ﬁ'ﬁﬁﬂaﬁb,eaﬂ]i'(ﬁvn ' Fige®B at ed
by the pul se generator 163b, then generate a high signal "H' as

. phase-&g&rlgspondi ng data d only when the pul se number

In the example of Fig. 10, the heating elements 121a are arrayed at 600 dpi (dots
per inch). Moreover, in the head chip 121, the gate circuit 121b and the switching

element 121c for the head chip 121 (heating elements 121d) to carry out time-division



49 is "1," and generate a | ow signal "L" as phase-corresponding data d with
respect to pulse nunbers "2, 4," as shown in Fig.27A. Therefore, in the
ink jet printer 100, during the periods when the pul se nunber is "5, 3, 2,
4" and the conparators 163c generate a |ow signal "L" as
phase-correspondi ng data d, the paper is carried without driving the
heating el ement, and only during the3deriods when the pul se number is "1"
and the conparators |63 generate a high signal "H " the target heating

el eyendrive afeiprevided bejwedn ihekhetimgl elementsoh thend dre tenndsyingotiengiisds t he
ink jet printer 100 can forma dot equivalent to a dot shown in Fig.26 as a
dot inlng case where the pulse nunber is "1." Simlarly, in the ink jet
printer 0, if data for a certain heating elenment is "3," the conparators
163c generate.a | pw signal. "L- as phasge-corr ndi ng dat a,. tth respect
to a pul se kﬁ%ﬁ@ﬂﬁﬁbeagéﬁ%P%k%hl%9'¥ﬁéﬁHﬁP§éﬁ§£ﬁéY%%%?pﬁ%@hg’$ﬁBHZ68ﬁerate
a high signal "H' as phase-corresponding data d only when the pul se nunber

i s "3, 124apwithamiegheel2Beravided bstyaan the head chipadelemd hepwrriaglatat a d -
wWith respect to a pul se nunber "4," as shown in Fig.27B. Therefore, in the
ink | eq.2nr hokkswa QO Fighur 1 AAndNS, PEhé askimbére 23 heprowider] ufdraf aiplurabity 4" and

the conparators 163c generate a | ow signal "L" as phase-correspondi ng data

S ool A A R g SN RSN
163 i gh si . "H" th h [ I s d
LS PRI Do oot S . PGP sl R

can forma dot equivalent to a dot shown in Fig.26 as a dot in the case
wher e phetqeehsitivenediesuclsas a 56-called diynfilnhpboteaasistandinprovided eo thatitheer 100
carries out recording while changing the ink droplet inpact position on the

paper hBaAREASRARS 191 proNEdddUbS hoHBREEhFP 126 at® chRetpéhdiaglyesimatad ent to
a dot formed in the case where ink droplets are distributed rn the paper

feed di 1on;: fr: {4, C ' 1t he: t gy en
e, aPESL R APhRe O o MR P e iy 198
printer ,.100 determn t he  or of ses.tq. be ner at so that the

r esul t &nforsd sostﬁ@gthpffgq%ﬁathﬁdggiﬂ&éfergﬁéf%ﬁhsﬁlw%?ﬁ% ?ﬁSﬁ@%aﬁQ tﬂ?% ets of
odd ordinal nunbers and ink droplets of even ordinal nunbers in the paper
feed dppeidonsof thermadréhips 191 athatiis, tdiehe end poetigns on the sidecofcthgtaantrahhen
formng a dot Dwth ink droplets of odd ordinal nunbers, the ink jet

pri nt epafkQ8F thellfieidads 20)as @heeh iAfFiguliBes to be generated so that the
resultant dot is equivalent to a dot formed by inpacting the first ink

dropl et on g doaizLé ‘Sﬁﬁé’gggﬁﬁ gc{}‘ish OWel‘ék%?ﬁ%’}gﬁ%&nﬁﬁg%ﬁ%én%fsiv%dd =

ordi nal nunbérs an p even or ers in the paper feed

direction trjcall out.the lattice poi.nt .as the center. Thu t he
nk | ePIgsed it 2 Bl o5 e YRR AT PRI GRS Ehdk o Mech oS PR e
| attice point and can prevent curving of a strajght |ine and unwanted

over | apping fametbtasclose thedaksupply koled22acwhich is@ctnace formed by tbadeadip |
21 will now be described. A heater unit 250 is provided in the head chip

121, aghfjai2l ythehieswd franieh#22; theuhémbend2amndf a Fatgr-d8scritieal fiktet d25yast - 250 .
has conbi nations of the swtching elenent 121 ¢ and the heating el enment 121

d of t : | . d A RAI

ol ament e T BTR FEAT Heal T g e o e Ho gl 12 R o S TR G
[ it 121b.. . Th t ' it.121b i it ut ed .AND gat e f.

Caki ngnazrlsgiI2d SoPanend o6 the et SRgiars LoldePEsShndkio R PRBEM i cion

drive phase generating circuit 121 a and output data_supplied fromthe
conpar Equtcbclmnbersuﬁéa, asshowminedatall inEjghdli ‘Ebam; eachduquid shambsn 138ave.
When both the phase signal as a division drive signal and the

phase- gpeomenaiidhed with theFlow palleIB3Y felinadirs tignalentier 123 andiwithlthe " H,
the head chip 121 turns the swtching elenents 121 ¢ ON and drives the
heating el enents 121 d to eject ink droplets fromthe nozzles 124a. In this
case, the phase signal as a division drive signal is indicated by synbols

PH 1, ..., PHmprovided for the nunber of tine divisions, that is, the
nunber of nozzles m per block, and the phase-correspondi ng data as an

el enent drive signal is indicated by dl, ..., do provided for the nunber of
si mul t aneously driven nozzles n. The phasecorresponding data dl., .:., do

as elenent drive signals are data for driving the nozzles 124a when form ng
a pixel on the paper P, that is, necessary data for form ng one dot. For
exanpl e, when both the phase signal PH 1, ..., PHmand the
phase-correspondi ng data dl, .:., do of a conmbination are high signals "H,"
t he head chip 121 causes the gate circuit 121b to turn the corresponding

A ~NA - A ~NA o, e



52 time-division drive in the Iine head 120. The nunber of tine divisions
and the nunber of sinultaneously driven nozzles at that tinme are defined by
the follow ng relational expressions. For exanple, when the tine period
(l'ine period) for printing a head width in one row by the |ine head 120 for
one col or capable of color printing is denoted by T and the pul se nunber in
PNM at the tinme of multi-value recor# ng i s denoted by P, the maxi mum

ej ection frequency t",ux is expressed by the follow ng equation ( 1).

t", n, ;nczzlé P24a fortned ;h Wbamzizleeplate B24.nuber of nozzles is N, the ejection
drive pulse width is "t, and the ejection frequency is t (t s t",~x), the
MeXi muim nurgg, ot 1% GadloY i RO fralife PXDIRESAR chifk 108 légkmweagmntaat i on
(2). A=t/~ .. erefore, enurrber of time divisions mmy be not

R ST Bl “”beé}eﬁla%adﬁ% LR SR inkuAEE 2 oR SpBfnh '

rounded out. The nunber of sinultaneogusly drlven nozzl es Ln this case is
expr esigs. I3 amd 1181 | B Aidteeddats providsd to closgythe ink S‘{‘]@)W%Qﬁ@dﬁ&ﬁl*‘%l nt of =
the nunber of simultaneously driven nozzles n calculated by the equation

() i Sserpaiesheqht didtundRbsuaed sk frifradients Pbm(entetiag thé nbizze k@44 si ons

m X (number ‘of sinultaneously driven nozzles n) <_ A For exanple, when
the no zlle |é% A81590 dpi, the number of nozzles is 5100, the |ine
recor ﬂé“ é é‘?‘n y 1s 600 Hz "the pulse nunber in PNMis 8 and the

- The ink tank 126 has a dual structure made up of a bag 126a and an outer casing -
126b, as shown in Fig.11B. A spring member 126¢ for energizing the bag 126a to
expand outward is provided between the bag 126a and the outer casing 126b. Thus, -

~ in the line head 120, a negative pressure is applied on the ink in the ink tank 126 and
spontaneous leakage of the.ink from the nozzle 124a can be prevented. In the line -
head 120, since the negative pressure is set to be smaller than the capillary force of the
nozzle 124a, the ink can be prevented from 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 (flexible printed board). The electric wiring 127 is provided
for supplying electric power and electric signals to the head chips 121 and is connected -
to-the connecting terminals 12 1e of the head chips 121.
In the ink jet printer 100 having the line head 120 as described above, ink is

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



53 instant aneous maxi mum di ssi pation power is 0.74 W the dissipation power
is cal culated as shown in the followi ng Table 2 based on the equations ( 1
), (2) and (3). 54 Table 2 Ejection driveNunber of Nunber

of Di ssi pati onDi ssi pati onpul se wi dt hnozzl es persi nul t aneous- power perpower
for~(~,s)block inly drivencolor (Wfour colornozzles

n(W 1.513837271101. 02042519741. 82552831559 The plurality of nozzles 124a

ej ect ink droplets when the phase signals PH1, ..., PHmw th their phases

shi f t eflowi fathg 1286, ahiesupplicdetceihediquid ghenibeds 1 23a.e Raspuofiibe ragzlesach
bl ock. Thus, in the line head 120, since the nunber of simultaneously

driven mdlﬂsﬁ@é;hmrﬁgy&ﬁmttﬂﬁnbt'ﬁ%mular% 51 i bPDCHWR cut offordls pliney can

be | ower e e nunber of sinultaneously driven nozzles is

changed b etti t he | ection dri.ve. se wmdth o] . Bl me

di vi si Rﬂ{@ﬁﬁft%tbe E?gttgl}b%‘éfgﬁ% as (F)@O‘BBH%F igh{ ﬁ%‘%ﬁ%’?ﬁlé%%ﬁe%ﬁ%g? of Itllgé léljtklect i on
period t. Thus, the dissipation power in the case of using.ink of one col or
or f owurfaeowih its@entrabpomicarredesspd hydhe sggett yoprassunerpn ﬁk\@nﬁgﬂs g!ﬂme :

si mul t aneously driven nozzles. As described above, in the ink jet printer

100 asyitihe didtaBdnEobO@ingele 1M ck thietifk jetdrinter 160,0aheri #driving voltagee head
chip 121 by the circuit structure shown in Fig. | 8, the nunber of wrings

can b.Gisrs%.ggﬁg to %%rl?e%\{ﬁ)%’el&ngn{s% 1d&indBUBHIE artPenefited on the surfaces of
the heating elements 121d, ink particles are ejected from the nozzles 124a.

In the ink jet printer 100, since the head chips 121 are arranged in a zigzag
manner as described above, the plurality of nozzles 124a (hereinafter referred to as
nozzle group) corresponding to a single head chip 121 are similarly arranged in a
zigzag manner. -

Although there are conventional head chips arranged in a zigzag manner, these
head chips are simply shifted from each other in parallel and therefore two adjacent . -

- nozzle groups NG,, NG, are simply shifted from each other in parallel, as shown in--
Fig.14. In the ink jet printer using this arrangement, unevenness in the quantity of
ejection of ink among the head chips and errors of impact positions on the paper may -

take place because of unevenness in the characteristics of the head chips and -
positioning errors.

In the ink jet printer, if recording is made on the paper when there is unevenness
.in the quantity of ejection of ink, a.change point (line) of the quantity of ejection, that

is, of the diameter (print density) of dots, is generated in an area on the paper



55 reduce the positional shift of dots for form ng pixels on the paper P
and car'ries out tinme-division drive by mninizing the nunber of

si mul t aneously driven nozzles. Therefore, the instantaneous naxi mum

di ssi pati on power can be reduced. Furthernore, since the nmulti-|evel
recording within a pixel is nmade possible by carrying out PNM the ink jet
printer 100 can provide a recorded i#hge of high definition with | ess rough
or granul ar appearance can be provided at a high speed,in conparison with
to conxgréspending mkthegbimrofithe headyehimntSpuiciicyMinithé indojet genger yses

nodul ation, the ink jet printer 100 can carry out not only binary but also
mul ti eln:dot S, € | AL : SAD&g tRy §ftal e

~ print idﬂnegl\do#hlﬂlgéﬂqﬁg? ¥1ngl}'{1§%%€ @Es)hg'%ro ggﬁptﬁ ,@Q;[fﬁngdilz‘i’niso}i’gtgl pri nte gu%gycan
realize high definitjon even with a.snmal,l number nozzl es. and. efore
Can r Seeioh RS ABES BPoRGoRMRUNE AEADRECS I %H%lQEQWWf%066§%?3%¢6e0ver ,
by setting the recording time in consideration of the jnk drying tine and.
t hen caljagemdo each bthes; alckangeqoiat (Iine) 8 ofithetdipmeteriafidatoiszensragdiom | y
uses the recording tinme, the ink jet printer 100 can reduce the dissipation

power .thEM@unbkry BétwchAldt gtOh D@, rebsleddy the dokzle@roep tongisting bfithe
quantity of ejéction, that 7is, correction of the print density, using PNM

and t hus QVii _ t j i ity +h ] ;
2 ¢ 1R RL A o RS S Bleg R AT bR DR LA N e bralel et
position on the paper.in accordance wi.fh the pul se nunber so. that e

resul t&RPPFONS]sét thgnegeles gvi aﬂnﬁlvtﬂm‘tﬁfﬁ"rt&'}’iaﬁﬁﬁpﬁﬁl linn]‘i%gdlr%g‘l ets in’
the paper feed direction from 56 the lattice point as the center, the in

j et prSudthea change pointr(tive}ief thardots cavses atlengl_ n@lleﬁrllpﬁdgéhjéﬁ)aﬁp@fﬁe_d
definition. Mreover, by arranging the plurality of head chips 121 in a

Zi 9zagdip@H, thatds P4 Qicdiled bahgingussib@p part 124a the ink jet printer 100
can restrain the bandi ng noi se generated at the joint of the head chips

d
1001 5 wot | Okl Bt Ak i G PRAFrCigR bRg [Hade of % piffrh@lerd 21

speed and t he dissipati.on power, and provi des conyenignce for users.
P t%ere 1Is an error otpt e 1mpagt position on t]Ei)e paper, an oveHap ogcqots, agap Begween

dots, or a step between dots 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.15B, a gap
- C between dots as shown in Fig.15C, or a step L between dots as shown in Fig. 15D is
generated on the boundary between a dot group DG, recorded by one nozzle group
‘and a dot group DGy recorded by another nozzle group. These overlap of dots, gap
between dots, and step between dots also cause a longitudinal stripe in the paper feed -
direction.
- Thus, in the ink jet printer 100, an overlap part 124 is provided at the joint
between a nozzle group 124, and a nozzle group 124, corresponding to the adjacent - -

head chips 121, both nozzle groups consisting of a plurality of nozzles 124a, as shown



