;e3e\6Tawr 22 APR 2004 PRI NTER AND PRI NTER HEAD CONTROL METHOD THEREOF :
BACKGROUND OF THE | NVENTION Fiel d of the Invention The present inZedtABR 2004
relates to a printer and printer head control nethod and relates in
particular to a printer and printer head control nethod in ink jet printers
for expressing various types of print tones by controlling the diluted ink
with dilution fluid. This invention reduces irregularities in the quantity
of ink supplied to the dispensing nozzle opening occurring in the rel ated
art and can delERENTER ghNQUPRINTER i READQ coWTRegUl Mt T AQDt e pREYer of

pul ses to control the quantity of dilution fluid for diluting the ink.
Description of Related Art Methods have been proposed in the related art

for expressing various types of print tones in ink jet printers by
controlling the quantity qf, i LLut Lan wit i I fluid. A draw ng of
the cross section of one é§¥#%§3*ﬁi§9t$§? oﬁﬁéﬁﬁ?gﬁ printer along with

t he peri pheral sIrugture s shown ip Fig. 8 1In this drawing, a head 2 of

an ink jet primefid PE EOFriNERL B8R nozzle plate 4, piezoelectric

el enents 5K and 51 constituting the drive elenent, and an oscillator - 1 o
22 APR, 2004 plHhe mresean iaNentilon elatesetother ¥ imberphatepPingefror ned
for instance of plastic by injection nolding and constitutes the walls of
this heath&@ad Thentsoll Inedttio@l ahd Fellmtfers nkd byrairadidzr end @l pirenshaped
menber such as a nmetallic plate. The nozzle plate 4 is formed by a plate

shaped neferpsyusheas vei@l chatell aletinum aimaiﬁk:gg&elﬂﬁrﬁt&%tkeg on the
surface. The head 2 is supplied with dilution fluid Kand ink | fromthe

respect i Vé%q%@é'gé 1By wrpéu;hg@g@p'&f %,.Iei;%t LEoaRd b tyoueh 1 1he 4 a8

plate P. Buffer tanks 6l and are fo

diluted ink with dilution fluid. This invention reduces
irregularities in the quantity of ink supplied to the
dispensing nozzle opening occurring in the related art and
can deliver higﬁ guality printing by regulating the number
éfpulsestocontrolthequantityofdilﬁtionfluidfordiluting
the ink. "

Description of Related Art

Methods have been proposed in the related art for
expressing various types of print tones in ink jet printers

by contreolling the guantity of ink dilution with diiution

' fluid.

A drawing of the cross section of one head for this type
ofinkﬂetprinteralongwiththeperipheralstructureisshown
in Fig. 8. In this drawing, a head 2 of an ink jet printer

1l is comprised of a nozzle plate 4, piezoelectric elements

5K and 5I constituting the drive element, and .an oscillator



at the base of these supply paths LI and LK and the head 2 stores the ink |
and dilution fluid K supplied fromthe supply paths LI and LK, into tg%%en ,
buffer tanks 61 and 6K. The head 2 al so supplies the ink I and di | At 2004
fluid K stored in the buffer tanks 61 and 6K to the respective pressure
chanbers 81 and 8K by way of the supply paths 71 and 7K fornmed in the

nozzle plate 4. The pressure chanbers 8l and 8K are each forned adj oi ning
the wall 9 and encl osed by the oscillator plate 3 and the nozzle plate 4.

The piezqgleactric. el ] nd are respectively installed on the
oscil | at gﬁ %:Icatje f%ge h%e@ glsafjt%%K(P:hanbers 8l and 8K by way of the

specified plates 101 and, 10K The drive action of the piezoelectric

el enents 51 an&S5i€ af&ScORPEGUR LA EF d’ﬁp??r&?ﬁt g?f ’b?%EE‘E}F@ P R¥pStic
oscillator plate 3 so changes - 2 22 APR 2004 can be made in the

pressur e bappinijesr tborheol AR ng amdl gt i butes the #ar hrelaf | fischend
pressure chanbers 51 and 5K. The nozzle plate 4 for the pressure chanber 8K
on the didwurChenof&tiildasicdep liaxef Brined owintdd dyt rmoaghl hehée kb ercsngp &dwar ds
the object for printing, and in contact with the pressure chanber 81 (ink

'side) anGhetér SudhaadispRNE NG AG7ZZd €ellrhe £OPPLESSUaRY: Bhis thraugh
hol e. This dlspenS|ng nozzle 11 is fornmed in a circular shape in the nozzle

plate 4 ag shggna cby silla%e%{/r}:pé)rLbé:' Bukhe seniil gerl £1gue epddifough hole is

f or med extendlng |agonal towards the dispensing nozzle 11 side in the
nozzle plate 4 22 d§ of the Rressur chanmber 81. A fixed flow

nozzl e 1??%@%05%?? 8“%y T%r8ﬂgﬁ Fol%' E TS fi xed flow nozzle 12 is
formed by drilling a hole in a crescent shape in the nazzle plate 4 so as

{0 separate thépr ?aﬁo?elﬂéwjalgﬁe&lftlhed“d]i%’fhﬂﬁeflluflrdorﬁt%
kpen5|ng hol e 11A of the dispensing nozzle 11. In this Way, the |nk si de
p| ezoel ech firome|tdiemte He¢sivei venkisnbyheaieal thasswhpwy pathisgLIoandd t he
ink 1 is pressed out fromthe fixed flow nozzle 12, and supplied to the
di spensi NK ahirdcaigi theofi ntiespensitegPnoRak €etltafihe €I lartd &K ke flosmed

at the base of these supply paths LI and LK and the head 2
stores the ink I and dilution fluid K supplied from the supply
paths LI and LK, into these buffer tanks 6I and 6K.

The head 2 aiso sﬁpplies the ink I and dilution f£luid
Kstoredin thebuffer tanks 6I and 6K to the respective pressure
chambers 8I and 8K by way of the supply paths 7I and 7K formed
in the nozzle plate 4.

The pressure chambers 8I and 8K are each formed adjoining
the wall 9 and enclosed by the oscillator piate 3 and the nozzle
plate 4. The piezoelectrit;,' elemen.ts 5I.and 5K are respectively
installed on the oscillator plate 3 for th;pressure' chalﬁbers
8I and 8K by way of the's“,pecified plates 10I and 10K. The drive
action of the piezoelectric elements 5I and 5K are configured

to apply contact pressure to the oscillator plate 3 so changes



pi ezoel ectric elenent 5K is driven to nake the dilution fluid K fly
outwards fromthe dispensing nozzle 11, and along with diluting the ink
supplied fromthe dispensing outlet 11A - 3 22 APR 2004 of nozz qt%p? 2004
the diluted ink | is nmade to fly towards the object for printing.

head 2 at this time, the quantity of ink | supplied to the dispen5|ng -
‘nozzle 11 side is regulated by driving the ink side piezoelectric el enent
51, and various print tones can be expressed in the printing, by adjusting

t he concepbiatd ary Qo 1hh€nérﬁ&és§£¥b%ﬂf¥‘§&d§okﬂ% P’I?kc for :éer}{”g? The

head controller 16 1n Fig. "8, generates i'ezoel e rlc °%nd
~SK drive d. 5K rd|n rint e data_D1 output fromthe
host cont ?glgl er§< ?rh fﬂeaasé r‘?tr é?rq_%sﬁﬁfemcgl §he &1 atfof K nk drive
signal SK at a flxed vol tage VIK (Fig. 10B) , and at a specified period T11
(for instance aTB6 RCGTstRhdtpeti 5875 &R¢ FarRTEEES ghamBlexr§¥eonighal S
(Fig. 10A) to lower the print tone fromthe -specified voltage V1l to a

vol tage VARluThHeondrtvbl|sides i forsedayi tanat shiooaght he ifd xad ddding
‘nozzle 12, a quantity of ink determned.by the difference in electrical

pot ent i al tEWakretsiacine vobs age VHr andi vol hgge a¥d i mndosERRki @S dihecidk to
the di spensing outlet 1la of dispensing nozzle 11. Next, with the ink drive

control spgealsude FRERAINEE @ink’%lﬂd@eaﬁ(a]waif@ herd £ éxqgkgigllr&?zz%el2

suddenly lowers the drive S|gna SK (fo |nstance Inap

morosecopds) s Togpdlid o Bhiiid Kol 4,19 A8 vy Ide to 1 outvar df rom

t he di spensi ng noz

ink | sup |ed o d| pen5| outlet IIa of dlspen5|n nozzle 11, the
gi'luted Py § 48 % Py TR USRS 0t} G3° AR e RiAdg 4 4s shown

by the symbol A in the enlarged figure.

