Title: "Ink Jet Recording Apparatus”" BACKGROUND OF ‘THE I NVENTION 1. Field
of the Invention This invention:relates to an ink jet, recording apparatus.
and nore particularly to an ink jet recordi ng apparatus of the<EBnti nuous
j et typeimherein ink is jetted continuously froma.nozzle of an ink jet

recordi ng head. 2. Description of the Prior Art Various ink jet recording

apparatus are entignal |l nQgwn an ractically. used. One of such
convent i onal iﬁggﬁgf reEBkdﬁﬁg gﬁﬁ&Fﬁ&H@ S?RBF "continuous jet type
wherein ink is jetted continuously froman ilnK jet recording head. An
exenpl ary one of such conventiona elely | n | LYRe ounk jet recording
head is shown in FIG 12. Ref&#s3 - e R G R i nuous jet type:
ink jet recordingg head ,shown.ingJ udes an ink bottle 91 in which ink is
acconmodat ed, aE‘iEﬂegGWQTQ?hﬁbS

_ DY SR YioRy a pressure to ink fromthe ink
bottl e 91 and. sendi ng o&héghﬁﬁggéé1?k§§%H%#§§gﬁbn§nng§§:gggth%og%i%%r

supplying ink fromthe i p . I et . 4" havi ng .
cireular orl icgpghrarisly 4% word Wrchl%r?l'ynlfolelaﬁcltlhﬁdge_%5re%_ror3%‘§' ng

the potential o in the nozzle ground |l evel, a vibratin
element 96 in tRgphPa¥usf 0F RhAZQInqhuices jet type wherein ink is
Jetted continuously from a nozzle .of an ink jet
_ recording head.
U 2. Description of the Prior Art |
Various ink jet recording apparatus are -
conventionally known and practically used. bne of such
conventional ink Jéf rééording apparatus is of the
continuous jet type wherein ink is jetted continuously
from an ink jet recording head. An exemplary one of
such conventional continuous Jet iwe ink jet recording
head is shown in FIG. 12. Referring to FIG. 12 the
continuous Jjet tyﬁe ink jet recording head shown
includes an ink bottle 91 in which ink is accommodated,
- an 1n.k pump 92 for applying a pressure %o ink from the
ink bottle 91 and aéndtr_:s out:the thus pressurized tnk,
an ink tube 98 for supplying ink from the ink pump 92
therethrqugh: a nozzle 94 having a circular orifice of a
very smwall diameter, an ink electrode 85 for holding the
potential of ink in the nozzle 94 at a ground lsvel, a

vibrating element 96 in the form of a piezoelectric



vi brating el ement nounted on:the nozzle 94, a vibrating elenment driving .
vibrator 97 for applying an exciting signal to the vibrating element 96, a
controlling el ectrode -98 having a circular opening or a slit-1like opening
coaxial with the nozzle 94 for receiving a controlling signal to cont{g
charging of a jet of ink, a grounding electrode 99 disposed in front of the
controlling el ectrode 98 and grourde® Htself, a knife edge 100 nounted on
the groundi ng el ectrode 99, a deflecting high voltage-dc power .source
(herei natterateher tédmieatanotdefldcbnnghponerzdeucde) alGk.break g def | ecti ng
el ectrode 102 connected to the deflecting power source 101 for .cooperating
with theelhemendi dgiviegt vadiea88rt 8 Tpfodueppliyéngbamwearsianngit ense el ectric
field perpendicular to an ink jet flying axis to deflect a charged ink drop
to the gsbgmalngoekbet véticza39ngi déenend SBusadebhdciodd ictgar ged ink drop is
flown to a record nmedium 104 w apped around a rotary drum_103. In such
convent i oheftEefAei ABohavidg fypEerFMR2FePPRBEBBIPR] 2afpdratiike i nk _
pressuri zed by the ink pqu_Qg.is jntﬁodgieg'by may1ot'the ink tube 93 into
the nozZPReRUNEE0aKRR B8t TBP PREZLAK s TPEr REFSAMIME he orifice

pont ancitRrErLTEpkch sbPal ErohfiniyT chdta:na b7 & 9bd By dnipe v @
a grounding electrode 99 disposed in front cf the
dontrolling electrode 98 and grounded ftself, a knife
edge 100 mounted on the grounding electrode 99, a . - \;Q
deflecting'high iﬁlﬁage;dé'howér sdurce (Hereinafter
referred to as'déflééfihg'pdwer 9§urcé) 101, and a
‘deflecting elecfroae'ldz connected to the deflecting
power source 101 for cobperating'with the grounding
electrode 99 to produce therebetween an ﬁntensé electric
field perpendicular to an ink jet flying axis to deflect
a charged ink droﬁ'fb the é}ounding eiectrode 99 side.
The thus defléctédIChérgedlink drop:is flown éo-a recérd
- medium 104 wrapped around a.rotary-_drim 10-3.

In such c’on'ver.‘.:'ion'a.l" opn’fihuoug--.. jet type ink jet
recording apparatus, ink pressur'iz'éd.ﬁy the fink pump 92
is introduced by way of the ink tube 93 into thesgozzle
94, at which a jet cf the tnk is fnfmed.froﬂ-th;);rificé
thereof. The ink jet 18 d:sintegrated into a train of

ink drops with a spontaneous d:sintegrating freguency



whi ch depends upon a dianeter and a flow rate of the ink jet and physi cal
properties of the ink. In this instance, if the exciting frequency of the
vi brating el enent 96 nounted.on the nozzle 94 is set-to a value at or
around sLhe spont aneous disintegrating frequency, then disintegration wll
be synchronized with excitation of the vibgating el ement 96, and
consequently, ink drops of a very uniformsize are produced in accordance

W th the excifhng, requaney. 1ok Qréﬁéméﬁ.é}nzfﬂr_@t?ﬂo& -4 bk somanRgr ;age
charged, upon Séparation Tromt e ink jet, by electrostatic induction by

way of an integrating fiyciidl corposed: &of a0 elecific resishagce R of the

ink jet and anh el ectrostati c capacitance between the ink jet and the
controlling ek@aghr:04e, 98 ¢ tHWiSexd{sile Losdudidy g stwdal bsa8:hgct angul ar

wave having an-anplitude [err], then a potential of an ink drop imediately
bef ore di si nt egeakinan 96 mpwehedyord erivd ndzzidheSunid et i bk aroepduseparat ed
fromthe ink jet are charge nodulated in accordance with a controlling
si gnal - (recor drng rpunse Hiegned 9n Tmediro izsich 3 eg ks Wit éqasnexci thag
signal, then such charged ink

disin:egrat;on will be synchronized with excization of

the vibrating elemehz 96, and consequently, ink drops of

a very uniform size are produced in accordance with the

exéitlng frequency. _ .

Ink drops disintegrated in this manner are
charged, upon separation-ffom the ink jet, by
electrostatic induction by waﬁ of an inteérating circuit
composed of an electric resistance Rj of the ink jét ahd
an electrostatic capacitance between the ink Jet and thé
controlling electrode 98. Thus, if thé controlling -
signal is a rectangular wave having an amplifude Be,
thea a potential of.ad ink drop immediately before_

- dis-integ:-a-tion ls given by
b 5 = @c(l ~ exp(~-t/CjR4M)

If the uniform ink drops separated from the ink
Jet are charge modulated ih accordance with a
contrelllng signal (recording pulse signal) synchronized
in ﬁhase with an -excltlng s;gn.all. then sucl;. charged ink

drezs will be deflected to the grounding electrode 99



drops will be deflected to the grounding el ectrode 99 side by an action -
of the deflecting electric field and cut by the knife edge 100 while only
non-charged i nk drops are allowed to advance straightforwardly and pass by
the knife edge 100 so that they formdots of ink on the record medi uni}04
wr apped around the rotary drum 103. Now, if the exciting frequency. . =
(disintegrating frequency) is set to jerr] and an ink jet is pulse width
nodul ated by a frequency of [err], thén a picture imge of n gradations

with a cogﬁgglégda ot_ qi.anetes {hrlJé%f%ﬁﬂﬁ&?%fﬁciimiffﬁQPe”C ,of fd/n. In

the convehtionaP EontiSiuois Jet” type in recordihg appafat¥s descri bed

above, th@u%xg&t LAY $9 'et_a%net .ﬁ%d’i@{ﬁaté g, 18] %%mcggﬁgg&?w%{fbgont rolling

signal (récording pul'se) to the controlling €l ectro

synchroni gedp Wi kb e23ah oWt TBIdUAHIY G 1% 1GARIw HY 1 £ A f g PHASE -
rel ati onshi p. In particular,-while an ink dot is produced t'n synchronism

with an eygi thagkaiigraledg 1100 ’G athashitehk yaForaK deis i Siddegst es into an
ink drop is varied delicately during one period of an:exciting signal by a
vari ati onthé pacart aes iumci Jds war apprgpcraztownd, tdRe indepresstue and physica
properties of T : _ . o

103. |

| Now.'if theiexciting frequengy (disintegratiqg

frequency) is sef tb'fu and an ink jet';é puise width'

modﬁlatéd by a frequency of fu/n, then#afﬁictﬁ?e image.. ' \Qi

of n gradations_wjth a.controlléd do£ diamefer.can be

recorded at the frequency of fi/n. ..

In the conventional continuoﬁs-jet type ink_Jet.
repording_apparatus_dgscribed aboﬁe; :he excizting signal
to the vibrating element 96 and the conéfolliﬁé signal-.
(recording pulse) ﬁo the controiling ele&trode 88 must
be synchrénized_viﬁh'each o{her mainféining a certain'
optiéal:phase relatiohship. In'péftiéular, while an ink

- dot is producsd in synchronism witﬁ ﬁ# exciti#g signal,
a tlm'._r;g at .which en ink jez disiniegrhtos i-n't.c.a an Ln_k
drop s varied délié?ﬁely during one befiod of an
exciting signal b& a ﬁériation of.pafaﬁetehs such as a
temperacture, ﬁh lnk_preésufé and phisi§a1 prope}tie; éf‘
inkf If such timing.or.d:sxntegra;laq and_the |

centrolling signal (recording pulse) are displaced in



ink. If such timng of disintegration and the controlling signal
(recording pul se) are displaced in phase from each other, then the
electric resistance [err] of.-an ink jet presents a very high val ue

I mmediraggl y before disintegration, and consequently, an edge of the
controlling signal (recording pulse) coresgw-thin a region (hereinafter
referred to as forbidden region) where the resistance is very high.
Accordingly, ehais - 4 nkzséop twkes:ipé acbebut: ¢ neospsesety, Rand an

i nconpl etely charged ink drop is produced. If an inconpletely charged .ink
drop is produGed,ard ek i fet Sp+ePewss ba evépoyi nigli dabbéyimsnediatelpk drops
accurately. As a result. a spot-like noise is produced mainly at a

hi ghl i ght portherrd &l g ecosgest port ugrd | cBmeeqwen 2Lhni qmuesdfe nefekhe .
synchroni zing an exciting signal and a controlling signal (recording pul se)
W th each ot heyordli sidl@seiignd br {eecepi £2g | PulsphneseeParbhditaid- Qpen '
Application No. 62-225363, Japanese Patent Laid-Open Application No.

63- 264361, and reg ffaoy t the MeEmaht ¢, r of 9T f0dt of 28ef 2F bd B8y BRZHPRY num phase
bet ween an exciting signal and a controlling signal (recordjng pulse) is -
di scl osed, fowherapike TesisRAERtEht VALY 2:8B9. 6BSCOTRER&IH an ink jet is

char ged .
d charging of .an ink drop takes place but incompletely,

and an incompietely charged ink drop 1s'produced. If an
incompletely charged ink drbp 1s produced, then {t is
impossible to individually contrel ink drops accurately.
As a résult. a2 spot-like noise is produced mainly =zt a
highligh: porticn o0f a recorded picture image.

A4 techrique of merely synchronizing an exciting
signal and a controlling signal (recording pulSe) with
each other is disclosed, for example, in Japﬁnese Patent
Laid~Open Appiication No. $2-225363, Japanesé Patent
Laid-Open Appiication-No. 63~254381 and so forth.