An ink jet printer as a second enbodi nent will now be described. This ink
jet pri'nter has a basic structure simlar to that of the ink jet printer
100 of the first enbodinent, and is characterized by its ink dropl et

i npacting nmethod as a driving nethod based on the PNM system Therefore,
the sane nunerals and synbols as in the ink jet printer 100 are used in the
foll owi ng description. Fig.30 shows 3ah exenplary arrangenent of dots to be
recorded on the paper P by a nethod for driving the Iine head 120 provi ded
i Nt haniFs. lGSTIRItI QR thelidR jesprifter $60 0atthe moadiem@oups hrddpomling t» (e
represents the dianeter of "the dot D previously shown in Fig.18 and is

referre "PL% hteh! | LS,: I . o)k J 0
corr eﬂﬁﬁéeq}tgfet eélﬁﬁé(}?é agjg?naé% {r{;?sl(]: r%g@?ﬁﬁ%t’ éln@éé% @129%Pg\{}}ﬂ:ég)fi3n "o"
i ndi cate the_arrangepent order of pulses to be aqbjects of conparison. with
the rd¥Fdesdiom flgg'fﬂnttﬂ?é nogzlepsionp ok &4 aasthe 1¢ﬁes18%gp ithsa1ge %"ef of ™
corresponding to the record data in Fig.30 are coincident with the

posi t imyzles front kefiint the moazlei grelipil24ponrthe night sidetare asianiged soithatgbeitt i ons
of the dots d fornmed by the respective ink droplets | shown in Fig.18. In
the | ldé%{él%@s 18incidRewih! SRge TRy, Qhd!ihes pesess ofadderQipihg \tRozzlest fxe
center of image 1C I1s changed depending on the pul se nunber is an even
nunber_or . an, od nuanr, i lggrning one dot in accordance with the PNM
syst e OVEECHY acl"fesli,apvﬁ?éﬂ ¢'nting an i mage in accordance with the PNM
system the |line head 120 sequentially distributes record data, outward from
a position o (ecovariap past 12d¢.cthearpzzbesni24a sonstpBiing the opeiozele FPUPat i ng
the first record data in inmage processing of ink droplets to be inpacted,
whi ch 14, dedtthealozmdsh124w cahavetingstie ber | izl c group 124, Mye awedrto t he
line head 120 is driven to inpact ink droplets on the paper P by

time- dauyégﬁ? Iy jécY%lQ?ﬁﬁ%zﬂéﬂgfe@ﬁoﬂi i theies] diRGPIoH A in. the Newsgifudinall ng an

i mge. case, rd data I's set so that the dots to be printed

fall w.thin the,range of the pixel pitch Pl T S pesg Pl arried
“into Va{Eecﬁ’r(g’deiM %éjﬁ?&%‘é‘?s ﬁ@dc%&?‘%’c%dg#ﬁ fq ﬁi@gg?iﬁglp gﬁaﬁ%“waf?‘i or ned

obliquely, not in a straight |ine_indicating the itart point o i xel C
shown forineidgprathe howndarsbetmiesn the doteerpir DG resordrdby thaongeng d
enbodi ment can reduce the positional shift of dots on one |ine and can
carry 4, imdichteddyi whitotirtles, adihaldot grafpsidGgiresordet dydhe othertiozzleunber
of wirings can be reduced. The ink jet printer 100 al so can mnimze the

number S . i |Bowaiif lan 77 4dyYRe dbherdlipsBGpatticon
oo BRIy, LRREAUE by Wock RcIBZA! BWAH T5811 7. JHRE dbherdlish oot

pover Tn Grivihg. An'ink I _ ent’ wi 1 fow be
the- i 0 apcphdesh &Y hboBht Hlp 123, hkERCagt s ER 1) Ml B Bz o
by its ink let i t] t hqd i Vi thod based t PNM

Sy st erBrOWRel e AIEhSEND IRAAGEA! s IBEPIGYAON il ek REDRT P& 1 i nt

100 are used in the follow ng description. Fig.31 is a plan view show ng an
exenpl gemerstion of the abdve-Hesdribed loagitudidal stTipe, Hwdds,ghepandmg nosestadwnn in
Fig.31. Inthe Iine head 120, a plurality of nozzles 124a arrayed

. subst gi teldcédidr RodéfafdPht 1ine (or in a zigzag manner) are divided into
sets of nozzles, with each set consisting of a predeterm ned nunber of

nozzles. T d o : Vi Q | 120 in
t he real smggﬁm {)%%ﬁéé}el%]ﬂgé;&é( §%§’f‘§?"qa@i ‘glslrhﬁ‘lg;}% Eéé'kg;éﬂttfeggggé ?éejll'sec()nd ”
nozzl e set 260h, a third nqzzle set. 260c,..a four . nozzl e set 260d, a
fifth nozzl BNg‘ztls adermaee g)@?l?éhlaﬁagig% dé*’é@%@% Heﬁg%ﬁ?en“‘l‘—*?’ enqT ik, "¢ pe

| ine head 120, the plurality of nozzles 124a in the respective nozz|es sets
are drdrophets coatiniory ejectad mrmie pirel(polseyrubitmr) thiheareyingoudgrayecaled t- i n
this case is the tine required for ejecting one ink droplet each from al

the ”%ﬁﬁﬁg 13435 tdehh sladvhRRgE 6P RETHe\RsB OF %l'i%talgﬁéﬁpreﬁiﬁgiﬁﬁe ghgns an

exenplary arrangenent of dots to be recorded on the paper P by the et hod

for driving the line head 120. Synbols PH 1, ..., PHm appended above the
dots in Fig.32 indicate that the respective dots are printed- on the basis
of the above-described phase signals PH 1, ..., PHm Synbols "o" in Fig.32,

simlar to those shown in Fig.30, correspond to the record data after
correction and nunbers provided in "0" indicate the arrangenent order of
pul ses, that is, the arrangenent order of



59 pul ses to be objects of conmparison with the record data fromthe
conparators 163c. The positions of"o" corresponding to the record data in
Fig.32 are coincident with the positions of dots within a pixel in
printing, that is, the positions. of the dots d forced by the respective
ink droplets 1 shown in Fig.18. Fig.32 shows exenplary recording data
showi ng the exenpl ary arrangenent of3@ots for dot inpact up to four pul ses
in accordance with the PNM system In the |ine. head 120, the record data
in i magglgrocessing for ejecting ink droplets fromthe nozzles 124a
included in one nozzle set is tenporally divided into two, that is, the
former hal frs : r N [Aa K the line
head | 20, i%lggﬁ%]??ﬂghgﬁﬁ%ﬁggl %&%@ﬁﬁé@%@ngﬁ&gglgﬁ?&% q‘%N}é/ganpl e, the
former hal f_record data FD i.s sequent.ially distributed outward from a
start poi ntIofansyyg O‘Ea%wg/[»tthé IF‘ES?EPY‘HtaqrfP/qDeE@F{f % A PP “\é\aelétgq‘{fe ially
di stributed outward fromthe start point of pixel Cso that the record data
based dropldte I frdmebe nbzaldsi 1 24 aiontal papenbe thusardondieg ados Dithgseen. bWdwa on
the. pul ses of even ordinal nunbers are arranged on the opposite sides of

t he stgettipehMluiitporaik &oplets Noke vk {'ét'}ﬁinftélr 100 mivdul ateether diadeter 61D, as .
shown i'n Fig.32. OQher distribution nethods may al so be used as |ong as the

I haj f - : s .di j d. di.f hal f
racor didt PO SleRdi bR hixCinR Bl RERREE 1 LERRL WIE BLK e

I t th f distriputi f hal f d.data.FD d tq be held
 and ardFope ) mRacteR omiRHBRPIY oo d BRbS, ISTKASt BHniek D0 BRGYA et a L

O course, the former half record data and the |latter half record data may
be di stheidismetersifitheaok P, utilighghespread ofdatad, formeediby itl taspaetive wk i n
accordance with the record data thus distributed, the |line head 120 i npacts

I nk dr&%@é@l% BRIRAPEE JapeP RefrekpondiARE toRach putbsy, in 8l thedestiens
pr edet erm ned paper feed iapgcti on, ?ﬁne dgﬂ are gct ually forned obliquely,

not in §al ghty: |1 i ndi caténg the ¢t artqe pai f 1 D0t > ShQwnhid :
Fig. 329P§/\6 {) h%F ggg}acé‘#&fwgﬂlg%&e%bgd’ %tsz’ gﬁsségﬂopr?gtlﬁebﬁ?? §g?g8§ gg@hi%r di nal
nunbers, the forper, half record data FD and e latter half regord data LD
are s|§>@1mpl>¢, the m tPF’éS‘Fﬁrelé)@nm&Ea_fFé$ ?he]?@ﬂéT‘]télr&é?p]Phi f’ﬁén? ipﬁgeﬁgg’(f’?ﬁp_fo, by
preparing the record data in consideration of the paper feed direction of

t he pagherfiret dohd, popadtedoaiths paper Bis died, dodshispecordimgodots We, hagder--P can
be made | ess visually recogni zable. The ink jet printer 100 as the third
embodi FRiMs cfdeTthéinifg bfthd ik rheédnsthhniRrsptédll of thelisk deeondt exdrediaent.,

can reduce the positional shift of dots on one line and can cant' out

mat ri x | e | l: ] . r i 1N

w r1 nt B Tapbe s R b 8 igr A8 dulaldh the G| E S IPRT IR

si mul t aneously driyen nozzl es, and n reduce the, di ssipatipn power |n

G Vi rnia Whsdsdhe ORIy ek rab Fiad TFaGi HpureBanpt dne RS EacD) o
one line with dots by further dividing the &Lurality of nozzles 124a in the
lisne hibedpdR® B cootismanslemanvestin, a directiok ipdicated; by an arrgy Saintkiegtlser '
reduce the positional shift of dots on one line.

relatively to the line head 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 impacting period of the ink droplet I onto the paper P is shorter than a
predetermined period, the ink isotropically spreads and therefore the.dot D presents-

a shape similar to a true circle. If the impacting period of the ink droplet I onto the



An ink jet printer as a fourth enbodi ment will now be described. This ink
jet printer has a basic structure simlar to that of the ink jet printer
100 of the first enbodinent, and is characterized by its ink dropl et

i npacting nmethod as a driving nethod based on the PNM system Therefore,
the sane nunerals and synbols as in 61 the ink jet printer 100 are used
in the foll ow ng description. Fig.333ﬁs a chart showi ng exenplary timng of
a phase signal outputted fromthe time-division drive phase generating

ci r cui papexTP & lohgen thedst I preseTitea substautiallselbiptigishope wba@elsgéngmthmg
circuit 121 a outputs a pul se-like phase signal PHin a line period T. The

.phase fdedndiredtidd 6f thelpdpeeP. | KRe sélatioh lrneeatiesimpastingepadsd of tipeirlod t,
which is a period for ejecting an ink droplet fromthe nozzle 121 a. The

P Sl R ) B4 R Sy B e
TF o pAenansug parthearapertiss of e e andiisbaper sy 41 drecBortomgt s hg' one

nozzle and is driven to sequentially print one dot each by the second
nozzl einkttoethtipaper Ro ZHednk jet. priritoe 100 dbterndadetheampabting periodiof tB3ink n t he
| ine head 120, when the line period is T, the ejection period is t and the

ul se L X |l Q. BT i i . tine
p W@F LMo tﬁez)a &rBlon tﬁﬁgﬁﬁglo?gafé'rﬁﬁehfh] B%‘Més%namtaeé’oﬂaﬁb@&vlﬂf- !

di vi si mis expressed by t ng equation (4). m= T/ (tXP (4)

)
A deci pal. int of ,.t.he mber of tine diyisSions cal cil at -
cauat | Srep it consitigte KR ExamRlc b Sxpaud i RBTod HEEH TR, Merdathes
driven nozzles n is expressed by the follow ng equatiaon (5), where the
total Whentlkameternef Ahesdots Iy ik jet (pryntar d’éﬂl eaplesntobrexandplaunber
of sinmultaneously driven nozzles n calcul ated 62 by the equation (5) is
r oundesppsrioikimately 100 milliseconds or less as the impacting period of the ink droplet I

onto the paper P.

The line head 120 in the ink jet printer 100 has four colors such as CMYK as
described above. When mixing ink droplets of a plurality of colors, the ink jet printer
100 impacts an ink droplet of one color on the paper P and then impacts the next ink
droplet of a different color after the first impacted and recorded dot is dried. If the
time until impacting the next ink droplet of the different color is short, the spread of

- the ink called color bleed occurs, causing deterioration of the picture quality. In this
case, the ink jet printer 100 preferébly impacts an ink droplet of black (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 image by lastly impacting the black ink on the paper
P.  Moreover, the ink jet printer 100 can provide a more natural image by first

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



The ink jet printer 100 as the fourth enbodinment, simlar to the ink jet
printer 100 of the first enbodi ment, can reduce the positional shift of
dots on one line and can carry out matrix drive of the plurality of

nozzl es, thus reducing the nunber of wirings. The ink jet printer 100 can
al so mnimze the nunber of sinmultaneously driven nozzles and can reduce
the dissipation power in driving. An38nk jet printer as a fifth enbodi ment
wi |l now be described. This inlc jet printer has a basic structure simlar
to thge of the ink jet printer 100 of the first enbodinment, and is
characterized in that phase signals, which are division drive signals in

cartyi 190Uk ol YalioRadr ifch dos RNGEA! 68l (eCeSAARdean iy dan nurber

of tine di i0 I - di mensi ona t signals. Therefore, the sane

portions as those of t above-descri bed i.nk jet printer 1 oted by
the sdnerensfehamymbe &eﬁ@msgaleﬁﬁm %efpﬂietl}lé’td @#’i’ﬁt‘té{r"fi‘é‘é‘,egf%&?ﬁ%)%gﬁrr‘%| e,

when the tinme period (line period) for printing a head width in one row

S with theifibmen femtiigadkenddoethon the paper bnbhash pypbleraied aderg esdingunber

in PNM at the tine of nmulti-value recording is denoted by P, the maxi num

€] ect | GieldopfdBANiry toth nlimbex BF SRR fwetprining | Onithe odserdtandoa (e

simlar to the equation ( 1). ... (6) Wien the total nunber
of nozzl is N the ejegt] ' ' IS a1 ' io0N
r equdiiey gaa compleltregbfiil B)sfinffie BieE ndHeh o ofin 1@t e B eiohahed
expressed by the follow ng equation (7), sinmlar to the. equation (2 A =
t/~ . . timerpipgkalklyolé regarding ssisarried 09% W“&%Piﬁn& aﬁl‘%‘éﬁ bfésﬁlo IOS?D%fe t han
t he maxi mum nunber of tine divisions A A decimal point of the maxinmum

nunber6@l dpi radda wisebiiking) meordingt feqisncyhef 4§uddz.othe( time sequinsdéer out .
The nunber of simultaneously driven nozzles n in this case is expressed by

- the fO.Jida%r%th%?é’ﬁ%ﬁﬁ]né@irecﬁbmdfﬁﬁ b0t A sigipdppoxiditelyr0.7 sbédnd per (8) A
of t

deci mal "~ poi ri e nunber of sinultaneously driven nozzles n cal culated
by thecc?lglrJ ?IE fenceis%)whgrero léqgﬁ%r&'j'ltet ist é}léételapl ding the relation of (nunber of

time
" However, in consideration of the ink drying time, a recording time of
approximately 10 seconds is considered appropriate with the line head. In this case,
 the pixel (line) recording frequencies for resolutions of 300 dpi, 600 dpi, and 1200 dp1
are approximately 350 Hz, 700 Hz, and 1.4 kHz, respectively. Therefore, an ink jet
printer using a line head can carry out PNM within the pixel (line) recording
frequency, unlike an ink jet printer using an ordinary serial head. Thus, PNM is
. considered as a gray scale expressing method suitable for the line head.
The quality of a recorded image printed by the ink jet printer 100 using PNM
will now be described.

