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| Nl JET RECORDI NG APPARATUS HAANR; METROR QRBRIVING ATrUATOR

AND METHOD OF DRIVING I T The present invention relates to an inkjet
recordi ng appara- tus having a so-called ink-on-demand type inkjet head
whi ch ejécts ink droplets only when respective dots are actually to be
recor ded onmmerpresdnngnmmﬁnﬂmodWmuﬂaﬁnxnﬁocahlynkjehenemamdmng1appamas

k
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type inkjeteircks imk dnppéat:Syonéydwuenf @aspgctnvehéma@fe gé?fekaéltlmth he

pres- . be recorded on a recording medium. More specifically, the
invention relates to an inkjet recording apparatus having an
electrostatically driven inkjet head and to a method of

driving it.

Mainly two Kkinds of ink-on-demand type inkjet heads are
currently used differing in the way of generating the pres-
sure required for ink ejection. One kind uses piezoelectric
actuators for this purpose as disclosed in, e.g., DE-A-31 47
107 and EP-A-0 337 429, while the other employs heating
elements for heating ink so as to generate bubbles as descri-
bed in, e.g., JP-B-59911/1986. Each. of these two kinds of
irikjet head has its own merits and demerits. While the former
type suffers from problems in manufacturing when a certain
nozzle density and precision is required, it enjoys a high
reliability and a long service life. On the other hand, the
bubble type inkjet head presents less manufacturing problems
but its resistive heating elements tend to become damaged
over time as a result of the repeated rapid heating and
cooling and the impacts caused by collapsing bubbles, and so
the practical service life of the inkjet head is accordingly
short. Thus, none of these two kinds of inkjet heads is
really fully satisfactory.

JP-A-24218/1990 discloses a method of driving an on-demand
type inkjet head of the above mentioned kind using piezoelec-
tric actuators. According to this drive method, during the
printer standby state, an electrical pulse is applied to the
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using a piezoelectric actuator.

A third known principle for pressure generation in an inkjet
head makes use of an electrostatic force, i.e., employs an
electrostatic actuator as disclosed in JP-A-289351/1990 and
US-a-4,520,375.

More particularly, JP-A-289351/1990 discloses an inkjet head
comprising a silicon substrate having formed therein ink
passages each connected to a respective nozzle at one end and
to a common ink reservoir at the other end. A side wall
portion of the ink passage is formed by a diaphragm as a
vibration plate. A respective individual or nozzle electrode
is 'provided on the outside surface of each diaphragm. Dispo-
sed opposite the nozzle electrodes, via a gap, is a common
electrode. Each diaphragm with its nozzle electrode and the
opposing common electrode constitutes an electrostatic actua-
tor including a capacitor formed by the nozzle electrode, the
common electrode and an insulator therebetween. A similar
electrostatic actuator or fluid jet ejector is disclosed in
US-A-4,520,375. In this latter prior art, by utilizing its
semiconducting property, the thin silicon diaphragm itself
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the pressure chanmber. This conventional drive met hod i s one of the best
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high efficiency has not been possible yet. The results that
were achieved when the drive method described above for
piezoelectric actuators was applied in an inkjet head using
an electrostatic actuator were not satisfactory. More parti-
cularly, the inkjet head using electrostatic actuators
suffers from an unstable, partly insufficient ink ejection
volume and a reduced printing speed, i.e. low reliability and

insufficient print quality.

Therefore, it is an object of the present invention to pro-
vide an inkjet recording apparatus having an electrostati-
cally driven inkjet head as well as a drive method for such
apparatus that allow to achieve a reliability and a recording
quality as least as good as those achieved with conventional
recording apparatus either of the piezoelectric type or the
bubble type.

This object is achieved with an inkjet recording apparatus as
claimed in claim 1 and a method as claimed in claim 8,

respectively.
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vol t age onmﬂeffapaentomﬂzamﬁm dveltmegandoreduced printing speed,
resulting in a low print quality, such as low density and
pixel shifting, and in a lower reliability because of drop-
outs.

. In addition, the magnitude of this residual charge tends to
vary according to the history of past applied voltages. As a
result, the relative displacement of the diaphragm and indi-
vidual electrodes is indefinite and unstable, further contri-
buting to a low recording quality and reliability.

. The invention removes, or at least substantially reduces, the
adverse effect of the residual diaphragm displacement caused

- by the residual charge of the electrostatic actuator by
either removing the residual charge (resetting the actuator)
or by bringing it into a definite state (presetting the
actuator). For resetting the actuator a voltage of a polarity
opposite to the normal drive voltage is applied while for

. presetting a voltage equal to or greater than the maximum
expectable drive voltage is applied at predetermined times.

Preferred embodiments of the present invention will be
described in detail below with reference to the drawings, in

which:
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recordi ng arrangement when a voltaqe whose polarity is selected

in accordance with the invention is applied,

Fig. 6 is a diagram similar to Fig. 5 showing the polariza-
tion in the dielectric between the diaphragm and the
nozzle electrode,

Fig. 7 1is a diagram corresponding to Fig. 6 and illustrating
the residual charge that remains after discharging,

Fig. 8 schematically shows the deflection of the diaphragm
(a) in an initial state with no voltage applied and
no residual charge, (b) with a voltage applied and
(c) discharged but still having a residual charge,

Fig. 9 is a schematic diagram of the drive control circuit
used in a preferred embodiment,

Fig. 10 is a conceptual diagram of a printer embodying the

invention,
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subsequent |y di scharged there
Fig. 15 is a flow chart of a subroutine shown in Fig. 14,

Fig. 16 is a timing chart for explaining the alternative con-
trol method,

Fig. 17 is a flow chart of another alternative control method
of an inkjet printer as shown in Fig. 1,

Fig. 18 is a flow chart of the subroutines shown in Fig. 17,

Fig. 19 is a block diagram of a printer according to a second
embodiment of the invention,

Fig. 20 shows the deflection of the diaphragm under various

conditions,

Fig. 21 is a graph showing how the ink ejection speed at a
constant drive voltage (38 V) varies with the drive
voltage applied in the preceding period,

Fig. 22 is a schematic diagram of the drive control circuit
for the inkjet head of the second embodiment,