- Meanwhile, a methbd et détermininz an optimun
W phase between a; exciting signal and a controlling
signal (recording pulse) is diselased. for example. in
U.S. Patent No. £.839. 685, wherein an ink jet is charged
either 1in accsrdance with a - probe pulae having a smaller
width Than a perieod (i/fe) of an éxciting signal or

f pulses heving an

[4]

angther Probe pulse having a pair



either in accordance with a probe pulse having a smaller width than a
period [err] of an exciting signal or another probe pul'se having a pair of
pul ses having an equal anplitude and an equal pulse width within one
period of such exciting signal but having the opposite polarities to E}ch
ot her while changing the phase of the probe pulse, and a current which™
flows together with an ink jet (suchgecurrent will be hereinafter referred
to as jet current) is successively neasured to find out an opti num phase

from measgii£t yapuesuak the pat equelephiskoweyer, wsushaj hecurrent is a
very low current (10 to 100 nA) and a current source is exposed to various

noi ses. pé¥iddasfastivhl eraeching, sikndd ﬂuifhswiﬁgtahshbebdsweh current
source fromexternal noi.ses. Particularly, noises (huns) froma conmerci al
power supplarptjekoroeranpl erhar tHOLY matteing Athret hbdsef cieatering a j et
current is also disclosed.in U 'S Patent No. 4.835,665 nentioned above
-mherelnRthRr%%%sﬂetééﬁlhg~Pés?§Fth$§ |ﬁ¥%¥%o§%ﬁebb?MBEh =hnannk el ectrode

and the ground to convert_ a % _gg é nIP into a voltage. Another met hod
wher ei n i k" el BLER0BBTT &R EoRhett BY %F%r%ﬁ?t%%lr@r%ﬁhﬂ?nﬁ°p6?nt of an

0 eratlon lif constituting.a curre t to
P i% ren{) is suc¢ =ss{v iy measu to find out an-

optimum phasé from measured vﬁlues of the jet current.
Hoﬁever,'such Jet curreﬁt is a véry'idwncurrent (10 to

100 nA) eand a curréht gsource is-expose&.fo various ., _ : .;j
noises. With an actual machine, itfis'difficult £

shield such current source from eiternal noises.

Particularly, noiseé.&hums) from a;cdmmercial power

supply of, for eiampie. ac 100 V matter.

A method of measuring a Jet'éurrenf is also
disclosed in U.S. Patent No. 4,835, 865 mentioned above
wherein a current detecting resistor is 1nterposea
between an ink elect:one and the grqund to-canvert 2 jet

. current into a volfaée. " Another method wherein an ink
electroede is connected to a virtual grounding point of
an operational amplifier constituting_a current to
voltage converter is disclosed in No. PCT/US88/03311.
The two methods are edvantageous in tﬁaf.'where a
ccntinuoﬁs_,jet tvype 1nk_ jJet recording apparasus tnéludes

a plurality c¢f nozzles like a color ink jet printer., a



vol tage converter is disclosed in No. PCT/US88/03311. The two net hods are
advant ageous in that, where a continuous jet type ink jet recording
apparatus includes a plurality.of nozzles like a color ink jet printer, a
jet curgent can be detected independently for each of the nozzles.
However, in order to introduce all of jet,currerts to a current detector,
entire ink supplying systens fromink bot%Tes to nozzles including ink

punps_nust bei‘ieaptcdﬂlmei.ael%tt{é g@‘i%gci.?&)'ﬂ}?&&@é‘ﬂu%}g“nfuéﬁgﬁroceaCh of
u

such i.nk supplyi'ng Systens Tncludes a Vvery Tong | nk tube and so.forth and

accordi ngly rrqla%s na._z\iqreys.harﬂ#évéwi SEh s%l%%eé?\l AF‘Cz%@'&QQIé’Ut L%Fi‘i%% hod of

difficult to méasure a Jet current ‘at” a ratio. A fur

detecting a j gl SWp-anty d | oW.NG- Hel Were & &F OUlih NG emsté@%,ﬂ Nilga
deflecting electrode 1s disclosed in U S. Patent No. 4.889.665 nentioned

her ei nabove. The+¥aishatdp SAPEdOFld shersmited mhd 0l Tkesnkissu@s an i nk
electrode in that a jet current can be neasured at:- a high S/INratio with

| ow noi ses. nmieweber kept idham tdieedutlonililng yyoaldend ddmdit{dy. while

measurenent is easier on the grounding el ectrode side to which no high

vol tage is applirederi.n esoth dhstwnice,alt heupgriquim regr s et rioel uds ¢ i s

soiled very long ink tube and so forth and accordingly makes ;
very hérmful noise source. Accordingly, it is difficﬁlt
to measure 2 jet current at a high S/N ratio.. | ;

A further method cof détecting 2 jet current
flowing betwgén a grounding elecirode and a deflecting
electrode is disclosed in U.S. Patent No. 4,889,665
mentioned hereinabeve. The method is superior to the
method which makes use of an ink electrode in that a jet
current can be measured at a8 high S/N ratioc with low
noiées. chever,-i: has the following problens thét:

(1) while measurement is easier on the grounding
-electrode side to which no high voltage is applied. in
-/ such :instance, the grounding elestrode, which is soiled

with waste I:quid, must be kept in an isolated

condition: and

(2) even 11 a ccntinuous Jet type ink jet .recordin-g

apparaius such azs a color ink Jet printer which includes

2 plu:ality of nozzles, only one deflecting electrode



with waste liquid, nust be kept in an isolated condition; and (2) even in a*
continuous jet type ink jet recordi ng apparaus such as a color ink jet
printer which includes a plurality of nozzles, only one deflecting

el ectrode and only one grounding electrode are provided, and in t

I nstance, since waste liquid fromthe nozzles cone to the single groundlng
electrode, a jet current cannot be nBasured independently for each of the
nozzles. Also a nethod is disclosed in U S. Patent No. 4,839,665 nmentioned
her ei nabgxe whereicheargraheniirng alles diroaeataad gomduciddie ek Lmtcher is
provided in front of a grounding electrode and a deflecting el ectrode, and
a currenthdet eakitnqcessisitmare v sive driposad fremvddre tdelewiuctave i nk
catcher and the ground to detect a jet. current. While the nethod is
better thenthhke sting ltetdrods ddasc 6iest "Gy e 2 §|eﬁcé=‘-§'rsq'gﬁ1a¢aw ce has a
hi gh i npedance of [err], to [4%g ' also t he cyrrent det I ng resistor nust
be high ?# FééF&F&ﬁcé“QHHQﬂ4 Kds fior §§§f Pg Consequent | y,

measurenment of a curr 5P q . &atl a (¥ he chleved ~ Thus,
-an alternative né&?ﬁrﬁﬁ ﬁ% 35 g Pegpﬁg &%’%Tﬁﬂ ‘s, a net hod
wherei n 2,358.865 mentioned'here:nabove'wnereln an electrically
isciated con&ucfive'ink catcher is provided in front of
a grounding electrodé.dnd a deflecting electrode, and a
current detecting resistor 1s'interposed between the. &j
conductive ink catcher and the groiund to detect z jet
current. While the method is better then the two
methods described above, since a signal source has a2
high impedance of 10° to 10'? 0, also the current
detecting resistor must be high in reéiétanée. which
makes it easy to admit nolses. Conseque“tlyr
measurement of a jet current at a hign S/N ratio cannot
be achieved. Thus, an alternative measuring method
.using an ac technique, that is. a method wherein a probs
pulse is amplituds'mdéuldted and a jet ecurrent is
detecssd by means of a narrow-band anplifier. is
disclosed in U.S. Patent No. 4,839,665 mentioned above.
Thi:s method, however, s2ill has a pr;biem that a circuit
systen 1s complicated and expensive and_;he stabilisy is

low because an amplitude modulzied probe pulsé is used.



pul se is anplitude nodul ated and a jet current is-'detected by neans of a
narrow band anplifier, is disclosed in U S. Patent No. 4,839,665 nentioned

above. This method, however. still has a problemthat a circuit systemis
conpl i caled and expensive and the stability is | ow because an anplitude
nodul at ed probe pul se is used. As descri bed above, an ink jet Drinter

such as a color ink jet printer normally ipctudes a plurality of nczzles.
In particular, where the conventional continuous jet type ink jet recording
appar atus descri bed hersidedovebed tdbged.erencienit g 64 @ritPrdrs owist£sicied as
such ink jet printer, it includes a plurality of such continuous jet type
ink jet recordigigpmears pst desttdecdhahoakEly idalddess a nslhwnek ©f hef
continuous jet type ink jet recordi ng heads are provi ded i ndependently of
each ot her whidozzlss.gr dimdiany: et wekdT.odch &% Wd fowrarget ik0G 1 def | ecti ng
power source 101 and defl ecting el ectrode 102 are provided commonly to the
i nk j et recor Giong Hews Jed FERREh K §etraranitieg aRanidsd es 94 of the

i nk | et recording_peads are di sposed j+ line either |$ n axial direction
(herei nafter OERGTRFS Foree drahf il t i Tedtisdne i rIaGa adrciﬁrfer enti al
direction (heg%dgggggtgfﬁ§gr;¥L§cins jet prinater, it includes a
pluralisty of such continuous jet type ink jet recoréing
heads as described above. In this inéfance. the.
\ continuous jet type ink jet recording heads are provided
independently of each othér while the grounding
electrode 98, knife edge 100, deflecting power source
101 and deflecting electrode 102 are provided commonly
to the ink jet recording heads. In such ink jet
printer, the nozzles 94 of the ink jet recording heads
are disposed in line eifher in an axiai direction
(hereinafter referred to as drum axial direction) or in.
a circunferential directicn fhereinafter referred to as
-drum eircumferential dirsction) of the rotary drum 103,
By the way, since the nozzles 94 are different
in directicns ¢f axes of ink jetse therefrom (nozzle .
axes) and in flying speeds of such ink jets, they muss:
be adjustable 1in registrat;on. - However, where flying
Speeds of irk Jess are different, even if & controlling

signal) 1s recelived simultaneously by the cenirolling



drumcircunferential direction) of the rotary drum 103. By the way, since-
the nozzles 94 are different in directions of axes of ink jets therefrom
(nozzl e axes) -and in flying speeds of such ink jets, they nust be

adj ustable in registration- However, where flying speeds of ink jets{%;e
different, even if a controlling signal is received sinultaneously by the
controlling -10- electrodes 98, tires required for ink jets to reach a
surface of the rotary drum 104 aré€ di®ferent fromeach other. c
Consequenglgg_the ink jets will be flown to displaced positions. Adjustment
in alignfrefit “6P<&8cfBnozzFES 98 AT ti0dy tarke & Sarfed §3F3i%e in an axial
direction of the rotary drum 103 includes,-as adjustment in a drumaxial
di recti of¥T I #BRNGAI CAF FEFEwEr T4 1% RMRard AF R nEiey i 92 %the drum axi al
direction%.of thg nozzl es _94 and thEbla%-a%ngt-,nt.of of -recording

pi cture @F3%Ent H8FECREPRFRE nd28 d&%04d 6y 4 1di SearddP MetiRen the nozzles
94). andy] , .adjustnent in a drumcircunferential direction, tine
| ag adjd%f%g%?ggﬁ-Fggéfgkﬂg'picture el enent data for the nozzles 94. -

Adjustment in regisheaheqR iR a1dkUHent of such nozzies 94 where
they are arranged in line in an axfal direction of the
rotary drum 103 inciﬁdes.”as adjustzent in & druam axial
direction, mechanical leftward and r£ghfwérd:édjustmeht
(in the drum axial dirécfion) qf'th§.d022155.94 and time ¥J
lag adjustment of:of"recbrding"piC£ﬁf§'elément'data for
the nozzles 94 (by a distance between the nozzles 94),
and includes, as adjustment in 2 drum circumferential ”
direcﬁion.'time'lag adjustment bf'recbrding piciure
eleﬁent.data for the anzles'94; |
Adjustment in registration in a drum
circumferential direction is conventionally achieved by
either of the fecllowing two'régistratipn'adjusting
,mechanisms:-. o | | a | | : u
1) Accbrding o Quch rezistratioﬁ aﬁjuéting”ﬁechanism
as disclosed., far ex;hple; in Keht Eladh..Réport 1,
Dep#. Electr. Meas.. Luﬁd Inst. Teqh;{'IQSé, pp. 1124114
or in.qﬁpaneﬁeiPateni Lhid—OPen Applicafibﬂ No. 62; o
225363, délay circuits hafing.delay timée.addustible