. To improve the picture quality, the resolution of the recorded image should be

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



divisions m X (nunber of sinultaneously driven nozzles n) <_ A In the
| i'ne héad 120, the maxi mum nunber of tinme divisions Ais further divided
into two di mensions as expressed by the follow ng equation (9); thus

carrying out driving. A=m Xn2 ... (9) In the equation (9), m
represents Al, ..., A in Fig.34 and nR represents AAL, ...,. AA in
Fig.34, as will be described later. ¥%he schematic circuit of the heater

unit 250 in this tinme-division drive is shown in Fig.34. In the head chip

120, ag¥f fhRRHANnEhabeiing RRLahé réliabilieledhudraddieg hippoblem dhidedigainguthit 250
shown in Fig.28, as partly shown in the circuit diagramof Fig.34 The input

circuit 2b1.1s a far ratj signals PH1, ..., PHnto 64
" be Suprgﬁpfg%wpoOflﬂlg%ﬁogf{ig? llﬂqﬁgg%ﬁ%b%]oﬂg@?a matri x processing circuit 252.
First input_signals ,Al, ..., A, and second input _sjgnals AAlL, ..., AA are
i nputt ed t ol b bynping RINM ferproming, nﬁwsmrn@r:r Jﬁb fgva@ BAPIESH BT $6@155has e
signals PH 1, ..., PHmon the basis of the first input signals Al, ..., Al
and t hgithécapikdl mpdicanipgovids adtorded imaig) of ligle definrtion pithdessiaughcdn cui t
252 fornms a matrix on the basis of the first input signals Al, ..., A and
the seoffldWifeard@8in When o lowdtVesolliien"Biset Xhalf A BTrdecbrditp! 252

SO a I 1 ., A

is constitute t hat en one of the first input signals Al, .. and

one of, the secopd.i.npyt si.gn AAL, .. Ak i i Ik \one or.
o ComtMetErEst dpC it s ED S haPlsmags R huRbRpAr iaf SR bastl orbl®

hi gh signal "H " Therefore, the nunber of signals of éhe first Jdnput

- si gnal BNM determingg by the masinewsanidse mpnbesindarninggue dot and thﬂjef e
smal l er tan the nunber of signals of the phase signals PHL, ..., PHm In
the |igembRROPNAD witlvidgallddkdbedensityi modalitian. daghisi desd, sinow equltislevek drive

can be carried out by using the three-di nensional data groups of the first
i nput sj ~ I RTESRY VS o oY= .15’3‘??’{% ngn i , ABD, cand t he
phase-lcségrg?(zlégo‘ﬁ%}luﬁlga g%eg"cgrlﬂ, r&gggg%gls e rrpz\!nl‘gtl dﬂl“é%/rgé\‘i?tgpr{g}tgr As cdescri bed
above, the ink jet inte 00 as the fift odi t L | ay: - the ink
Pt predioul oot snnd sy buf aberBultiiei et PRGGRERE and s By itk S, "oy

dots on one |line and can carry out matrix drive, of fIhe gielip'al.ity of

nozzl eRTOCERSIBEr dilieatheany euhsimpethestgray sealgPrinting ofughdelimition.er 100 can
also mnimze the nunber of sinultaneously driven nozzles and can reduce
the di ssi paThennpssiees torcopd withgan lkerror in the impact position on the paper and

unevenness in the quantity of ejection of ink among the nozzles in the ink jet printer
. .-100.using PNM will now be described. In the following description, the ink jet printer -

100 of design specifications shown in Table 1 is used.

Table 1
Maximum recording width - 8.5 inches
Resolution : -| 600 dp1
Number of nozzles per color : . 5100
Target quantity of ejection of each nozzle per pulse 3pl




GS addition, the ink jet printer 100 can carry out three-dinmensional matrix
drive of the plurality of nozzles 124a and can. further reduce the. nunber
of wirings for signal lines to control the input to the head chips 121.
Thus, the electrical structure of the head chips 121 can be further
simplified. The present invention is not |limted the above-descri bed

enbodi nents. For exanpl e, though the4bead chips are arranged in ~ a zigzag
manner _in the abovedescribed enbodinents., the present invention ca | so be
appl i e 0.a lineg head.in which head chips are arrang tantially in a
strai &M%ﬁpﬁgnlﬁﬁgeﬂpﬁgﬁﬁt invention may also be appl?g@&¥§?thp npth%d for
drivingqa i ne ?ea of the fourth enbodi nent conbinecgqébmsthe met hod for
proces iHH]bFEQS @At a described in the second enmbodilferit”"Iln this chse,
simlar-to,.the second enbodi ment, the ink jet printer duce the
positiJﬁ&Fugﬁﬁ??m¥Wwﬂots on one line and cgn rgdurp Tﬁﬁ@%ﬁf er of wilings

by car|rying out,.mat.ri x drive of a plurality of nozzl eg eover, the ink

] Z\t prl 4 368%41%%68}19](10}{ he nlmhpP of si myll t aneous|.y %(Qro!\@%\n nozzl es! and
can al so reduce the dissipation power in driving. Furthernore, the present
invention may al so be applied to the nethod for driving a |ine head of the
fourth enbodi nent conbined with the nmethod for processing record data
described i g I ] | the M r BOOEjeRts ink drapleteéond
enbodi mont . 4 s dj%gl g??ﬁ"t@?“?%% t?gtéﬁmcfeet?ﬁgﬁ%osi Tejedls ik dropleeans . on
one |ipge and n reduce the.nunber af, W [y . A L% drive
of a pglPP elsla;t;?laﬁ mﬁég’gw&tp %&58@(?98 %‘eqn%&%]]&%lts %glp:i\yndt@?t @ghk %%né llr?’?sze t he
nunber of sinultaneously driven 66 nozzl es and can al.so reduc H@%

di ssi pari Hpl padenk idmomlﬁi/a/fqrg% Ph aidhe tpBAmuER 98 ei%é@(f for o8 PB?"?-nt

prints, for exanple, one line with dots by further dividing the plurality
of nozdiaaseter of 4 det In thes basedsiappooxamemtélgrd Oint for drieepulak opank petiglossy can
further reduce the positional shift of dots on one line. Mreover, the line

head Oéaﬂé}eoﬁ ifhd 91 PO HisEB Thr BRNIALSA. DEhE e A Ydibietereishd2 tifes the

processing recor ata or tinme-division drive described in the second to

fourth gnmbodi nent.s he ink jet pnrinte avwng: su .| ealize
the saRBRERRbaREeathatrS, APt B B by S ir R ik O SRSuTRR 4
enbodi ment, as well as in the ink jet printer of the fifth odi nent .

Si ni | apesitionfer formingang ‘iﬂf byneng mit qlfO@iﬁS@a'ithﬁ PAPREGS aw%uagggfé’&&moé'at for
the method for driving a line head of the fourth enbodi nent conbined with

t he nebhokk paperpmadedesillyg the irde fit gainderot 00 frensedats dt ent adowshthe lattieeay al so
be adapted for the nethod for driving a |ine head of the fourth enbodi nent

combi nggingd. tThé hik EBpARRr 100 RHORRS 8ided deeiabA nidb of 20 pentohithd paper
enbodi Erer?t . At ho'u’ghf)t herl' i néﬁheads for a plurality of cg??)rs arg gssumed

int he#?@%ﬁoﬁ%ﬁg t%%g qqg&r)&%ﬁpgf dofs ol fS $attick 'i%‘rarﬂts' it HisAhafsiRe

applie
the ink jet printer 100 copes with the problem of an error of the impact position on the

D

paper.
To provide a recorded image of high definition, the unevenness in the
characteristics of the nozzles must be minimized. As a method for reducing the

unevenness in the quantity of ejection among the nozzles, that is, the unevenness in

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



one color. Thus, various nodifications and changes may be effected w thout
departing fromthe scope of the present invention. Industrial Applicability
67 As is described above in detail, the nethod for driving a recordi ng head
according to the present invention is a nethod for driving a recordi ng head
having a plurality of heating elenents as driving elenents for ejecting ink
droplets froma plurality of nozzl estl the plurality of heating el enents
being arranged in a direction substantially perpendicular to the direction
of carglathogt and dteriedde madir, domepchenbzze. t he net hod conprising: a
tinme-division driving step of dividing the plurality of heating el grrents
into a plurghy grhﬂ;y pRsdroblets fedbmahpreagtesrusualig nunmber
of spati al I@égwggg%%hﬁeat' n(geégBCMIQS%ﬁ: P y

| enents of the plurality of heating el ements

corresponding to the plurality,of no - ' |4 each
set ofdqes a0t @t%‘i‘r‘é‘l‘%é “E“Irﬁ%ﬁ%aalﬂ‘é%ﬂgﬁhg?’?‘i/rgageo]\ilgﬁg? ﬁg’e?ys%%@%%cwe Focks,
in a tinme-divisional manner; and a recording step of ejecting ink droplets
f r om theatingz zlessendsyr bot donds tg sweddandy dinciease hé’i’lﬂ]ng]eelw?é‘ﬁt gx%\‘?ﬁfisi fApact i ng
the ink droplets on the recording nedium thus recording dots nade of the
i Nk drplgfepmindiepewver alueNas edioateddsy 4 aolidine ingFig. 1% c dihgi quantisudf
according to the present invention, since the heating elenents are
sequenil A sl g rbpletsSint felRid A HeQflitte WRARSW ByuRRCHresGits the Bamicl Ng
I'taneousty dri e

el enment’s™si mu ven over t respective divided bl ocks, the

positional shift of dats on the recordin ium gan 1d: t he

i nst arfCBAEHYs a?ré&&‘ﬁﬂ?ﬁ%ol?%éibﬁ%lfqlb{\n% 1& ?%-Wﬁgwg!%i‘&‘%%’#ﬁe (r? :b\%@q%lggp]ge
reduced. The recording head according to the i)resent i nventi on (Ls @‘

r ecor diifificule taicomtaol thg quaptity of ¢jegtian ofiukidraglass byrthe powsr appishp Weerent s
for ejecting ink droplets 68 froma plurality of nozzles, the plurality

of heaiddtmgellenentsaEiheiase dadid in a direction substantially
per pendi cul"ar to the direction of canying a carried recording nedium the

recor di ng s gﬁ?%ﬂ E’tgg'img} 750 LM ARt Hrfedtide @Sy chabsHinvih@i préntt he

plurality o ments 1nto a plurality of blocks, each block

consisting of a pr er g neqd. nynber, of spati.all rr t ,ng.el enents
of theAerﬂsﬂb’al"fsﬂ@é)cﬁﬂmat §R§C§i°@ﬂ¥m"§h%rprr§®b%ﬁ%i %g]ae[cg?{f%(gqul alhlgtgly%lof

nozzl es, and sequentially driving each set of heat.i ng. | enents ..

si mul tpredetesmyinett grayrscalesrbyt neing aqiueality ef Bpaeles with differepbauansitiss oy
manner; and recording nmeans for ejecting ink droplets fromthe nozzles

. corr esgjepdbmdtheoidigetdpiingn tRchagge dreptlseamdnbepyt usiggt FIMnkhusr-opl et s
on therecording nmedium thus recording dots nade of the ink droplets:

Ther ef ot firollifla (RE ohERE YrAfeRAbLHR BFSHING ffdin thenbrABERNd LoiveRingthe S nce

the heating ereme quenttally driven in a time-divisional manner by
each set of heati el enent s si pul t aneousl {ven over the respective

di vi dednBIHBRSS mttﬂ‘g ‘B@?g‘fy Bﬁg]ecgﬁpfagntg}g @13%/%0(%!16% he recordi ng medi um can be
reduced and the instantaneous. nmaxi.nmum di ssfi,pggjr on, power in tine-di vifsi on
drive can bEor exaiople, aTeezlenwhjchi ejgets st Rl otiak (hr@pldsstt ettﬁ'@ei)ﬂﬁ%% oL
invention is an ink jet printer having a recording head having a plurality

of heagjebtion! formath mezly peti paise) ankamzEler whjchceamgniyngiedt 331 Bk ef mlom a
plurality of nozzles, the plurality of heating elenents being arranged in a

di rect ' i s fir$giilsedatahe aaximung are

carri eWé@g?%? ﬁ{gikﬁ’:é&ie&r%ﬂg{d&g&? n%ﬂjbg{nk:)‘%iogt e? be%e% adapted for recording

o s Pebrdi g In ol S San B PLjeBlloh TRERA'BL 3 4 BILY A 1995 made
15 pl, 18 pl, 21 pl and 24 pl, respectively, for eight levels. However, with the nozzle

having the quantity of ejection of 2.5 pl per pulse, only 2.5 pl, 5 pl, 7.5 pl, 10 pl, 12.5