Fig. 23 is a flow chart illustrating a method of controlling
a printer as shown in Fig. 19,



ddige 4J Lo 4 LAIUVUW LbiAL L Vi LG oUWLVMLILIICO S11UWILL 4l T LAYe <«

remai ns @ polarization in the dielectric . The electric field established

by this resjdual2charae gasteaia télﬁ)]!&ief%i dyér%é@éﬁﬁémfevpfaﬂ&ecross—
di aphragm and .the nozzl e el ectro ecremen e relative

i opl aconeRECEIoR (afie@ GPTERCTRP ciaBROGIMETE, (2h | Bhey cHIe b dend etd a
pri nltl ng fsme:d»rdrmwl h'ppgjrhmu& I erbpgymh?quaiét pre%aitf aidv@mztimﬁl t Woied

| Xe sni owe lLa | cause o [ OP5 __0OUt,S n_
gddl tion, tthgqna‘glﬁf}ude ;n? ogéEFBSaI %hgﬁagnt eHis ﬁ%o ggﬁ;? at@%‘? d#’ﬁ&q o]
t he hi stor yhekejastinkppils ezne.cjteagﬂsom Asozz kess prrqvided rat athecedge of a
0 ol acemeglpglrie O Al 200bARToh by WiliRIndl S66100AS c® d NERLLNeypeind

unst abl e urther céntri- butin ow r ecordi

reliabilithead ml‘l%rﬁh%nlﬂbné§e§39§itedt fnr@alstnomga%mmvi@ed egicéhe
the adver seo Bf lsesira@le tchs €81 dupkrehealr pqg. dlssmsaceen@mecayégg Q)éch:ti%n

resi dual of the e trostati c actuat ei ther renovinp

resi dual g 3 lrﬁ}icth%k&%?u}é?ﬁ ) BP8b§1§r| Aoty ?ts?ﬁ't;bgﬁaaef’llﬁwte
st iat e (presebml rlg.riehGA-?Et iiat @iy. dl%nr 'l'haé;eiztut;r@ttl‘ieaalctumgtdv\r;h ’fhﬂ@l eapoddt a
polarity opposit enor rLv appl .e |

presetti nggg §o|l%a3‘?éequ%ll’ ? Prﬁ?eﬁfléﬁlcfﬁgﬁst é Xi rru?ﬁ’%x%g%?]gﬁ?eugﬂ\/e
vol t age i sthepbtbeéraandr edeuetminedd asi described in detail below.

A first substrate 1 is sandwiched between second and third
substrates 2 and 3, and is made from a silicon wafer. Plural
nozzles 4 are formed between the first and the third sub-
strate by means of corresponding nozzle grooves 11 provided
in the top surface of the first substrate 1 such as to extend
substantially in parallel at equal intervals from one edge of
the substrate. The end of each nozzle groove opposite said
one edge opens into a respective recess 12. Each recess in
turn is connected via respective narrow grooves 13 to a
recess 14. In the assembled state the recess 14 constitutes a
common ink cavity 8 communicating via orifices 7 formed by
the narrow grooves 13, and ink chambers 6 formed by the
recesses 12 with the nozzles 4. In the present embodiment,
each orifice 7 is formed by three parallel grooves 13 mainly
to increase the flow resistance but also to keep the inkjet
head operative if one of the grooves becomes clogged. Elec-
trostatic actuators are formed between the first and the
second substrate. The bottom of each ink chamber 6 comprises
a diaphragm 5 formed integrally with the substrate 1. As will
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head shown q]ﬁectrode 1E; be; 3n importan actor determining e effect of
electrode 17 on first substrate 1. The semiconductor material
used in this embodiment has a resistivity of 8 - 12 Qcm, and
the common electrode 17 has in fact a two-layer structure
made from platinum on a titanium base layer or gold on a
chrome base layer, the latter being provided mainly to
improve the bonding strength between the substrate and the
electrode. The present invention shall not be so 1limited,
however, and various other material combinations may be used
according to the characteristics of the semiconductor and

electrode materials.

Borosilicate glass, such as Pyrex glass, is used for the
second substrate 2 bonded to the bottom surface of first sub-
strate 1. Nozzle electrodes 21 are formed on the surface of
second substrate 2 by sputtering gold to a 0.1 um thickness
in a pattern essentially matching the shape of diaphragms 5.
Each of nozzle electrodes 21 comprises a lead member 22 and a
terminal member 23. A 0.2 um thick insulation layer 24 for
preventing dielectric breakdown and shorting during inkjet
head drive is formed from a Pyrex sputter film on the entire
surface of the second substrate 2 except for the terminal
members 23. In addition or as an alternative to the insula-
tion layer 24 an insulation layer (26 in Fig. 5) may be pro-
vided on the side of the diaphragms 5 facing the nozzle elec-
trodes. Since the diaphragms 5 consist of a semiconductor
material such insulation layer may be easily formed to a
thickness of 0.lum to 0.2um by oxidizing the semiconductor
material. Such oxide insulation 1layer exhibits excellent
mechanical strength, insulation performance and chemical
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the bottom surface of the first substrate 1 provide for gaps
between the diaphragms and the respective electrodes 21. The
length G (see Fig. 3; hereinafter the "“gap length") of each
gap is equal to the difference between the depth of recess 15
and the thickness of the electrode 21. It is to be noted that
this recess can be alternatively formed in the top surface of
the second substrate 2. In this preferred embodiment, the
depth of recess 15 is 0.6 um, and the pitch and width of
nozzle channels 11 are 0.72 mm and 70 um, respectively.

As with second substrate 2, borosilicate glass is used for
the third substrate 3 bonded to the top surface of first sub-
strate 1. Bonding third substrate 3 to first substrate 1 com-
pletes formation of nozzles 4, ink chambers 6, orifices 7,
and ink cavity 8. An ink supply port 31 is formed in third
substrate 3 so as to lead into ink cavity 8. Ink supply port
31 is connected to an ink tank (not shown in the figure)
using a connector pipe 32 and a tube 33.

+ First substrate 1 and second substrate 2 are anodically
bonded at 300°C to 500°C by applying a voltage of 500 V to
800 V, and first substrate 1 and third substrate 3 are bonded
under the same conditions to assemble the inkjet head as
shown in Fig. 3. After bonding the substrates, gap length G
between diaphragms 5 and nozzle electrodes 21 is 0.5 um in
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Flg. 22), one for each actuator. Ink 103 is supplled from the
v ink tank (not shown in the figures) through ink supply port
31 into first substrate 1 to fill ink cavity 8 and ink cham-

bers 6.

Also shown in Fig. 3 is an ink droplet 104 ejected from
i nozzle 4 during inkjet head drive, and recording paper 105.

The electrical connections of the present embodiment are

described next.

+ Due to the MIS structure formed between the nozzle electrode,
the insulating gap between the nozzle electrode and the
diaphragm, and the diaphragm itself, there may be a large
difference in the current value depending on the polarity of
the applied voltage because of the effect of the space-charge

i layer. When the semiconductor used for the substrate is p-
type silicon, the substrate acts as a conductor when, rela-
tive to the nozzle electrodes 21, a positive potential is
applied to the common electrode 17, but when a negative
potential is applied, the substrate does not act as a conduc-

» tor and instead a space-charge layer is created.