A through hole is formed extending diagonally towards
the dispensing nozzle.ll side in the nozzle plate 4 on the
ink side of the pressure chamber 8I. A fixed flow nozzle 12
is comprised by this through hole. This fixed floﬁ nozzle 12
is formed by drilling a hole in a crescent shape in the ﬁozzie
pPlate 4 so as to separate the spray hole 12a by a specified
distancerfromthedispensingholellefthedispensingnozzle
11..

In this way, the ink side piezoelectric element 51 is
driven ip the head 2 as shown in Fig. 9 and the ink I is pressed
outfroﬁthefixedflowuozz;elz,andsuppliedtothedispensing
outlet 11A of dispensing nozzle 11. The dilution fluid side
piezoelectric element 5K is driven to make the dilution fluid
K fly outwards from the dispensing nozzle 11, and along with

diluting the ink I supplied from the dispensing outlet 11A



After the ink drive signal Sl and dilution fluid drive signal SK have been
mai ntai ned at the | owered voltage for an interval (for instance a egi$p$cqggq
50 microseconds.) between specified tine T2l and T2K, the head cont& 6l Te

16 raises the voltage back to the original voltage V1l and VIK for a
sufficiently long tine T3l and T3K (for instance a period of 100

m cr oseconds) versus the |lowered voltage tinme, and a printing cycle for one
dot is in this way conpleted. In an ink jet printer 1, multiheads are

conpri sed_ pf llurality, of heads of a structure configured so that a
plural i tyogfngggs}earalel 'si l?rlu%)?t gﬁgb%sel‘i/ Jrﬁ?n%eﬂisi Fags a9 eglﬁytfjl”(i?qﬁﬂ‘il_’i‘%ead
to deliver inproved printing speed. However, in , |n other words, the ink
| pushed %QgEFoﬁPFhBrFP%éd‘Qi M AdE head % & tebhvsysd T ofda i anfriftice of
the nozzle plate 4 and supplied to the dispensing nozzle 11. The quantity
of ink supblind Itsuphild efl spebke bl smerbéntinvarilesl Accid diing reguleted
interval r of the nozzles, and the wettability (water - 5 1 22 APR 2004

repel | enclyy afitvhegnozél tnplad e b betvetncdic hezadmwsnt S, ae wWamuess of
the nozzle plate 4 may vary, causing fluctuations in printing quality

during dojr hkNkEMEe TAK ok Brpridk d Sl YRES 8l M oL plr WG Jor (he
epr oauc (0]

above-nenti oned reasons and the reproduction of print tones (r n

Che'di Speres na Reoore 4o SAdf HERF IR Fi s b b R ARG o ff ot

machi ned, gnd Lrregularities or variations are unavoi dable i'n such type of
machi ni ng?=TR&F886re, irregularities in the interval r of the nozzles for

each head occur_in the nmultihead, making irregularities or variations
ynavoi dabl e i n The BE&St iaRBFol ARET LY Ag HAT T r dm Tleaanseiss then

Rr. egularities in ink quantity occur in the heads in this way, stripes

occur in Rhezdel egrtimitd ngl émento StthearsdneK piritvet enigybel agspr adicexk by each
according toprint tonedata Dl output from the host controller.
The head controller 16 maintains the dilution ink drive
signal SK at_a fixed voltage V1K (Fig. 10B)A, and at a specified
period Til (for instancea 50 microsecond period) and generates
an ink drive signal SI (Fig. 10A) to lower the print tone frbm
the specified voltage V1I to a voltage V2I. The controller
16 in this way, emits from the fixed flow nozzle 12, a quantity
of ink determined by the difference in electrical potential
AV between voltage V1I and voltage V2I, and supplies the ink
to the dispensing outlet 1la of dispensing nozzle 11.
‘Next, with the ink drive control signal SI maintained
at véltage V21, the head controller 16 suddenly lowers the
drive signal SK (for instance in a period (T1K) of 12
microseconds). The dilution fluid K is in this way made to

fly outward from the dispensing nozzle 11, and along with



S e T

hegd, so that a drastic decline in print quality occurs. In terns of the
ink quantity supplied to the dispensing nozzle 11 to print one print tone

the thinner the printing concentration (the Waker the printer contﬁhgtﬁPR 2004
or in other words, as less ink.is supplied to the dispensing nozzle 11, the
effect of irregularities beconmes greater. The greater the effect of
irregularities, the weaker the reproduction of the print tone becones, and

ef fects such as stripes becone nore 6 22 APR 2004 obvi ous so that the
quality : Dl REJ ast | teri « + SUMVARY. E | NVENTI ON

In view gcgl%ﬁglggo%le’;%o e?rségmﬁkhxtegg t?%l%%%%?ﬁ?% rﬁ@ll%e%?fﬁoﬁ@xas t he

obj ect of ;providi.ng a pri.nter, a printer head control nethod to reduce

i rregul arcli??%gnfc'ﬁé"l% BOEES ﬁ'lt'hgg‘teeiﬁé?é*&egrllng‘na WRIMARE 4R FHyFemands
printing in the ink i t , quantity supplied to the dispensing nozzle in jet
printers thatoRirGte fite ¥ +AELRG-ink with dilution fluid. In order to

-achi eve the above objects, the printer and printer control nmethod of this

i nventi on ‘accor&f hgrt bhel anin drtiiveosghnd gl Gnd dol il bher lachi etd dde
above objects, the printer and printer control nethod of this invention

accordi ngsignalasr Hat-br begh ebhainHined at tBR f&w@EgﬁerB-ﬂtq\%Q:fJﬂﬂ%n
DRAWNGS Fig. 1 is signal waveforns showng the drive signal of 7 _

interval (for instance a period of 50 microseconds) between

specified time T2I and T2K, the head controller 16 raises the

B voltage back to the original voltage V1I and V1K for a

™
—

sufficiently iong time T3i and T3K (for instance a period of
100 microseconds) versus the lowered voltage time, and a
printing cycle for one dot is in this way completed.

In an ink jet printer 1, multiheads are comprised of
a plurality of heads of a structure configured so that é
rlurality of dots_are simultaneously printed in parallel by
this multihead to deliver improved printing speed.