‘independently of each other are proﬁided.for neoezzles for



civrcunferential direction is conventionally achieved by either of the
followng two registration adjusting nmechanisnms: (1) According to such

regi stration adjusting nmechani smas disclosed. for exanple;, in Kent Bladh.
Report {, Dept. Electr. Meas., Lund Inst. Tech., 1982, pp. 112-114 or im
Japanese Patent Lai d-Open Application No. 62- 225363, delay circuits having
delay tines adjustabl e independently of -eagh -other are provided for nozzles
for - 11 - four different colors (C (cyan), M (nagenta), Y (yellomb and
BK (black)). Eagh efisthe Ge) api@rcUid Sdya0onpotadgena), ¥ (yellew
serial-in/serial-out type shift register and an oscillator having a

vari abl e vi br akhanBfr qa@uerey )and Had R ameoudeldly korbaisupplsi ednddsaashift
clock signal to the shift register. A tine required until picture inmge
data are out pudtfed Eewumﬂhanﬂﬁédiaﬂﬁy&n(ﬂyp&fméu‘havbggsbeenamdpumted to
the shift register, that is, a delay time, can be adjusted by varying an
out put frequenagcaf leferodeming ar varipbAec HAFAGLes ?ﬁéqﬁﬁﬁéw eadi stration’

adj usting nechani sm di scl osed in Japanese Pat ent Lald Ellcatlon No.
62-33647. JapahB¥éiRa@BnPULRF- GPerpe SuPplied 2s a sh 17202100k Si5nad

to the shift register. A time required until picture

image data ;re ousputted from the shift register after

having been inputted +to the shift register, that is, a
W, delay time, can be adiusted by varying an output
frequency cf the oscillator.
(2) According to the other registrzticn adjussing
mechanism disclosed in Japanese Patent Laid~Open
Application No. 62-33847, Japanese Patéht Laid-Open
Application No. 62-688761 and so forth, buifer memories
(line buffers) are provided into which picture lmage
data can be wfitten at different addresses variable
independently for fzur colors (C, M, Y and BK). Four
color data are wr:iten into the buifer memories at
different addresses whizh are displaced'f?om each other
by distances co"."espondx-xg to distances betweer them,
and reading out {printing) of data from the buffer
zemories 1s performed simultapeously for the four oolors -
<0 qcmpensa:e for ‘-e d.sp;acements cf the nozzles,

ith the first registration adjusting mechaniarm



Application No. 62-68761 and so forth. buffer nmenories (line buffers) are
provided into which picture imge data can be witten at different
addresses vari abl e i ndependently for four colors (C. M Y and BK). Four
color data are witten into the buffer nenories at different addresse

whi ch are displaced fromeach other by distances corresponding to di stances
between them and reading out (printjpg) of data fromthe buffer nenories
is perforned sinultaneously for the fgur colors to conpensate for the

di spl acenents .of the nozzles. W p first.re |stra;|on adj usting
nechanisgsscrdgkcrl ed?abové “'# i{ snén eﬁ%e 3° réT%e t he resol ution

for regi s_tratlo_n dj us s a dj ustent, then the
Psply iz rtﬂfﬁé OSCQ?T a ‘Irrus‘t' fifedfNer ﬂ-l

oscill ator eqdéncy ‘of be” ralse nd T he RBinber of

bit's mjs?'ahﬁe' 5 ﬁ.ds.meﬁEC(){-Q'éﬁ‘gé,e cﬂséfﬂlfat £ 29S¢ né}l)\?icﬂ' s high in

nunmber t's and Can operate ai a speed (for exa ‘a several -

~hundreds-hg savanaladds q.me@ §@Ii$1§@alﬁ@rtwlrﬁmgmer@«t as; fy several
megahertz) is required. However, such shift register is expensive and is

not readmh}*a%aHuﬂﬂﬁbasedkxxﬂ&hdmﬁgngky*ﬂan&ﬂnﬁﬁlﬁﬁg;ﬁméﬂ ¥iegest ers which
do not have a sufficiently |arge nunber of bits nmust be connected in

is high in nux=ber of bits and can opera<e at a high

speed (for e;ample.=a several hundréds to several

kilobits shifz Eegister'which cperates by several

megahertz) is required. However, such shift register is - ;y

-exbensive and is not readily available. Accordingly, a
plurality of shift registers which do not havé a
sufficiently large numbér of bits must be connected in
series in tse.

Further, since the resolution ih tinme is 2
reciprocal number to an oscillation7frequencj cf the
oscillator. if such %requency varies. then the
resolution in registration adjustment is varied.

. Acéord‘.ngly. in::case registration adjustment is
performed with a higher oscilla“ion frequency so that. a
resolution for registration adjustment necessary at a
minimum frequeﬁcy may be assured, the resclution in
registration 'adJustment may be unnecessearily high.

On tThe other hand, with the second ‘registration

gadjusting mechanism described szbove, four eslor (2, M. Y



series in use. Further, since the resolution in tinme is a reciprocal nunber
to an oscillation frequency of the oscillator, if such frequency varies,
then the resolution in reglstratlon adjustnent is varied. Accordingly, in
case reyisstration adjustment”i's performed with a hi‘gher oscillation
frequency so that a resolution for registration adjustnent necessary at a
m ni mum frequency nay be assured, the resolution in regi stration adj ust nent
may be unnecessa dy _high. On the ot her hand, with the second registration
adj usti ng neBff nbém Hescr‘rb‘ed‘a BHHNE FTHANRT TP (E® MES¥er . 13 - and
BK) picture.data are witten | |nto t he. buffer nmenories at different

addr esses, aﬂamf’ﬁéy aFe‘ r‘ead"&ﬁn L?ﬁmﬁ'epﬁ’sleﬁt'l Age tl“ﬁysfnc?hrrc?rﬁ%rﬂ%th a

pi cture el e rgg N Iy, §Q|utl R dgh regi stration
adj ust ment i réclpr ggr 3n§ ncfo §‘%re%hency %ﬁ “a plc%hre A%ement

‘recording clpgg°§ 8 gngkls Qb rldQW 2, @ o §eR0TLRY sHAGE because it is

provided by recor ots on t e recording face Accordingly, the second
registrati onraghg%}hngoﬁe@h%ls&meln& var % rW:iphokc@30hiunib@? ivd regi stration

radj ust rent and
: frequency cf a picture elsment recordlng clock signal
‘and is very low on a recarding *ace because it is |
' provided by recording dots on the recording face..
K“/ Accordingly. the second regisiration adjusting meéhénISm
is very low in resolution in registration adjustment and

accordingly is nct suitable for a high resolution

printer.

SUMMARY OF THE INVENTION

It is an object of tne present invention to
provide an ink Jjet recording apparatus wherein ;nk drops
can be controlled iﬁdividually to assure high quality

'printi_ng. |

It is another object ©f the prasent invention to
provide an ink jét rscbrding'appafatus.wherein
adjustment in regisiration of ink nozzles in a drum
circumferential direction can be performed at a
sufficiently high resolution in registration sdjustmen=

comparing with a pitch of recorded picture elemen=sa.



accordingly is not suitable for a high resolution printer. SUWARY OF THE
INVENTION It is an object of the present invention to provide an ink jet
recording apparatus wherein ink drops can be controlled individually to
assure high quality printing. It is another object of the present 1nveﬁ\|on
to provide an ink jet recordi ng appangkus wherein adjustment in
registration of ink nozzles in a drumcircunferential direction can be.

performed at a sufki ckent yirhkingh Leg@kYt c@n<hB 5sgggtnaghqg ~adjust ment .
conparing with a pitch of recorded picture el-enent s. It is a further

obj ect of¢$hgrpyeaentni MENEe@Nrie@oPL@MidapparkBlisj 8¢ £geordi ng apparatus
of the continuous jet type wherein an opti num phase between di sintegration

of a jet ®intpnhuais ferecepdi mjepelincani gpatnus phéssabecakky adjusted to
assure high quality printing. In order to attain the objects, according to
an aspectdéinhegpatsent cfneedeitonf thbrendsaprevédédnanpuikej et recording
apparatus which conprises a plurality of nozzles for jetting therefromink
jets, exctigmgyl is auzomatically adjusted %o assure hzgn quali‘"

printing.

In ordeflto attain the objecss, according to an
aspect of zhe present invention, there is provided an
ink jet recording apparatus wh;ch compr{s;s a p;ural}ty
of nozzles for 3étting thérefrom'ink jets, éxciting
mezns brovided for each cf the nozzles for causing an
ink Jjet from the nozzle to disintegrate into drops of
ink in response to an exciting clotk'signal._charging.
means providéd for each of the nozzles for selectively
charging such dfops of ink from.the noézle_in accordance:
with a2 controlling signal. the notzles being arranged
such that droﬁs of ink formed from ink.Jets thereirom
may impinge in an overlabbing relationship a2t a locaticn
en a record medium supported on a_ratary drum when all | EJ)
of the charéing means for the nozzlés are controlled by
a same contrélling-signal._and a_reg:sfration adjusting
systesn including dét clock generating means for
producing a firat pioture element rgcofding clock signal

from a retary d-um position signal -aprossn.a.ive of a



means provided for each of the nozzles for causing an ink jet fromthe
nozzle to disintegrate into drops of ink in response to an exciting clock
signal, charging neans provided for each of the nozzles for selectively
chargindksuch drops of ink fromthe nozzle in accordance with a controlling
signal. the nozzles being arranged such that drops of ink fornmed fromink
jets therefrommay inpinge in an overlquth relationship at a | ocation on
a record nmedi um supported on a rotary drumwhen all of the charging nmeans

for the nozzlg L2Le, contrqlled gy a3 saqe_%quLnol uﬁg shgnql éi':r

- oa

regi stration a Jusflng sy§té |nclud|ng dot” “¢lYock generatln nean

producing a fikst._ pigtur gl gment. L ecor gl ck .5 gnal, +frgm a rotary drum
position sign%?Jﬁgﬁré en?atlve % Sgpgf“g aF =i gs§€|on%bf the rotary

drum the regjstsa rqg gg%ggt ngv5$§UeqbruggQgro,nqh@dhgg»nggrsggggron
adj usting neans provr e ach of the nozzles, each of the registration

adj usting neaps thBcludiiBg rhreauenay «¥elihigdnsang TRaNadher TrlliuRind;Ng a

frequency of the first picture elenent recording clock signal to produce a

first registrmiionpdgjingt megnel dok asudrdplystngria foeguearydelfaghrg neans

for producing, fromthe first registration adjusting clock signal, a second

first picture element recording clock signal to produce

a first registraticﬁ adiusting clock signal, s¢art

position.delaying means Zfor producing, from the first

registration adJﬁsting clock signal, a second .
regiétration adjusting clock signal which is delayed'by
.a time correspondiag to external variable instructien
data frem an original pcsition pulse signal |
representative of an or1g1na1 position of the rotary
drum, synchru“iz rng means for producing, Iroaz the firs~
picture element reccrding clock signal, a second pictﬁre
element recording ﬁloék signal synchronized with the
second registration adjust?ng'clock signal and the

U . exeiting cloeck signal. a liné buffer for storing pisture
image data therein and far being controlled in
acccrdanca with the sacond.picture element recarding
clock signal tc recall the stored data therefrom, |
controlling signa._l generﬁting means for generating, fron
the secsnd piciturs element recording clock signal, a

loading signal Z2=slazyed by a predetermined tima, pulse



regi stration adjusting clock signal which is delayed by a tine
corresponding to external variable instruction data from an ori gi nal
position pul se signal representative of an original position of the rotary
drum synchroni zi ng neans f.or producing, fromthe first picture el enen '
recording clock signal. a second picture elenment recording clock signa
synchroni zed with the second registrjdgion adjusting clock signal and the
exciting clock signal, a line buffer for storing picture inage data therein
and for baidth aodulsdd e ire et drafamecaditing pd suene JEmanr e el enent -
recording clock signal to recall 'the stored data therefrom controlling

si gnal gemaratrieay mosnsffar thendriatd rhpf farorhn mmﬂj 15 cthe e el enent
recording clock signal, a |oading signal delayed b predet erm ned tine,
pul se  lpadding I ranad @9 @tmg fmarlsfeedemmgp mkm@saml data read

out fromthe line byffer ip re onse to, the lo signal to output a
pul se wi &Y} r&fdlfl a4 ‘g‘ﬂ \f'erfg"“&‘ddtﬂgset% qb*ﬁ’rﬁg to the