Fig. 5 is a schematic view illustrating the distribution of
electric charges in the diaphragm and the nozzle electrode
when the polarity of the applied drive voltage is selected in
accordance with a preferred embodiment of the present inven-
tion. A p-type silicon is used for first substrate 1 in this
embodiment and the common electrode 17 and the nozzle elec-
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ions is neutralized. Therefore, the diaphragm assumes a posi-
tive charge with no space-charge layer being created, i.e.
the diaphragm or the first substrate functions as a conduc-
tor. In addition, a negative charge accumulates on the nozzle
electrodes 21 side. As a result, the pulse voltage applied
between a diaphragm 5 and its opposing nozzle electrode 21
generates an attractive force, due to static electricity,
sufficient to deflect diaphragm 5 towards the nozzle elec-
trode 21.

The occurrence of residual charges in the electrostatic
actuator will be explained with reference to Fig. 6 and Fig.
7 which illustrate the capacitor structure forming the actua-
tor. Fig. 6 shows the state when a voltage of a certain value
is applied and the capacitor is charged, and Fig. 7 shows the
state when subsequently the capacitor is discharged through a
discharge resistor 46. 1In both Figs. 6 and 7, diaphragm 5 is
made from a semiconductor and common electrode 17 is the
above mentioned metal forming an ohmic contact with the semi-
conductor, and diaphragm 5 is coated by insulation layer 26.
Insulation layer 24 formed on nozzle electrode 21 is opposite
insulation layer 26 across gap 16, and insulation layer 26,
gap 16, and insulation layer 24 together form an insulator
structure or dielectric 27 inside the parallel flat capacitor
formed by diaphragm 5 and nozzle electrode 21.
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Cross-sectigfy nozzle electrode 21 of the preferred embodiment is pola-
rized, polarization components known, for example, as ion
polarization and interfacial polarization, and having a rela-
tively 1long polarization relaxation time are involved in
addition to short relaxation time atomic polarization and
electron polarization. Ion polarization occurs as a result of
Na+, K+, and/or B+ in the insulation layer travelling along
the generated field; interfacial polarization occurs from
movement at crystal interfaces within the dielectric.

Thus, part of the polarization remains as a result of repea-
ted voltage application or extended continuous application,
and the dielectric (24, 26) between diaphragm 5 and nozzle
electrodes 21 of the embodiment retains partial polarization
for an extended period as shown in Fig. 7. The dielectric
body thus effectively contains residual polarization 29, and
the residual field P produced by the residual polarization
remaining between diaphragm 5 and nozzle electrode 21 causes
a small residual relative displacement of diaphragm 5 and

nozzle electrode 21.

Fig. 8 illustrates three different states of the actuator
schematically represented by only the diaphragm 5 and the
nozzle electrode 21. Fig. 8 (a) shows the state when a
voltage has not yet been applied to the capacitor formed by
diaphragm 5 and nozzle electrode 21: as shown in the figure,
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Having thus described the preferred structure of and the
) problems involved in an electrostatically driven inkjet head

for a recording apparatus, a first embodiment of the inven-

tion suitable to avoid those problems will be explained next.

In this embodiment, in order to remove the adverse effect of

5 the residual charge causing a residual deflection of the
diaphragm, a voltage of a polarity opposite to that shown in
Fig. 6 is applied between diaphragm 5 and nozzle electrode 21
to cancel the residual charge and, thus to reset the actua-
tor.

Fig. 1 is a block diagram of an inkjet printer as a preferred
embodiment of a recording apparatus according to the inven-
tion. As shown in the figure, the primary components of this
inkjet printer are a print unit 203 including a drive motor
i 202 for moving the inkjet head and the paper or other printed
medium and an inkjet head 10, and control means for control-
ling the print unit. This inkjet printer prints text and/or
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t he char acteristics e sem conduct or el ectrode materi al
storage means 211. A residual charge eliminator 212 outputs
an actuator reset control signal for the reset process remo-

ving the residual charge in the actuator as described below.

The configuration of drive control circuit 213 for inkjet
head 10 is shown in Fig. 9. A recovery control signal from
nozzle recovery means 206, a print control signal from the
print operation controller 210, and the actuator reset con-
trol signal are input to drive control circuit 213, which
controls inkjet head 10 based on these input control signals.
The recovery control signal, print control signal, and actua-
tor reset control signal are also input to a drive control
circuit 214 for drive motor 202, and drive control circuit
214 similarly controls drive motor 202 based on these input
control signals.

Fig. 9 is a schematic diagram of the drive control circuit
213. As shown in the figure, drive control circuit 213 com-
prises a control circuit 215 and a drive circuit 102a. Drive
circuit 102a comprises transistors 106 -~ 109, inverting
amplifiers 110 and 1'08, and non-inverting amplifiers 111 and
113. The recovery control signal, print control signal, and
actuator reset control signal are input into control circuit
215, which generates and outputs appropriate pulse voltages
Pl ~ P4 for output to amplifiers 110 - 113 based on the input
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mechani cal igi rfeghhd isuppXidsonimer t6r thecdnkijétchiddcalo through an ink
supply tube 306. The inkjet head 10 is mounted on a carriage
302 which is movable by means of carriage drive means (not
shown) including drive motor 202 in a direction perpendicular
to the direction in which the recording paper 105 is trans-
ported. To prevent or recover the nozzles from clogging, in
response to the recovery control signal, the inkjet head is
moved to a position in front of a cap 304, and then ink
discharge operations are performed several times while a pump
303 is used to suction the ink through the cap 304 and a
waste ink recovery tube 308 into a waste ink reservoir 305.

Fig. 11 is a flow chart illustrating a method of controlling
the inkjet printer according to the preferred embodiment of
the invention shown in Fig. 1. Fig. 12 is a flow chart of two
subroutines shown in Fig. 11, Fig. 12 (a) being the nozzle
recovery operation subroutine and (b) the print operation

subroutine.

Referring to Fig. 11, the first step S0 is to initialize the
printer mechanisms based on the control signals output from
print operation controller 210. For example, as a result of
the initialization, the carriage 302 (Fig. 10) is located at
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strate 1. BopUindahl 'FestBSL] 246 Foh' tie SH35518LE 1 4%y that the
carriage 302 is returned to the standby position (step SS3)
to complete the nozzle recovery operation. The frequency at
which this recovery operation is repeated is determined by
the time setting of timer means 204.

Note that, in general, the inkjet head has not been used for
an extended period of time when the power is first turned on,
and about 160 - 200 ink droplets are ejected from each nozzle
for nozzle recovery in step S1.