However, in &

In other words, the ink I pushed out from the fixed flow

nozzle 12 is conveyed along the surface of the nozzle plate
4 and supplied to the dispensging nozzle 11. The quantity of
ink supplied to this dispensing nozzle 11 varies according

to the interval r of the nozzles, and the wettability (water



the drive signal of the piezoelectric elenent for the ink, in the ink jet
printer of the enbodi nent of the invention. Fig. 2A and Fig. 2B zzrglﬁpﬂgr@m
timng wavefornms showi ng the basic waveform of the drive pul ses of Fig. 1A
through Fig. 1H Fig. 3 is an oblique view showi ng the novenent of the ink
according to the basic wavefornms of Fig. 2A and Fig. 2B. Fig. 4A and Fig.
4B are signal wavefornms showing the relation of the dilution fluid drive
signal with the drive signals of Fig. 1A through Fig. 1H Fig. 5 is a graph

showi ng .Sk V. fy r s,0 he drive signals of Fig. 1A
t hr ough g%@%%ﬁ?& %écfégheg%loa%ﬁa%sﬁjc?)%‘l\nk%g4dirjfe§gere§‘suq\i}es I*‘?%‘T‘r#?ﬁé drve
signal s q]if Fig. 1A thr(?dljﬁgh Fig. 1H conpared with the related art. Fig. 7 is
an el evat1Hhat2UPBRSSh R ngPhBOREEE ©dr tshet i RY| BRTHri R3S BRI anot her
enbodinent. Fig. 8 is a cross sectional view showing the ink jet printer.
Fig. 9 i fHCBBRE4easyiiew —hbM: Aggt Raadvvteiederbhat Heti mkeibytihg. drive

nmet hod of the related art. Fig. 10A and Fig. wavef or s

showi ng the dri%ieeségoale, gimmm iz § itk S0 A SR L AR .

g _ 22 APR 2004 DETAI LED ON OF THE P NTS

Her eaf t erin t fiRe sBb@gigERNtSE 0Of nkhij 8 ti BYaRd OFs af 6rdeper bR 4 mERtALh i | €

referring to the acconpanying drawings. Fig. 2 is signal timng waveform
drawi ng showd ng st BE 3Pk Cy Va0 15 rd ' iNdang t i nk
pi ezoel ectric elserrent 51 f%@t %gqﬁérﬁl%tc}%%%%?eco e?%?{srée 3 Flr?éclrﬁ% 'Ph%g i nk
pi ezoel ectric element 51 in the ink jet intef of this enbodinent is
driven byplélo%f‘ﬁ?nﬁotnhcees%tﬁﬁé?‘enkullge naag‘%e‘flh%gai'l ution fluid el enent 5K is
al so correspondinglé driven. In the ink jet printer of this enbodi nent,
except for the TRFEBPENt e (ReBFLCOPIAHE Heall cbhfr Silis@eidinghase zds ve
‘é.i./gnals, the structure is otherwise identical to the ink jet printer 1
descri bedt} i gthg. £ EsagofAdnts ngizizle dit Muysomhdheinely machined, and

irregularities or variations are unavoidable in such type of
machining. Therefore, irregularities in the interval r of the
nozzles for each head occur in the multihead, making
irregularities or variations unavoidable in the quanéity of
ink flying out from thé heads. When irregularities in ink
guantity occur in the heads in this way, stripes occur in the
dot printing due to the same print tone being produced by each
head, so that a drastic decline in print gquality occurs.
In terms of the ink quantity supplied to the dispensing
nozzie 11 to pfint one print tone, the thinner the printing
concentration (the weaker the printer contrast), or in other
words, as less iﬁk is supplied to the dispensing nozzle 11,
the effect of irregularities becomes greater. The greater the
effect of irregulari;ies, the weaker the reproduction of the

print tone becomes, and effects such as stripes become more



structure of Fig. 8 are shown with reference nunerals in parentheses in the
sane figure and the follow ng description utilizes Fig. 8. Descripti%ni Bf b
sections identical to the ink jet printer 1 are onmtted. The basi ¢ 2 PR 200
waveform as shown here in Fig. 3, supplies drops of ink I to the

di spensing outlet 11A of the dispensing nozzle 11 so the signal |evel

changes within short tine periods, and has a pul se waveformwi th a fixed
anplitude. This basic pulse further has a small drop basic waveform Si S for

suppl yi ng 19Q- P 04 ink . in_spall _drops, and also a_large drop
basi ¢ wave g%rgnugi % g‘“‘ﬁ‘%?&ﬁgu ﬁé‘airlﬁktiﬁ ThH Fg?gé’rd 9 i‘ﬂrﬁﬁiﬂ;&atlilé’n to the
smal | drog basi,c waveform SiS. A drive signal Si is forned for the

pi ezoel ectFFETEPERHRSSI in this enbodi ment, by conbining the small drop
basic waveform Si S and the | arge drop basic waveform SiL, according to the
i nk supply quantity determned by the print tone. In Fig. 2, the nuneral
bel ow t he waveformindicates the tinme for each period in mcroseconds.
After these basic wavefor nes8SuBamyd ¢¥ LTHEr shvastinoar t approxi mately hal f
of the ink quantity for dispensing outlet 11A to the pressure chanber 8I,
the ink | is, stppli&f df HORDI byl SRENs A il e Jdda And tLh'Fis '
remai ning_half of the ink is next supplied to the pressure chanber 8l. Most
of the in : f t ' . af t i ed | _at

Suppl | ed SancBe rah R e B0 eBY, BT, bRE A [ ndtRRe e ] plinges

I nk drops, bei.ng The signal.levels of the basic veforms SIS and SiL are
first raj%%ad(g8#%5é;gﬁ%thPﬁ O &R B Bf L BT RS oheig) tEE & RacUheln
volume of the pressure chanber 8l is increased, and afterwards the signa
lrevel | oneRBdrebat®st agtie 2745 Gifel i ve ¥ Hel pRe3vard tahaatiart 819 chm tHee | over ed
Antl the ink | can be pushed out of the fixed flow nozzle 12. Finally, the
si gnal | ewefnitd tivaisseepl bethéootihg hilssegraing evelzke fhejedl preintdds

that dilute the printing ink with dilution fluid.

In order to achieve the above objects, the printer and

printer control method of this invention according to claim

To further achieve the above objects, the printer and
printer control method of this invention according to claim

1 through claim 6,

. BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is signal waveforms showing the drive signal of



in the pressure chanber 8l can increase. After the signal l|levels of the
basic waveforns SiS and SiL are raised, a fixed signal |evel is nmaintained
for a specified tinme period (for instance 2 mcroseconds) until the signal
| evel s start to fall. The residual vibrations in the piezoelectric el enent
can therefore be suppressed over a sufficiently wi de actual range in the
ink jet printer 21, and ink neniscus variations in the spray hole can be
stabilized so that irregularities in the quantity of ink drops being
suppl i ed . red : sp, . the_signal, |levels of the bagsic vefotms Si S
and SiL atﬁggl&é)lev\}e‘rrgd,gggq’falé‘eo stl:%%aplfa%\?eell‘gT%tﬁﬁFnF;ieH‘eed”? o’foﬁ Eﬁ&cilf‘iﬁ‘ed
time period (for, instance 2 mcroseconds) until the signal levels start to
rise. Inithe kit Ipt Meinber gft &he iR ekinens ol iths yivuppried o
t he di spensing outlet 11A of dispensing nozzle 11, the voltage of the
pressure chanbéri®l Famist Fsif f i28 emtel ¢ ismabl iz g aral ¢ Hermsesbowe nign
pressure chanber 81 lowered so that irregularities in the quantity of ink
drops beitige buapnl ¢ echvoafio br ¢ 2dilcedr ifhe phlrges drop ikasina waveiuyHmrdigl, i s
set so that the anplitude becones |arger and the period that the signal
| evel is ilpw, becones |arger conpared to the small drop basic waveform Si S
(for instance.-4 mcroseconds for the small drop basic waveform SIS, and 9
m croseconds far: the,l acge.d . | Grodl 004 r i ,
and that |ar geq;rdlrg%)]os3 o?gi %f(l F%?'clgﬂa;éaﬁre:ae%os?ﬁéggﬁg:%lrgedg%%s %gl(r?f glefstl?)e
suppl i ed., I}Q this gmbodi rren:?, ﬁri nt tone data D1 _for ei ght print tones
i ncl udi ngd ™ FHiHe T CoRE RRVIERS G665 St P FRR 84hErPngZ22aP@d A& A& t he
head controller 26. The head controller 2.6 conbines the basic waveforns
§is and SiL and enetht 889 fe dr 4k &7 gnat 98R lowaet gFesoshemime dhanent
I” according to this print tone data D1 as shown in Fig. 1. The head
control | @estianoperthmrdislubdnt £ilnsid hdrive signal with the drive

signals of Fig. 1A through Fig. 1H.

