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dence with each of said plurality of ink nozzles and generating said ink
ejecting signal in accordance BACKGROUND OF THE INVENTION
with said selected density-pulse width characteris- tic. The present
invention relates generally to an   5  Alternatively, this object is
achieved by an ink ink jet recording apparatus, and more particularly  jet
recording apparatus comprising a multi-nozzle to such an ink jet recording
apparatus with a multi-  type ink jet printing head having a plurality of
ink nozzle type ink jet printing head which allows gra-  nozzles each
ejecting ink toward a writing surface, dation control of the recording
density when ink is  electrode means for establishing an electric field
ejected from each of a plurality of ink nozzles of  io  due to an ink
ejecting signal applied to said elec- the multi-nozzle type ink jet
printing head toward a  trode means, so as to eject ink from each of said
writing surface placed in opposed relation to the  plurality of ink nozzles
by means of said electric printing head.
field, density determining means for generating a Various types of ink jet
printers are devised   density information signal indicative of a recording
heretofore and one known arrangement is to use a   15  density at every ink
nozzle of said multi-nozzle multi-nozzle ink jet printing head of the type
type ink jet printing head, and control means re- wherein printing ink is
ejected therefrom toward a  sponsive to said density determining means and
writing surface by the aid of an electric field estab-  having memory means
storing a plurality of lished between two types of electrodes and air-
density-pulse width characteristics each being pre- stream  supplied from a
pressurized air source.  2o  determined to correspond to one or more of
said Such a multi-nozzle ink jet printing head is illus-  ink nozzles and
each representing a relation be- trated in U.S. Patent No. 4,555,717, for
example.  tween said recording density and a therefore re- An important
problem in such multi-nozzle ink jet  quired pulse width of said ink
ejecting signal indi- printing heads relates to the lack of uniformity in
cative of an ink ejecting amount ejected from each recording thickness or
density on a writing surface.  25  of said plurality of ink nozzles, for
selecting one of This is due to the difference in characteristic be-  said
density-pulse width characteristics at every ink tween the nozzles of the
multi-nozzle ink jet print-  nozzle, and for generating said ink ejecting
signal ing head.                                          indicative of
said ink ejecting amount determined Document US-4 521 786 discloses a
program-      on the basis of said density information signal from mable
controller for ink jet printheads which im-  3o  said density determining
means in accordance with proves print quality by controlling pulse width
and  said selected density-pulse width characteristic, pulse amplitude of a
drive pulse for each ink jet  said ink ejecting signal being applied to
said elec- ejector. This programmable controller is used in a  trode means.
system wherein a control processor contains look- up tables necessary to
provide the desired am-   35   BRIEF DESCRIPTION OF THE DRAWINGS plitude
and width data of the drive pulse necessary for a desired drop ejection
velocity and droplet      The present invention will be described in fur-
size.                                              ther detail with
reference to the accompanying However, no adaption of the drive pulse width
drawings, in which: to a desired print density is provided in the   40
Fig. 1 is a cross-sectional view showing a multi- aparatuses of the prior
art.                         nozzle type ink jet printing head which may be
It is therefore an object of the present invention  employed for an ink jet
recording apparatus to provide an improved ink jet recording apparatus
according to an embodiment of the present in- which is capable of
controlling the recording den-   vention; sity while preventing the
recording thickness irreg-  45  Fig. 2 is a block diagram showing a
conventional ularity due to the difference in characteristic be-  ink
ejecting signal generation control circuit; tween the nozzles of the
multi-nozzle printing head.  Fig. 3 is a graphic diagram showing a density-
This object is achieved by an ink jet printer     to-pulse width of the ink
ejecting signal used in comprising ink jet printing head means having a
the conventional ink ejecting signal generation plurality of ink nozzles
each ejecting ink toward a   5o  control circuit of Fig. 2; writing
surface, means for storing a plurality of     Fig. 4 is a graphic
illustration for describing the predetermined density-pulse width
characteristics    difference in density-pulse width characteristic each
representing a relation between a desired        between the ink nozzles of
a multi-nozzle type recording density and a therefore required pulse
ink jet printing head; width of an ink ejecting signal to be applied to
each   55  Fig. 5 is a block diagram showing a pulse-width of said
plurality of ink nozzles, and control means   control circuit of the ink
jet recording apparatus for selecting one of said plurality of
predetermined  in accordance with the embodiment of the density-pulse width
characteristics in correspon-    present invention; and 2    



3                 EP 0288 044 B1                     4 Fig. 6 is a graphic
diagram showing density-to-  control arrangement will be described
hereinbelow pulse width characteristics used in the pulse-   with reference
to Fig. 2 which is a block diagram width control circuit of Fig. 5.