When the nozzle recovery operation is completed, timer means
204 begins counting a predetermined time. A timer up ‘signal
is checked at step S2 to determine whether timer means 204
has counted the predetermined time. If the timer up signal is
detected, the procedure flows to step S8, at which the nozzle
recovery operation shown in the Fig. 12 (a) subroutine is
again executed, and the procedure then advances to step S3.
If, however, the timer up signal is not detected, the proce-
dure flows directly to step S3.



e, QAill LilC pPLililiillilly Jpelalloll 10 CAacuilenl All oLep vo.

pl etes fornation of nozzles 4, ink chanbers 6, orifices 7, and ink cavity

8. An ink | nﬁ:&&httz]% ' S?E%E? st L& G SoPELd ab?nitl%ngﬁ?%ulﬁﬁn% | g§ 0

i nk caV|ty IS connect ed to an not shown I n

the figur e)Sf't%i?ﬁlgS%l oﬂnﬁgiérsbﬁ"ﬁ’é p» Big- a12ubR) 83.  First substrate 1
and second substrate 2 are anodically bonded at 300[err]C to 500[err]C
and fiyst subgtrate 1 and.third

gﬁb???!&l%“en%taré .ﬁg’ﬁggﬁgénggcgﬁégsg%mtf‘on’sst5 e5eko kP e rne@nflkj hen
head as shamarriade g302. iAf mevedormdiengidthe(stést 881 Es, Tapskepst ISSTheanden
10 TN 5 ontiSTerii ThE ShEFLRALACARY blebragl 8L Mk Brecisieg aot kassa |
| ayer 26, ion dpwinbingi dakRat |A<f¢e|ray1d?a124tl‘c,©v@¢t%t¢b22¢éetl @pteroctewmlm s

3 [err] Mgxecuted in step SS14, and then the count variable n is

incremented to n+l1l. Equality of n to the number of the last

dot to be printed is determined in step SS16. If n does not

equal the last dot number, the procedure loops back to step

SS811, and steps SS11 - SS16 are repeated. Note that, the

actuator reset operation in step SS14 is executed only on

those actuators which were driven in the preceding steps SS12

and SS13.

If n equals the last dot number, the procedure exits the sub-
routine and advances to step S6, at which point carriage 302
is returned to the standby position, and the paper is then
advanced a predetermined distance (step 87). Whether the
process is to continue is evaluated in step S9; if printing
is not completed, the procedure loops back to step S2 and the
above operation is repeated. If printing is completed, the
procedure terminates.

Fig. 13 is a timing chart of the operation of the embodiment
illustrated in Figs. 9 and 12. It is assumed here that, in
the standby state, pulse voltage P4 is applied and transistor
108 is ON thereby keeping the capacitor 114 discharged via a
resistor R. Then, to print a dot first of all pulse voltages
Pl and P4 are supplied, transistors 108 and 107 become ON,
and a positive voltage is applied to diaphragm 5 and nozzle
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droplet 104 to be ejected from nozzle 4 toward recording
paper 105. As indicated in period d, to achieve an actuator
reset pulse voltages P2 and P3 are supplied, transistors 106

and 109 become ON, and a voltage of such polarity is applied
to diaphragm 5 and nozzle electrode 21, that the diaphragm
becomes negative with respect to the nozzle electrode. Note
that this voltage is opposite to the voltage applied during
the normal printing operation, and is opposite to the resi-

dual charge voltage. As a result, the residual charge (Fig.

7) dissipates. Diaphragm 5 is no longer deflected as shown in

Fig. 8 (c) but is fully restored by discharging the capacitor

during period e because the residual charge has been comple-
tely dissipated by the previous application of the reverse

voltage as described above. Thus, the ink ejection volume

that will be ejected at next period c2 and that at the

previous period ¢ are the same. As thus described, the resi-

dual charge created between diaphragm 5 and nozzle electrodes

21 is discharged each dot after ejecting an ink droplet 104.

Incidentally, the hold period b mentioned above is preferably

set such that the discharge occurs when the damped vibration

of the ink system reaches a maximum so as to effectively uti-

lize the vibration energy of the ink system.
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Note also that a p-type semiconductor is used for the semi-
conductor substrate in this embodiment, but that an n-type
semiconductor can be alternatively used. In this case, the
connections between drive circuit 102a and inkjet head 10
must be reversed from those used with a p-type semiconductor.

Fig. 14 is a flow chart of an alternative control method for
the inkjet printer of Fig. 1. Fig. 15 is a flow chart of the
print operation subroutine shown in Fig. 14. In this embodi-
ment, the actuator reset operation is executed once every
line. The actuator reset operation described above is execu-
ted in step SS12 inserted between steps S4 and S5 in Fig. 14.
Note that, the actuator reset operation of this embodiment is
executed at once for all actuators of the inkjet head in
order to eliminate the residual charge which accumulated
during one line printing. As a result, the actuator reset
operation (step SS12) in the printing operation subroutine
shown in Fig. 12 (b) 1is eliminated from the printing opera-
tion subroutine (Fig. 15 ) of this embodiment, but all other
procedure steps are the same. The nozzle recovery operation
subroutine in this embodiment is the same as that shown in
Fig. 12 (a).
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formed by asaphregomlk,arich oher lsmbroattimedashdvn in Fig. 18 (a), carriage
302 is moved to the standby position (step SS1), and the
actuators are then reset in the next step (step SS12). Step
SS12 (Fig. 12) is thus eliminated from the printing operation
subroutine (Fig. 18 (b)) of this embodiment.

According to the first embodiment déscribed above the
influence of the residual charge is avoided by periodically
removing the residual charge, either once every printed dot,
once every printed line or based on a time count. Inciden-
tally, these alternatives of the first embodiment may also be
combined. By removing the residual charge in this way, 'i.e.
by resetting the electrostatic actuators into a defined
state, even if the residual deflection cannot be avoided, it
is at least made constant. The effect of a constant residual
deflection can be easily compensated for by a correspondingly
increased drive voltage.
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maximum f ield strength (voltage) in the applied field
history, and so are the charge of the residual field and the
i initial deflection of diaphragm 5 resulting therefrom.

Fig. 20 shows the deflection of the diaphragm under various
conditions. The initial zero-deflection state of diaphragm 5
with no voltage history is shown in Fig. 20 (a). Note,

v diaphragm 5 is straight and parallel to the nozzle electrode
21. When a voltage (30 V) is then applied to the capacitor
comprising diaphragm 5 and nozzle electrode 21, diaphragm 5
deflects by AVl as shown in Fig. 20 (b). When subsequently
the capacitor is discharged, diaphragm 5 assumes the state

i shown in Fig. 20 (c¢) with a deflection of AV2. Because of the
voltage history of the applied 30 V, the residual field
produced by the residual charge remaining after discharge of
the capacitor causes diaphragm 5 to deflect slightly from the
initial state shown in Fig. 20 (a).