Fig. 5 is a graph showing characteristic éurves from
results of the drive signals of Fig. 1A through Fig. 1H.

Fig. 6 is a table showing drive results from thé drive
signals of Fig. 1A through Fig. 1H compared with the related
art.

Fig. 7 is an elevational view showing the head for the
ink jet printer of another embodiment.

Fig. 8 is a cross sectional view showing the ink jet
printer.

Fig. 9 is an obliquelview showing thelmovement of the
ink by the drive method of the rélated art.

Fig. 10A and Fig. 10B are signal waveforms showing the

drive signal by means of the drive method of the related art.



ink-and dilution fluid drive signals Si and Sk at a fixed signal |evel

(Fig. 1A) at a first print tone having dots with no i nk adhering. In :
contrast, in a continuing second print tone, a piezoelectric eleneht? PR 2004
driven by a drive signal Si2 utilizing only one of the snmall drop basic
waveforms SiS (Fig. 1B) . In a third print tone, a piezoelectric elenent SI
is.driven by a drive signal Si3 utilizing only one of the |large drop basic
waveforms SiL (Fig. 1C). In a continuing fourth print tone, a drive signal

Sis, and i n a TTPRCERTPERGREALIAN P TR FRFRATE PSR e ol e

(Fig. 1E) by a contiguous-t ree large drop basic waveforns SiL. In a sixth
continui ng pri meIBRELeT drfiftfe SIRPAINSRE S & fgdribtait BAVERtGOM BT By a
continuous five small drop basic - 12 22 APR 2004 wavefornms SiS. In a

seventh cOREFhbPRE pri Metahd vhidei vefdynthg St thegamerenpanying. 16 by
a continuous five snmall drop basic waveforns SiS. In the eighth print tone
havi ng t hérgwiéatest i nk concentration, after a continuous three small drop
basic wavefornms SIS, a drive signal Si8 is generated (Fig. 1H) per a

continuous: threeigargei@dr ¢ J1asi Cr VRY ey S brm! Arbhiis ¢y nokied Mhe
quantity supplied to the dispensing outlet 11A of dispensing nozzle 1 1is

i ncreased,d 83 Ehg 083, Yns COPL EQLI ﬁrff% asclcﬁgi ng, o(_..itrthlig{ugj'r Q%Iég?ﬁ%k In this

enbodi ment, the ink eject printer i's configured to're e quantity
of ink s lied,to the dispensing._nqQzzle 11, according . to the un‘ger of
pul ses it#%)ﬁzéoaaie\?é:rs]icgn%fg%??%BgIall§’0 tiletjrﬁ‘ ?FireP dé’itrfg’tﬁg biSes
having different anplitudes, the quantity of ink is regulated by .

optrol i FEPPAGMEHH i (it ‘X theS paPdestrisc il enastt R Agniée dhipudlstes.

/ formng drive signals Si in this way, the head controller 26, after
allotti nge¥heteargé hrodp dPabpéingnd fisr dxiSien byedombing nche hirs ey @asiignal
Si signal level at a fixed signal level for a fixed period T (for instance,
5 m crosewohdsy amd titen &ilotsonhd lhaisi ce vamehar 8K SisS @msloSi L. Thus, even
correspondingly driven.

In the ink jet printer of this embodiment, except for
the different structure of the head controller for these drive
signals, the structure is otherwise identical to the ink jet
printer 1 described in Fig. 8. Components different from the
structure of Fig. 8 are shown with reference numerals in
parentheses in the same figure and the following description
utilizes Fig. 8. Descriptions of sectionsAidentical to the
ink jet printer 1 are omitted.

The basic waveform, as shown here in Fig. 3, supplies
drops of ink I to the dispensing outlet 11A of the dispensing
nozzlell sothesignal level changeswithinshort timeperiods,

and has a pulse waveform with a fixed amplitude. This basic

pulse further has a small drop basic waveform SisS for supplying



when the ink | is supplied by repetitive basic waveforms SiS and SiL in '
this way) the head controller 26 can prevent nost of the ink quanhiéy EE@QQW*
bei ng supplied fromthe buffer tank 61 at one time, so that irreg r#ﬁﬁ

in the quantity of ink 13 22 APR 2004 drops being supplied can be

reduced. Besides generating the ink drive signal Si, the head controller

26, as shown in Fig. 4, gradually raises the signal |evel of the dilution
fluid drive signal Sk , when a tinme tl has elapsed (Figs. 4A and 4B) within

dri ve si _ | ed (Figs. 4A and 45)
i ch the Thic 1 Erneled SRR 4l BIREE e Ao A4KE dPRVE erdhal

Inirtral rts € pus

Si. The q§9gufontrollfr.26 i,n this way supplies the ink | to the

di spensi n PRtSYRRIEA G dpendi AG AEFA% PR Becl ? REPRAES IOMIFA B &of
Fig. 8) , while pulling the nmeniscus of the ink | into the pressure chanber
" 8K througththt drope®sisiec nv2yrEorn S + e dnkve willinajotSspikl fiormed

di spensing outlet 11A of dispensing nozzle 11. Further, the dilution fluid
K fromt heobuther ptiamlocdle d sriedebefensham, ief tReki waibpdihéhEl ngyt he tine
period that ink | is supplied to the dispensing outlet 11A of dispensing

nozzl e llcomMRNng sHEfdRheNtaAFPWH s OF dd PEEEER & DE S Sahath TRUge @l t2
~at which 140 m croseconds has el apsed fromtine point t0) for the hea

cont 1 ol | &fa £6c { §a5URRlh e ] Nkcboltild 1S Bt 06:DRGG RY! go8a03%y

el apsed, the rise of the dilution flui I ve signal oppe

after hol di h ri.ve signal .Sk signal Jevel at_a fixed value_for a
specifiedg%‘ggf%ég(a o Yexahpl BT 126 O eo'sefclbnlgﬁg,‘ Ehe FGMYTEEGS| Died ow

| owered and the dilution fluid K emtted. The head controller 26 in this -
{4 22 WouRiREy RdherheEntde iRy the eARD PeFRd elinfrom t he
arspensing.outlet 1A by utilizing the dilution fluid K, causes the diluted
ink to fIR:EHABRESNEAFe obj ect for printing.

After these basic waveforms SiS and SiL first deliver
approximately half of the ink guantity for dispensing outlet
11A to the préssure chamber 8I, the ink I is supplied in drops
Eo the dispensing outlet 11A, and the remaining halfiof the
ink is next suppliéd to the pressure chamber 8I. Most of the
ink from the buffer tank 6I is therefore not supplied all at
once, so that irregularities in the gquantity of ink drops being
supplied can be reduced.