showing a device for generating the ink-ejection control pulse signals
which are in turn applied to n DETAILED DESCRIPTION OF THE INVENTION
5   ink nozzles of a multi-nozzle type ink jet printing head such as
illustrated in Fig. 1. In Fig. 2, the Prior to describing an embodiment of
the        control pulse generating device 110 comprises a present
invention, a brief description of a conven-  pulse width control circuit
152 which produces tional ink jet printing apparatus will be made first
pulse signals 111 to 114 with pulse widths cor- with reference to Figs. 1
to 4 for a better under-  10  responding to N-bit input signals 101 to 104
re- standing of the present invention.                 spectively having
information relating to the record- A prior multi-nozzle ink jet printing
head, as  ing densities in correspondance with the respective shown in Fig.
1, comprises an insulating air-ink  ink nozzles 141 to 144 of the
multi-nozzle type ink nozzle plate 81 having a plurality of air-ink nozzles
jet printing head 140. The produced pulse signals 82 to 85 successively
arranged in a row at a   15  111 to 114 are respectively supplied through
am- predetermined interval. A common electrode 86 is   plifiers 121 to 124
to the control electrodes of the attached at the circumferential portions
of the plu-  ink nozzles 141 to 144. Also included in the control rality of
air-ink nozzles 82 to 85 to a surface of the  pulse generating device 110
is a memory 153 insulating air-ink nozzle plate 81. In parallel to the
which stores density-pulse width characteristic air-ink nozzle plate 81 is
provided an ink nozzle  20  curves as illustrated in Fig. 3. plate 87
having a plurality of ink nozzles 88 to 91   In operation, in response to
inputs of the N-bit successively arranged in a row and aligned with
density information signals 101 to 104, the memory the air-ink nozzles 82
to 85 with one-to-one cor-  is controlled to convert them into [err]-bit
pulse width respondance therebetween. The respective ink      information
signals respectively corresponding to nozzles 88 to 91 are coupled to an
ink chamber 93   25  the inputted density information signals 101 to 104
with ink which is in turn coupled through an ink   which are in turn
supplied to the pulse width con- supply passage 92 to an ink source, not
shown. On  trol circuit 152 which produces the corresponding the other
hand, the respective air-ink nozzles 82 to  one-bit pulse width signals 111
to 114 and supplies 85 are coupled through an air chamber 95 and an    them
through the amplifiers 121 to 124 to the air supply passage 94 to an air
source, not shown   3o  control electrodes of the ink nozzles 141 to 144,
so that air supplied from the air supply passage 94  resulting in ink
discharges with amounts corre- makes an air stream 96 because of the ink
nozzle   sponding to the density information. However, this plate 87 and is
then discharged curvedly from the  arrangement causes recording density
irregularity air-ink nozzles 82 to 85. Control electrodes 100
irrespective of application of control signals with whose number
corresponding to the number of the   35  the same pulse width, because of
the difference in ink nozzles 88 to 91 are independently provided at  the
density-pulse width characteristic between the the circumferential portions
of the ink nozzles 88 to  ink nozzles as shown in Fig. 4. 91 and on the
rear surface of the ink nozzle plate     Referring now to Fig. 5, there is
illustrated a 87 facing the ink chamber 93. An electric field is  control
pulse generating unit according to an em- established between the common
electrode 86 and   40  bodiment of the present invention designated at the
control electrodes 100 to form meniscuses in   numeral 1, which may be
coupled to a multi-nozzle the ink nozzles 88 to 91 and, in response to
selec-  type ink jet printing head such as shown in Fig. 1 tive application
of ink-ejection control signals 96 to  and which comprises a pulse width
control circuit 2 99 to the control electrodes 100, the meniscuses in  for,
at every ink nozzles, producing a pulse signal the selected ink nozzles are
extended toward the   45  with the width corresponding to a N-bit density
air-ink nozzles 82 to 85 and carried by the air-   information signal
inputted from the external circuit. stream 96 so as to be ejected as
inkdroplets from  Also included in the control pulse generating unit 1 the
corresponding air-ink nozzles.                 are a first memory 11 to a
[err] memory 13 (m = This type ink jet printing head is arranged to
integer not less than 2) which store density-pulse cause ink to discharge
due to an electrostatic force   50  width characteristic curves as shown in
Fig. 6, produced in response to the application of the ink-  respectively.