The ink on diaphragm 5 is eliminated and the ink elimination
volume is determined by the difference between the deflection
of diaphragm 5 shown in Fig. 20 (b) and the deflection shown
in Fig. 20 (c). The ink elimination volume contributes to
ejecting the ink droplet, and the ink volume corresponds .to
the difference AV3 (relative displacement) (see Fig. 20 (b))
of the diaphragm 5 deflection in the various states.

to
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formed by diaglyagbst d@epemdszion dltect r ode 21. as shown in the figure,

Fig. 20 (f) shows the diaphragm 5 deflection when the same
voltage (30 V) applied in Fig. 20 (b) is again applied after
Fig. 20 (e). The diaphragm 5 deflection at this time is the
same as shown in Fig. 20 (b) (AVl). In this case, however,
the ink elimination volume determined by the relative displa-
cement corresponds to AV5 = AVl - AV4, which is determined by
the difference between the Fig. 20 (e) deflection and the
Fig. 20 (f) deflection, because the maximum voltage value in
the history of voltage supply is 40 V. Note that AV3 > AVS.
Therefore, the ink ejection volume when the inkjet head is
driven in the state shown in Fig. 20 (f) where the maximum
voltage of the voltage history is 40 V is less than that when
the inkjet head is driven with a maximum voltage history
value of 30 V as shown in Fig. 20 (b). We therefore know that
the ink ejection volume varies with the level of the residual
charge in the actuator comprising diaphragm 5 and nozzle

electrodes 21.

Fig. 21 illustrates experimental results of how the ink ejec-
tion speed at a constant 38 V drive voltage varies relative
to the drive voltage applied in the preceding period.
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residual charge described above.

This change in the relative displacement of diaphragm 5 and
nozzle electrode 21 causes a change in the ink ejection speed
and ink ejection volume, and thus adversely affects inkjet
printer reliability and print quality.

To counter this in the second embodiment, a maximum voltage
is applied between diaphragm 5 and nozzle electrode 21 to
maintain a maximum constant residual charge and to predeter-
mine an initial diaphragm 5 deflection and. also to stabilize
the ink ejection speed and volume (this may be called a pre-
setting of the actuator). If a 41 V maximum voltage is
applied as the first drive voltage and the drive voltage then
applied is, for example, 39 V or 40 V, the ink ejection speed
at a 38 V drive voltage will be determined by the difference
in diaphragm 5 deflection at a 38 V drive voltage and the
deflection caused by the residual charge of the 41 V drive
voltage, and will be unconditionally constant and stable.

A block diagram of an inkjet printer according to the second
embodiment of the present invention is shown in Fig. 19. This
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203 |nclud|ng a drive notor 02 for, moving the ink jet head and the paper
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normal printing drive voltage Vn is 30 V +10%, the maximum
voltage Vm may be more than 33 V at least.

Drive control circuit 413 controls inkjet head 10, and is
constructed as shown in Fig. 22. The recovery control signal,
print control signal, and drive voltage Vn or Vm are input to
drive control circuit 413, which controls inkjet head 10
based on these control signals.

Other components and functions of the printer shown in Fii;.
19 are the same as those of the printer shown in Fig. 1, and
further description is therefore omitted below.

Fig. 22 1is a schematic diagram of drive control circuit 413
for inkjet head 10. As shown in the figure, drive control
circuit 413 comprises control circuit 415 and drive circuit
102b. The recovery control signal and print control signal
are input to control circuit 415, which outputs charge signal
51 and discharge signal 52 based on these input control
signals. Drive circuit 102b comprises transistors 41, 42, 44,
and 45.

When drive control circuit 413 is in the standby mode, tran-
sistors 42 and 45 are both OFF, and the drive voltage is not
applied to diaphragm 5 and nozzle electrode 21. Diaphragm 5
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214 for :drayeampegn12Q2wnand tanks st 419 id oM tthe charge accumulated
on diaphragm 5 and nozzle electrode 21 is discharged in the
direction of arrow B through a discharge resistor 46. Because
the resistance of resistor 46 is significantly lower than the
resistance of the charge resistor 43 and the time constant of
the discharge . is low in this embodiment, the accumulated
charge can be discharged in sufficiently less time than the

charge time.

Diaphragm 5 is immediately released from the electrostatic
force at this time, and returns to the non-printing standby
position due to the inherent rigidity of the diaphragm mate-
rial. This rapidly compresses ink chamber 6, and the pressure
produced inside ink chamber 6 causes ink droplet 104 to be
ejected from nozzle 4.

It is to be noted that while a p-type semiconductor is used
as the substrate in this embodiment, an n-type semiconductor
can be alternatively used. In this case, the connections bet-~
ween drive circuit 102b and inkjet head 10 must be reversed
from those used with a p-type semiconductor.



. Ior the embodliment oI the 1invention snown ln rig. 1J.
214 sinilarly controls drive notor 202 based on these input control

signal s. . ti i.agr f dri tr | :
A shown i i PEPF 7o SpBoaTaElE. 8 A $itack IesAnkl Sl dikiet! Sitbb A
circuit 215:mdlalma&ezgrtmm troagZine Dr The Cnrstn tstepoZ%O dsnha skmitia-

transistors;  d06ephe piPAter! ﬂééﬁ&hﬂﬂmé"ﬁhb&hebﬁ the dehtdd fivhals out-

non-inverting anplifrers 111 and e recovery control signal, pring
control si W% THAR RTigehk 0?P¢’é%*é%°’éoﬁPP§F°§F-gﬁaI21&r-e THIRE PRRBSc A4 olS

circuit 21551m££n@&m§19t epes8fl OHhAQUL 5eaaaéOpr:bahe1agl seneo! tees, Pland P4

f tput t |if 110 - 113 h d t'h
18 cont rol Sirigae ' HOZ  icarRwing o LIKARS aPead: i 9Bn b9 (Reved: -TEYRs HP8m

anpl i fi ers stiEhdbyt 18esibiiencitar ¢giheg positdicar ef gcay 304 bgpaxitvamdl Idrive
formed by dj aggy 5 and nozzle electrode 21 to enmit ink droplets 104 from
nozzle 4. By appropriately selecting the resistance values of resistors 115
and 116

At the next step S10, power supply voltage adjustment means
412 selects and outputs the maximum voltage Vm to drive
control circuit 413 of inkjet head 10. The print control
signal is input from print operation controller 210 to
control circuit 415, which sequentially outputs charge signal
51 and discharge signal 52 to drive circuit 102b. The maximum
voltage Vm is thus applied between diaphragm 5 and nozzle
electrode 21 of all actuators, imparting the voltage history
of maximum voltage Vm to the dielectric between diaphragm 5
and nozzle electrode 21, and one ink droplet, for example, is
released from all nozzles. Power supply voltage adjustment
means 412 then resets the output voltage to the normal print
operation drive voltage Vn. The nozzle recovery operation
immediately after the power is turned on is then executed at
step S1. This nozzle recovery operation executes steps SS1 -
SS3 in the nozzle recovery operation subroutine shown in Fig.
12 (a). This subroutine is as described above, and further
description is therefore omitted.