The signal levels of the basic waveforms SiS and SiL
are first raised (for instance in a period of 21nicr§secondh)
s0 that the volume of the pressure chamber 8I is increased,
and afterﬁards the signal level lowered so that the volume
in the pressure chamber 8I can be lowered and the ink I can
be pushed out of the fixed flow nozzle 12; Finally, the signal

level is raised to the original signal level so the volume



The head controller 26 is configured to print by increasing the
concentration of ink according to the print tone. Along with the ink | and
concentration, the anount of consuned dilution fluid K, and the total

anmount of ink and dilution fluid consuned are shown in Fig. 5.
Irregularities were neasured by utilizing the 32 dispensing nozzle and as
shown in Fig. 6, a remarkable reduction in irregularities was verified
conpared to the related art. Fig. 6 shoms results from neasuring the second

print tO”EnOEhEthQéHE§eQ§+§$b%§ Fi0- n 1ng£%ggg gn this enbodi ment, the

i nk piezoelectric el enent osci gt atof t he pressure chamber

Bl and the hea ntroller. 26 o rise the |nk suppl y device for supplying
the ink A at ag”‘fﬁ gﬁﬁtﬁ%g Gh]e%l the BafhE veKelomang 1S and
dispensigg+outlet 11A of dlsgen5|ng nozzle 11. Also in this enbodinent, the

i nk pi ezottkctFPcralicfdn sKIikRd sddnahtbevelate Bairien pnedsdoe ehanber
8K and the head controller 26 conprise the dilution fluid drive device for
maki ng t hepenkffedi Lumedpby itlde (dblrut hemaklad d Kickby etcmpd sl dvei phimast
for printing. Wien the ink | tank in the ink jet printer 21 (Fig. 8) 15

is filleksifhali Dkvielsuppdded £6 01 SThank Jay dvay1 of 1 508 el ¥ Paty LI,

is stored in the buffer tank 61 and al so supplied to the pressure chanber

31 A0, Uhes eagRy vk e, {ipgngl bl O LLukdK sanl@.da%ygéé%gg Lhe dilution

fluid Kis supplied frOﬂlthIS t ank he "su %"s %t or ed

in the buf |ed ssur.e chanber SK. Mhen
printing s{lg‘? Is:i.llréﬁttqﬁ(e dq< Lbéjfrﬁael?gﬁl %ett%? 7% Aifd R&y P e hedy 2nd

supported to face tomards the object for e. printing, repetitively scans
&l png the KRR ESGH S NE Tt bEPT oL Dptinst BRF2Y el e icarubp| peabindmade

fixed flow nozzle 12 to the dispensing outlet 11A of dispensing nozzle 11
in the heitl Phagf igpedulayetippi Aterthe qhistiitye ofarichk hérppk beiing
diluted by the dilution fluid K supplied fromthe dispensing nozzle 11.
This di | lrwelplnkdl cies: fhe thedumade to fly along with the dilution fluid K
towards the object for printing.
Also, the signal levels of the basic waveforms SiS and
SiL are lowered, a fixed signal level is maintained for a
specified time period (for instance 2 microseconds) until the
signal levels start to rise. In the ink jet printer 21, after
the ink I is reliably supplied to the dispensing outlet 11A
of dispensing nozzle 11, the voltage of the pressure chamber
BIcanbesufficientletabilized,andthepressureinpressure
chamber 81 lowered so that irregularities in the gquantity of
ink drops being supplied can be reduced.
The large drop basic waveform SiL is set so that the
amplitudeibecbmes larger and the period that the signal level
islow,becomeslargercomparedtothesmalldropbasicwaveform

§iS (for instance 4 microseconds for the small drop basic

waveform SiS, and 9 microseconds for the large drop basic

- 11 -



In this way, printing tasks such as nmaking the ink | adhere in sequential
dot shapes in the desired characters on the object for printing are n
performed. In the head 22, to print a dot at this time, the ink 22 APR il
pi ezoel ectric elenment 51 is repetitively driven by the basic waveforns Si S
and SiL, according to print tone data D1 input to the head controller 26.
Therefore, in the head 22, the ink | stored in the buffer tank 61 is

supplied at intervals to the pressure chanber'8| by way of the supply path
71. Al'so,, PR_2Q04 the ink I _held ssure nber 81 is
suppl i ed 15 |n?erv%%Lﬁ a?% tar gp%ﬁ%?ﬁgdS PIeP 11ﬂ o? §?888ﬁ§ﬁﬁgtﬁb£?l 11

by way of t xed fIOM/nozzIe 12. The head 22 at this tinme, varies the

si gnal | &t ﬁn%ﬁ?ﬁsé SRS P %e??%ﬂllﬁﬁd al so varies the volune wthin
chanber 81 by repetitively driving the ink piezoelectric element 51 with
basi ¢ wavef or Nt ISitd iahergp e d gvastti. t prdd hytqne ststafDh foxedighpl prade, so
that the ink | is supplied in drops to the dispensing outlet 11A of

di spensi rigpmeg Zlrec ddifthea ipwiagultanid hes iiny dea s @k th 6anihR 4&hervay, be
remar kably reduced conpared to the method of the related art for collecting

and supplagdgiiherr eguthednamRuiio @y d MKer! #6501 Bl wa@’cé‘llr@?biﬁ%g' E%e I nk
in drops reduces by a correspondi ng anount, the contact surtace of the ink

with the sy agesobpih I d met hod
“col l ecting and sﬁpgp%lﬁﬁﬂgﬁ% ?%g%??gﬁiaéﬁﬁgﬁgﬁ S&E 5?%zﬂen?Fa%eﬁeth§b
that irr uJarltJes n the antit i nk- due to variations in the

dampness ot Yhe® 19321 pi &f e eéﬁﬁgﬁge}gﬁﬁﬁﬁd:eﬂﬁ??ﬁFn%It%ﬁégr@&ﬁg to
t heref ore be reproduced mnth better quality (See Fig. 6) . Also, after
fhese tyﬁﬁ&%ﬁththF8&§eﬂ%ﬁ%e&% REOMBOE fi%eBi®low-nozzl e 12, the drops
are separated fromthe remaining ink I in the fixed flow nozzle 12 and
moved to the diBpenséad gontinollileby26hénmovEnent wendsgy radat & ddswhar
sent. In contrast, 17
ink and dilution fluid drive signals Si and Sk at a fixed signal
level (Fig. 1A) at a first print tone having dots with no ink
adhering. In contrast, in a continuing second print tone, a
piezoelectric element 5I is driven by a drive signai-siz
utilizingonlybne<ﬁfthesmalldropbasicwaveformssis(Fig.
1B) . Ina thirdprint tone, apiezoelectric element 5T is driven
by a drive signal Si3 utilizing only one of the large drop
basic waveforms SilL (Fig. 1C).
In a continuing fourth print tone, a drive signal S8id4
({Fig. 1D) is generated by a continuous three small drop basic
waveforms 8is, and in a_fifth continuing print tone, a drive
signal 8i5 is generated (Fig. 1E)} by a continuous three large
drop basic waveforms SiL.

In a sixth continuing print tone, a drive signal Sié6

is generated (Fig. 1F) by a continuous five small drop basic



22 APR 2004 in the nethod of the related art for collecting and sending the
requi red amount all at one tinme, the ink I fromthe spray hol e 12az§iA$$ezmw
fixed flow nozzle 12 elongates in a belt shape and is supplied to

di spensing outlet 11A of dispensing nozzle 1I. This ink I is supplied to
"the dispensing nozzle 11 not only by the novenent energy when sent fromthe
fixed flow nozzle 12, but also by suction force of the dispensing outlet

11A (for instance, the capillary action phenomenon of dispensing nozzle 11)

etc. In thise@¥msC r t at I LLr larigies in

quantity of |nk ca gg%argﬁﬁr %F§E%§ ugg éaﬁ?h ggg }I%ﬁﬁe ele rﬁﬁ@h

varlatlons or egularities are present in_.the dlstance r between the
t%?

di spensi ng- o2 1+ &P RE et d FiDw 4tz A% a1 5 o uprpeirgorBall

occurring fromsolid printing with multiheads in a printer due to

i rregul artiPRPLAT!¢ AT RkogEanEiLBy b7 Ehehe hehthcanibs prowcheedng Ebret her ,
a remarkable inprovenent in printing quality can thus be obtained in this
enbodi nergr compatednko ciorecert atédoar,t aflso ancbhicd nehodi tienee Bakhar
than just one basic pulse, a large drop basic waveform SiL to nake Iarge

changes idqréh®as ighah vieetms &k 2asdBl L e HOPn RS £8 WAVEEREFSI e I @ 1 gRKE
conparatively small changes in the signal |evel, are both conbine together

to drive fshe jak gi esaeclﬁﬁtatg ehement Alg e -q8p ba%%d“%%@é)?éfﬁ@ slipK ] et

printer 21 can in this way express many print tones with a sma nunber  of

pul ses conpare e.case titively._ i,ssuing_one_basic pulse
The time reqU|ﬁg%%P6Q§H% tgﬁe s Rq$a$§lﬁﬁe?8Pé} §ﬁ5?t%ﬁ8dib§pﬁn51ng
correspondi ng ampunt, and, the time required to print one dot can therefore
Be) shor t et S Ar t&f Phi SIPEREIBAROARIE of RelBrgR@se®vir EBFr BeAshat el y
orie-hal f in the basic pul se, by lowering the signal level to emt the ink,
and next G2 &FPYLleke 24nAdqeE@lngptexithe ciyinhethakf., restoring the signal
| evel to the