Although it is better in general that a ejection control signals 96 to 99
which are pulse  density-pulse width characteristic curve is deter-
signals, respectively. The ink-discharging amount,  mined at every ink
nozzle so that the number n of i.e., recording density, is substantially
proportional  the ink nozzles equals to the number m of the to the pulse
width, or length, of each of the ink-  55  density-pulse width
characteristic curves, it is suffi- ejection control signals applied to the
control elec-  cient in practice that m density-pulse width char- trodes 88
to 91 and thus controllable under control  acteristic curves are  prepared
and one of the m of the pulse width thereof. One known ink-ejection
density-pulse width characteristic curves is select- 3    



5                 EP 0 288 044 B1                      6 ed to be closer to
the density-pulse characteristic          said selected density-pulse width
char- curve of each of the n ink nozzles (n > m).
acteristic. Illustrated at numeral 3 is a memory designat- ing circuit for
specifying memories in correspon-   2. An ink jet printer according to
claim 1, char- dance with the ink nozzles, respectively, which is   5
acterized In that said ink jet printing head presetable from the external.
In the memory des-       means is a signal head and said plurality of ink
ignating circuit 3 are preset and stored addresses      nozzles (141-144)
are integrally arranged in a of the memories 11 to 13 which respectively
row. prestore the density-pulse width characteristic curves corresponding
to the respective ink nozzles  10   3.  An ink jet printer according to
claim 1, char- of a multi-nozzle type ink jet printing head used in
acterized In that said ink jet printing head this ink jet recording
apparatus. In response to        means comprises a plurality of ink jet
printing inputting of each of N-bit density information sig-     heads
(140) each having one of said plurality nals for the respective ink nozzles
to the control      of ink nozzles (141-144). pulse generating unit 1, the
memory designating   15 circuit generates a k-bit memory address signal on
4. An ink jet recording apparatus comprising: the basis of each of the
density information signals       - a multi-nozzle type ink jet printing
head at every nozzle and the pulse width control circuit 2        having a
plurality of ink nozzles (141- obtains a [err]-bit pulse width information
signal on            144) each ejecting ink toward a writing the basis of
each of the density information signals  20     surface, and the
density-pulse width characteristic curve             characterized by
stored in the corresponding memory (k and [err] are           - electrode
means (86,100) for establish- positive integers). The pulse width control
circuit 2        ing an electric field due to an ink ejecting further
produces a one-bit pulse signal with width           signal applied to said
electrode means corresponding to each of the pulse width informa-  25
(86,100), so as to eject ink from each of tion signals which is in turn
supplied to the control        said plurality of ink nozzles (141-144) by
electrode of each of the ink nozzles after amplified         means of said
electric field; by amplifying means.                                      -
density determining means (2) for gen- It should be understood that the
foregoing re-            erating a density information signal indi- lates
to only a preferred embodiment of the   30             cative of a
recording density at every ink present invention, and that it is intended
to cover          nozzle (141-144) of said multi-nozzle all changes and
modifications of the embodiment              type ink jet printing head;
and of the invention herein used for the purposes of the       - control
means (1) responsive to said disclosure, which do not constitute departures
from          density determining means (2) and hav-. the scope of the
invention as defined in the appen-   35     ing memory means (11-13)
storing a plu- ded claims.
rality of density-pulse width characteris- tics each being predetermined to
cor- Claims                                                       respond
to one or more of said ink noz- zles (141-144) and each representing a 1.
An ink jet printer comprising:              40            relation between
said recording density - ink jet printing head means having a plu-
and a therefore required pulse width of rality of ink nozzles (141-144)
each ejec-          said ink ejecting signal indicative of an ting ink
toward a writing surface,                  ink ejecting amount ejected from
each of characterized by                                    said plurality
of ink nozzles (141-144), for - means (11-13) for storing a plurality of
45         selecting one of said density-pulse width predetermined
density-pulse width char-             characteristics at every ink nozzle
(141- acteristics each representing a relation            144), and for
generating said ink ejecting between a desired recording density and
signal indicative of said ink ejecting a therefore required pulse width of
an ink          amount determined on the basis of said ejecting signal to
be applied to each of  50        density information signal from said den-
said plurality of ink nozzles (141-144);            sity determining means
(2) in accor- and                                                 dance
with said selected density-pulse - control means (1) for selecting one of
width characteristic, said ink ejecting sig- said plurality of
predetermined density-            nal being  applied to said electrode
pulse width characteristics in correspon-   55      means (86,100). dence
with each of said plurality of ink nozzles (141-144) and generating said
5. An ink jet recording apparatus according to ink ejecting signal in
accordance with         claim 4, characterized In that said electrode 4    



7                 EP 0 288 044 B1                    8 means (86,100) of
said multi-nozzle type ink          um mit Hilfe des elektrischen Feldes
Tinte jet printing head comprise a common elec-             aus jeder der
Vielzahl von TintendUsen trode (86) and a plurality of control electrodes
(141-144) auszustoBen, (100) each being provided in correspondence
c) einer Dichteerfassungseinrichtung zur Er- with each of said plurality of
ink nozzles (88-   5   zeugung  eines Dichteinformationssignals, kvrH
91) and positioned in opposed relation to said       das die
Aufzeichnungsdichte an jeder Tin- common electrode, said pulse signal with
a           tendUse (141-144) des mehrdlsigen Tinten- width corresponding
to said density information       strahldruckkopfes anzeigt, und signal
being applied to said corresponding            d) eine auf die
Dichteerfassungseinrichtung control electrode (100).                  10
ansprechende Steuereinrichtung (1) mit ei- ner Speichereinrichtung (11-13)
zur Spei- PatentansprUche                                          cherung
einer  Vielzahl  von  Dichte- Pulsdauer-Charakteristiken, von denen jede 1.