69 jet printer conprising: tinme-division driving neans for dividing the
plurality of heating elenments into a plurality of blocks, each bl ock

consi sting of a predeternined nunber of spatially arranged heating el enents
of the plurality of heating elements corresponding to the plurality of

nozzl es, and sequentially driving each set of heating el enments

si mul t aneously .driven over the respbctive blocks; in a time-divisional
manner; and recording nmeans for ejecting ink droplets fromthe nozzles

cor r egiohfliphgl 7.6 plmdd20 pkof inkhéwplety ace efreted; raspedtiviedet iThgrefoee,ithr
droplets on the recordi ng nmedium thus recording dots nade of the ink

dr opl &fiffereleRrif tRE ﬁgaﬁg%@ﬁe'bwfoﬁ RL-0P5 pNt-epladcdpHi-nglt 2.5 bt Brsehs

i nvention, since t el enents are sequentially driven in a
time-divisignal nner Dby.each set of heating el enents sinultaneously

dri verplﬁygr'gtnigogg%ep’éeépieééveg‘%w%ed bl ocks, the positional shift of dots on
the recordi ng nmedi um can be reduced and the_ instant ﬁne,ous mexi mum

di ssi pat i ofWpenenkidropleteatsi ta bt epected feom dhe nozzig hawiag thereuansity ofhe

met hod for driving a recording head according to the present invention is a

et hodjé@forflof isnsl @rw did\qudirag ofeydctionds phused iotlye 1S pleatplnk) pl.enent s
as .driving elenents for ejecting 1nk droplets froma plurality of nozzles;

e R i T e S
g My SR ol AR G IR Y O L

dot so as to nodul ate the di aneter of a dot by the nunber qf ink droplets,
usi ng qraatity ofiefgictionl hetween thewoznepf 3tSpk per pulserang ﬂib%@o%la@ ,Ofg pl per

ti me-division ~0 driving step of dividing the plurality of heating

el emeryiisd RL-0. Splpl LpRHiltpl, 00.533106 Isk -0 Sgsih- Ioplanid €bpki Bhé diffetnee in the
predet'er mi ned nunber of ‘spati aliy arranged heating el enments of the

pl ural | Of I _ rres i ; plurality. of nozzles;
and se ‘%J%F\lﬁ 8P?$e°:§‘r%?‘vﬁedh35%%téﬁa§%td tgflpﬂeatt?géﬁ%flm't s sinultaneously driven
over the respective blocks, in,a,tine-divisional. manper: .and a os.di ng
step of e M?ﬂ@hblﬁe %POQZSIYY&HI ﬁthq‘(Wﬂftho F%t@psofgo%nqhéern8§§§e% :
-corresponding to the driven. heating elenents and |j rrpaitﬁljggl thf [ nli

dr opl ezagipidene .h§hcewanﬁm@f¢jﬁ©m@h§-5tll%u§ let®bp dlnkft Bbtld- dl £he Blnk
droplet(s). Therefore, in the nethod for driving a recordi ng head according
to t heard 28 phtrespoctivielyrfor sight devehe Thetdform, ¢he difiitrenae én the qeantsy afs t o
nodul ate the diameter of a dot by the nunber of ink droplets and the

heat | NG e Qi B A RisTRARMA Pl file /oD ngéi‘ Hil§BisdHo 551 oAbl FENSBL, by

each eat1 ng el enents sinultaneous driven over the respective

di vi ded, bl o L osi ti onal, shif f dots...0 recordi ng medi um can
be red%%@ii +%5 pg’hjgfpﬂs%htpiﬂgéd_é MF%H‘%?PSS?%@!%ﬁs-pow in tine-division
drive can be reduced. Mreover, gray scales can b xpressed within a pixel
and a recorWhen. inkedreplsts arg ko defaiacted farm the n eﬁéﬁﬁ}g §W %‘Faéﬁﬁyaprfa |
appearance can be provided at a high speed. . The recording head according
to t hesjpetisieof 3ihpkptr pulse,sthe quaatitydofigicotiad ifesiseg ta st Judapli TyploiO.heat i ng
el ements as driving elements for ejecting ink droplets froma plurality of

nozzl &3, 1 RePhu! 19% Al hd 24 sndiBting 1apuIReBPulses, B ulsest i on
subst ant |lg1 I b %gr‘%’e%?é& %P%'?%hdtphe dﬁp%??i on olf gczé ryi ngga car rlped
recor dé Bglses, 4 pulses, 5 pulses, 6 pulses and 7 pulses. Therefore, the difference in the -

- quantity of ejection between this nozzle and the nozzle of 3 pl per pulse is +0.5 pl, +1

pl, +1.5 pl, -1.5 pl, -1 pl, -0.5 pl, O pl and +0.5 pl for the respective levels. The



m nmedi um the recording head conprising: drive signal generating neans for
generating an el enent drive signal nmade of necessary data for form ng one
dot so as to nodul ate the dianmeter of a dot by the nunmber of ink droplets,
using one or a plurality of ink droplets for form ng one dot; timne-division
driving neans for dividing the plurality of . heating elenents into a
plurality of blocks, each block conststing of a predeterni ned nunber of
spatially. arranged heating elenments of the plurality of heating el enents

corr e%ﬁ’ﬁ@f@ﬂ&% ih@hé QRarlity ¥ diestiail cawba lrestrained ts ¢duphati the yaxiniumng each
set of heating el ements similtaneously driven over the respective bl ocks,

in a tune-divjisional r.. . i » & LA a

ol ural ity dp thiseRaRaeY SPLT proEie e R as TRARShAhe Predorchb ey 2

heati ng el enents and i npacting the .ink.droplets).on the recordin di um
thus rsealesdyresingadlwenddy of nogeep Nﬂtlﬁélfgqrggf g‘)‘?‘r?t*ﬂf?r %F%t,]OI?’r{H? ﬁ'gk iregcor di ng
head according to the present invention, since the heating elenents are

dri verpriifte£300 @hanges dteentihberdofimkt dropdéts 4o dete) peted Heomueasdr nozzle grd
droplets and the heating elements are sequentially driven in a

L e ol uiBRAREs O dRGaRaly Of cfegfbh AthdHaahBMoszits MIhaneLinky

driven over e respective bl ocks, the positional shift of dots on

the recordin di um can, be reduced. and.t i BS '

ai'est et pontenaliBicat qop ik dACHBROLARC oL G Bl AL s and,
scal es can be expressed within a pixel _and.a recorded i nage of high

def i nicanaiestuaiththeadifferenegrindhe gnantifty0f eigplaen Qﬁ’i:ﬁ”‘@gn be provided at a high
speed. The ink jet printer according to the present invention is an ink jet
printer haVF‘iFQZOA FRowsrthe achition batedehahie myay spalarleveltandothehguantity aff enent s
as driving elenents for ejecting ink. droplets froma plurality of nozzles,

the pl éd%@ljlﬁ X)e?(grehﬁl%g#ﬁlg? SR R SGirB&edlihditdeeddrteawithr @t qwintity of
a cu

subst a y perpen ar to the direction of carrying a carried

recordi.ng.nmedi u the ink e rinter, bej ' v

ot or riEvtian iR BegAet R 2B ehob e AT THERRA e RAREaIc . e
of ink droplets, the ink }tet printer conprijsing: d({)l ve si gnal g}e&e&ati ng
means therqupetiey aficpection aftemthetpulse nambeyig corsgtethin ApcEEanes Wity 1< of
form ng one dot so as to nodul ate the diameter of a dot by the nunber of

i nk dr @iireitg of egéabrofrenpthemapizlesalAs garobe sedn fioopFigssl oand dOR, afthene dot ;
time-division driving nmeans for dividing the plurality of heating el enents

| nto BoRbinahiior i8TobleBFeRtodRCidohamioenhthe iquanaily af Rjeisiefrommetd number

of sp y arranged heating elenents of the plurality of heating el enents

correspondi ng, to the plural i f | - Wl deh RYepach
“set of .wiﬁ,ﬂge éllu@ﬂﬁﬂ{?gygeﬁhwéﬁggu% @F’\‘/@Ir%g%l\ég%fgﬁéhr%eégzct fVe bl ocks,
in a tinme-divisional manner;. and recotding.eans .of ejecti.ng one . a
pl ur al differgamang theop%%qg&f mﬁqﬁh@%_@f ﬁiaaai bfgﬁl@d?"r‘%% By eﬁ&%”@ﬁ&%ﬂ ven
heating el ements and inpacting the ink droplets) on the recording medi um
t hus rgeerdime withstheegmnoity bhejéationdfropt tie(s9zzlahdhefqraatity witepection | et
printer according to the present invention, since the heating elenments are
dri ven,SQ.asryifBr BRsHesSng the Sarflé arastRaledlevel i stibdintidley thesaate ahongkhe
dropl ets and“the heating el ements are sequentially driven in a
tinme-djvi sitonal %nner by each set of heating el enents sinultaneously
dri ven'SREFYHBOF2EYect i ve divided bl ocks, the positional shift of dots on
t he recordi ng nmedi,um can be reduce 73 and the ipgtantaneous naxkmum
di ssi pat i onApoiieetion tQﬁtﬁ%C&Tﬁds@%foéﬁll\/&‘eéé‘??Z qrgﬂﬂ'@e@a%é)gveé?é“a} ay
scal es can be expressed within a pixel and a recorded image of high
def i ni froaneadH Mozzbs i meagyiredonghabadisof thepdamsterofeanh dot preovdetandhe a hi gh
speed. _

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



74 CLAIMS 1. A nmethod for driving a recording head having a plurality of
heating elements as driving elenments for ejecting ink droplets froma
plurality of nozzles, the plurality of heating elenents being arranged in a
direction substantially perpendicular to the direction of carrying a
carried recording nedium the nmethod conprising: a tine-division driving
step of dividing the plurality of he#ding elements into a plurality of

bl ocks, - each bl ock consisting of a predeterm ned nunber of spatially

ar r angdnteahineastirenent sraph, whithok preparty separatedy.i Tihe diameter of the dot
corresponding to the plurality of nozzles, and sequentially driving each

set OfiF E&g@%};\gﬁ ﬁ&ﬁagleﬂftﬁmﬁjtiwé gﬁgg%&(/iéy diO/n(gHa\ﬂﬁ lat 138t h PFRESICoYE 2020Cks,

inat manner; an recor step of ejecting ink droplets

fromthe nozzles corres ing, to the.drjven heating el enments and i npacting

- the irﬁ@dd‘i“bﬂpég%PB‘PP%HJ?@&?%PH&’W&‘E%Lthus recordi ng dots made of the

ink droplets. 2. The nethod for driving a recording head as claimed in

claim 1, wipaifically tinthetautemdtioinsasnring dovieg 289 gpdotiraeonded ontge BARFFent s

are driven on the basis of a division dive signal generated for said each

- set angl el RERR WA Gl @RaAd byh&Tinage prosegrorl20Barsirt thel mirrobeopeeat i ng

el ements and I1s nade up of necessary data for formng one dot. 3. The

nmet ho r drhvin T i:ng : i i j . y ~the

Py €0 e T T S
nunber of tinme di vié&gns are generated by. nufti.-di si onal ipput sjignal s.

- 75 4. Gamster @f rifen H: i%‘goa’%l%“&‘l‘qsﬂ-‘im&f dewge 71y SPEHEn Pt 3O AN i ng

el ements for ejecting ink droplets froma plurali té} of nozzl es &Q&q

pl ur al dperatibn hieatdlhghehenres sntepreparasr acgegction ablier edating, te ibe 9ally

perpendi cular to the direction of carrying a carried recordi ng nmedium the

recor di lifih % eadd ABzAE Vi si on driving nmeans for dividing the

pl uracht;n'tla;%u)g{‘.a egfgf?%dlg g&ngerll%s into a plurality of blocks, each bl ock

consi sting pf .a predet ermin : [ ' 1 enent s
of the. pi artl i HFRTaBHRE Tao cHE RIS LRIk SepRRAER fIORq PR |

nozzl es, and sequentjally driving,each set of heating elenments . . . _

si mul teaTEecing Cmcillﬁejr(’a?o% the H@T?%té%gﬁ% e @5‘6 jfne PE%"Q“?H{& &ﬁ% ik dgty
manner; and recording neans for ejecting ink droplets fromthe nozzles

cor r espontdir1§Otdetérmeines thei pudse membenfprelachwozeleandthe bpsisoOf the ¢orsestipn
droplets on the recording medium thus recording dots nmade of the ink
~dropl edsta and conthsls tes gustitity ofefstticdsoftinkidrepletschaiowatry whereeiondinge
time-division driving nmeans drives the heating el enents on the basis of a

~division ,d.iv*fﬁe,}gﬁ&ahm%%@f{}ﬁfgfc%g%e%e(ﬁS&lﬁﬁgﬂﬁg exBleddg WRichl i€ PRéentéd ¥

signal, whic a signha Vi t eating elenents and i s made 'up
of necessary data for formi ng one do . Thg, regcor dj;ng. S: Cl@imed in
cl ai mthe AR IR TP D WSS PuTeT 4R }Iﬂbﬁ"g L e by °§Eﬁeh§?‘é‘i‘%§ﬁ8ﬁ§f“vﬁ is(l%on
drive signals corresponding to the nunber of .tine diyvi rsfj ons b(ii

mul t i - néedarteipresdt aishightly Hirgesnke for themaximynepulseinweberfayragradingeddd di ng
head having a plurality of heating elenments as driving el ements for

_ej ecti pakekAlings O ehdxiimudipalse! nuiabet jn abcordantewitlt e pheveinesy in the
quantity of ejection. Ifthe 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.