Vol T age. EARTEHA Ftéarqem'e esﬁa%taa&*?#lﬁo%ﬁtvﬁét%%gwé énhepv%d?a“s e
control i Y £ 'g%nacl tc}rofﬂ%quﬂ'ee%qﬂmdd q\thh modulating signal to '
produce a con.rclllng sxgnal for the corresponding

charging means. o

In the ink Jet_recerding.appeeetus;_the dot _

clock generating means produces a first picture element
recording clock signal from a rotary drum-bcsition

signal representative of a rotational position of the

rotary drum, and the frequency multiplying means of each

of the reglstraticn adjusting means multiplies a

frequency of the first picture element recordlng clock

signal from the dot clock generating means to produce a

first registration adjusting clock signal. The start

position delaying means prceuces, from:the.flrst

registraeinn adjusting clock eiznal"fccm the frequency  ¥)
multiplying means, a second registration adjusting clock

gignal which is delayed by a time cofrespoﬁding to

external variable instruetion cata.frem en'crigiccl

position pulse signal representative ef.ec'cclginal'

position of the rotary drum. The synochronizing means



>

charging nmeans. In the ink jet recording apparatus, the dot clock
generating nmeans produces a first picture elenent recording clock signal
froma rotary drum position signal representative of ,a rotational position
of thesgtary drum and the’frequency multiplying neans of each of the

registration adjusting neans nultiplies a frequency of the first picture
el enment recording clock signal fromthe dpf] cl ock generating means to
produce a first registration adjusting clock signal. The start position

del ayi ng meangyQdiees, sfspnmibes {56t 1 00t sd ratéPér adi usbinongl eckcgi gnal
fromthe frequency nmultiplying neans, a second registration adjusting clock

si gnal which igs falayadPy:fe tide EDsseSPOnehN1g: 49 PxdL§Nah yaekadl e
i nstruction data froman original position pulse signal representative of
an original pgaidiqre ofl dident otedyrdingnclddie syedl anyaengonEABs with
produces, fromthe first picture elenment recording clock signal fromthe
dot cl ock generha sy arehrs s bs Seroinh pi €1 g vl g erdeInk reconal ngnd| dok si gnal’
synchroni zed with the second registration adJusting clock signal and the
exciting clocleXsiigndig CRREY | ik f erThe ok gte et iRk §hages daiat¥ftrein
and is controlled in accordance w.th _ :
image data therein and is controlled in accordance with
the seceond picture element recording clock signal from
the synchronizing means to recall the stored cata
W therefrzm, and the controlling signal generating means
generates, from the second piéture element recording
clock signal from the synchronizing means. a loading
signal delayed by a predetermined time. The pulse width
modulating means receives picture element data read out
from the line buffer in response to the loading signal
from the controlling signal generating means and outputs
a pulse width modulating signal having a pulse width
¢corresponding to the thus received picture image data,
and the high voltage switching means voltage controls
the pulse width modulating signel *rom the pulse width
modulating means to produce a controlling signal for the
corresponding eiciting means.
With the ink jet roco;dins apparatus, adjustment
in registratisn of the nozzles in a circumferential

dirscticn is performed using the firsst registraztion



t he second picture elenent recording clock signal fromthe synchronizing
nmeans to recall the stored data therefrom and the controlling signal
generating nmeans generates, fromthe second picture el enent recordin
clock si'gnal fromthe synchronizing neans, a |oading signal delayed bija
predetermned tinme. The pul se w dth npgdul ati ng neans receives picture

el enent data read out fromthe line bfTer in response to the |oading
signal fromthe controlling signal generating means and outputs a pul se

wi dth &4 T &i grat e h%gii‘n?gp th)m% %’a&m'n“’cror‘rre‘sﬁ)‘bﬁa‘f%g“fﬁnt he thus
received picture inage data,,and the high voltage sw tching neans voltage
control s e 1JSUI%TE G ottt e ST‘b‘ngﬂn# rcolrﬁg‘f%es-ﬁﬂ.& wi dt h modul ati ng

nmeans to ,prod ontrolli S| far cQrrespondi ng exciting neans.
Wth t heAi%r‘ﬂ? ']%glt% @esg'or d% %‘gé épp%talr'é!?us,‘]%sd]'mu%s:{kerrecnet% i Ppeegri"lscf‘r‘a fon of the

nozzl es igh+3 G rdpy q%i%%ﬁlf@gﬂpn #&'%J'Or%ééfiw the first

‘registration ~adj ust ( signal having a . equency than the
first piebdre oAllQMRNts SO WHEK| Of kadi i vld AC GISH b e MePisst ration

adj ustnent can be perfornmed with-a very high resolution. Further, since
the cont kglel iMg st g1 MY 4N dif Adlj wist 1Btk 191 o29C WigaEae oM tdhat
recording head pcsitions of the nozzles may overlap with
each'other'are-furtﬁer synchronized with.the'excizing
clock signal for the-drivihg_of the_eibiting means v_rhich
controls disintegration of an ink jet, ink drops can be
controlled individuaily. and consequently, high
r'e'solution_r_ecox;d:'.ﬁg can be achieved.” .-Further. 1f the
first regiétration adjusting clock signal is produée&
from the first picture element recording clock'aignal.
then even if.the first pic:ure element recording clock
signal_varies. ?he-resolution,ln régistrafion adjustmens
remains constant for_e#ch dot pitch.:fhat is, the
resolution .in'registra'tion adjustment = dot pitch/MH (M
1s a fixed positive 1_ntegra_1 numb_er). Furthermore, th'e. u
resolutien in reéistratibn adJuéfmentfcan.be designated |
variably in accordance with an external signal from an
MPU, a dip ewitqh or the like. |

Aoccording to.another aspect of the present

invention, theare is provided an ink jét recording



the first registration adjusting clock signal so that recording head
positions of the nozzles may overlap with each other are further
synchroni zed with the exciting-clock signal for the driving of the exciting
means wQiich controls disintegration of an-ink jet, ink drops can be
controlled individually, and consequentd y{§ hi gh resol uti on recordi ng can be
achieved. Further, if the first registration adj.usting clock signal is
produced fromebbarfi-hust wi:cdnire ey # eqardiingsclhacke=gral ,zdhen even
if the first picture el enent recording clock signal varies. the resol ution
i n registrati gatadrygsttirite Treymingk Qe antxdiar ngaak adat ppichaRied hedr i s,
the resolution in registration adjustnent = dot pitch/ MCMis a fixed
posi tive integrah rENkér) nozlrdshdromorsusting rRasdhit ijerr ifromegiket rati on
adj ust nent can be designated variably in accordance with an external signa
froman MPU, Bodipeswiot ¢l sdmtass atekd s Modar@isng it d 2EndbhEesaspsst wf t ho
present invention, there is provided an ink jet recording . apparatus
whi ch conpri s83 §XBRELAG ©F 96K FdRRRds CHATENS AG2PRePERVMEidIE gret s,
exciting neans provided fqr gach of th ngzzlqs for causing an ink jet
from the nozzP&foodi &kt &GP&E-ESi 08 &CIFS O &l ik CPATEA 88038 frops
of ink from.the nczzle in acccrdance with a controlling
signal, the nozzles being arranged such that drops of
ink formed frem ink jets therefrom may impinge in an
cverlapping relaticnship at a location on a record
- mediunm supporfed on a rovary drum when all of the
charging means for the nozzles are controlled by a sanme
controlling signal, and a registration adjusting systen
including encoder clock generating means for producing..
from a rotary drum position signal represent;tive_of'a
rotational position of the rotary drum, an encoder clock
signal including a predetermined number of clocks which
divide a circumference of the rotary drum uniformly, dot
\/ clock generating means for producing a firs:t picture
element recor@i:g clock signal in accordancse with an
external picture element density insiruction from the
encoder clock Si;aal. and registiration adiusting means

provided for ecach of the nozzlee, each of <he

registretion adjusting meens inecluding ‘fresquancy



an exciting clock signal, charging neans provided for each of the nozzles
for selectively charging such drops of ink fromthe nozzle in accordance
wi.ith a controlling signal, the nozzles being arranged such that drops 0
ink formed fromink jets therefrommay inpinge in an overl appi ng -{}
relationship at a location on a requgaquiun1supported on a rotary drum
when all of the charging neans for the nozzles are controlled by a sane

control | iag g/.9aly, nd, A rs '_?Jlaéii ”v-:a.ugé'mtb%-t-id’l%:sdyﬁ:tofr’éﬂé“céz%‘foig%e“COder
|

cl ock generating ans for produci nd. a rotary arum posi si gnal

represent ative Qf. ryot i(ug?“ osi tiqn of. thesaqtary dr n_encoder

cl ock si g%éﬁ'%n%llﬁgilanlg tgc} pPr'e e %rn%\ fed Shumnt r%o'fr%ciﬁq&\:‘kgaﬁlsc ' vide a

ci rcunf er gRe@kOk i G I, Ot <drgyR Ui P I8 ey 18 nEa@GEK «generating neans for
producing a first picture elenent recording clock signal in accordance with

an externgkophelinge dreethdensisty derglsireliion dgrsthaenaanas cl ock
signal, and registration adjusting neans provided for each of the nozzles,
each of tbegnedi star ateicamdadjegsitsitmg tiean @ djusitudigng lockguwargnel - 20 -
converting nmeans for nultiplying or divding the encoder clock signal to
produce awhicht isegiedtayaid dy adjtuste eprresponding to external

variable instruction da#a'from an o?tg;nal position

pulse signal represgniative aof an original position of

the rotary drum, synchronizing means for producing, from .
the first picture éiement recordingﬁﬁlﬂbk gignal, a | ~
second picture-alement.reCOrdinggclégk gsignal
sjnch:cnized'with the second registration adjusting
clock signal and the exciting clock-signal.-a-line
buffer for storing pictnpe image dafa théreln and for
being controlledfin acéordanFe“wifh'the second picture
element'recording ¢clock signal to reéa11 thé stored dﬁta
therefrom, controlling Signal'generatihQVmgahs for |
generating. frem the sécond picturejélément-recording_-
clock signal, a loading signal dglaye&'ﬁj a ' ' Qu)
predetermined time, pulse width mé@hila-t-in’g-' means faor
receiving piciure element data read out froh-the'ling
buffer in response to %he loading.nignil to ousput a
pulse width modulating signal having-é.éuleé-width

gcorresponding to the <hus received picture image data,



clock signal, start position delaying nmeans for producing, fromthe first
regi stration adjusting clock signal, a second registration adjusting clock
signal which is delayed by a tine correspondlng to external variable

i nstruchifon data from an orrgrnal position pul se signal representative of
an original position of the rotary drumasynchroni zi ng neans for producing,
fromthe first picture el enent recordrng;ilock signal, a second picture

el ement recorgl raghci ﬁd’%tgl?e exrr:lg{}' n&) Zﬂeegac\gl t.l%rt Q%_s_e;_(‘g%n on% t-r.ap

adj usting cl'oéR srg signal,” a‘tin

storing pict ur:tgl %g%edq,tﬁqi..lhhe&{o a S‘J Qi %'I”Qo gq.tordo,l,.l £g in accordance

with the second picture e recor ack signal to recall the stored

data therefr om,a¢oRNAlg 4G a0 ORI %dmsmraqnfgoéh ZHeS @t in3Gnsf,F OM
the second picture elenment recording clock signal, a |oading Signal del ayed

by a predeternined tiMe uNd SRV rERbHdlngN @ PP WEOT ThRC @indiode rpi Ct Ur e
el enrent data read out fromthe line buffer in response to the | oading
signal to outplibck peinesatidigh meedis piriodypcrsgnddiromaa e tanyuldrann dt h
corresponding to the thus received picture i mage dat a, and high vol tage
swi t chi ng nmeapssfici onolstizye lcaepresientptive of a2 rotational position

of the rotary drum. an encoder clock signal 1ﬁc1ud1ng a
predetermined number of ¢locks which divide a
circunference of the rotary drum uniformly, and the dot
clock generating means produces a first picture elemeni
recording clock signal in accordance with an external .
picture element density instruction from fhe encoqer
clock signal from the encoder elock generating means.
The frequency converting means multiplies or divides the
sncoder clock signal from the encoder clock generating
means to produce a first registration adjusting clock
signal. The start position delaying means produces.
fro; the first registration adiusting clock signal from
X./ the frequenecy multiplying means. a second registration
adjusting clock signal which is delayed by 2 time
corresponding to external variable instruction data fronm
an original position pulse signal representative of an
original position of the rotar; drum. The eynohronizing

means produces, from the first picture element recording



the pul se width nodul ating signal to produce a controlling signal for thé

correspondi ng charging neans. In the ink jet recordi ng apparat

us, the

encoder clock generating-neans produces. froma rotary drum position signal

representative of a rotational position of the rotary drum an encoder

cl ock signal including a predetergi? d_nunber of clocks which

circunference of the rotary drumunifformy, and the dot clock

nmeans praduces a fiyst.picityreysleqept recording ol gk signal

with an%5&?ﬁwﬁﬂ°{é%tb?§$ergée%§ déﬁg%fyggﬁét%ﬁé %ogng§ﬁ1?he

signal fromdt e r. £ K-gppeLaki Ng Aeapg. T requency
R B4 QA0 FLRGK IPQEERULRE HEBRR: o THE

neans dr vides e enco k sigral “fromthe

'

divide a
generati ng
i n accordance

encoder

¢l ock

converting

encoder

cl ock

gener at inng, JRANS: £ 04 PE Pekceng LbEshdr pOESEEALEOBnadkY kG C! OCK signal .
The start” position delaying neans produces, fromthe first registration

adj ust i RQ 0K Fianadnd roxet beciteapestycruki fRbYI NgTHBaNShed Second

regi stration adjusting clock signal which is delayed by a tine
correspoudiig ttedernattwnei bbb gei dstauthenaidatadf tem an or

i ginal

position pul se signal representative of an original position of the rotary
drum Bwtwldedniriageordascerwiloheshef seqvhtiepictust pletene el enent

recordi ng L :
recording clock signal from the synchronizing means t2

recall zthe stored data therefrom. and'tﬁe controlling
signal generating means generates, from the second
picture element reccrding clock signal from the
synchrcnizing means; a loading signal_delayéd by a
predetermined time.  Th§ pulse width modulating means

receives picture element data read out from the line

buffer in responsé to the loading signal from the

controlling signal generating means and'cutputs a pulse

width modulating siznal having a pulge width
corrgspbnding to the thus received picture image daza,
and the high voltage switshing means voltage controls

the pulse width modulating signal from the pulse wicdzh

modulating means to produce a controlling signal for <he

corresponding exciiing means.