Tintenstrahldrucker mit:                              fOr eine oder mehrere
der TintendUsen a) einer Tintenstrahldruckkopfeinrichtung,  16
(141-144) vorbestimmt ist und von denen die eine Vielzahl von Tintendllsen
(141-           jede ein Verhfltnis zwischen der Aufzeich- 144) aufweist,
von denen jede Tinte in Rich-       nungsdichte und einer daffir
erforderlichen tung einer Schreiboberflache ausstoBt, go-         Pulsdauer
des die von jeder der Vielzahl kennzelchnet durch
von TintendUsen (141-44) ausgestofene b) eine Einrichtung (11-13) zur
Speicherung  2n    Tintenausstofmenge angebenden  Tinten- einer Vielzahl
von vorbestimmten Dichte-           austoBsignals darstellt, wobei die
Steuerein- Pulsdauer-Charakteristiken, von denen jede         richtung (1)
eine der Dichte-Pulsdauer-Cha- ein Verhiltnis zwischen einer gewUnschten
rakteristiken far jede TintendUse auswAhlt Aufzeichnungsdichte und einer
dafOr erfor-         und das die Tintenausstofmenge angeben- derlichen
Pulsdauer eines an jede der Viel-  25    de Tintenausstofsignal erzeugt,
welches auf zahl von TintendUsen (141-144) anzulegen-          Grundlage
des  Dichteinformationssignals den Tintenausstofsignals darstellt, und
der Dichteerfassungseinrichtung  entspre- c) eine Steuereinrichtung (1) zur
Auswahl          chend der gewihIten Dichte-Pulsdauer-Cha- einer der
Vielzahl von  vorbestimmten              rakteristik bestimmt wurde, wobei
das Tin- Dichte-Pulsdauer-Charakteristiken  entspre-  30
tenausstoBsignal an die Elektrodenvorrich- chend jeder der Vielzahl von
TintendUsen           tung (86, 100) angelegt wird. (141-144) und zur
Erzeugung des Tinten- ausstoBsignals in Abhangigkeit der ausge-    5.
Tintenstrahlaufzeichnungsvorrichtung nach An- w~hiten
Dichte-Pulsdauer-Charakteristik.         spruch 4, dadurch gekennzelchnet,
daB die 35      Elektrodenvorrichtung (86, 100) des mehrdUsi- 2.
Tintenstrahidrucker nach Anspruch 1, dadurch        gen
Tintenstrahidruckkopfes eine gemeinsame gekennzelchnet, daB die
lintenstrahidruck-         Elektrode (86) aufweist und eine Vielzahl von
kopfeinrichtung ein Signalkopf ist und daB die     Steuerelektroden (100),
von denen jede einer Vielzahl von TintendUsen (141-144) integral in     der
Vielzahl von TintendUsen (88-91) zugeord- einer Reihe angeordnet sind.
40      net und gegenlber der gemeinsamen Elektro- de (86) angeordnet ist,
wobei das Impulssignal &  Tintenstrahidrucker nach Anspruch 1, dadurch
mit einer dem  Dichteinformationssignal ent- gekennzelchnet, daB die
lintenstrahidruck-         sprechenden Pulsdauer an die entsprechende
kopfeinrichtung eine Vielzahl von Tintenstrahl-    Steuerelektrode (100)
angelegt wird. druckkopfen (140) umfaft, von denen jeder  45 eine der
Vielzahl von Tintendasen (141-144)     Revendlcatlons aufweist. 1.
Imprimante A jet d'encre, comprenant: 4.