76 of heating elenents being arranged in a direction substantially
perpendicular to the direction of carrying a carried recordi ng medium the
ink jet printer being adapted for recording information including a
character and/or an image in the formof dots nmade of ink droplets, the ink
jet printer conprising: time-division driving nmeans for dividing the
plurality of heating elements into a4l urality of blocks, each bl ock

consi sting of a predeterm ned nunber of spatially arranged heating el enents
of the pl ur & ithiy mdnteeavhey pebduweng a recordediomagieigving preslepirurined gyayf

nozzl es, and sequentially driving each set of heating el enents

si mul t%h%’é‘ﬁ#hsﬂ{ y ﬁ{ghrrﬁrlé% Osftl 2 AESRARLdi YRt QMAtItiES ofl efdciBndihe mkgeel

manner; and tecordi r ejecting ink droplets fromthe nozzles

correspandi tqQ the driven heafi el.e S d i I i oplets
on t nebTBiTIdcharggs (e PLir AR bR G ERIE. it (R Fk icthritEr L8 ot P
The ink jet printer as claimed in claim7, wherein the tinme-division

dri vi ngomtsahthedquangity ofesjeattan ofink dieplets feoun thenpagles apd canfogrest Hhe di ve
signal generated for said each set and an el enent drive signal, which is a

. si gnal yheverlidsy iinghé paheg! bhejedtiremnenante immzaikkde By this nerestsiag yhelat a
for formng one dot. 9. The ink jet printer as clainmed in claim8, wherein

Lhe. LB sh 90 10 KRR JERERS, ARTRIEYASpANGr vt sh anofiacrs shanaes

er o ons by nu vnensi onal i nput
signal s

. 1Q. A.net hod, f qr iving a recording head having a plurality of
heat i n&c&rg?éﬁp§gﬁ§gbi£v¢%é}‘lgpénent s for ejecting ink droplets froma
plurality of nozzles, the pluralit of heating el ements being arranged
in a directiltwe metudafar gectyngenkahaplets by the inkgetaprirtet ilOR Wil BawYe ng a
carried recording nedium the nmethod conprising; a drive signal generating
step oflegtgilydati ng an el enent drive signal nade of necessary data for
form ng one dot so as to nodul ate the dianeter. of a dot by the nunber of

\ :j?,{( dropl et §, (S idi0ie? BEintlr, hPpAS& thb¥efelatNe1f O Phtine Hiehd ak YeltiBedne
above. Therefore, in carrying out PNM, when the pulse number is increased from a -
reference time point as shown in Fig.22, the tendency becomes noticeable such that

. the center.of a dot D, formed by dots d based on respective ink droplets on the paper
correspondingly to each pulse, shifts rearward with respect to the paper feed direction.
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.23A. InFig.23A, a dot D, with a large diameter and a dot D, with a small diameter -
_are shown. Since these dots D;, D, are recorded on predetermined lattice points G,
G, where these dots should be recorded, the dots D;, D, dot not overlap each other:

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

reference time point without considering the recording direction (opposite of the paper



a tinme-division driving step of dividing the plurality of heating el enents
into a plurality of blocks, . each block consisting of a predeternined
nunber of spatially arranged heating elenents of the plurality of heating
el enments corresponding to the plurality of nozzles, and sequentially
driving each set of heating elenents sinmultaneously driven over the
respective blocks, in a ti me-di vi si oM@l nmanner; and a recordi ng step of

ej ecting one or a plurality of ink droplets fromthe nozzles correspondi ng
to t hefeddidigntionytindigadenean aravd R mpBRig. 23wy, theecanter of tst dets)), avith ge
recordi ng medium thus recording dots nmade of the ink droplet(s). 11. The
et N0daf oI Fot'BESHUh RSt eaScRifidiPKirice pdint O, Mherofieshouidat -t he
ti me- dii step. the

sion driving ating elenments are driven on the basis of

a division dive signal .gene ed.f qr. i ch g ; rive
si gnalbeg@r‘P@F‘ichés gﬁowﬁéggﬁgéghs ?HH‘SFS’SE?‘. g?ﬁ il rlﬁgalgftggrﬁ? Qfen%'?%‘?ﬁgéﬁﬂ’ee
heating el ements bel onging to said set designated by .the division (feFii ve
si gnalarrd@ R ifhBiga Bodstagesalt,ithe dgt B, issiesprrdady onedepring heneederar
wherein at the drive signal generating step, record data nade up of

necessggyypdata for formng one dot is conpared with the nunber of pul ses
gener at ed for deternini ng the nunber of ~s said ink droplets to be

ol ement dr 98 gIBFE abive T ARG S ENGE UE VA Eptinker, BELREGhES o (he
O e et kg ones Rt drl ve, o1 AR3L, SSISHSLh At S FeRnghle OF der

determined so that a dot to be formed on the recording mediymis equival ent
to a ddirection,rthd depteticofta dbtiwithga large ichamgtaspiscthatted, ki the Jagice Rk
carrying the recording nediumfroma lattice point as the center, which is

t he poghbidtheBot RRoGKICEE dbRBedEghdimhisncdusesifaijuena cwordinghsunhethsgiad i nk
droplet. 14. The nmethod for driving a recording head as clainmed in claim

13, wherein, i I ' ] _ $ereQhcdi@ats Nng one
dot w ﬁalgﬁ%ﬁ%}%&@g?g%(&a g&?&%}% gér-{g? %%‘ngnﬁtﬁg@?egmﬁgp %ﬁer of the pul ses
to be objects of copparison with the record data is determ ned so that the
resul tE§OT gqaémetqgg@arr O%ly a dot formed by distributing the ink

dropl ets of odd. ordinal nunbers and the ink droplets of even,ordinal
numbers i n Thasdinrerdei toraveid sach g praplemanrcariyieg Ayt REMube st o ey | v
about the lattice point as the center, and in the case of form ng one dot

Wi th t 160 ididtriBuRR) inksdreplepsith Hedpadr feedhtirestionteomrttierlatticet prenpas s to be
obj ects of conparison wth the record data is determ ned so that the

resul t‘?éntegqhgg ?gﬁ?iﬂg’&hﬁ%&tcﬁn dot forned by inpacting the first ink

droplet on't I Ce point and then distributing the ink droplets of odd

O Ll et LS R oD RHAR LR BRI S

droplets of even ordinal numbers, as shown in Fig.24, the ink jet printer 100 causes the

ai m 10,

- pulse generator 163b to generate a pulse to be an object of comparison with the record
data from the comparators 163¢ in accordance with the order described in the left end
part of Fig.24, so that the resultant dot is equivalent to a dot formed by distributing ink
droplets of odd ordinal numbers and ink droplets of even ordinal numbers in the paper

feed direction symmetrically about a lattice point as the center indicated by a chain-



79 medium symretrically about the lattice point as the center. 15. The

met hod"for driving a recording head as clained in claim13, wherein at the
recording step, recording is carried out while the position on the
recordi ng medi um where the ink droplet should be inpacted is changed in
accordance wth the nunber of pul ses generated at the drive signal
generating step. 16. . . The nethod f4dr driving a recording head as cl ai ned
in claiml12, wherein at the drive signal generating step, the record data

i's tengeftall liviedh Figled, inwhidhvh areew R hepresans tlaf rechedipgldieestion (bevevky ect s
of conparison with the fornmer half record data of the record data divided

into t I S t } hat a dot to be forned on the recordi ng nedi um
is equ%g?eeﬂgﬁ%rg‘égagg@cﬁg? d by distributing the ink droplets in the
direction of carryjng. the recordi.n iumfrogma lattigce point as_ the
center, whi oResicaly, Wo etlﬂlﬁdebhrlﬂ%éqﬁgebé%tﬂ O%&Paﬁ%q ﬁeqtg}gﬁ AL dot
with one said ink droplet. 17. The nethod for driving a recordi ng head as

cl ai met2jnthel cinmpatafors Wac gienerite hewdnigna 41 grsaphasermreespogdsngdatatdhe
order of the pulses to be objects of conparison with the latter half record

data i%viﬂﬂfspezm 1§9e hiipiberecpr sl ?ﬁ«%&le@ﬁ‘ﬁ:@%}p@xetﬁlﬂs@géMt&fl@mﬁt]@éldi nal

nunbers an ecord data based the pulses of éven ordinal nunbers are
arranged on. the. ositepsi dgs of é r . ' P
Fecor detnedte ABiRETCE Sk MR so i al RS REbYy il IR S i fRtumtet |
claim 11, wherein at the tine-division driving step, éﬁr}e ddi VLSi on drive

si gnal & ‘cbi2; éepdaenergte alawmesigmahbler apphase-¢orges ng &a{a d Wit rﬁ%‘?f'é?g Red by
mul ti-di mensional input signals. 19. A recording head having a plurality of

heat i ngubleatmnbersast, @ 8yt agstedveminFig.2HA. Thaeferpent thegnkrjkt priotsir 09, f rom a
plurality of nozzles, the plurality of heating elenents being arranged in a

di rect gafie. i gtl?é?fdcﬁ'xwerpﬁ{eogm% auhifHerti® <vhs g1 4 618 0an@he Bbipangions

carrie i'ng medi um the recordi ng head conprising: drive signal

gener ati means for generatd ng an el n i: Lona ( sary .
dat a f@ﬁgg&ﬁﬂF egﬁlg dalgngﬁ Ls%f@hﬁﬁﬁggﬁfgp&%%xgi%h%p é{rherc:?’%%frqgoc@%gg&t he
nunber of ink droplets, using one or pJurality. of ink,droplets. for

f or mi nyitwaitadiving;the-heating; Jament,\aney o adgr%rthemﬁfhf?dﬁg‘"?ﬁ@ RSty of
heating elements into a plurality of blocks, each block consisting of a

pr edet anmbeedsitint®T and thpabhgarytoss 168 gahenatatd higlesigmah( ‘§,6fthe Harget
plurality of heating el enments corresponding to the plurality of nozzles,

~and seﬂHEﬁ'ﬁ. eldfertlrik \WrRg Ef@(‘cﬁbc‘% ehk BfopleRtfro Bk mRAles BY mﬁiggm,qua ligk dr i- ven
over the respective bl ocEs, n a time-divisional manner; an

jet printer 100 can form a dot equivalent to a dot shown in Fig.24 as a dot in the case

where the pulse number is “2.”

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

‘the comparators 163c generate a low signal “L” as phase-corresponding data d with .
- respect to a pulse number “7>’ generated by the pulse generator 163b, then generate a

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

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

to a pulse number “8,” as shown in Fig.25B. Therefore, in the ink jet printer 100,



" recor

recording nmeans for ejecting one or a plurality of ink droplets fromthe
nozzl es corresponding to the driven heating el enents and inpacting the ink
droplets) on the recording nedium thus recording dots made of the ink
droplet(s). 20. The recording head as claimed in claim19, wherein the
time-division driving neans drives the heating elenents on the basis of a
di vi sion dive signal generated for si d each set and an el enent drive
signal generated by the drive signal 'generating neans for driving the
heat i nturfiigetive efiodewdrgithgpulse nambes &t 8% iagddhedomyparatersil CAcgenerafei ve
signal. 21. The recording head as clainmed in claim19, wherein the drive

si gnal, %‘%#‘@@E\] @G> g?%ll}%é;—@?frssg(ﬁﬁliﬁ daB08, thepApef ¥ caitiedivighswcdrivingat a

made uUp O cessary 0 ormnhg one dot; pul se generating nmeans for

gener at i ul ses for determning,the nunbgr i j drapke to be
gj ect GE‘%B £ BEMIY 7R 91%5(%“ Sﬂeﬁlﬁﬁ éﬂjlgi)‘a %r]r%lé{rﬂ?ér(irg]gt?ékf}e’?drd dat a
stored in the storage nmeans with the nunber of pulses generated by the
pul se 4eéiearat thegomgzarators h63 generate  figh sigapbrHi | hg tﬁ%&ﬁ@%ﬂh’?%ﬁleﬁm?f& t he
result of conparison made by the conparing neans as the el enent drive

- si gnalis dgRren TH8jecL RN diopletl Gash fife 1wdz2¢TeBy idoirgt s, theihk jehprieien 0Recadr i ve
signal generating neans determ nes the order of the pulses to be objects of

- omparfoRl ot Bt gIdE §P g d AP in ENIR04 Asd0dotil (e chot Titrothé pRlse

urv to ad rmed by distributing the ink
droplets in the direction of carrying the recording mediumfroma lattice
poi-nt THYNPEIRISC Ont er, which is the position on the recording nediumin
formng one dot with one said ink droplet. 23. The recording heaq a

cl ai med i n ©haherother hahdy when fforming @bavnxgraﬁlﬂgnmﬁ@d%neww’t@ Wlc
dropl ets of even ordinal nunbers, the drive signal generating neans

det er ”Eiltg)?et& _¢ oga iRl nhiifbepdll a8 @Botvd iBEFiglice @t hidh swapamw Raeprésehts he
record ta so that the resultant dot .is equivalent to a dot formed by

record dita so that t s eq |
of *evee PR R TR e Bl B e e T e e um

symetrically about the latf{jce point as th ent e n - -
Y causes thye pulse generator% 6t3‘b to ggnerate apulse ?o ﬁe an ofojecgl 0{‘;| comparison with

the record data from the comparators 163¢ in accordance with the order described in
the left end part of Fig.26, so that the resultant dot is equivalent to a dot formed by
. impacting the first ink droplet on a lattice point indicated by a chain-dotted line in .
Fig.26 and then distributing ink droplets of odd ordinal numbers and ink droplets of
even ordinal numbers in the paper feed direction symmetrically about the lattice point .. -
- as the center. .
Specifically, in the ink jet printer 100, if data for a certain heating element is
““1,” the comparators 163¢ generate a low signal “L” as phase-corresponding datad
with respect to pulse numbers “5, 3” generated by the pulse generator 163b, then

generate a high signal “H” as phase-corresponding data d only when the pulse number



82 in the case of form ng one dot with the ink droplets of odd ordinal
nunbers, the drive signal generating neans deternines the order of the

pul ses to be objects of conmparison with the record data so that the
resultant dot is equivalent to a dot formed by inpacting the first ink
droplet on the lattice point and then distributing the ink droplets of odd
ordi nal nunbers and the ink dropl ets#f even ordinal nunbers in the
direction of carrying the recording nmediumsynmmetrically about the lattice
poi Nt ig¥ 1{’hend peii@ate ddowTignalédot =k plipseeairespootmgdataidwethaiespeet, tonher ei n
t he recording neans carries out recording while changing the position on

the rggtﬁgé“nﬁﬂ}lﬁ??i‘ﬁ',nh EhdviA® it i 7 AP! TherdFor, @n BiRe ik g6t peintem100,

accor ce'w h€ nunber of pul sés generated by the drive signal

generating ans. 25..The recordi ng, head. | §bs [ i xerein
the drdw&g ﬁi}w when the, pH&Qﬂ%‘“ﬁ‘éﬁ’ﬁ)@r 5’1 I%yczd?‘v ir%gisﬂ]? hcg)lnirﬁcl)aipgraﬁs ata is
tenporally divided into two and determ nes the order of the pul ses to be
obj ectgenetateariparsignal it as plasefcoriesponding dast dr hedpsT b CAREA VLY dat a
divided into two so that a dot to be formed on the recording mediumis

equi Va(!l%‘ﬁmgttﬁe Resifig éI0RToRE doid il tiihp thewgeridds whin theqpilsd suinbet fse1”
direction of carrying the recording nediumfroma lattice point as the

wi - oinst e G gl P bbstaia K SREAI LD (RE Mot e el 25,
wh [ he drj [ i ' . 1 h : \
pUI ScstHvRIbtD ispoibedopIcss Roa ARcAUFIE Lo ngeperhaalp BB 904, | na

record data based on the pulses of odd ordinal nunmbers and 85 re?ord dat a
based fdrm pudos equivialenteto dddt sldwmimibeg.26 s dot uniberasn iaedppddilie si des
of the lattice point to the fornmer half record data. 27. The recordi ng head
as cl ajnebel ik <l @i m 20, wherein the tine-division driving means generates
the division drive signals corresponding to the nunber of time divisions by
mufti - di meng) L ARKE il PRt " A odl £LerPdih NeSfing d¥rhentis8¢or di ng
head havi n'gglé’?@%&’a{ﬁWé'lrg#ﬁﬂggﬁeﬁé%gf grzriglrté]go as ¢ rilvi ng elenments for
ejecting ink droplets froma plural.ity af, nozzles, the pl LEyqQf:.iheating
el ementh® %énwamrﬁ-dﬁé@cgqnﬁfaéeai‘P@'cﬁl%%‘ gubﬂﬁ Bﬁ%ﬁeé‘?‘??e%’é’ﬁgzﬁré??& %%E}g t he
direction of carrying a carried recording nmedium the ink jet printer being
adapt erbspect toecpulsé ngmibet §6genenatadiy thi piajse gemeratart k3 baighgengiatege i n
the formof dots nmade of ink droplets, the ink jet printer conprising:
drive ﬁjsgglrgqgmgeqprggbﬁgsdimgsﬂdﬁﬂi@edﬂraéﬁ bily whee tlegrpulse drinvieersis §3all, made - -
of necessary -data for formng one dot so as to nodulate the dianeter of a
dot by?%v&% P_ﬁﬁaT§X1 1°L” 38 Phé‘se'-w@é‘srp Qﬁiﬂ%\?atg-ﬂgﬂhﬁe_%pegﬁb@@mw or a

pl ural rop & m ng one dot; ne-di vi si on driving nmeans
for dividing the plurali.ty..of atq n | enents.i - [ : ocks,
ool sher ol A AR GLE TR ISl b0 gk o
heating el enents of the plurality of heating elenments ggrrespondi to the:

pl ur petiogs sfhendhelmise avtmbesdscht #alangd theicpmppratess 168¢ esNerAlE A
el ements . sinultaneously driven over the respective blocks, in a
ti me- dingi onalasiEhinzescorfsRgonding data d, the paper is carried without driving the

heating element, and only during the periods when the pulse number is “3, 1,2” and
- the comparators 163 generate a high signal “H,” the target heating element is driven

to eject ink droplets from the nozzle. By doing so, the ink jet printer.100 can form a