" With the 1ink jet recording apparatus, ;djuat:ent

in registration of the nozzles in z circumferential

direction 1s perfcrmed using the first registration



cl ock signal fromthe dot clock generating neans, a second picture el enent
recordi ng clcck signal synchronized with the second registration adjusting

clock signal and the exciting clock signal. The line buffer stores picture _

i mage dagta therein and is controlled in accordance with the second picture
el ement”recording clock signal fromtheggynchronizing neans : recall the
stored data therefrom and the controlling signal generating neans

generates, frgpthengecond:Pisclure BLeRRRL ar GeerErNY-ehackcyi gaak fromthe
synchroni zi ng neans, a | oading signal delayed by a predetermned tine. The

pul se wi dth gpdukattngpieans:r eCen¥As Peebvlengl eIEBL dakaalead out from
the line buffer in response to the |oading S4 gnal fromthe controlling
signal generpgibAgcBBaARS taNgiedut-pHts dopuhsecenicdtbr notokit E0gnaignal having
a pulse width corresponding to the thus received picture i nage data, and

t he high vol Aagerswngthi ngegeanszvobhagdiovennentsceéhebpubseinrdeld

nodul ating signal fromthe pul se width nodul ating neans to produce a
control ling sithak ¥erythégooreespuiidPng eRerthap. nebnge Weeh the ink jet
recordi ng apparatus, adjustment in registration of the nozzles in a
circunferent¢9ﬁtdpiééFEoﬁiKgabewﬁéﬁhegsuéﬁhgsfﬁé {Rr3¢cPEGRBFRAFLSA

the first registration adjusting clock signal so that
recorcing head pesitions of the nozzles may overlap with
each cther are further synchronized with the exciting
clock signal for the driving'of the exciting means which
controls disintegration of an ink jet, ink drops cin be
controlled.individually. and éonsequently. high
resolution recoréing can be achieved. Further, if the
first registraticn adjusting clock signal 1s produced
from the first picturé element recording clock signal,
then even if the first picture element recording clock
signal varies, the resoclution in registration adjustmeﬁt
remains constant for each dot pitch, that is, the .
U resolution in registration adjusiment = dot pitch/M (M
'is.a f:xed posizZive integral number). Furthermore.
Since the fist regis=zration adJustfﬁé.ciéck signal ié"
producéd from the encoder elack signal, even if the

irst pieture element recording clock signal varies, the

h

resclution in regissratsion adlustment does nct rely upon



adj usting clock signal having a higher frequency than the first picture

el ement recording clock signal produced with reference to the encoder clock
signal. Accordingly, registrati-on_adjustnment can be performed with a very
hi gh resolution. Further, since the controlling signal which is adjus{gd

I n accordance with the first registration adjusting clock signal so that
recordi ng head positions of the nozzles nmay overlap with each other are
further synchronized with the exciting clock signal for the driving of the
exciting means which controls disintegration of an ink jet, ink drops can
be controlled individually. and consegU@ntly, hi gh resol ution recordi ng can

be achi eved., ,Further If the first registratiopn.adjusting clock.signal is
pr oduced PrgﬁFtPé¥F$r?Pth8PBF8§e%éﬁ§ﬂf rgﬁo.%¢h€i8Po¢§F§i'%%??“Fﬁ8ﬁ'even-
if the fidst yegisteatiencadjnstuedtngagi cké degighated smriably ednl ution
I n registratyQn | US t ' st nh P’ ffgﬁ\ t wobirCh,o t I S.
t he resol l?t%fdg%l&la%f%éé %ﬁatéﬁn agj lf‘shftagenféﬂé"_léot pI tch?ﬁ (ﬁ?'s aa'“fla?(gd
positive iswtidgphy o rdikesfurthernore. since the fist registration
adjusting clock signal is produced fromthe encoder clock signal, even if
the first picture elenent recording clock signal varies, the resolution in
registration adj usHent 2BB¥e nding el QL'ﬁﬁﬁn .gbjec_ts, Featlires" ‘ana _

advantages of the present invention will become apparent

from the following description and the appended claims,

taken in conju’nctioh with the accompanying drawings in

which like parts or elements are denoted by like reference -QJ

characters. ' '

BRIEF DESCEIEIION.OE THE QRAWIEGS

FIGURE 1 is a diagrammatic representation of a
continuous jet type ink jet recording apparatus showing a
first preferred embodiment of the present invention;

FIGURE 2 is a block diagramsshowing a phase-locked
loop serving as a frequency multiplier of the ink jet
recording apparatus of Figure 1;

FIGURE 3 is a block diagram shoﬁing a start o/
position delay circuit of the ink jet recording.



a dot pitch but remains fixed. In addition, the resolution in registration
adj ust nent can be designated variably in accordance with an external signal
froman MPU, a dip switch or the |like. The above and other objects,

feat uresg: and advantages of the present "invention will become apparent from
the foll ow ng description and the appended clains, taken in conjunction
with the acconpanying drawings in which like parts or elenents are denoted
by like reference characters. BRI EF DESCRBPTI ON OF THE DRAWNGS FIGURE 1 is
a diagrammatic representation of a continugus jet type ink jet recording
appar at us showippprathis saf pffEGerted enbodi ment of the present invention;
FIGURE 2 is a bl ock diagram showi ng a phase-| ocked | oop serving as a
frequency nul tiplier dlGhetihk. $ctinecoranhg bprinatinsdfomrakon: o¥ GURE
3 is a block diagramshowi ng a stari position de] circuit of the ink jet
recor di ng Shsarshart grosddon deday ireuit (9hd IGhard: il ustrating

operation of FIG. 5 is 2 block diagran showing a
synchronizing circuit of the ink jet recording apparatus

of FIG. 1;

FIG. 6 is & time chart {llustrating operatidn of

the sindhronizing circulit of FIG. 5:

~ FIG. 7 is a block diagram showing a line'buffer
of the ink Jét recording agparatus of FIG. 1 where a2 RAX
is employed therefors
FIG. 8 1s a block diagram showing the line
buffer of the ink jet recording apparatus of FIG. 1
where'a FIFO (first-in/first-aut):hemory is employed
therefor: _
FIG. 6 is a block diagram showing a controlling
signal generator and a pulse width modulator of the ink
\_ . _det recording apparatus of FIG. 1:

FIG. 10 is a time chart illusfratinz operation
cf the controclling signal ganerator and pulse width
modulator of FIG. O:

FIG. 11 is a blook diagram showing a
modificatieon tc; the ink jet rocording appa-ra.tus of

FIG. 1; and



the start position delay circuit of FIG 3; FIG 5 is a block diagram ‘
showi ng a synchronizing circuit of the ink jet recordi ng apparatus of FIG
1, FIG 6 is atime chart illustrating operation of the synchroni zi ng ~ _
circuit of FIG 5: FIG 7 is a block diagramshowing a |line buffer of3he
ink jet recording apparatus of FIG 1 where a RAMis enpl oyed therefor;
FIG 8 is a block diagram showing the line buffer of the ink jet recording
apparatus of FIG 1 where a FIFO (first-in/first-out) nenory is enpl oyed
therefor: FIG 9 is a block diagram showi ng a controlling signal generator
and a pul se width nodul ator of the indlJet recording apparatus of FIG 1;.
FIG 10 is a time_chart _illustrating operation of the controlling signal
generator and pul &Swni dii¥ notfl afor Sfhematic: diegram i sshowingk di agram
showi ng aomdéntianadn tontliauols j efet eceypeny iMRParfbtlS bdth@ingy and
FIG 12 aﬂﬁar&uéphermti c diagram showing - a ' :



conventional continuous jet type ink jet recording apparatus.

DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Referring first to FIG 1. there
is. shown a continuous jet type ink jet recording apparatus to which the
presenty nvention is applied. The ink jet recording apparatus includes a
continudus jet type ink jet recording head, a vibrating el enent driving
circuit _section and a controlling signal circuit -section. The conti nuous
jet type ink jet recording head includeiéfknozzle 1 having a circul ar
orifice (not shown) of a very small dia r, an ink electrode 2 for

hol ding the potential of ink in the nozzle 1 at a ground |level, a vibrating
element 3 in the formof a piezoelectric vibrating el enment nounted on the
nozzle 1, a controlling electrode 4 having a circular opening or a
slit-1ike opening coaxial with the nozzle 1 for receiving a controlling

si-gnal to control charRESCRIETEOY cOF dTHE rRRERERREDD @HBODIMNENTS ure i mage .

data, a grounding electrode 5 disposed in front of the controlling
el ectrode 4 and groundRsfénsing  forshite Hige 16 rmhereed soshotad g oundi ng

el ectrode 5, a deflecting power source El1, and a deflecting electrode 7
_ continuocus jet type ink jet recording apparatus to which

the present invention is applied. The ink jet recording
apparatus includes a continuaus jet type ink jet |
recording head, a vibrating element driving circuit
section and a cont:alling s;gnél circuit section.

The cohtinuous jet type ink jJet recording head
includes a noizle 1 having a circular orifice (not
shown) of a very small diameter, an ink eiectrode 2 for
holding the potential of ink in the nozzle 1 at a ground
level, a vibfating element S in the form of a
piezoelectric vibrating element mounted on ;he hozzle 1,
a controlling electrode 4 having 2 circular opening or a
slit-like opening coaxial with the nozzle 1 for
W . recaeiving a controlling signal to control charging of a

jJet of ink in response to picture imazé data, a
grounding electrode 5 disposaed in front of the
controlling'electrode 4 and grounded itself, a knife
nge 6 mounted on the groundiné electrode 5, a
deflecting power scurce El, and a defleoti'ng“oloeero_de T.

connected to the deflecting power source El for



connected to the defl ecting power source E1 for cooperating wth the
groundi ng el ectrode 5 to produce therebetween an intense electric field
perpendicular to an ink jet flying axis to deflect a charged ink drop_fo
the grounding electrode 5 side. The vibrating elenment driving Circuit
section includes a reference oscillator CG for generating a reference cl ock
signal CLK. a frequency divider FD f frequency dividing such reference
clock signal CLK at a dividing ratio (positive integer) to produce an

exciting ebopk raianal NEK e phrasmddigd R cPAIOrs regep vy agesuch exciting
cl ock signal PCLK, producing, in response to the reference clock signal

CLK, out pyheyie@rRatwe athih @i el caisad teely taliay ek hyekd esdl4N f50m the
recei ved exciting clock signal PCLK for one period of the exciting clock

si gnal PChY amg Quettputitsiitg axsus tiablde dree fa sty gad pidk sdgs@l 65 and a
vibrating el ement driver VD for anplifying an output of the phase adjuster
PA to dri tket g oviniriatgore 12 s sFoadevidrsditdeng el ement driving frequency is
equal to a frequency of the exciting cl ock signal PCLK. .The controlling
signal circuit se@ticor¥ ibTE s ol edcn % clqrowigmw@r-a'toonmdﬂrorpr oduci ng a

pi cture
Includes a re;erence oscillator CG for generatlng a

reference clock signal CLK. a frequency;div:der FD for
frequencj dividing'éudh:referéhcé.cloqk signai CLK at a
dividing ratio N (positive integef) to produce an W
exciting ciock Siggal PCLK, a phase adjuétér PA for |
receiving éuch exciting cldck-stgﬁal PCLK{ prdducing. in
response to the reféréﬁce clﬁék'sfgnal CLK. output
sigﬁals which are successively deléyed by 2w/N fromlthe
received exciting-clock signal PCLX for ohé period of
the exciting clock signal PCLX and butpu?‘ing a suitable
one-of such oupr' signé’s. and a vinrating element
drlver VD for ampllgy‘ng an output of the phase adjuster
PA to drive the vibrator 3. The vlbrat;ng element
driving freauency 1s:equal to a freduency of the
exciting clon: s*znal FCLK.