Tintenstrahlaufzeichnungsvorrichtung mit:             - un moyen formant
tete d'impression par a) einem  mehrdfsigen Tintenstrahidruck-  5o
jet d'encre qui comprend une pluralite de kopf, der eine Vielzahl von
Tintendlsen               buses & encre (141-144) dont chacune (141-144)
aufweist, von denen jede Tinte in          envoie de l'encre vers une
surface d'ecri- Richtung einer Schreiboberflache ausstflt,           ture,
caracterisee par: gekennzelchnet durch                               - des
moyens (11-13) pour mdmoriser une b) eine Elektrodenvorrichtung (86, 100)
zur  5s      pluralit6 de caract6ristiques pred6termi- Erzeugung eines
elektrischen Feldes auf-             ndes de largeur des impulsions de
densi- grund eines an die Elektrodenvorrichtung             te,
representant chacune une relation en- (86, 100) angelegten
Rintenausstofsignals,           tre la densit6 d'dcriture souhaitee et la 5
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par consequent re-             une relation entre ladite donsite d'dcritu-
quise d'un signal d'ejection d'encre qu'il         re et la largeur
d'impulsion par conse- faut appliquer a chaque buse a encre de
quent requise dudit signal d'ejection ladite pluralite (141-144), et
d'encre qui indique la quantit4 d'ejection - un moyen de commande (1) pour
choisir   5          d'encre ejectee par chacune de ladite I'une parmi
ladite pluralite de caracteristi-      pluralite de buses a encre
(141-144), ser- ques predetermin6es do largeur des im-             vant &
choisir l'une desdites caractiristi- pulsions de densite en correspondance
ques de largeur d'impulsion de densite avec chacune de ladite pluralite de
bu-            pour chaque buse a encre (141-144) ot a ses & encre
(141-144) et pour produire  10         produire ledit signal d'ejection
d'encre ledit signal d'ejection d'encre en accord          indiquant ladite
quantite d'djection d'en- avec ladite caracleristique de largeur de
cre, detormine sur la base dudit signal l'impulsion de densit6 qui a 4t
choisie.           d'information d'intensite provenant dudit moyen (2) de
ddtermination de densite 2. Imprimante a jet d'encre solon la revendication
15    en accord avec ladite caracteristique de 1, caracterisee en co quo
ledit moyen formant          largeur d'impulsion de densite qui a e$ tfte
d'impression par jet d'encre est une tte &         choisie, ledit signal
d'ejection d'encre signal et ladite pluralite de buses a encre (141-
4tant applique auxdits moyens (86, 100) 144) est disposee integralement
dans une ran-          formant dlectrodes. gee.
20 5. Appareil d'enregistroment par jet d'encre solon 3. Imprimante & jet
d'encre selon la revendication     la revendication 4, caracterise en ce
quo les- 1, caractdrisbe en co quo ledit moyen formant      dits moyens
formant electrodes (86, 100) de teto d'impression par jet d'encre comprend
ladite tMte d'impression par jet d'encre du type une pluralite de tetes
d'impression (140) par  25  multibuses comprennent une electrode com- jet
d'encre contenant chacune l'une de ladite      mune (86) ot une pluralite
d'4lectrodes de pluralite de buses a encre (141-144).              commando
(100) dont chacune est placee on correspondance avec chacune des buses & 4.
Appareil d'enregistrement par jet d'encre corn-     encre de ladite
pluralite (88-91) et est position- prenant:
30       nee en vis-&-vis de ladite electrode commune, - une tfte
d'impression par jet d'encre, du      ledit signal d'impulsion qui a une
largeur cor- type multibuses, avec une pluralite de        respondant audit
signal d'information de densi- buses a encre (141-144) dont chacune
te, etant applique a ladite electrode de com- envoie de l'encre vers une
surface d'ecri-    mando correspondante (100). ture, caract6risd par:
35 - des moyens formant electrodes (86, 100) pour etablir un champ
electrique dO a un signal d'ejection d'encre appliqu4 auxdits moyens
formant 4lectrodes (86, 100), de fagon & ejecter de l'encre depuis cha-  40
cune de ladite pluralite de buses & encre (141-144) au moyen dudit champ
dlectri- quo, - un moyen (2) de determination de la densite pour produire
un signal d'infor-  45 mation de donsite indiquant la densite d'ecriture
pour chaque buse & encre (141-144) de ladite t~te d'impression par jet
d'encre du type multibuses, et - un moyen de commande (1) repondant  5o
audit moyen (2) de determination de la densite et comportant des moyens
for- mant memoire (11-13) qui stockent une pluralite de caracteristiques de
largeur des impulsions de densite, dont chacune  s6 est preddterminde pour
correspondre & une ou plusieurs desdites buses a encre (141-144) et dont
chacune represente 6    