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



recordi ng neans of ejecting one or a plurality of ink droplets fromthe
nozzl es corresponding to the driven heating el enents and inpacting the ink
droplets) on the 84 recording nmedium thus recording dots made of the ink
droplet(s). 29. The ink jet printer as clained in claim 28, wherein the
time-division driving neans drives the heating elenents on the basis of a
di vi sion dive signal generated for s3d each set and an el enent drive
signal generated by the drive signal generating nmeans for driving the

heat i neg &l enents bel onging to said set designated by the division drive
signal. 30. The ink jet printer as clained in claim28, wherein the drive

o onal SenahbliaifaT hd Rk o PhRR@IT00RARC! Ot reboidifg whikealinghieade up

of necessary data ne dot; pul se generatinhg nmeans ftor

generating pul ses for determ.ning the nunber of .sajid ink ets, 1. be

ej ect éﬂi(fdgfﬁhlnei HEP#IPAsHON %&lf‘c}eiﬁJ&gﬂlil AGCOFEANE® VY ]%h%%l}ﬁrﬁ%ﬂ?“%{e Oraesctgr d data
stored in the storage neans with the nunber of pul ses generated by the

pul se fpenes dot sypivalansto 4 det firined is thmeasegehesieank deopletrase dstpOHEsdIg t he
result of conparison made by the conparing neans as the el enent drive
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rorm nf%nned by distributing ink droplets of odd ordinal numbers and ink droplets of even
ordinal numbers in the paper feed direction symmetrically about the lattice point as the
center. When forming a dot D with ink droplets of odd ordinal numbers, the ink jet
printer 100 determines the order of pulses to be generated so that the resultant dot 1s
equivalent to a dot formed by impacting the first ink droplet on the lattice point and
then distributing ink droplets of odd ordinal numbers and ink droplets of even ordinal
numbers in the paper feed direction symmetrically about 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.
An exemplary electrical structure of the head chip 121 will now be described.
A heater unit 250 is provided in the head chip 121, as partly shown in the circuit .

diagram of Fig.28. The heater unit 250 has combinations of the switching element

121¢ and the heating element 121d of the same number as the number of nozzles 124a.
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" simultaneously driven nozzles n in this case is expressed by the following equation 3).
n=N/A .. (3)
A decimal point of the number of simultaneously driven nozzles n calculated
. by the equation (3) is rounded out, thus holding the relation of (number of time
divisions m) x (number of simultaneously driven nozzles n) < A.
For example, when the nozzle pitch is 600 dpi, the number of nozzles is 5100,

the line recording frequency is 600 Hz, the pulse number in PNM is 8 and the
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instantaneous maximum dissipation power is 0.74 W, the dissipation power is

calculated as shown in the following Table 2 based on the equations (1), (2) and (3).
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Ejection drive | Number of Number of Dissipation Dissipation
pulse width nozzles per simultaneous- | power per power for
T(Ms) block m ly driven color (W) four color
nozzles n (W)
1.5 138 37 27 110
1.0 204 25 19 74
1.8 255 20 15 59

The plurality of nozzles 124a eject ink droplets when the phase signals PHI, ...,
PHm with their phases shifted within the range of the ejection period t are inputted for
each block. Thus, in the line head 120, since the number of simultaneously driven
nozzles is reduced, the maximum dissipation power.in driving can be lowered.
Meanwhile, the number of simultaneously driven nozzles is changed by setting the
(ejection drive pulse width T) x (number of time divisions m) to be substantially
constant in consideration of the ejection period t. Thus, the dissipation power in the.
case of using ink of one color or four colors, too, is lowered by the reduction in the
number of simultaneously driven nozzles.

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

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

Furthermore, since the multi-level recording within a pixel is made possible by
carrying out PNM, the ink jet printer 100 can provide a recorded image of high -
definition with less rough or granular appearance can be provided at a high speed, in
comparison with te conventional ink jet printer. By combining PNM with dot density
modulation, the ink jet printer 100 can carry out not only binary but also multi-level
dot density modulation and can carry out smoother gray scale printing of high
definition. As a result, the ink jet printer 100 can realize high definition even with a
small number of nozzles and therefore can reduce the number of nozzles and the work
and assembly cost.

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

- and then carrying out time-division drive of multiple divisions which fully uses the

recording time, the ink jet printer 100 can reduce the dissipation power.” The ink jet
printer 100 can also carry out correction of the quantity of ejection, that is, correction
of the print density, using PNM, and thus can provide a smoother recorded image of -
high definition.

In addition, by carrying out recording while changing the ink droplet impact

~ position on the paper in accordance with the pulse number so that the resultant dot is

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

Moreover, by arranging the plurality of head chips 121 in a zigzag manner and
providing the overlap part 124, the ink jet printer 100 can restrain the banding noise . -
generated at the joint of the head chips 121, that is, at the joint of the nozzle groups.

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

An ink jet printer as a second embodiment will now be described. This ink jet
printer has a basic structure similar to that of the ink jet printer 100 of the first -

 embodiment, and is characterized by its ink droplet impacting method as a driving:-
method based on the PNM system. Therefore, the same numerals and symbols as in
. the ink jet printer 100 are used in the following description.
Fig.30 shows an exemplary arrangement of dots to be recorded on the paper.P
by a method for driving the line head 120 provided in the ink jet printer 100 as the
second embodiment. “PIT” in Fig.30 represents the diameter of the dot D previously
shown in Fig.18 and is referred to as “pixel pitch” in this embodiment.. Symbols “O” .
in Fig.30 correspond to the record data after correction and numbers provided in “O”
indicate the arrangement order of pulses to be objects of comparison with the record
data from the comparators 163c. The positions of “O” corresponding to the record

data in Fig.30 are coincident with the positions of dots within a pixel in printing, that
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is, the positions of the dots d formed by the respective ink droplets I shown in Fig.18.
In the line head 120, the arrangement of the record data relative to the center of image
IC is changed depending.on the pulse number is an even number or an odd number,
in forming one dot in accordance with the PNM system.
Specifically, when printing an image in accordance with the PNM system, the
line head 120 sequentially distributes record data outward from a position C.
(hereinafter referred to as start point of pixel) indicating the first record data in image
processing of ink droplets to be impacted, which is identical with the above-described
lattice point. Moreover, the line head 120 is driven to impact ink droplets on the paper
P by time-division drive based on the distributed record data, thus printing an image.
‘In this case, the record data is set so that the dots to be printed fall within the range éf
the pixel pitch PIT. Since the paper P is carried into the predetermined paper feed
direction, the dots are actually formed obliquely, not in a straight line indicating the .
-~ start point of pixel C shown in Fig.30.
In this manner, the ink jet printer 100 as the second embodiment can reduce the
positional shift of dots on one line and can carry out matrix drive of the plurality of
- nozzles. Therefore, the number of wirings can be reduced. - The ink jet printer 100
“also can minimize the number of simultaneously driven nozzles and can reduce the
dissipation power in driving,
An ink jet printer as a third embodiment will now be described. This ink jet

printer has a basic structure similar to that of the ink jet printer 100 of the first
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embodiment, and is characterized by its ink droplet impacting method as a driving
method based on the PNM system. Therefore, the same numerals and symbols as in
the ink jet printer 100 are used in the following description. .

Fig.31 is a plan view showing an exemplary structure of the line head 120. The

head chips are not shown in Fig.31..
~ . In the line head 120, a plurality of nozzles 124a arrayed substantially in a

straight line (or in a zigzag manner) are divided into sets of nozzles, with-each set
consisting of a predetermined number of nozzles. The sets of nozzles are obtained by
dividing the line head 120 in the real space and include, for example, a first nozzle set -
2604, a second nozzle set 260b, a third nozzle set 260c, a fourth nozzle set 260d, a

" fifth nozzle set 260e and a sixth nozzle set 260f shown in Fig.31. In the line head 120,
the plurality of nozzles 124a in the respective nozzles sets are driven in a time-

- divisional manner by block. The ejection period t in this case.is the timé required for

- ejecting one ink droplet each from all the nozzles 124a included in the respective
nozzle sets.

Fig.32 shows an exemplary arrangement of dots to be recorded on the paper P
by the method for driving the line head 120. Symbols PH1, ..., PHm appended above
the dots in Fig.32 indicate that the respective dots are printed on the basis of the
above-described phase signals PH1, ..., PHm. Symbols “O” in Fig.32, similar to those
shown in Fig.30, correspond to the record data after correction and numbers provided

in “O” indicate the arrangement order of pulses, that is, the arrangement order of
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pulses to be objects of comparison with the record data from the comparators 163c.
| The positions of “O” corresponding to the record data in Fig.32 are coincident with the
positions of dots within a pixel in printing, that is, the positions.of the dots d formed.
by the respective ink droplets I shown in Fig.18.
Fig.32 shows exemplary recording data showing the exemplary arrangement of
- dots for dot impact up to four pulses in accordance with the PNM system. In the line. - -
.head 120, the record data in image processing for ejecting ink droplets from the
nozzles 124a included in one nozzle set is temporally divided into two, that is, the
former half record data FD and latter half record data LD. In the line head 120, in
 printing an image by using the PNM system, for example, the former half record data
'FD is sequentially distributed outward from a start point of pixel C and the latter half
record data LD is sequentially distributed outward from the start point of pixel C so
- .- that the record data based on the pulses of odd ordinal numbers and the record data
‘based on the pulses of even ordinal numbers are arranged on the opposite sides of the” -
start point of pixel C to those of the former half record data FD, as shown in Fig.32.
Other distribution methods may also be used as long as the latter half record data LD
is distributed differently from the former half record data FD. Therefore, in this
- record data distribution method, at least the way of distributing former halfrecord data
FD need to be held and any distribution manner may be used for the latter half record

data LD. Of course, the former halfrecord data and the latter half record data may be

distributed éimilarly.
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By carrying out time-division driving in accordance with the record data thus
distributed, the line head 120 impacts ink droplets on the paper P. Since the paper P
is carried.into the predetermined paper feed direction, the dots are actually formed
obliquely, not in a straight line indicating the start point of pixel C shown in Fig.32.
With respect to the record data based on the pulses of even ordinal numbers, the
former half record data FD and. the latter half record data LD are slightly shifted from

~each other. Therefore,.in the line head 120, by preparing the record data in
consideration of the paper feed direction of the paper P, the positional shift of the dots
impacted on the paper P can be made less visually recognizable.
_The ink jet printer 100 as the third embodiment, similar to the ink jet printer 100 -
-of the second embodiment, can reduce the positional shift of dots on one line and can -
carry out matrix drive of the plurality of nozzles, thus reducing the number of wirings.

- The ink jet printer 100 can also minimize the number of simultaneously driven nozzles - .
and can reduce the dissipation power in driving. In addition, since the ink jet printer -
100 prints, for example, one line with dots by further dividing the plurality of nozzles
124a in the line head 120 into smaller units, the ink jet printer 100 can further reduce -
the positional shift of dots on one line.

An ink jet printer as a fourth embodiment will now be described. This ink jet
printer has a basic structure similar to that of the ink jet printer 100 of the first
embodiment, and is characterized by its ink droplet impacting method as a driving

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

Fig.33 is a chart showing exemplary timing of a phase signal outputted from the
time-division drive phase generating circuit 121a shown in Fig.6.

The time-division drive phase generating circuit 12 1a outputs a pulse-like phase
signal PH in a line period T. The phase signal PH is a pulse-like signal generated
every ejection period t, which is a period for ejecting an ink droplet from the nozzle .
121a. - The phase signal PH is outputted during the entire line period. T. The line
period T is expressed by (pulse number P) x (ejection period t) for forming one pixel
on the paper P. The respective phase signal PH of the line period T is provided for
each block. ..

The line head 120 prints one dot by using one nozzle and is driven to
sequentially print one dot each by the second nozzle, the third nozzle, ..., the m-th
- nozzle, as shown in Fig.33. In the line head 120, when the line period is T, the -
~-ejection period is t and the pulse number for one pixel in accordance with PNM1s P, -

the number of time divisions m is expressed by the following equation (4).
m = T/(txP) - .. (4)
A decimal point of the number of time divisions m calculated by the equation
- (4) is rounded out. In this case, the number of simultaneously driven nozzles n is
expressed by the following equation (5), where the total number of nozzles is N.
n=N/m. .. (5)

A decimal point of the number of simultaneously driven nozzles n calculated
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by the equation (5) is rounded out.
The ink jet printer 100 as the fourth embodiment, similar to the ink jet printer
100 of the first embodiment, can reduce the positional shift of dots on one line and can .
carry out matrix drive of the plurality of nozzles, thus reducing the number of wirings.
The ink jet printer 100 can also minimize the number of simultaneously driven nozzles
and can reduce the dissipation power in driving.