Ihe cont ollihg sxgnal c1rcu*t sectfon anludes
a det cloek genorataor DCG for producing a pzcture.
element recording c1ock signal DCLK from couTputs 9A and

QB of a eshaf encoaer {not shown) (aaca of such-output:



el ement recording clock signal DCLK fromoutputs [err] and [err] of a shaft
encoder (not shown) (each of such outputs  wll be hereinafter referred
to as shaft encoder output) connected to a shaft- of a rotary drum (not
shown)+gn which a record nedirumis supportied, -a frequency multiplier FMfor
recei ving the picture elenent recording_clock signal DCLK and producing a
regi stration adjusting cl ock signal SCLQ°having a frequency equal to an
integral number of times that of the received picture el enent recording

cl ock si gnal WDCEK?® 2a hetrgrimagaaint '3 eddiedy 0 rEuiFt2dD PR & ayivmd te

regi stration adjusting clock qunaL SCLK by a fixed interval of tinme based
on start posFehomcdeldayFoda &heddeived FoGdHdn 9S8 (RS SRGMRY ®% h respect

to anther shaft encoder output [err] (origin pulse)lto produce a
registrationwadFGsFiﬁ@céFﬁcW9$‘%ﬁaPsséfﬁpg‘aegyngh#oﬁﬁfgﬁﬁycircuit SC for

receiving the pict Qe_eL%nanL recar.di. Lack .si.gnal nd producing a
pi cture elenﬂhf“ﬁggoﬁdi g dPOCR'§Vgnéﬁ%bgtﬁ*§ﬁévgﬁ% P?gkgaqand falling

edges synchranggggﬁggtalga@: 'SSPRSET POLRN ad PFLIERG 1 Glg0GK S e s 2310
. an

exciting cl otk§ a l'ine buffer LB having a storage capacity

corr espondi ngtQ.Qng f Whly OLLHAN QLN Ae0q ¥ $refuehly RenOld Ng
si gnal circurfY58¢tén eur¥ﬁer |ncluégs
an integral number of times that of the received picture
element recording.clock signal DCLK, a start position
W delay circuit SD for delaying the registration adjus?ing.
- clock signal SCLK by a fixed interval of time based on
start positicn delay data received from an NPU (not
shown) with respect to anther shaft encoder output ¢Z
(origin pulse) to produce a registration adjusting clock
gignal SCLX*. a synchronizing circuit SC for reéeiying
the p:cture element recording clock signal DCLK and
producing a picture element recording clock signal DCLK‘
having rising and falling edges synchronized with the
registration adiusting elocks SCLK" and exciting clocks .
PCLK, =2nd a line buffer LB having a storage capacity
corresponding to one full rotation of the rotary drum.
The ccntrolling signal circui: section further includes
a controliing Signal generator CSG for p}oducing; from
the picture element recdrdins.clock DCLK*, a loeading

signal LOAD delizyed by 2 fixed interval o¢f time from the



a controlling signal generator CSG for producing. fromthe picture el enent
recordi ng clock DCLK*, a |oading signal LOAD del ayed by a fixed interval of
time fromthe 30 picture elenment recording clock DCLK*, a pulse w dih
modul at or- PWM i it.o which picture element data outputted fromthe |ine g
buffer LB are | oaded in response t o,thh e | oading signal LOAD and which
produces a pul se wi dth nodul ati ng si | PWMOUT having a pul se width which
i ncreases in proportion to the thus | oaded picture image data, and a high
vol t age SPHITCH HES §RF2YoT ¢aRRd PP FE9FRPTRE pui sRUHNFEt W2 ABYUl ati ng si gna
- PWMOUT to produce a controlling signal to be %gglied to the controlling

el ect r od®0Auatqry A i 1Rt BTGPl L GHEDS t hibeRERT cFR PR SOWRPEATEEl ate to a

si ngl e nqzzl e f.or si ngl . col are shown.in - FIG 1. and the continuous
Tet type TR [f° ol dThLf Shopah 318 DOR9%¢ | 9R i TRIRGRES50r *hE. M Y and

30 or {16 (e N AN YoRyoihdogrlen Aouded | riepepdgnhiy of each of her

-therein toge ssocCl a S except t he”reference

osci 'l at a;gldﬁ@aaﬂ%gdoﬁ- 4 £F e MBOPT A 0¥ 1 AXG 3P 4H 9id'egl gpEpnly to the

nozzl es. so the deflecting power source El1. deflecting
increases in proportion to the thus loaded picture image

data, and a2 high voltage switch HVS for -voltage
amplifying the pulse width modulating:SIgnal.PWMOUT to
produce a Contrclling s;gnal-to be applied to the - ' ;‘).
controlling electrode 4. l' o

It is to be noted that only those elements which
relate to a single-hozzle for a single color afe shown1
in FIG. 1, &nd ‘the continuous jet ty?q.ink jet recording
apparatus actually includes four (C. H. Y and BK) or
three (C; ¥ and Y) such nozzles provided independently
of each other therein together with associated elements
except that the reférence oscillator CG and dct clock
generator DCG are provided commpnly to the nozzles.
Also the déflecting power source El. defleecting
electrade 7. grounding electrode 5:apd.knife edge 6 may -
otherwise be provided commonly to the nozzles.

Referring to FIG. 2, the frequency mﬁlti;iier F¥
is ccnstructed..fqr exanmple, from such.a PLL (phase-

locked loop) which produces., using 2 picture element



el’ectrode 7. grounding electrode 5-and knife edge 6 may ot herw se be
provi ded commonly to the nozzles. Referring to FIG 2, the frequency .
multiplier FMis constructed, for exanple, fromsuch a PLL (phase- |ocked

| oop) which produces. using:a picture el ement recordi ng cl ock™ si gnal
[err] aS a reference signal, a registraé@xn adj usting clock signal SCLK
phase-|l ocked with the picture elenent re di ng cl ock signal DCLK and

having a fre ueqﬁgﬁgqual to Mtines that of the picture eLgnth recordi ng
clock signal XX <2 7ReCtPEGUBAEG UMY P& 2 FVPT BT 2DRPOE2E™SE " a?phase

t D .2 I ' : , A VOl ta trolled
comparator (LefF1 4R ElontahousRang LAbLRTS(EPEL SgoNobiang egairolled
dividing ratio M (g, P05t LLYPe DI EQERL - RELEELARI- 1O tQ'g.l.&i Beokngpgtart
position delay circuit SD I's constructed, tor exanple. % om a preset

decrementi ng }eOPNL£Ta 3dre@udRtdYeh¥PE £hi B-1100s 3Pha BNok WREIPicB3rand an
AND gate 34. In the start position delay circuit SD, the preset

decrenmenti ng goduéet Sdcbbdleadetowkt Hi ghal DPLKI t i Tite def 8yudatf, which
increase in proportion to a delay time, in response to a shaft encoder
output [err] owrt{ghi el ER) igncomposed of a phase comparator (¢/D)
21, a low-pass filter (LPF) 22, a vcltage controlled
oscillator (VCM) 23, and a frequency divider (¥¥) 24
having a frequency <ividing ratio ¥ (a posi:iﬁe
integer).
Referring now to FIG. 3, the start position
delay circuit SD is constructed, for example, from a.
preset decrementing counter 31, a delay type flip-flop
32, an invertor 33 and an AND gate 34. In the start
position delay circuis SD. the preset decrepenting -
counter 31 is loaded with start position delay data,
which increase in proportion to a delay time, in
rasponse tao a shaft encoder output &Z (origin pulse) and
-/ is decremented in response to a registration adjusting
cloek signal SCLX as seen from FIG. 4. ¥hen the count
value of the preset decrementing counter 31 is
decremented finally to “ALL ZERG", a rising signal
GATEPULESE is produced by =The delay type flip~flop 32.

m

Such rising signal GATEPULSE and the registration



I's decrenmented in response to a registration adjusting clock signal SCLK as -
seen fromFIG 4. Wen the count value of the preset decrenenting counter
31 is decremented finally to "ALL ZERO', a rising signal GATEPULSE is __
produced by the-delay typo flip-flop 32. Such rising signal GATEPULSEjgnd
the registration . adjusting clock K are ANDed by the AND gate 34 to
obtain a registration adjusting clock K*. Referring nowto FIG 5. the
synchronizing circuit SCis constructed, for exanple, froma pair of delay
type fli pdhlusps MRl b RIECLE maheANEed oM fiigzw t36Coa picture

el ement recording clock DCLK i s produced which has rising and falling edges
synchr onic2&@ Wi tah e & S it ad s viaf bk dflddj.usting cl'ock SCLK* -and
an exciting clock PCLK, respectively, as séen fromFIG 6. The line buffer
LB i s construct e®R4FSTig e fARF eTaPaer‘I% % R EVRUIAEE eSS menory) or a

0 B3 40 Sle S My (3 Wieio g ML emploved, the e
buffer Sge g eile addiess Ul 6 8% @. o9 WY SYRISSIAAL 54 @ wite
circuit SC, a picture eslement récofding ¢lock DCLK* s |
produced whith has rising and falling-edgés synchronized
with'rising'edges of a registration adjusting cldck
SCLX" and an exciting clock PCLXK, #esﬁectiVely, as seen ;:;
from FIG. 6.
The line buffer LB is constructed ﬁsing: for
example, a-RAM'(random-access ﬁemorj) or a FIFO (first-
in first-out) memory. | |
(1) Where a RAM 1s employed, the line buffer LB is
constructed from., as shown in FIG. 7, a RAM 51, a read
address buffer 52, a write address buffer 33, a read
address genserator 54, a write data buffer 33 and a read
data buffer 38. In the line buffer LB, picture image
data from the MPU are wr‘tten'into the RAM 51 by way of
the write data buffer 55. Then, the read address
generator 54 counts a picture elemeﬁt recording clock
DCLK* (READ) %o produce an address signal, which is
ineremented by each such picture_glemanﬁ recording ecloek

DCLK*, &and such address signel is transmi<ted <o the RAM



data buffer 56. In the line buffer LB. picture inmage data fromthe MPU are
witten into the RAM 51 by way of the wite data buffer 55. Then, the read
address generator 54 counts a picture element recording clock DCLK* ( READ)
to prodyge an address signaly, -which is incremented by each such picture

el ement recording clock DCLK*, and such ag§ ess signal is transmtted to

t he RAM 51 by way of the read address ffer 52 to designate an address
of the RAM 51._ CbnsegugntLy, gicturg;glenent,Qatazgt*the address of the
RAM 51 are reatt Y &hd Frafishi tC88 €65 RE%r B4d-GA5t A°pliPt EP56™2 Fh8fgh not
particularly shown. opening o &glgsing,of each of the address.buffers 52
and 53 and dat3Huitereis5i8nis8ers cSARFSAFER oY t RASRPUS E25M8R “t he

other hand, wherg, a, Fl lfpe”EQEFEésESo?”péQy%ﬂmf e: Lbg LLDg ngf ghqlB. since

it is not necessary fo designate an address, it I'S connec I'n such a

manner as show-ddkfi o8- tol BnBaFkbEULERa BLetUFEsE] eMPRbydRt Aoare witten
in an order into the FIFO nenory 61 by the MPU and then read out fromthe

FI FO nenory 6hdrk{@speRs® tRo@nPi 6bERengl @FEBLOEESR! B NEashoek ghanal
DCLK* (READ) in the sane order. It Is to be noted that a pair of such line

address buffers 52 and 82 and data buffers 55 and 56 is

controlled by the MPU.

(2} On the other hand, where a FIF) memory is employed

U for the line buffer LB, since it is not necessﬁry to.

designate an address, it is connected in such a manner
as shown in FIG. 8. In particular, picture element data
aré written in an order into the FIFO memory 61 by the
MPU and then read out from the FIF0 memory 61 in
response to a picture element recording clock éignal
DCLK* (READ) in the same order.

It is to be noted that a pair of such line
buffers LB are provided Zor each of the nozzles 1 and
writing and reading are performed alternately for the
paired line buffers LB each time the rotary drum makes
one full retation. In cther words, when writing is
performed far one of each paired line buffers LB,
reading is performed for the other line buffer LB.

Referring now to FIG. 9. the contreolling signal

generator CSG is constructed, for example, from z pair



¥

buffers LB are provided for each of the nozzles 1 and witing and reading
are perforned alternately for the paired line buffers LB each tine the
rotary drum rmakes one full rotation. I'n other words, when witing is, _
performed for one of each paired line buffers LB, reading is-perfornmeggfor
the other line buffer LB. Referring to FIG 9. the controlling signal
generator CSGis constructed, for exauple, froma pair  of delay ciruits

whi ch opgeate,iQ Leshonse t9.a.pi.gtyure el.enment recardi ng cl.ock signal
Dok ORACRIEY AL, Pal e RE L aR R A ab B Y ot S o

nonost ab Li yiheatar, and (7 a k e Of paci.t:o Cland C2 and a
pai r of %ggggbérg'gf 5ﬁH%R%%° n 5t gaéogPrélfingggﬁgﬁélkégnéfafgf CSG, a

del ay tigprbapghas gl SoAgoedgeeql 1a0hl 6! YagrebeMhghokesgading ol ock DALKT to
a loading signal LOAD'is set equal to an interval of tine until picture

el ement gaie; ¢ibpakibre huf har B, reagagut oi_f-nCEESE@@_%?st@laaBidCtC?re el ement
recording clock DCLK* is settled on an output data bus as seen fromFI G

10. The pnise padrhofodesakebrBVWILi andoR2t ruthedhel @bnexanlieg froma pair
of delay type flip-flops 73 and 74 and a preset decrenenting counter 75.
In the paigmalv geheradotraCss, PdMdedapceine execit angiskagkediggnals PCLK .
a picture element recording clock DCLK?.to a loading
signal LOAD is set equal to an interval of time until
picture element data of a line buffer-LB:read_ott in .-
response to a pic:ure'element_recordidg.élock DCLK’_;s' ' v
settled on an output data bus as seen frdm-FIG. 10.
The pulse width modulator PWM.is_cantructed.
for example, from a pair of delay type flip-flops 72 and
74 and a preset decrementing counter 75. - In the pulse
width modulater PWM, since an exciting clock signal PCLK
and a loading signal LOAP are generally in en
.asvnchronOus condition as seen from FIG;_lD. the loading
signal LOAD_is.fi:st synchronized with.the exc1t1ng
clock signal PCLK by the delay type flip?flop'PCLK to \,}
produce a loading signal LOAD". Subsequently. the
loading signal LOAD" is {nputted as a loading signal for
Picture image data ts the preset décreﬁentinz counter 73

and inputted alsa to the delay type flip-flop 74.