Inthisembodiment,theinkejectprinteerisconfigured

to regulate the quantity of ink supplied to the dispensing
nozzle 11 according to the number of pulses in the drive sirgnal‘
5i. By also at this time, using two pulses having different
amelitudes, the quantity of ink is regulated by controlling
the amplitude of the pulses, as well as the number of pulses.
By forming drive signals Si in this way, the head
controller 26, after allotting the large drop basic waveforms
Sili, maintains tbe drive signal Si signal level at a fixed
signal level forafixedperiodT (for instance, Smicroseconds)
and then allots the basic waveforms SiS and SilL. Thus, even
when the ink I is supplied by repetitive basic waveforms 8iS
and SilL in this way, the head controller 26 can prevent most
of the ink quantity from being supplied from the buffer tank

6I at one time, so that irregularities in the quantity of ink



original signal level, the residual oscillation in the piezoelectric

el ement can be suppressed, and changes in the neniscus can be stabilizeéi[2
Further, changes in the neniscus can al so be stabilized by providiagZaA 2004
fixed period repeating the basic pulse. Irregularities in the ink quantity
of the drops can in this way be reduced and consequently irregularities in
the quantity of the ink diluted by the dilution fluid can al so be reduced.
By al so, nmaintaining the signal |evel of the drive signal at a fixed signa
'evel , W §hiNanki i e ep .t iod with the rise in signa

| evel , an%lp?ﬁsé B%rl?lgg sggéﬁge?o%e%i %ge %?e@ﬁ%é(gignal | evel , changes in the
vol ume of the g{essgre chanber, 82 caH be stabi|ized within a sufficient
range. |rregul arfti885 §5HEF I hkPGuihei tyordTheedPdgaads 81 hushredigest -
19 22 APR 2004 and as a result, irregularities in the quantity of the ink
di | uted bYPRRECHLIER #6n £ BRCERNATRFIF bé redadedl lowaisre s wien stilgmalnk |
is supplied at intervals fromthe fixed flow nozzle 12, nmuch tine is

requi red ¥ovesuppl yhagdink tlidro flhel didpensi afjgneazise 1lwt@mar ad o dihe
met hod of the related art. Therefore, just as in the related art, after ink
| is suppaedelapkka dirpeasi 08 Raazlid ) Ik aelidr bvepdd £ headi Spensisig
nozzle 11 side (See Fig. 10), the period for attachnent of ink droplets to

the paper;bgeopes i@ﬂgférg)ée%&fﬁéﬁsﬂ%}gié}%w%%eo@ﬁ %%‘&iﬁf Giore

required for continuous printing of dots. e ITnkjet printer

21, whil e Is I lying inpk 1 at intervals . framthe fixed fl ow
nozzl e 12%%%%%#%?’%0%@%?%%%%%? glg %W%Fidnﬁufh%yd?}f%ﬁ%gﬂ%ﬁ% SR 93 m t he
gLspensin ,nozzle 11 in the period that the ink | is supplied to the

di spensi n%l noZ3f e 939 BYREEALIRF (48 ¢t 48) 1§ Hea i evBRléEs ith el igerk BX
fromthe time  point tl to the time point t2, to increase the volune of the
pressur e ehanBéFrerRséma Hen kbl speddPng inchizsrensingdaozmire het, (Ween t he
supply of ink I to the dispensing nozzle 11 is finished, the dilution fluid
K is enm tteferancle sfrimbedl H) ofi Frigsed@indwinfl @ mperihbedhpemiead (dig.o 4B)
and the ink droplets are nade to fly out to the paper. Al so, by driving the
pi ezoel ectié ci ek ememit S hsO plrtais i he ot B 08k tiher 8 §REPRENE 1 89Z2%IsS g

side of the pressure - 20
nozzle 11, so the ink T will not spill in dispensing outlet
11A of dispensing nozzle 11. Further, the dilution fluid X
from the buffer tank 6K is fed beforehand, effectively
utilizing the time period that ink I is supplied to the
dispensing outlet 11A of dispenéing nozzle 11.

When a sufficient amount of time (in this embodiment,
atime1ﬁ2atwhich140ndcrosecoﬁdshaselapsedfromtimepoint
t0) for the head controller 26 to supply the ink I by utilizing
the basic pulses has elapsed, the rise of the dilution fluid
‘drive signal Sk is stopped, and.after‘holding the drive signal
Sk signal level at a fixed value for a specified period (for

example, 10 microseconds), the signal level is lowered and

the dilution fluid K emitted. The head controller 26 in this

- 14 -



22 APR 2004 chanber 8K becones |arger, while supplying ink I fromthe fixed
flow nozzle 12, the ink | supplied to the dispensing outlet |l A of

di spensi ng nozzle 11 is suctioned into the vacuum chanber 8K wi t hodt 2 APR 2004
collecting as drops in the dispensing outlet 11A. By repetitively supplying
the ink I to the dispensing nozzle 11 in this way, the.ink drops can be

noved fromthe fixed flow nozzle 12 to the dispensing nozzle 11 under the
same conditions as when the supply of ink drops first starts, and

[ | arjt. in i atity. of .the. |..d d | b
decr aased Y n 3iehd R BT rueiofy na s B v Nad Heah b P, A FBRRR The
supplied to #he disgensing,outlet 11A of gispgnsin% nozzle 11 is regul ated
by contrdl}Fhgtene Rymdet L bF 1pgl ke did ke filve 4 Kgausesitig diluted

irregularjities in quantity of ink supplied to the dispensing nozzle are
reduced, dHe BPghlyudloward?i hkengbdentl thoxanrbatdmgai ned conpared to the
related art. Al so, besides the nunber of pulses, the quantity of ink can be
regul ated by cartie ohéangciome ol é+ude ak tdee Pidseedsect hati mmnyy pri nt
tones can be reproduced with a small nunber of pulses. The tine required to

supply thenépkakiagn dhereQEenke gBIcess bynR gelissaiyli pg fRRURL.; AN
the time required to print one dot can be shortened. Further, after the

i gnal | f diis\s, § ' hrectian Jncreasi ng, the vol f
The prescrras Crbmbor haen A oo Sedh BBl I S o Pk Sk T R e

ignal |evel of the.drive signal jn a direction that red the vol f
Che pressTa® ERGAbE: LitPRekt bdffary APE HEDS] GRAR 1 GRAVEE Phe ds ved

signal in a direction increasing the volune of the pressure chanber, the

(ryegul arft1esirh fRE LG EQRAMPEY2EE EROVEr dfs Fdgh te dc¥easdaridicas a

r7€g . IR g y . oS O

consequence, irregularities in the quantity of the ink diluted by the

di l ution ¥¢xedneasured évicetilitiagbove 2hbddepems idescno bed eamnekampl e

having one fixed flow nozzle installed for one di spensing nozzl e however
shown in Fig. 6, a remarkable reduction in irregularities was
verified compared to the related art. Fig. 6 shows results
from measuring the second print tone of the signal pulse of
Fig. 1B.