.- An ink jet printer as a fifth embodiment will now be described. This ink jet
printer has a basic structure similar to that of the ink jet printer 100 of the first
embodiment, and is characterized in that phase signals, which are division drive signals
in carrying out time-division drive, are generated corresponding to the number of time -
divisions, by multi-dimensional input signals. Therefore, the same portions as those
of the above-described ink jet printer 100 are denoted by the same numerals and

~-symbols. . -

‘In the ink jet printer 100, for example, when the time period (line period) for
printing a head width in one row with the line head 120 for one color is denoted by T
and the pulse number in PNM at the time of multi-value recording is denoted by P, the
maximum ejection frequency t,,, is expressed by the following equation (6), similar
to the equation (1). -

toa = 1/P ... (6)
When the total number of nozzles is N, the ejection drive pulse width is T, and

the ejection frequency is t (t < t,,,), the maximum number of time divisions A is
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expressed by the following equation (7), similar to the equation (2).
A=t/T . (7
Therefore, the number of time divisions m may be not more than the maximum
~ number of time divisions A. A decimal point of the maximum number of time
divisions A calculated by the equation (7). is rounded out. The number. of
simultaneously driven nozzles n in this case is expressed by the following equation (8),
similar to the equation (3). -
n=N/A .. (8)

A decimal point of the number of simultaneously driven nozzles n calculated
by the equation (8) is rounded out, thus holding the relation of (number of time
divisions m) x (number of simultaneously driven nozzles n) < A.

In the line head 120, the maximum number of time divisions A is further
divided into two dimensions as expressed by the following equation (9), thus carrying -

- out driving. . -
A=m,; X m, .. (9)

In the equation (9), m, represents Al, ..., Ai in Fig.34 and m, represents AAL,
..., AAj in Fig.34, as will be described later.

The schematic circuit of the heater unit 250 in this time-division drive is shown
in Fig.34. In the head chip 120, an input circuit 251 is provided in addition to the heat
unit 250 shown in Fig.28, as partly shown in the circuit diagram of Fig.34.

The input circuit 251 is adapted for generating phase signals PHI, ..., PHm to
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be supplied to the heater unit 250 and has a matrix processing circuit 252. First input
signals Al, ..., Ai and second input signals AAI, ..., AAj are inputted to the input.
circuit 251. The input circuit 251 generates phase signals PH1, ..., PHm on the basis
- of the first input signals Al, ..., Ai and the-second input signals AAL, ..., AAj.
The matrix procéssing circuit 252 forms a matrix on the basis of the first input -
~signals-Al, ..., Ai-and the second input signals AAL, ..., AAj. The matrix processing
circuit 252 is constituted so that when one of the first input signals Al, ..., Aiand one .
of the second input signals AAL, ..., AA]j are high signals “H,” one or a combination
of the corresponding phase signals PHI, ..., PHm becomes a high signal “H.”
- Therefore; the’number of signals of the first input signals Al, ..., Ai and the second
~ input signals AAl, ..., AAj may be smaller tan the number of signals of the phase .
signals PHI, ..., PHm.
In the line head 120 having the head chip 121 as described above, matrix drive .
_can be carried out by using the three-dimensional data groups of the first input signals
Al, ..., A, the second input signals AA1, ..., AAj, and the phase-corresponding data
d1, ..., dn as element drive signals.
As described above, the ink jet printer 100 as the fifth embodiment, similarto
- the ink jet printer 100 of the first embodiment, can reduce the positional shift of dots -
on one line and can carry out matrix drive of the plurality of nozzles, thus reducing the
number of wirings. The ink jet printer 100 can also minimize the number of

simultaneously driven nozzles and can reduce the dissipation power in driving. In
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addition, the ink jet printer 100 can carry out three-dimensional matrix drive of the
plurality of nozzles 124a and can further reduce the number of wirings for signal lines .
to control the input to the head chips 121. Thus, the electrical structure of the head
chips 121 can be further simplified.

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

- example, though the head chips are arranged in-a zigzag manner in the above- .
described embodiments, the present invention can also be applied to a line head-in
which head chips are arranged substantially in a straight line.

The present invention may also be applied to the method for driving a line head
~of the fourth embodiment combined with the method for processing record data
- described in the second embodiment. In this case, similar to the second embodiment, .

the ink jet printer can reduce the positional shift of dots on one line and can reduce the
-number of wirings by carrying out matrix drive of a plurality of nozzles. Moreover,
the ink jet printer can minimize the number of simultaneously driven nozzles-and can.
also reduce the dissipation power in driving.

Furthermore, the present invention may also be applied to the method for
- driving aline head of the fourth embodiment combined with the method for processing

_record data described in the third embodiment. In this case, similar to the second
embodiment, the ink jet printer can reduce the positional shift of dots on one line and
can reduce the number of wirings by carrying out matrix drive of a plurality of nozzles.

Moreover, the ink jet printer can minimize the number of simultaneously driven
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nozzles and can also reduce the dissipation power in driving. In addition, since the ink
jet printer prints, for example, one line with dots by further dividing the plurality of
nozzles in the line head into smaller units, the ink jet printer can further reduce the .
positional shift of dots on one line.
- Moreover, the line head of the fifth embodiment may also be driven by the
‘method for processing record data or time-division drive described in the second to. -
- fourth embodiments. The ink jet printer having such a line head can realize the same-
effects as in the ink jet printers of the second to fourth embodiment as well as in the
~ink jet printer of the fifth embodiment. Similarly, the line head of the fifth
embodiment may also be adapted for the method for driving a line head of the fourth
embodiment combined with the method for processing record- data of the second
embodiment, or may also be adapted for the method for driving a line head of the
fourth embodiment combined with the method for processing record data of the third
embodiment. - -

Although the line heads for a plurality of colors are assumed in the above-
described embodiments, the present invention may also be applied to a line head for
one color.

Thus, various modifications and changes may be effected without departing

- from the scope of the present invention.

Industrial Applicability
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As is described above in detail, the method for driving a recording head
according to the present invention is a method for driving a recording head having a
plurality of heating elements as driving elements for ejecting ink droplets from a
plurality of nozzles, the plurality of heating elements being arranged in a direction
substantially perpendicular to the direction of carrying a carried recording medium, the
method comprising: a time-division driving step of dividing the plurality of heating
~ elements into a plurality of blocks, each block consisting of a predetermined number
of spatially arranged heating elements of the plurality of heating elements
corresponding to the plurality of nozzles, and sequentially driving each set of heating
elements simultaneously driven over the respective blocks, in a- time-divisional
manner;.and a recording step of ejecting ink droplets from the nozzles corresponding
to the driven heating elements and impacting the ink droplets on the recording
_. medium, thus recording dots made of the ink droplets.
_ Therefore, in the method for driving a recording head according to the present
invention, since the heating elements are sequentially driven in a time-divisional
- manner by each set of heating elements simultaneously driven over the respective
divided blocks, the positional shift of dots on the recording medium can be reduced
and the instantaneous maximum dissipation power in time-division drive can' be
reduced.
The recording head according to the present invention is a recording head. .

having a plurality of heating elements as driving elements for ejecting ink droplets
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from a plurality of nozzles, the plurality of heating elements being arranged in a
direction substantially perpendicular to the direction of carrying a carried recording -
medium, the recording head comprising;: time-division driving means for dividing the
plurality of heating elements into a plurality of blocks, each block consisting of a
predetermined number of spatially arranged heating elements of the plurality of
heating elements corresponding to the plurality of nozzles, and sequentially driving
each set of heating elements simultaneously driven over the respective blocks, in a
time-divisional manner; and recording mearis for ejecting ink droplets from the nozzles
corresponding to the driven heating elements and impacting the ink droplets on the
recording medium, thus recording dots made of the ink droplets... ..

Therefore, in the recording head according to the present invention, since the
heating elements are sequentially driven in a time-divisional manner by each set of

- heating elements simultaneously driven over the respective divided blocks, the
positional shiftof dots on the recording medium can be reduced and the instantaneous
maximum dissipation power in time-division drive can be reduced.

The ink jet printer according to the present invention is an ink jet printer having .
arecording head having a plurality of heating elements as driving elements forejecting
ink droplets from a plurality of nozzles, the plurality of heating elements being - -
arranged in a direction substantially perpendicular to the direction of carryingacarried -
recording medium, the ink jet printer being adapted for recording informéti-on

including a character and/or an image in the form of dots made of ink droplets, the ink
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jet printer comprising: time-division drivingmeans for dividing the plurality of heating

elements into a plurality of blocks, each block consisting of a predetermined number

of spatially arranged heating elements of the plurality of . heating elements

corresponding to the plurality of nozzles, and sequentially driving each set of heating -
‘elements simultaneously .driven over the respective blocks; in a time-divisional
‘manner; and recording means for ejecting ink droplets from the nozzles corresponding

to the driven heating elements and impacting the ink droplets on the recording

medium, thus recording dots made of the ink droplets.

Therefore, in the ink jet printer according to the present invention, since the

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

heating elements simultaneously driven over the respective-divided blocks, the -

positional shift of dots on the recording medium can be reduced and the instantaneous

maximum dissipation power in time-division drive can be-reduced.

. Moreover; the method for driving a recording head according to the present
invention is a method for driving a recording head having a plurality of heating
elements as driving elements for ejecting ink droplets from a plurality of nozzles, the
plurality of heating elements being arranged in a direction substantially perpendicular - -

~ to the direction of carrying a carried recording medium, the method comprising: a
drive signal generating step of generating an element drive signal made of necessary
data for forming one dot so as to modulate the diameter of a dot by the number of ink

droplets, using one or a plurality of ink droplets for forming one dot; a time-division



+S 10908 ()- y) QO%O& ()- 9'S 10%0& ()- & @10z 10#10% U& ()-!
@109JU& ()- @10% U& ()-10% U& ()- 100 100 1004- #10%% ()- bcdeh3r Sl !
@109 h& ()-9@10% h& ()-910% h& ()- 10 U U 10 U U 10

70
driving step of dividing the plurality ofheating elements into a plurality of blocks, each
block consisting of a predetermined number of spatially arranged heating elements of
the plurality of heating elements corresponding to the plurality of nozzles; and
. sequentially driving each set of heating elements simultaneously driven over the -
respective blocks, in a time-divisional manner; and a recording step of ejecting one or
" a plurality of ink droplets from the nozzles. corresponding to the driven heating
elements and impacting the ink droplet(s) on the recording medium, thus recording
dots made of the ink droplet(s).
Therefore, in the method for driving a recording head according to the present
invention, since the heating elements are driven so as to modulate the diameter ofadot .-
‘by the number of ink droplets and the heating elements are sequentially drivenin a
time-divisional manner by each set of heating elements simultaneously driven over the
respective divided blocks, the positional shift of dots.on the recording medium can be
reduced and the instantaneous maximum dissipation power in time-division drive can. .- -
be reduced. Moreover, gray scales can be expressed within a pixel and a recorded
image of high definition with less rough or granular appearance can be provided at a |
-high speed.. . -
_The recording head according to the preseht invention is a recording head -
having a plurality of heating elements as driving elements for ejecting ink droplets
~ from a plurality of nozzles, the plurality of heating elements being arranged in a

direction substantially perpendicular to the direction of carrying a carried recording
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medium, the recording head comprising: drive signal generating means for generating
an element drive signal made of necessary data for forming one dot so as to modulate
the diameter of a dot by the number of ink droplets, using one or a plurality of ink
droplets for forming one dot; time-division driving means for dividing the plurality of-
heating elements into a plurality of blocks, each block consisting of a predetermined.
number of spatially. arranged heating elements of the plurality of heating elements
- corresponding to the plurality of nozzles, and sequentially driving each set of heating
elements simultaneously driven over the respective blocks, in a time-divisional
* manner; and recording means for ejecting one or a plurality of ink droplets from the
‘nozzles corresponding to the driven heating elements and impacting the ink droplet(s)
‘on the recording medium, thus recording dots made of the ink droplet(s). -
Therefore, in the recording head according to the present invention, since the
“heating elements are driven so as to modulate the diameter of a dot by the number of - -
ink droplets and the heating elements are sequentially driven in a time-divisional -
manner by each set of heaﬁng elements simultaneously driven over the respective
divided blocks, the positional shift of dots on the recording medium can be reduced
and the instantaneous maximum dissipation power in time-division drive can be
reduced. Moreover, gray scales can be expressed within a pixel and a recorded image
of high definition with less rough or granular appearance can be provided at a high -
speed.

The ink jet printer according to the present invention is an ink jet printer having
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arecording head having a plurality of heating elements as driving elements for ejecting
ink droplets from a plurality of nozzles, the plurality of heating elements being
‘arranged in a direction substantially perpendicular to the direction of carrying a carried
~ recording medium, the ink jet printer being adapted. for recording information
 including a character and/or an image in the form of dots made of ink droplets, the ink
jet printer comprising;: drive signal generating means for generating an element drive
..signal made of necessary data for forming one dot so as to modulate the diameter of
a dot by the number of ink droplets, using one or a plurality of ink droplets for forming
one dot; time-division driving means for dividing the plurality of heating elements into
a plurality of blocks, each block consisting of a predetermined number of spatially
arranged heating elements of the plurality of heating elements corresponding to the
plurality of nozzles, and sequentially driving each set of heating elements
simultaneously driven over the respective blocks, in a time-divisional manner; and
recording means -of ejecting one or a plurality of ink droplets from the nozzles
corresponding to thé driven heating elements and impacting the ink droplet(s) on the
recording medium, thus recording dots made of the ink droplet(s). -
- Therefore, in the ink jet printer according to the present invention, since the
_ heating elements are driven so as to modulate the diameter of a dot by the number of .
ink droplets and the heating elements are sequentially driven in a time-divisional
manner by each set of heating elements simultaneously driven over the respective

divided blocks, the positional shift of dots on the recording medium can be reduced
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and the instantaneous maximum dissipation power in time-division drive can be

reduced. Moreover, gray scales can be expressed within a pixel and a recorded image-

~ of high definition with less rough or granular appearance can be provided at a high

speed.
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CLAIMS

A method for driving a recording head having a plurality of heating elemgrﬁs

e

as driving elementsﬂzfor ejecting ink droplets from a plurality of nozzles, the plurality
——

of heating elements being arranged in a direction substantially perpendicular to the

diréction of carrying a carried recording medium, the method comprising:

a time-division driving step of dividing the plurality of heating elements into a
plurality of }lvaml/o/cks,.each block consisting of a predetermined number of spatially
arranged heating elements of the plurality of heating elements corresponding to the
plurality of nozzles, and sequentially driving each set of heating elements.
simultaneously driven over the respective blocks, in-a time-divisional manner; and

a recording step of ejecting ink droplets from the nozzles corresponding to the
driven heating elements and impacting the ink droplets on the recording medium, thus -
recording dots made of the ink droplets.