"Consequenzly., the delay type flip=-flap 74 produces a

-



and a | oading signal LOAD are generally in an asynchronous condition as
seen fromFIG 10. the loading signal LOAD is first synchronized with the
exciting clock signal PCLK by the delay t flip-flop PCLK to produce a
| oadi ng,_si gnal LOAD*. Subsequently, the di ng signal LOAD* is inputted
as a |oading si.gnal_for picture_ jnage dat _ reset decrenenting
counter 75 aﬁﬁ”%ﬁbdftéﬂ”aﬁ%b‘rn'Iﬁ% ﬁé?%§9t§QM6$fi%%T?%pr7i?stﬂsequentIy,

the delay type flip-flop 74 produce ul s  dt h nmpdul at Signal
PWMOUT whi ch I'r?'lsspe"s"los‘l N r%s?)o‘ns%‘ g% %'?5?3?#19&@%9%%\#9%%311 65%1?nigggp.;hal

LOAD". After Jhan. fiLUre; LOR0S £a o a2 £OUN b ovty Dodhenpregel

decr ement i ng “courit er in response e exciting clock sign

when the counir&alligi s dd\en PIRS e s IBEE LRI NG LN &L ¥ LRe " €duced
finally to "ALL ZERO', a falling signal ALLZERO is outputted fromthe

preset decrergyivih £WIEEH Dgnd N FEINONGA theriCthd adbhng 4 D@l o ALLZERQ,

the output of the delay type flip-flop 74, that is, the pulse wdth

modul ati ng sitdyealp rRR&EATde d-ad ken + e redynexdi T e cduwed sf e DIyt be

picture inmage data into a pulse width. Referring back to FIG 1, in

operation, tHALdotZERMTck myefekbing OB FUIERG iH cawkzuttedefton ecor di ng
the preset decreaenting counter 75, In response to such
falling signal ALLZERO, the output of the delay type
flip-flop 74, that is, the pulse width modula<ing signal
P¥MOUT, falls, thereby ending the conversion of the
picture lmage data in%o a pulse width.

Referring back to FIG. 1, in operation, the dot
clock generator DCG proﬁuces a picture element recording
clock signal DCLK from an output of the shaft encoder.
Each of the frequency multipliers FY multiplies a
frequency of <he picture element recording clock signal
DCLKX to produce a reﬁistration adjusting clock signal

'SCLK. .

-/ ' Meanwhile, start position delay data which have
been measured for eaci of the nozzles 1 so that
registration of the nozzie 1 in a. drum circumferential
direction may boe established are loaded into the start

Position delay circuit SD caorresponding to +“he noezzle:1l.



cl ock signal DCLK from an output of the shaft encoder. Each of the

frequency multipliers FMnultiplies a frequency of the picture el enent

recordi ng clock signa
signal SCLK. Meanwhil e,

for each

~ position

correspondi ng sta

DCLK to produce a registration adjusting clock
start position delay data which have been neasyred -

of the nozzles 1 so that regigtration of the nozzle 1 in a drum
circunferential direction may be established are |-oaded into the start

delay cirguit SD corresponding_to the nozzle |.. The
5ge q.
t

pSEFteER°REr B¢ SiFEli PO8D dBPafg éRecr 8GMStr at i on

dj usti I Lgpal SCLK n_ d ;;th the start_positign del dat
o st e SeKe REORRe, BERESRS AR ISR e 8 opeskiyon delay data
to a t'”ei$°%§£9P8§n LRI ¢heask Q&SEEQEEQQﬁaQ*F%S' gt£e§9£%1'°n

corr esponds

0 recording picture element pitch/M 0

alrn“a registration

adj ust i ngricl ogkySkoR8! roEhKencIN@oSHRACBFORERI PO b (il SE kReei ves a

- exciti.ng

cl ock signal PCLK, the registration - adjusting clock signal

SCLK .

and the pigéfiteerbodent toeaordnagtelleeknsegnath DehikcAng produces a picture.
el ement recording clock signal DCLK* which is .delayed by an interval of

registration adjusting resolution corresponds *o
recording picture element pitch/M-toﬂubzaiﬁ a
reglstration'adjusting clock signal_SCLK‘L

The synchrqnizing.circuit'Sc;béée;veg a exciting
clock signal PCLK;.the registraiion adJﬁsting clock
signal.SCLK‘ and'the picture eleméntvrécbrding ;lock
signal DCLK and produces a picture element fecording
clock signal DCLK® which is.delayed by an interval of
time corresponding to the start position delay data frem
the piczure élement recording clock Sigaal DCLK and
synchrenized with the exciting clock signal PCLK, that
is, with production of an ink drop.

Picture element data written in the line buffer
LB are read aut in response to the Diéture-éleﬁent
racordiﬁg clock signal DCLK*. | |

Meanwhile, the controlling sighal-generator C3G

'delays the picture element recordiag'élock signal DCLX®

by e predeterzined interval of time to produce a locading

~signal LOAD.



time corresponding to the start position delay data fromtne picture

el ement recording clock signal DCLK and synchronized with the exciting
clock signal PCLK, that is, with production of an ink drop. Picture el enent
data wytten in the line buffer LB are read out in response to the picture

el ement™recordi ng cl ock signal DCLK . Mean le, the controlling signa
generator CSG del ays the picture elenent r rding clock signal DCLK* by a
predetermned interval of time to produce a |oading signal LOAD. The

pul se wi dt h nodul at or TRMMpius sle0aded ni Rok@speBre>Wd tbei1baadiingnsi gnal LOAD
with the picture imge data read out fromthe line buffer LB and produces,

i n synchroni sfegbpbhskheécexegiet 1ogdehgck ighghaLOROLKi sh phkspivicdirl

nodul ating signal PWMOUT having a pulse width corresponding to the picture
i mage data | onsledet herei nezEheuhi glrcuokhage taei bultzelvSLBokbdge control s the
pul se wi dth nodul ati ng signal PWOUT to forma charging controlling signa
for an ink drepedpsedeséni sedchepai aab®¥éh the evatthagusipek sygaailnk Jet

recordi ng apparatus has_a registration
PCLK, a pulse wid=h modulating signal PWMOUT having a

pulse width correspond}ng to the picture image data .
loaded there:in.

The high voltage switch HVS voltage controls the

W pulse widzth modulating'signal_PWMQUT to form a'charging
confrolling signal for an_ink'drap. ’

As described heréinabove. the continuous jet
type ink jet recordiag apparatus has é registration
adjuéting resolution equal to a fraction'of an integral
number of a recardiﬁg picture element pitch. For
example, if the recording picture element pitch is 1/16
mm'(picture elemeﬁt density is 400 dpi) and the
frequency dividing ratzio ¥ of the frequency multiplier

. . FM is M = 6, then registration adjustment can be
~ —performed to 2 tolerance of about 10 gm. If the
recording picture element pitch varies, then also the
registfétion adjusting resolution varies.
| Maanwhile. if the .frequency multi'plier FM i.s
f:;:-m'ed fram a PLL and a ).:rqgram:'aabl'e' counter is ompiovod

for the frequency divider 24 (FIG. 7) so that the



adjusting resolution equal to a fraction of an integral nunber of a
recording picture elenent pitch. For exanple, if the recording picture

el ement pitch is 1/16 mm (picture el enent density is 400 dpi) and thea
frequency dividing ratio Mof the frequency multiplier FMis M= 6, tien
regi stration adjustnment can-be perfor to a tolerance of about 10 [err].
If the recording picture elenent pitc ries, then also the registration
adjusting resolution varies. Meanwhile. if the frequency multiplier FMis

formed frgaq,dddy angde 8d Pk @ OF TR0 ge COMNTELy | 190 8L Oyed:f or ybtie frequency
divider 24 (FIG 7) 'so that the 38 frequency dividing ratio thereof may

be set bythdie MU rédenidei 6004 Sfusdiog P6kdsid 1eh resolnid i ggrcan be set
vari abl e. It is to be noted that such variable setti-ng of the

regi stratviagn sArdjdist i DY €SO0 Wé o tad fiea Bt ipdmnech evail d fsébe1 g equency
dividing ratio of the frequency nultiplier FMis varied in accordance with
an i nput odt Hdrenirseg fsom ai oh pdinstinorresel dtidon daf dre ingtapwe&o FIG 11.
there is shown a nodified portion of the continuous jet type ink jet
recor di ngvampdriatthe ofrequznay dived iRgiina e iafk jha frequency
multiplier FM is varied in accordance with an input
otherwise from a dip switch or the like.
Referring_noﬁ to FIG. 11, there is shown 2
modified portion of the continuous jet typé ink jet. .gJ)
recording apparatus of FIG. 1. The mbdified ink Jet- .
recording apparatus.;hcludes. in place of the dot clock
generator DCG and the-ffequency multiplier FX described
above, aﬁ encoder clock'generator ECG for receiving a
pair of shaft encoder outputs. ¢A.and $B and producing an
encoder clock signal?ECLK'having a fixed.number of
pulses per oﬁe full rotation of the'rotafy drum from the
thus received shaft encoder outputs ¢A and ¢B, a dot
clock generator DCG for receiving sucﬁ;encode: clock o guy
signal ECLX and préduéing a variablé picture element
recording cioqk signal bCLK in accordance With a picture
element densizy instruction from'thé MPU; and a |
froquency converter FC for receiving énd.multipl ing eor
divialng the enceder clock signal ECLX to producs a

regigtration adjusting cleck signal SCLX.



recordi ng apparatus includes. in place of the dot clock generator DCG and
the frequency nultiplier FM described above, an encoder clock generator ECG
for receiving a pair of shaft encoder outputs. [err] and [err] and
produci.ig an encoder clock signal ECLK having a fixed nunmber of pul ses per
one full~rotation of the rotary drumfro he thus received shaft encoder -
outputs [err] and [err], a dot clock genéfator DCG for-receiving such

encoder cl ock signal and. produci hg avard icture el enen
L et reps s By aNe e sl

recordi ng cl ock signa K'in accordance wi'th a picture

instruction fLem the MU anda gémaeﬂw NIl I T L eopl vi ng and

mul tiplying or divid?ng t he encoder clock signal ECLK to produce a
registration dicpstdan@LClHeK ¢ WalenllPhart Nddudihaedmlidied tdked ot
recordi ng apparatus, the encoder clock generator ECG produces, fromthe
outputs [err] sardd evd [+ tdheshaftumncndenoaivreailert ¥ as $dvea shedik of the
rotary drum an encoder clock signal ECLK which uniformy divides a

ci r cunf er ence wafi chharvidtcarmd wrdim L detse adoti sslundie rgareer atfors lBCE gratiuces a
pi cture el ement recording clock signal DCLX fromthe encoder clock signa
ECLK recei veddffuam t he encoder cl ock

The dot clock.generator DCG produces a picture
element recording ciock signal DCLX from the encoder
clock signal ECLK reéeived from the encoder clock
generator ECG in accprdance'with a picﬁure elémeht
density instructicn from the XPU.

The frequeacy converter FC multiplies or divides
the éncader clock signal ECLK from the encoder clock
generator ECG to produce a registration adjusting clock
signal SCLX. |

While the registration adjusting resolution
varies, in the continuous jet type ink jet recording
app#ratus ﬁf FIG. 1. in preoportion to a recording

\~/ 'Dicture element pitch which depends upon a picture
element recording szlock signal DCLK, the registration
adjusting resolution of the modified consinuous jet type
ink Jjet reccrding apparatus alw;ys remains fixed. 1In
partieular, since a r;gistraticn adjusting eclack signal

SCLK is produced by multiplying or dividing an encoder



generator ECG in accordance with a picture elenent density instruction from
the MPU. The frequency converter FC nultiplies or divides the encoder clock
signal ECLK fromthe encoder clock generator ECG to produce a registration
..adjusting clock signal SCLK. Wiile the registration adjusting resol ut4gn
varies. in the continuous jet type ink jet recording apparatus of FIG 1.

in proportion to a recording picture elenent pitch which depends upon a
picturé el enent recordine clock signal DCLK, the registration adjusting
resol ution of the .nodified continuous &% type ink jet recording apparatus

al ways remains fixed. In particular since a registration adjusting clock
si gnal X i todu por dividi an_encoder
si gnal Cllﬁ%l ﬁgBF *’ B ofr tﬁggmg?ﬁeﬁf:ﬁm°% %’g‘@essary

regi st r atrodrarydjdrstm ,n@ mevdssamn ra;rhaummmohdjmbtihgt resolayiba
obt ai ned ;al VigySeAfii Red | Kodn' diEe it % Nﬁe obtained always as a

fixed wvalue.