Further in this embodiment, the ink piezoelectric

element 5I, the oscillator plate 3, the pressure chamber 81
and the head controller 26 comprise the ink supply device for .
supplying the ink A at an ink gquantity determined by the print
tone, to the dispensing outlet 11A of dispensing nozzle 11.
Also in this embodiment, the ink piezoelectric element 5K,
the cscillator blate 3, the pressure chamber 8K and the head
controller 26 comprise the dilution fluid drive device for
making the ink I diluted by the dilution fluid XK, fly towards

the object for printing.

When the ink I tank in the ink jet printer 21 (Fig. 8)



this invention is not limted to this exanple, and as shown in Fig. 7, a
plurality of fixed flow nozzles may be installed for one di spensing nozzle.
In such a case, yellow, cyan or nmagenta ink may be allotted for instance to
each fixed flow nozzle to constitute a color printer mechanism |nstead of
this color printer nechanism the same color may be allotted to each nozzle
to significantly shorten the tinme required for ink supply. Also, the
di anet er of each nozzle may be varied so that print tones can be reproduced
W th eveny i I eGlysd o inatjon.of the.abqve .schenes ma so be
inplenenpzﬂ.g?ﬁifﬁé g%%%gﬂ%ﬁﬁ%d?ggh@a5%9é§§%%Igﬁﬁgsqﬁgg%ﬁ?%eﬁaVoP d?bﬁing
the piezoglectric el nts wth a.conbinatjon of two_basic pul ses, however
this i nve%‘%?%%yipsatﬁ%gfﬁi hP % %‘9 £ gﬁ%ﬁ’rﬁﬁ er tamd PR 8264 svppild ed
el ements may be driven by just one basic pulse as required, or the
pi ezoel ect? i e PRt uRRyhapber 8Dy IapRhxog4ensevayi vehelny thecdibunabinon of
three or nore basic pulses. In the above enbodi nent an exanple was al so
descri bedf ¥otdriedpaekiive inklgdanthéei@slot iappfaxiimkely oapphalda Bebar e
and after emtting the ink fromthe buffer tank and supplying it to the
pressure tihbsheink honewsr ofhtBel SWSPLOPats MRf id Bdtkd G 4 Rins BY2FRLE,
and ink may be collectively supplied to the pressure chanber when
i rregul aridhrseinahlie GUANt & Yp 9 elank Can, b §%£%hglee@ﬂ geduggd. In the
e

above enbodi ment, an exanple was al so descri or maintaihing the drive
signal at a fixad

_ Ei pa l.evel for. a spe 'figd _eriod when smﬁtching_the
signal level of the %I’I \k}glgllggnsaﬁafr%Somégeghf‘hllgﬂﬁpﬁ\fe%ﬁ’b’rflF§rn3t1 Fieki t8d to
this exanple, and maintaining the drive level at a fixed signal |evel may
be) omi t t e iRy r r 2UF AR £ eSUPROTIE ) ighifiase o akdeakhBeobifrite fom | y
reduced Also in the above enbodiment, the dilution fluid was supplied from
‘the buff &F13hkRfo TR SFridskye by chamberalehbi thagsuhé ager bdd thieadbij ek twas
supplied to the dispensing outlet of the dispensing nozzle, however this
inventiorfes moinkimia.ednlp This examllissd ahdonf the ttHerali | £1b0Nnbkyild i s
emtted, it

12 to the dispensing outlet 11A of dispensing nozzle 11 in
the head 22 of the ink jet printer at this time, and the ink
Iisdilutedbythedilutionfluiszuppliedfromthedispensing
nozzle 11. This'diluted ink I is further made to fly along
with the dilution fluid K, towards the object for printing.

In this way, printing tasks such as making the ink I adhere
insequentialdotshapesinthedesiredcharactersontheobject
for printing are performed.

In the head 22, to print a dot at this time, the ink
piezoelectric element 5I is repetitively driven by the basic
waveforms SiS and SiL, according to print tohe data D1 input
to the head controller 26. Therefore, in the head 22, the ink

I stored in the buffer tank 6I is supplied at intervals to

the pressure chamber 8I by way of the supply path 7I. Also,



may be supplied fromthe buffer tank to the pressure chanber, when a
sufficient printing time can be maintained. Further in the above

enbodi ment, the emitting of ink and dilution fluid fromthe nozzle?by APR 7200k
driving t he pi ezoel ectric - 23 22 APR 2004 el enent was descri bed

however this invention is not limted to this exanple, and a wi de variety

of nethods such as thermal nethods to locally heat this type of fluid and
make air bubbles, and then emt this type of fluid by enploying these air

bubbl es t ts [ f.dri |_.enent s
mey be enﬁ%égkfh@%l%% HRE b TarteL ¥ S pubifiieqa hhLERLa
regul ati t antlt in ilu specified dilution fluid and
expre53|2%36%| qy%%ﬁgg k%%%@ igAd?FvalaBﬁqﬁiq?)%ﬁﬁ?1§a9& &Y ¥éi¥on
fluid froma dispensin outlet and dilute said ink supplied from said

di spensi Rf otkte 1%F@h%§éﬂﬂ BPFuLPoA2f-l uid and to al so nmake said ink
diluted with said dilution fluid fly towards the object for printing; and
an ink supply ddw dead 22uppl phiie sand,.drspées hjeoslibabl dequantwityiof i nk
according to said print tone, and wherein said ink supply device has a
drive el ematoxslt ipeni by, aaddi ¥e s9 gadli i v 1spReiFi ediRueBamyfr By ses.
2. Aprinter according to claim1, wherein said ink supply device has: a

pressur e yha tlf@{ve%dwgv% thaklnﬁ%ézab&%@e‘ﬂ eﬂ%ﬁéﬁt%%&%g

towards said dispensing outlet fromsaid pressure cha

basic waveforms SiS and SiL constituted by pulses of a fixed

amplitude, so that the ink I is supplied in drops to the

i,
\-.—J‘

dispensing outlet 11A of dispensing nézzle 11. The
irregularities in the ink I can in this.way, be femarkably
reduced compared to themethod of the related art for collecting
and supplying the required amount of ink. In other words,
supplying the ink in drops réduces by a corresponding amount,
the contact surface of the ink with the surface of the nozzle
plate 4, compared to the method for collecting and supplyving
the regquired amount of ink all at one time, so that
irregularities in the quantity of ink due to variations in
the dampness of the nozzle plate 4 can be reduced. The print
tones can therefore be reproduced with better quality (See
Fig. 6).

Also, after these types of ink drops are sént from the
fixedflownozzlelz,thedropsareseparatedfromtheremaining
ink I in the fixed flow nozzle 12 and moved to the dispensing

ﬁozzlellbythemovementenergyimpartedwhensent.Incontrast,



Wherein said drive elenent is a piezoelectric elenent for varying the

vol une of said pressure chanber according to said drive signa

printer according to claiml, wherein said ink supply device regulé&@sAPﬁeﬂmh
gquantity of said ink by controllrng t he nunber of said pulses and the
anplitude of said pulses. - 25 22 APR 2004 4 . A printer according to
claim 3 wherein, in the signal waveformof said printer, after the signa

| evel changes in a direction increasing the volune of said pressure

Chanber . LCLRLORBLNLAY Sl GHAA%9 4 0.8, dEEORb0n A9 £APLITAEIC LI,
sai d pressure chanber, and t srgna | evel next c anges &%

i ncreasing the volu of said res ure chanber ter accordrn

claim 1, ere??lusﬁrng FRR UAlp5i PO frdd p:IIU?r dﬁ}{of f£ QT hy SR A oI es
adj acent to_said dispensing outlets and said ink is supplied fromthe ink
suppl y hoteletk?a Aty tdhesfdishd I Fazz 1 8.1 A ghgngakehebl & dmlols hmaod

- for regulating the quantity of ink diluted wwth a specified dilution fluid
and expr exs ngs peiwwp Lticrest o whbeedn sga s prgnbert liegad ond f ol isptelad iy | ves

a drive element by neans of drive signal having a specified nunber of

pul ses antosgppl 1es this sPpeki Ti ¢d dhgpenséagrouthet @ sp@nkihy ol datke
according to said print tone, and along with diluting said ink supplied

from sai dy di spenshng eg«t |t@1te Widheméh ¢ th%p%éﬁﬂ.&-&y PELLL icRQ ?(
dilution fluid fromsaid |spensrng outlet, "al so nmakes saird diluted 1nk fly
towards t bj for pri el ad_ con ro t hod accordrng
to clai mlgf ﬁ/n%?g%% sarzd |ve ﬁt BLC% °|51| re}'goecf BC # Lgngr‘rg’ﬁt

printer heag cont r ol EEthOd accordrn to cIarnr? wherein said nethod has a
bl hralit 16k Stppf §ThoPES 3 e drit® C3R L L35Y APREGG4PHE R gpon Oof

drspensiq? outlets, and said ink is supplied fromthe
: 1spen51ng nozzle 11) etc.