2. The method for driving a recording head as claimed in claim 1, wherein at the
time-division driving step, the heating elements are driven on the basis of a division .
dive signal generated for said each set and an element drive signal, which is a signal.
for driving the heating elements and is made up of necessary data for forming one dot. -
3. The method for driving a recording head as claimed in claim 2, wherein at the -

time-division driving step, the division drive signals corresponding to the number of

time divisions are generated by multi-dimensional input signals.



U& ()- @10% U& ()- @10% U& ()-3 -#10% U& ()-3~!"#$' xmbC 194 109B& ()- 10 U
10 U 10 U 4-#10% U&' ()-4, 2f 10% U&' ()-4' @10% U& ()- $ 10% U& ()- ' 9%dENDC
194 S 109B& ()-GLOYBE ()- @109B& ()- F@109B& ()- f

1098& () - Y#1098B& () - usdYNC ! 94

75
@ A recording head having a plurality of heating elements as driving elements for

ejecting ink droplets from a plurality of nozzles, the plurality ofheating elements being
arranged in a direction substantially perpendicular to the direction of carrying a carried
recording medium, the recording head comprising:

time~division driving means for dividing the plurality of heating elements into.
a plurality of blocks, each block consisting of a predetermined number of spatially -
arranged heating elements of the plurality of heating elements corresponding to the
plurality of nozzles, and sequentially driving each set of heating elements
simultaneously driven over the respective blocks, in a time-divisional manner; and

recording means for ejecting ink droplets from the nozzles corresponding to the ..
driven heating elements and impacting the ink droplets on the recording medium, thus -
recording dots made of the ink droplets.
5. - The recording head as claimed in claim 4, wherein the time-division driving -
means drives the heating elements on the basis of a division dive signal generated for
said each set and an element drive signal, which is a signal for driving the heating -
elements and is made up of necessary data for forming one dot.
6.  The recording head as.claimed in claim 5, wherein the time-division driving. .
means generates the division drive signals corresponding to the number of time

__divisions by multi-dimensional input signals.

7. An ink jet printer having arecording head having a plurality ofheating elements

as driving elements for ejecting ink droplets from a plurality of nozzles, the plurality
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of heating elements being arranged in a direction substantially perpendicular to the
direction of carrying a carried recording medium, the ink jet printer being adapted for
recording information including a character and/or an image in the form of dots made
of ink droplets, the ink jet printer comprising:
‘time-division driving means for dividing the plurality of heating elements into
. a plurality of blocks, each block consisting of a predetermined number of spatially. -
arranged heating elements of the plurality of heating elements. corresponding to the
plurality of nozzles, and sequentially driving each set of heating elements
simultaneously driven over the respective blocks, in a time-divisional manner; and
recording means for ejecting ink droplets from the nozzles corresponding to the
driven heating elements and impacting the ink droplets on the recording medium, thus.
recording dots made of the ink droplets.
8., The ink jet printer as claimed in claim 7, wherein the time-division driving
means drives the heating elements on the basis of a division dive signal generated for -
said each set and an element drive signal, which is a signal for driving the heating
elements and is made up of necessary data for forming one dot. -

. .9. . The ink jet printer as claimed in claim 8, wherein the time-division driving
means generates the division drive signals corresponding to the number of time
diy§§ions by multi-dimensional input signals.

. Q \\)\ method for driving a recording head having a plurality of heating elements

as driving elements for ejecting ink droplets from a plurality of nozzles, the plurality
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of heating elements being arranged in a direction substantially perpendicular to the
~direction of carrying a carried recording medium, the method comprising:
a drive signal generating step of generating an element drive signal made of

necessary data for forming one dot so as to modulate the diameter. of a dot by the

T ————— e
T

number of ink droplets, using one or a plurality of ink droplets for forming one dot;

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

a recording step of ejecting one or a plurality of ink droplets from the nozzles -
corresponding to the driven heating elements and impacting the ink droplet(s) on the
recording medium, thus recording dots made of the ink droplet(s). -

11. - ‘The method for driving a recording head as claimed in claim 10, wherein at the
time-division driving step, the heating elements are driven on the basis of a division
dive signal generated for said each set and an element drive signal generated at the -
drive signal generating step for driving the heating elements belonging to said set
designated by the division drive signal.
12.  The method for driving a recording head as claimed in claim 10, wherein at the

~ drive signal generating step, record data made up of necessary data for forming one

dot is compared with the number of pulses generated for determining the number of
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.the-recording medium from a lattice point as the center, which is the position on the .
recording medium in forming one dot with one said ink droplet.
14 The method for driving a recording head as claimed in claim 13, wherein at the
~drive signal generating step,
__in the case of forming one dot with the ink droplets of éven ordinal numbers,
the order of the pulses to be objects of comparison with the record data is determined
. so that the resultant dot is equivalent to a dot formed by distributing the ink droplets
. of odd ordinal numbers and the ink droplets of even ordinal numbers in the direction- -
of carrying the recording medium symmetrically about the lattice point as the center,
and
in the case of forming one dot with the ink droplets of odd ordinal numbers, the - .-
order of the pulses to be objects of comparison with the record data is determined so
that the resultant dot is equivalent to a dot formed by impacting the first ink droplet
~ on the lattice point and then distributing the ink droplets of odd ordinal numbers and -

the ink droplets of even ordinal numbers in the direction of carrying the recording
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drive signal generating step, the record data 1s temporally divided into two, and the

order of the pulses to be objects of comparison with the former half record data of the
record data divided into two is determined so that a dot to be formed on the recording
medium is equivalent to a dot formed by distributing the ink droplets in the direction

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

17.  The method for driving a recording head as claimed in claim 16, wherein at the -
drive signal generating step, the order of the pulses-to be objects of comparison with -

- the latter halfrecord data is determined so that record data based on the pulses of odd
ordinal numbers and record data based the pulses of even ordinal numbers are
arranged on the opposite sides of the lattice point to the former half record data.-
18.  The method for driving a recording head as claimed in claim 11, wherein at the
time-division driving step, the division drive signals corresponding to the number of

e divisions are generated by multi-dimensional input signals. - -

A recording head having a plurality of heating elements as driving elements for
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arranged in a direction substantially perpendicular to the direction of carrying a carried
recording medium, the recording head comprising:
drive signal generating means for generating an element drive signal made of -
necessary data for forming one dot so as to mlpgglulqtg t}lg diameter of a dot by the
number of ink droplets, using one or a plurality of ink droplets for forming one dot;,
time-division driving means for dividing the plurality of heating elements into
a plurality of blocks, each block consisting of a predetermined number of spatially
arranged heating elements of the plurality of heating elements corresponding to the
plurality of nozzles, and sequentially driving each set of heating elements
simultaneously driven over the respective blocks, in a time-divisional manner; and
recording means for ejecting one or a plurality of ink droplets from thé nozzles
corresponding to the driven heating elements and impacting the ink droplet(s) on the
- recording medium,; thus recording dots made of the ink droplet(s).
20.  The recording head as claimed in claim 19, wherein the time-division driving
means drives the heating elements on the basis of a division dive signal generated for
- said each set and an element drive signal generated by the drive signal generating
means for driving the heating elements belonging to said set designated by the division
drive signal.

21.  Therecording head as claimed in claim 19, wherein the drive signal generating

means has:
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storage means for storing record data made up of necessary data for forming
one dot;
pulse generating means for generating pulses for determining the number of said
ink droplets to be ejected from the nozzles; and
comparing means -for. comparing the record data stored in the storage means - -
~with the number of pulses generated by the pulse generating means;
the drive signal generating means outputting the result of comparison made by
the comparing means as the element drive signal.
. 22.  Therecording head as claimed in claim 21, wherein the drive signal generating
‘means determines the order of the pulses to be objects of comparison with the fecord o
- data so that a dot to be formed on the recording medium is equivalent to-a dot formed .
by distributing the ink droplets in the direction of carrying the recording medium from
- alattice point as the center, which is the position on the recording medium in forming
~one dot with one said ink droplet.
23.  The recording head as claimed in claim 22, wherein in the case of forming one
- dot with the ink droplets of even ordinal numbers, the drive signal generating means.
- determines the order of the pulses to be objects of comparison with the record data
so that the resultant dot is equivalent to a dot formed by distributing the ink droplets
of odd ordinal numbers and the ink droplets of even ordinal numbers in the direction -
of carrying the recording medium symmetrically about the lattice point as the center,

and



@10%8 ()- @HL0%& ()- @10%8& ()- @FLOYS& ()-B OOCI DrDD| [ : vU510
"SH100EHE () - F $SSHI0UEHE ()- "@109EHE ()-3 | SHI0VEHE ()-3 &SHI0VEHE ()-F

f 10%E#& () - 3DEr EEE<FFF| [ : - 510E# , YAT#10%E#&' () -G , 2TH10%EH#& ()-3 /2
109EH#E& ()-4 - 109EHE& ()- | +THI0%EHE& ()- G ,, ) gH#Ll0%EH& () - 4FFFFF=GGGhA510E#

S 1096K#& ()-3 1096K#& ()-F 3 - #1096#& ()-Y @10%#E& ()-Y

1096648 () - 10E#10E#GI0JJKKBL [ : AS10E#820f 1000G&! ()-F . 1090& () -

0BR10%& ()- "f 100XKH#& ()-3 109X#& ()- #109X#& ()-z8LLLLLLeMIN OvU410

#109EH#E' () 0 0 &
PRI 509152 s%ié%‘%ﬁéi%f bt S U S P Ty T S O

Sl o 5 P B Y 5 s

YZ[ g MM ‘~] </410# #10%t& ()-3 . @ @10%& ()-L @ @ 1D%& @10V
, @ 10%%@npyrisoramitoe regord da&@%mmm# ta %QW&P S)d%i@ﬂ ()f ); z
10% 9%&' ()-F ,-#10% 9% ()- 310% %& () - 10#10#dfffffffth410 F @109%#& () 9

109%# &b impat HiHRe (ﬁrsﬂ.@lﬂ%iﬁo &0 ofot 1 18t %cet t-and then distributing the ink
@& f#lO%(/o(V W%hhSl kD] \7%10 ¥ 10%(#?06) C#10% & () -9 %3

1é%&fé@?ﬁ%&ﬁfﬁ%ﬁ%@%ﬁ%@%ﬁ%ﬁ% o e qrumd T ?2“5‘30
- #10vscdbon STanmaRade wrordginaduam ey i wesly EBOREE Sk PIAIG () U
10% # & () - 1OK#10k#10k# @) @L0%#& ()-M @) @ 10%8K#&& ()- M
@) @108HtEL.( ) - MZSSt 2uvBwex| ZOvU410  "& 10% & ()-!1&" & 109%& ()-
SH10% # & ()- g 10%# & ()-3 “z#10% # & ()- g 10% # & () - F8xOxdxxyy
yyy| ob2410 The¥éording Hhdhs tlaithelan #laind wfar¢inghé yecOrdiyg medsicagti€y -
out recording while changing the position on the recording medium where the ink
droplet should be impacted, in accordance with the number of pulses generated by the
drive signal generating means.
25.  The recording head as claimed in claim 21, wherein the drive signal generating
means temporally divides the record data is temporally divided into two and
determines the order of the pulses to be objects of comparison with the former half -
record data of the record data divided into two so that a dot to be formed on the
recording medium is equivalent to a dot formed by distributing the ink droplets in the
- direction of carrying the recording medium from a lattice point as the center, which
. -is the position on the recording medium in forming one dot with one said ink droplet.
26. .. The recording head as claimed in claim 25, wherein the drive signal generatihg

“means determines the order of the pulses to be objects of comparison with the latter

half record data so that record data based on the pulses of odd ordinal numbers and
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Anink jet printer having a recording head having a plurality of heating elements . .~

. as dr‘/iving elements for ejecting ink droplets from a plurality of nozzles, the plurality
of heating elements being arranged in a direction substantially perpendicular to the
direction of carrying a carried recording medium, the ink jet printer being adapted for

‘vrecordi_ng information including a character and/or an image in the form of dots made
of ink droplets, the ink jet printer comprising:

; drive signal generating means for generating an element drive signal made of

| ~ necessary data for forming one dot so as to modulate the diameter of a dot by the

m/‘/—\w\ e e e e

l“i . number of ink droplets, using one or a plurality of ink droplets for forming one dot;

~

time-division driving means for dividing the plurality of heating elements into -

a plurality of blocks, each block consisting of a predetermined number of spatially
arranged heating elements of the plurality of heating elements corresponding to the-« .
_plurality of nozzles, and sequentially driving each set of heating elements ..

simultaneously driven over the respective blocks, in a time-divisional manner; and

recording means of ejecting one or a plurality of ink droplets from the nozzles -

corresponding to the driven heating elements and impacting the ink droplet(s) on the
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30. - The ink jet printer as claimed in claim 28, wherein the drive signal generating
means has:
storage means for storing record data made up of necessary data for forming
one dot; .
pulse generating means for generating pulses for determining the number of'said -
ink droplets to be ejected from the nozzles; and
. comparing means for comparing the record data stored in the storage means -
with the number of pulses.generated by the pulse generating means; -
the drive signal generating means outputting the result of comparison made by
the comparing means as the element drive signal. -
31. Theink jet printer as claimed in claim 30, wherein the drive signal generating --
means determines the order of the pulses to be objects of comparison with the record
~data so that a dot to be formed on the recording medium is equivalent to a dot formed
by distributing the ink droplets in the direction of carrying the recording medium from

a lattice point as the center, which is the position on the recording medium in forming
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by impacting the first ink droplet on the lattice point and then distributing the ink
droplets of odd ordinal numbers and the ink droplets of even ordinal numbers in the
-direction of carrying the recording medium syimnetrically about the lattice point as the
center.
33.  The ink jet printer as claimed in claim 31, wherein the recording means carries
--out recording while changing the position on the recording medium where the ink -
- droplet should be impacted, in accordance with the number of pulses generated by the
- drive signal generating means.
34. The ink jet printer as claimed in claim 30, wherein the drive signal generating -

means temporally divides the record data is temporally divided into two and
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determines the order of the pulses to be objects of comparison with the former half
record data of the record data divided into two so that a dot to be formed on the
recording medium is equivalent to a dot formed by distributing the ink droplets in the
“direction of carrying the recording medium from a lattice point as the center, which
is the position on the recording medium in forming one dot with one said ink droplet.
35. .The ink jet printer as claimed in claim 34, wherein the drive signal generating -
‘means determines the order of the pulses to be objects of comparison with the latter
half record data so that record data based on the pulses of odd ordinal numbers and
record data based the pulses of even ordinal numbers are arranged on the opposite
sides of the lattice point to the former half record data.: -

36.  The ink jet printer as claimed in claim 29, wherein the time-division driving
means generates the division drive signals corresponding to the number of time

- divisions by multi-dimensional input signals.