1. An ink jet recording apparatus, characterized in that it conprises: a
plurality of nozzles (1) for jetting therefromink jets: eXC|t|ng neans (3)
provi ded for each of said nozzles (1) for causing ap— romthe

nozzl e (;1) to di'sintegrate into drops of- ink in respo mﬂm
cl ock si‘gnal (PCLK) chargi ng means (4) provided for Hmﬂm‘mﬂm | es
(1) for sel eginqgdey charging such drops of ink fromthe nozzd e " 1F i A
accordance w Ih a controlling signal : said nozzles (1) belng arranged such
t hat drops of ink formed fromink jets thg_efronrnay I mpi nge in an
overlapping relationship at a |ocation on a record nedium (104) supported
on a rotary drum (103) when all of said charging neans (4) for said nozzles
(1) are contrbl | ékh bink 3ererecarddnpi agrergias: sgharacteyisedathon
adj usting systemincluding dot clock generating nmeans (DCG for produci ng a
first pi ctureﬂéﬂ’én’ehtc‘PEEbP-EPﬁ@ clock signal (DCLK) froma rotary drum
posi tion signal [err entatlve of .a rgggtlonal EOSIIIO of said

S

rotary drum (103), *dp} il fF&tPénnaafagﬁl JoredPtliPReEPPREEGARNG
ink Jets:

exciting means (3) provided for each of said
" nozzles (1) for caﬁsing an ink jet from the nozzle (1)
to disintegrate into drops of ink in response to an
— exciting clock signal (PCLK) ; .
charging means (4) provided for each of said
' nozzles (1) for selectively charging such drops of ink
from the nozzle (1) in accordance with a controlling
signal: |
said noizlas (1) being arrgﬂged'Such that drops
of ink formed from ink jets therefrom ﬁay impinge in an
overlapping relationship at a location on a record
medium (104) supported on a rotary drum (103) when all
w of said charging means (4) for said nozgles (1) are
con?rollod by a same con;rolling signal; and
| a registration adjusting eystem'tgoluding dot
clock generating means (DCG) for producing a first
picture element recording clock signal (DCLK)“from'a
rotafy drum position signai_(wﬂ. ¢B) repcésentaiive of a

rotational position of said rotary drum (108), said

registration adjusting systei further including



regi stration adjusting neans provided for each of said nozzles (1), each bf
the registration adjusting nmeans including frequency nultiplying neans (FM
for multiplying a frequency of the first picture el enent recording clqgg

signal (DCLK) to produce a first registration—ad}usi__g_glggkﬁiéﬁnaI ~
(SCLK), start position delaying nmeans (SD) for Erodum ng, e first

regi stration adjusting clock signal (SCLK), m "ﬂm‘m'mmmon adj usting
ext ernal

clock signal (SCLK*) which is delayed by a t|
vari able instruction data froman ori al position p ul e gigmal [err]
representative of an original position of said rotary drum (103),
synchroni zi ng neans (SC) for producing, fromthe first picture el enent
recordi ng Re®LKtBrHhaRr 2OIuRFing BeapAdPpPeided &beneachretosdidg cl ock

si gnal ( DCLK* n oni zed with the second registration adjusting clock-"
signal (S& 1%%d?fge %%EhtPﬁgtE?OERSE?EﬁéPi?F{lﬂQ“351D8nﬁeba$fer (LB) for

with the” itk ﬁm%té?%ggg@&i,gwrgﬁgfﬁg@ggggg AFSYDLK) o recall
(e sLor ket et Pie! S O ofaBAe! bt g ATPYL ETSHARA TP ARER (S o
), a_|OadHHld¥dHKﬁ_616¥{»sﬁ§ﬁﬁye@DCLK) to produce a first
| régist:ation adjusting clock signal (QCLK), start -
position delaying means (SD) for producing, from the
first registiatioh adjusting clock_sighql'(SCLK). a
second registration adJustiné-clock_sign#l.(SCLK‘) which
is delayed by a time Eorbespondingﬂto-therﬁal'variable .
instruction data from an original position pﬁise.signai
($Z) representative of an original position of:saidi
rotary drum (103), aynchronizingiméansj(sc).fof
producing; from the first pipture’eléﬂqht recording.
clock signal (DCLK), a second picturereléheﬁt;recordlng
clock signal (DCLK") synchronized with the second
registration adjusting clock'signgl (SCLK‘) and the 'ihy
exciting clock gienal,(PCLK). a.line bﬁffer.(LB) for
storing pictura image dates therein and fof”béinz
contrpllpd in accordance with the second-pictﬁre element
recording clock signal (DCLK*) to recall the stored data
therefrom, controlling signal sqnerating_ﬁeanq (CBG) for
gonorating, from the second pioture slement Qeoordins

closk signel (DCLK*) . a loading signal (LOAD) delayed



e

by a predeterm ned tinme, pulse w dth nodul ati ng neans (meo'for recei ving

picture elenent data read out fromsaid |ine buffer (ﬁWW“ﬁ“respema}44;_

the | oading signal (LOAD) to output a pul se w dth nodul

(PWVMOUTL. having a pul se width corresponding to the thusﬁmm ﬂ#ﬁ!‘& mUHm
C S 1 NQJ

i mage data, and high voltage smntchlng means (HVS) for veltager

t he pulse wi dt b nodul ati ng signal (PWJMOUT) to produce a controlling signa
‘for the correspondi ngcharging neans (4). 2. An.ink jet recording apparatus
as set fourth in claim1, characterized in that said frequency multiplying
means (FM has a multiplying ratio capable éf%being variably set fromthe
out si de thereby to change the resolution in registration adjustnent. 3. An

ink jet recorg, ppggskuﬁgﬁﬁaarQQEsr'ésesgn,&n@a bbaGUR hECRa2ap! Ural 1Ly

of nozzles (1) erefromin exci rovi ded

for each of satﬁwﬂpszﬁs rbdbiboheC wéhuseaauem&nhehaﬁaogbsﬁeou%Z4L%m<1> to

disintegrate into drops o es onse an exciting clock
(PCLK): charglmiaeapﬁe(ﬂhfseevwwmf@h easboaaesebdtaezabaalw f%al

sel ectively charging such drops of.
(LOAD) to output a pulse width modulating signal
(PWMOUT) having a pulse width corresponding to the thus
received picture image data, and high voltage switching
means (HVS) for voltage controlling the pulse width |
modulating signal (PWMOUT) to produce a controlling .
signal.fdr the corresponding charging means (4).
2. An ink jet recording apparatus as set fourth in
claim 1, characterized in that said frequency
multiplying means (FM) has a multiplying ratio capable
‘of being variably set from the outside thereby to change
the resolution in registratiqn adjustment.
8. An ink jet recording apparatus, characterized in
that 1f comprises '
\~ a plurality of nozzles (1) for jetting therefrom

ink jets: .

exciting means (3) provided for each of said
nozzles (1) for causing an ink jet from the nazzle (1)
to disintegrate inte drops of ink in response to an
exciting olock signal (PCLK):

charging meane (4) provided for each of aseid

nozzles (1) for selectively charging such drops of ink



fromthe nozzle (1) in accordance with a controlling signal; said nozzles
(1) being arranged such that drops of ink tgLnEd;iLgﬂllIELlfif;therefrom
may i npinge in an overlapping relationship at _a |ocation on a record grdi um
(104) supported on-a rotary drum (103) V\hennglmmmmi"m i Ng meanSe( 3)-
for said nozzles (1) are controlled by a santf 4 g'ﬂna.lz and a '
regi stration adjusting systemincluding encoder cl dck"gefer#ating neans

(ECG for producing; froma rotary drum position signal [err]
representative of a rotational position of said rotary drum (103). an

encoder cl ock signal (ECLK) includin%#g%predeternined number of cl ocks
whi ch divide a circunference of said ary drum (103) uniformy, dot clock

generating_neans (DCG) ,for,.prqducing a first.picture ele t recording

cl ock siggﬁPm(EEfo°F%15cé&5d3Hc§°ﬁ?tﬁagﬁeefﬁg nglcﬁﬁgfﬁggqéﬁenent density
instructigp fggg]the encoder clock signal (ECLK). and registration

adj usting nﬁgns'provided for each of said nozzles (1), each of the

o o ot ShyROgRERIS S b iig RESEQRN PRANECM R (9, [
of ink formed from ink jets therefrom may impinge in an
overlapping relationsﬁlp at a location on a2 record
medium (104) supported on a rotary.dfum (103) when .all
of said charging means (3) for said nozzles (1) are -
controlled by a same controlling signal: and

a registration adjusting system including
encoder clock generating means (ECG) for pfoducing.-from
a rétary drum position signal (QA. ¢B)'representative of
a rotational position of said rotary drum (103), an
encoder clock signal (ECLK) 1nc1udfug a:predeterhined
nunber of clocks which divide a circumference of said
rotary drum (103) uniformly, dot clock'geﬁerating means
(DCG) for producing a first picture element recording
clock signal (DCLK) in accordance with an external
picture element density instruction from thae ancoder
celock signal (ECLK). ;md regietration adjusting means
provided for each of said nozzlee (i), each of the .
registration adjusting means including frequency |

" converting means (FC) for muitiplylngiof éivldins the
enceoder clock signal (ECLK) to producs a first

registration adjusting clock signal (SCLK),,start



regi stration adjusting clock signal (SCLK), start pesition del aying
means (SD) for producing, fromthe first registration adjysting clock
signal (SGLK). a second registration adjusting clock si 3 I!l,(@:lm”mmur

i s del ayed by a tinmecorresponding to external variable' el b
froman original position pulse signal [err] representative of an original
position of said rotary drum (103), synchroni zing neans (SC) for producing,
fromthe first picture elenent recording clock signal (DCLK), a second

pi cture el ement recording clock signal (DCLK*) synchronized with the second
regi stration adjusting clock signal (SCLK%)and the exciting cl ock signal
(PCLK), a line buffer (LB) for storing pi :ﬁe I mge data therein and for
bei ng controld&h tiloAcgeldgnag Wehhst REpseeardpphahdiRg el £RER thgcoOr di ng
clock signal (DCLK*) to recall the stored data therefrom controlling

si gnal gener agjngt "eegss ¢ 26 chondganeLaki BUockr 80phHE 860K, phcture

el ement recording clock signal (DCLK*), a l|oading signal (LOAD) del ayed by
a predeterm nezbdndierepubseavi dhhadpdetahgngloeknsi gy (§OLKY ECR®hYERD
picture elenent data read out fromsaid line buffer (LB) in response to the
| oadi ng si gndls (dedayed obpuaptina parsespoudbngotiol extegnsl gnariable

~ instruction data frbm an original positioh pulse signal
($2) representative of an originél position of said
rotary drum (108), synchronizing means (SC) for
producing, from the fftst pictﬁre element recording .
clock signal (DCLK), a second picture element recording
clock signal (DCLK*) synchronized with the second

registration adjusting clock signal (SCLK") and the
exciting clock signal (PCLK), a line buffer (LB) for
storing picture image data therein and for being
controlled in accordance with the second picture element
recording clock signal (DCLK') to recall the stored data
the}efrom..contfolling signal generating means (CSG) for

A% generating, from the second picturé element recording

clock signal (DCLK*). a loading signal-(LOAD) delayed by
a predetermined timae, pulse width modulating means (PWM)
for receiving picture elem#nt §ata read out from said
line buffer (LB) in response to the loading signal
(LOAD) to output a pulse width modulating signal
(PWMOUT) having a pulse width corresponding to the thus

received picture image data, and high voltage switching



(PWMOUT) having a pulse width corresponding to the thus r tved. pi cture
I mge data, and high voltage sw tching nmeans for tage
controlling the pulse wdth nodul ating si P\/\Km ‘\ duce a .

controlling signal for the correspondi ng chargi ARgsl NK

jet recording apparatus substantially as herein des%rlbed W th

reference to and as shown in Figures 1 to 11 of the acconpanylng dr awi ngs.
Ho

means (HVS) for voltage controiling the pulse width
modulating signal (PWMOUT) to produce a controlllng ‘signal
for the corresponding charging means (4)

4. An ink jet recording apparatus substantially as
hereinbefore described with reference to and as shown in
Figures 1 to 11 of the accompanying drawings.