After completing the nozzle recovery operation, timer means
-204 begins counting a predetermined time. A timer up signal
is checked at step S2 to determine whether timer means 204
has counted the predetermined time. If the timer up signal is
detected, the prdcedure flows to the nozzle recovery opera-
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response ;Qt%ggn%ggpvgr¥sigg%&?&nﬁ%gP§%ﬁ.}EE hgtjet head is noved to a

position in a cap a charge operations are
performed several tinmes while a punp 303 is used to suction the ink through
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field at this time is dependent upon the voltage history of
the past maximum voltage Vm, and diaphragm 5 is therefore
shows a slight residual deflection, but the residual charge
remains constant irrespective of the drive voltage history
even if the drive voltage varies within the range up to the

maximum voltage Vm.

- After the last dot has been printed the procedure exits the
subroutine and advances to step S6. Steps S6, S7 and S9 are
. the same as in Figs. 11 and 14.

Fig. 24 is a flow chart of an alternative control method for
the inkjet printer of the second embodiment of the invention
shown in Fig. 19. Fig. 25 is a flow chart of two subroutines
+ shown in Fig. 24, Fig. 25 (a) being the nozzle recovery ope-
ration subroutine and (b) the print operation subroutine. In
this embodiment, a high voltage is applied during the nozzle
recovery operation, and is specifically applied when the
nozzles are recovered by the nozzle recovery operation shown
in steps S1b and S8b in Fig. 24. At step SS1 (Fig. 25 (a)).
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S3.
wherein said drive means comprises first means (213;

413) for applying a first voltage to charge an actuator and
second means (212; 412) for setting or resetting an actuator
by applying a second voltage different from said first wvol-
tage.

2. The apparatus according to claim 1, wherein said
second means (212) is adapted to apply as said second voltage
one whose polarity is opposite to that of said first voltage
and whose magnitude is selected such as to reset the actuator
(5, 21, 27) by removing a residual charge.

3. The apparatus according to Claim 2, wherein said
second means (212) is adapted to apply said second voltage to
an actuator (5, 21, 27) following each charge/discharge cycle
of that actuator or to apply said second voltage simulta-
neously to each of said one or more actuators after one line
of recording has been completed.
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nunber, the procedure | oops back to step SSI1, and steps SSI|I - SS16 are

repeated. Note that, the .
6. The apparatus accordlng to Claim 5, further compri-

sing means (206) for performing a nozzle recovery by driving
each of said one or more actuators (5, 21, 27) to eject one
or more ink droplets, wherein said second means (412) is
adapted to apply said second voltage during the nozzle reco-
very operation or during an initialization operation of the

apparatus.

7. The apparatus according to Claim 5 or 6, wherein
said second voltage is equal to or greater than 1.1 times

said first voltage.

8. A method of driving one or more electrostatic actua-
tors (5, 21, 27) in a recording apparatus as defined in claim
1, comprising the steps of:

(a) selectively charging, in response to recording
data, said one or more actuators (5, 21, 27) by applying a
first voltage, and

(b) subsequently discharging each actuator charged in
step (a) for causing ink ejection,

(c) applying to one or more of said actuators a second
voltage different from the first voltage and subsequently

discharging it.
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di scharged via a fegsi r R, Then, to.print a dot first. af, al | se -
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positive vobrigéngsaameizzie trechegty aghep, ovderein| step (c) is executed
each time the nozzle recovery step is executed.

12. The method according to claim 8, wherein step (c)
comprises applying a voltage equal to or greater than the
maximum of said first voltage.

) 13. The method according to claim 12, further compri-
sing an initialization step for initializing the recording
apparatus and a nozzle recovery step, wherein step (c) is
executed when the initialization step is executed and/or each
time the nozzle recovery step is executed.

14. The method according to claim 12 or 13 wherein step
(c) comprises applying a voltage equal to or greater than 1.1
times that of said first voltage.
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i nside ink g causin k dropl.et 10 -to be gj ected fromnozzle
t owar d recorg gggpaggr alO%al%s ?n(ﬁaé)gtcé €5d A ¥BiGRhonEe Ripte is
act uat or reﬁempdl Sy v@rt a@‘,&acﬁédartb P8 duaphnagim @d‘pvurdﬂasl bhoas pd¥et aog

109 beconme Lhjgardxap 9’31 'éhh:ht?e.o' méls"t%o %ﬂ?‘ﬂlﬁﬁgﬁg ma3 and

nozzl e el ectrode 21, ragm heco negati ve
the nozzle EF@GFrédéP%ﬁde th*érfel%u §fv@Iat1§gelnks RA$RRge e ino qmmsncﬂztcageto

appl i ed durtne dhapheald WItH'ld "gapPehattpeewddy, | inQPRPIVE® dhdd'€(2£6! -
212, 213; 210) for selectively charging and discharging each
actuator such as to displace its diaphragm by an electrosta-
tic force, thereby to eject ink droplets from said one or
more nozzles. To avoid an adverse effect of a residual charge
remaining on the actuator after it has been discharged, in
one embodiment a first voltage is applied to charge an actua-
tor and a second to reset an actuator. The second voltage is
of a polarity opposite to that of the first voltage such as
to remove the residual charge. In an alternative embodiment
the actuator is preset by applying a second voltage of a
magnitude equal to or greater than the maximum magnitude of
the first voltage to be expected. Both measures ensure a
stable actuator operation resulting in a good recording
quality.
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dual charge vol tage./As @res I't, c_t;he resi diual harge (Fig. 7) dissipates.
Di aphragm 5 is nollgnger glefl g¢ct ed\la‘fshowg inJFigr 8 (c) but is fully
restored by dischhrding Ee cqpaci tor |durigg pefri Ou&‘? because the residual
charge has been cbnyle- £ly dissipatdd b he fpr eivibus application of the
reverse vol tage ab | bove. Thus; Hnk effection volune that wll
be ejected at nex’c erl/\)d cp and that at it h@ previbus period ¢ are the
sane. As thus described, th¢ resi- dual dhafge created between di aphragm 5
and nozzle electrodes 31 is discharged egchjdot after ejecting an ink
dropl et 104. Incide e hol d pgrTOTD nti oned above is preferably
set _such that the di scbaé ogcurs when hg garﬁoed vgbration of the ink

system reaches & mo|i n& ap to effdctEvgl € i~ 1ze the vibration
energy of theinkssL@nPO 3158 tlo be hbted that while a
reverse (negative) volfhafe s /l\
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applied in the preferred enbodi
the reverse voltage wll al so gei

prevent ink being ejected
di aphragm 5, there is mni

equal s the forward vol t age

ej ected by reverse volt {0
comon power supply in t}hi
di aphragm 5, howevers; ik

vol t age. Not e al s¢ that
conductor substratejin thi
can be alternatively used.