Inthisway;comparedtx:pherelatedart,irregularities
in the gquantity of ink can be remarkably reduced in this
embodiment, even when variations orirregularities arepresent
in the distance r between the dispensing nozzle 11 and the
fixed flow nozzle 12, and stripes/noise occurring from solid
printing with multiheads in a printer due to irregularities
lin the ink quantity of each head can be prevented.

Further, a remarkable improvement in printing quality
can thus be obtair_led'in this embodiment compared to the related
art.

Alsointhisembodiment,ratherthaﬁjustonebasicpulse,
a large drop basic waveform SiL to make large changes ip the
signal level, and a small drop basic waveform SiS to make
comparatively small changes in the_signal level, are both

combined together to drive the ink piezoelectric element 5I.
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" AND PRI NTER HEAD CONTROL METHOD THEREOF ABSTRACT This invention relates to

a printer and a printer head control nethod and relates in partlcu%qg;@ggqgmi
met hod applicable to ink jet printers for regulating the quantity

diluting the ink with dilution fluid to express different print tones,

reduce irregularities in supply of ink supplied to the dispensing nozzle
conpared to the related art, and to provide a high quality printing effect.
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ink I to the dispensing nozzle 11 compared to the method of

the related art. Therefore, just as in the related art, after
ink I is supplied to the dispensing nozzle 11 and driven to

- the dispensing nozzle 11 side (See Fig. 10), the period for

PN
.

attachment of ink droplets to the paper becomes longer by a
corresponding amount, and time is therefore reguired for
céntinuous printing of dots. Therefore, in the ink jet printer
21, while continuously supplying ink I at intervals from the
fixed flow nozzle 12, preparations are made for emitting the
dilution fiuid K from the dispensing nozzle 11 in the period
that the ink I is supplied to the dispensing nozzle 11, by
driving (Fig. 4B) the piezoelectric element 5K from the time
point tl to the time point t2, to increase the volume of the
pPressure chamber 8K on the dispensing nozzle 11 side. Further,
when the supply of ink I tothedispensingnozzlell is finished,
the dilution fluid K is emitted in the final 10 microseconds
of a specified period (Fig. 4B) and the ink droplets are made
to fly out to the éééer.

Also, by driving the piezoelectric element 5K so that

the volume on the dispensing nozzle 11 side of the pressure
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decreased.

In the invention as described above, the gquantity of
ink supplied to the dispensing outlet 11A of dispensing nozzle
11 is regulated by controlling the number of pulsges in the
drivesignalsothatirreguléritiesinquantityofinksupplied
tothedispensingnozzlearereduced,andhighquaiitypfinting
results can be obtained compared to the related art.

Also, besides the numbér‘of pulses, the gquantity of ink
can be reguiated by controlling the amplitude of the pulses
so that many print tones can be reproduced.with.a small number
of pﬁlses. The time required to supply the ink I can therefore
be reduced by a corresponding amount, and the time required
to print one dot can be shortened.

Further, after tﬁe signal level of the drive signal in

a direction increasing the volume of the pressure chamber has

- 21 -
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ink diluted by the dilution fluid can be reduced.

The above embodiment described an example having one

LN
R—

fixed flownozzle installed for one dispensing nozzle however
this inﬁention is not limited to this example, and as shown
in Fig. 7, a plurality of fixed flow nozzles may be installed
for one dispensing nozzle. In such a case, yellow, cyan or
rmagenta ink may be allotted for instance to each fixed flow‘
nozzle to constitute a color printer mechanism. Instead of
this color printer mechanism, the same color may be allotted
to each nozzle to significant;y shorten the time required for
ink supply. Also, the diameter of each noizle may be varied
so that print tones canbe reproducedwithevenhigher precision.
A combination of the above schemes may also be implemented.
In the above embodiment an'example was described for
driving the piézoelectric elements with a combination of two
basic pulses, however this invention is not limited to this
example, and the piezoelectric elements may be driven by just

one basic pulse as required, or the piezoelectric element may
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In the above embodiment, an example was also describgd
for maintaining the drive signal at a fixed signal level for
a specified period when switching the signal level of the drive
signal,howeverthisinventianisnotlimitaitothisexample,
and maintaining the drive level at a fixed signal level may
be omittéd when irregularities in the guantity of ink can be
sufficiently reduced.

Also in the above embodiment; the dilution fluid was
suppliedffomthebuffertanktothepressurechamberutilizing
the period that ink was supplied to the dispensing outlet of
the dispensing nozzle, however this invention is not limited
to this example, and after the dilution fluid is emitted, it
may'be supplied from the buffer tank to the pressure chamber,
when a sufficient printing time can be maintained.

Further in the above'embodiment,-the emitting of ink

and dilution fluid fromthenozzleby driving thepiezoelectric
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dispensing outlet with said dilution fluid and to also make

p ,r.‘t.}.';.\

“} saidinkdilutedwithsaiddilutionfluidflytowardstheobject
for printing; and

an ink supply device to supply to said dispensing outlet,
a quantity of ink according to said print tone, and

whereinsaidinksupp;ydevicehasaidriveelementdriven
by a drive signal having a specified number of pulses.

2. A printer according teo claim 1, wherein said ink
supply device has:

a4 pressure chamber for holding said ink; and

a fixed flow nozzle extending towards said.dispensing
outlet from said pressure chamber,

wherein said drive element is a piezoelectric element
for v#rying the volume of said:pressure chamber according to
said drive signal.

3. A printer according to claim 1, wherein said ink
supply device regulates the quantity of said ink by controlling

the number of said pulses and the amplitude of said pulses.
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of said pressure chamber, and the signal level next changes

inadirection increasing the volume of said pressure chamber.
5. A printer according to claim 1, wherein said ink

) supply device has a plurality of ink supply holes adjacent

A

to said dispensing 6ut1ets, and said ink is supplied from the
ink supﬁly holes to said dispensing outlets.

6. A printer head control method for regulating the
quantity of ink diluted with a specified dilution fluid and
expréssing print tones, wherein said priﬁter head céntrol
method drives a drive element by means of drive signal having
a specified number of pulses and supplies to a specified
dispensing outlet a quantity of ink according to said print
tone, and along with diluting said ink supplied from said
dispensing outlet with said dilution fluid by emitting said
dilution fluid from said dispensing outlet, also makes said
diluted ink fly towards the object for printing.

7. A printer ﬁead control metheod according to claim 6,
wherein said drive element is a piezoelectric element.

8. A printer head control method according to claim 7,

wherein saidmethodhas apluralityof ink supply holes adjacent
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to ink jet printers for regulating the guantity of ink by

dliutlngthe1nkw1thd11ut10nflu1dtoexpressélfferentprlnt
{fl tones, reduce irregularities in supply of ink supplied to the
i dispensing nozzie compareci Lo the related art, and to provide

a-high quality Printing effect. This invention regulates the

dilution fluid for dllutlng the 1nkkurcontrolllng'the number

of pulses.

Figure 5
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