[J
forward voltage, and it is therefore necessary to reduce the reverse
y EE .

4

T
abok§E¢L163ﬂninate t

| ect digﬁpragn15, and |
is tine. en a sem cond
defl ecti on even when t it

Jesi dual char ge,
¥s necessary to
or is used for
everse vol tage

of 1 nk being

at
">

Ofl.
qinent._v%en a ¢hductor is used for

s enbo-
: e—T€verse vol tage equal s the

v C c U

a p-type sem cpiductor yi7s used f§ m -

s enbodi nent, t hat anza-ty e sem conduct or
o]

In this case, the €omiec S between dfi ve

circuit 102a and inkjet head 10 nu7t e ugsed wjfth a
p-type sem conduct of. Fig. Lyés oo o —on r ive ¢ontrol
nmet hod for the inkjet printer6cﬁ 4 1. Fié. 15 is f chart of Qg
print operation subfoutine ( Hg—14.—1n this e i- ment, ? €
actuator reset operption i&e i act uafe++aset
operation descri bed abﬁﬁp i 3Ke X I p erted bptween|steps
S4 and S5 in Fig. 14. t hat¥/t h C eration of this
enbodi nent is execgted N/t or he inkjet head

104 -

7 5 9

4 ﬁ17//q




U4
order to elimnate the resi
printing. As t A¢

printing operpation su r outd N Ko e ki i b e g el T t heg
printing operp
ot her procedufe steps|f are th e y
subroutine injthis enbodi nent )ls th@ﬁahe as that shgvyn i n Fig. 12 (a).

20 Fig. 16 is imng chart of th@ oggrati on of this enbodi ment described
in Figs. 14 and In this enbodinent, pulse voltages P2 and P4 are
supplied and transi stors 106 and 109 becorre ON during period a, each tine
carriage 302 returns after having conpleted one line, thus applying a
reverse voltage to diaphragm5 and nogzl | egtrode 21 to elimnate the
accunul ated residual charge as descriF:c'@ g

1 .
) 215 6 7 82
ey
Y ==fFr=——0 [ R N A
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Fig. 17 is a flow chart of ah gge v g% ti e é§ géor‘ﬁﬁ“ﬁ%d_JnL t he
inkjet printer of Fig. 1. Fi ﬁ&; a i nes shown
in Fig. 17, Fig. 18 (a) bei ng—hRe—rozze 'ecowﬂfvlﬂﬂf ator rese¢t operation

subroutine and (b) the‘mﬁkﬂf'oper ation subroutlne In t 'gppnb di mrent, the
actuator reset operation is gx Cc a ?:1t() s of the
i nkj et head at the sane tinme—as—the TozzheTrecovery—oper a steps Sla

and S8a). Thus, steps Sla and S8a in Fig.] 17 take the place of [steps Sl and
S8 in Fig. 11. As aresult, in the subrou (a),

carriage 302 is noved to the standby position (step SS1), and the actuators
are.then reset in the next step (step SS12). Step SS12 (Fig. 12) is thus
elimnated fromthe printing operatio ﬁsﬁgt'ne (Fig. 18 (b)) of this
enbodi nment . According to the first gﬁ%ﬁ AE descri bed above the

i nfluence 'of the residual charge is avoided by periodically renoving the
resi dual charge, either- once every printed dot, once every printed |line or
based on a time count. Inciden- tally, these alternatives of the first
enbodi ment may al so be conbi ned. By renoving the residual charge in this
way, i.e. by resetting the electrostatic actuators into a defined state,
even if the residual deflection cannot be avoided, it is at |east nade
constant. The efffect OTLa constant restduat—def] ecti on can be easily
conpensated for |by a correspondingly increased/rive voltage.

)

17
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21 A second enbodi nent of the invention will

now be described with

reference mainly to Figs. 19 to 25. It is well known that the

rel ati onshi p betwgen the {di pol e nonment p of a noljecul e of a previously

uni pol ar dielectrijc upon japplying an electric fik®d E is given by p_=

[err].E wherein [err] is |the nolec i gr7|ng

to Fig. 7, the relfationship P = [efr] X . Emax can be defined,| where Pis

the residual fiel , X may be called a residual polarizabi- lity,| Emax is

the maxi num fieldjstrengtfh in the applled fe;ald hi s edet—1 8 the

di el ectric constant in vacuumy,As [Showm by &Kmsequ Si dual

field Pis determined byl he x‘l\ﬁum*r—m@rength (vo

applied field hi sdory, so are Wthe-char thelres i¢ld and | he

initial deflectiop of digphragmb5 resFJ therefrim ",Flg 20_shpgs Léy

defl ection of theldi apiragm under various c¥ndition THe iy ti al

zero-defl ection stpatg, of {di apgbagrf@ @ ‘L @ 1 —24 J

S  © © o | ,

t——o0

FIG. 7
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wi th no voltage ory is shown in Fig. 20 (a) 5is
strai ght and parxé‘); to the nozzle el ectrode 2%6 Whgdn a OW%?;](?:O V) is
then applied to the capaci ﬂ.n.rgc.n.rxp.u_s_n.g_ﬂl.a.p.hﬂagm 5 ozzl e el ectrode
21, diaphragm5 deflects by rr!Vl as shown ijn Fi ). Wen
subsequently the capacitor 1 €ged, diaphra assunes the state
shown in Fig. 20 (c) with a def | ecsliooiradesVv2. BecSygitchf the vol tage

hi story of the applied 30 V, the residual field produced by the residual
charge remai ning after discharge of the capacitor causes di aphragmb5 to
deflect slightly fromthe initial state shown in Fig. 20 (a). The ink on
di aphragm 5 is elimnated and the ink elimnation volunme is determ ned by
the difference between the deflection of diaphragm5 shown in Fig. 20 (b)
and the deflection shown i A ¢. 20 (c). mp/ﬂqwgm nati on vol une
contributes to ejecting the i dr opl et e corresponds to
the difference AV3 (relative hacement p)) of the

di aphragm 5 deflection in

b) 5 — V=30
2; oo
‘L AV2
(c) 5 T V=0
] -]

FIG. 8



22 Fromthe state sh
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is 40 V. Note that AV3 > AV5. Therefore, the
i nk ejection volune mhe;, J nkj et head je\driven in the state shown in
Fig. 20 (f) where the " A
| ess than that when thg
hi story val ue d080 v a : erefore know that the
ink ejection vol W8 vari esSNgwl he | evel of the ressdual charge in the
actuat or conpri si i ) 21
illustrates expe 1Fpk ej ec- tydQ speed at a
constant 38 V dri o the drive yeltage applied in
t he precedi ng peryqo 23 The ink
. ejection speedf B > i 2800 10 nmin at
a constant dri - '

how t he

301



The ink ejection speeds (2), (St a%ﬁg%eﬁr\j%?@ baser©d after drivi ng the
inkjet head for 10 min at a conkld e voliltage of 39 V, 40 V and 41
V, respectively, and thgn. i drive voltage to 38 V. Note that
when the experinents sthrtged had ?resi dual charge
(condition of Fig. 20 (a)) y was 3 kHz an@ char ge
pulse wwdth of 30 [err]p e[ ection speeds (1) q’lz , (3)
and (4) are approximte|y Y YBs8 n sec.

p€ri od. Theg
change in

. e ggd 1 msec.
respectively. As this i}l ustrat®&s @f Ve VO r emai ns
constant, the ink ejectjo J ' » g‘%‘}eﬁ‘ of the
drive voI tage applied ih the preced§l§ gr gg t he
resi dual charge descri bed jJabove is e J’_E‘Fa ive di &§pl acenent

[ he ink ejectlon
speed and ink ejection joljune, and thu adversesg affects |nk1 et printer

reliability and print qualjity. tb¥s 1 n the second enbodi nent,

a maxi mum vol tage i s applijed Net we hragq 5 and nozzl e el ectrode 21 to
mai ntai n a nmaxi mum consgt a ‘ ge apeP to predeter- mne an
initial diaphragm?5 def|l ection and™s stabilize the ink ejection speed

and volunme (this may bg called a pre-
maxi mum vol tage is apglied as the f|r
voltage then applied ig, for exa

efting of the actuator). If a 41V
Yegive vol tage and the drive
or 40 V, the ink ejection speed

Reset timer ~~ S4
v

Print operation S5

v

Carriage return ~ p~— S6

v

Paper feed ad

S7

S9

Continue
process
?




. . = 10
. Carria ivg - SS1 . n=1 . OO
at- a 38 V drive Volta e%ﬁﬁ %e determned by the difference in @i aphragm5
deflection at a 38 V dri}ye voltage and the defl ' ed by the
resi dual charge of the V drive voltage, Jand will be Gngonditionally
constant and stab i agram of 4n i nkj ef—primter—accoyding to
the second enbodi|maNgdzAE récB@eW pser@Sinvention i s [Shoefridge drive  [L9. J'%gi ﬁe
24 inkjet printdr__further ofprises a power suppl gonewst) agefad t1 nt
means 412 and uses a drije control circuit}413 whilkch Lq different fromthe
drive control circuit 2 of the first enbgdi nent. supply vol tage
adj ust rent neang—4F2—appropry at sel egt s and ptpas—the—pey nal
printing drive vql tcagkagéraiurna jrax vol {age Vmli ﬁ%o P@c’fﬁde N:d—&ﬁéZ
hi story of a known , \"i/
Eject specified
End nozzle ink volume ~ 5513
recovery operation ; \1/
Actuator reset |~~SS714
n=n+1 SS515
SS16
No
Yes
End

C

printing operation

)

b

FIG.12



maxi mum vol tage (where Vm > Vn) for presetting the actuator for the reasons
expl ai ned above. Note that, the maxi numvol- tage Vm should be determ ned
by considering a tolerance of the power supply voltage, for exanple, when

t he range of the nor printing dfiJe voltage Vn is 30 V 10% the nmaxi num
vol tage Vm may| be nore than 33 V atl ljeast. Drive cantrol circuit 413

controls inkje , and is confstfructed as showayijin Fig. 22. The
recovery contrpl , print confr¢l signal, and ®ive voltage Vn or Vm
are input to drive contjrol circuit 413, which control's inkjet head 10 based
on these contrpl . Q her ¢ofponents and fupdtions of the printer
shown in Fig. 19 are fthe san% as those of the prlntgr- showmn in RBpg. 1, and

~threr gf ore o ted-belmm--'Frg: 22 is a é@hen&tlc
di agram of drijvef control circuit 413}for inkjet hegq;10. & sho# in the
figure, drive [control circuift 413 ¢cofprises controlmal rcuig@ 415=and drive
circuit recovery dqontrol [sfgnal and print contf-r@ si.giml are
input to contrlol crTduiff 4T . Whi ch Dfﬁd%%"éﬁéfgé"'lghal%51 di schar ge
signal 52 basgd on thege input_conirpl signals. DriVe circuit 2@2b
conpri ses trarsistorg 41, 42, [44, and 45.

%
Actuator
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FIG.13
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bR WEmui™ T Wwriww §wh s

operation

(>

When drive control circuit 413%4 Tty node, tran- sistors 42 and
45 are both OFF, and t i's not éippl ied to diaphragm 5 and
/ 2

is therefore not displ

chanmber 6. Wen charge peconmes ON at

an Trﬁéﬁ@@r

the charge signal 51 rise} and , : : The drive
vol tage Vn (or maximumvo tage VM is?therg > Weer—di aphr agm
5 and nozzle el ectrode}21lfvia charge umbgﬂéréé it t he

direction of arrow A, &
21 by the electrostati¢
el ectrode 21 due to the
chanmber 6 is thus incrg

tqmratlon nozzl ¢ lel ectrode
fprce wor- ) S—amd-Trozzl e
charge accumnul @ ' 'he vol unme of ink
spd, and ink i suctloﬁ@d |nto i nk chanber 6.

______.\.l/_______.x

Print operation I~ S5

/

Carriage return ~ |~_~ S6

v

Paper feed ~~ S7

59

: Actuator reset  ~L- 8812
|

Continue
process

FIG.14



When charge signa

nozzl e el ectrodes
45 becones ON as a resul
on di aphragm 5 and nozzl ¢
arrow B through a discha
46 is significantly | owe
the time constant of the
accunul ated charge can b
charge tine.
force at this tinme, and
the inherent rigidity of
i nk chanber 6, and the p
droplet 104 to be ejecte

Di aphragm

51 becones OH
transi stors 41 and 42 becone OFR
21 stops.

[- el ectrode Zl\b

Tr

_—

ge resi
t han t
di schar

I

F and di scharg
andNéhhr - gi

E_Si 52 beconmes ON, both
ng between di aphragm 5 and
44—at-s30 becones OFF, and transistor
or 45 is ON, the charge accumul at ed
s _discharged in the direction of
stor 46. Because the resistance of resistor
heCariaggdiivee of - @@7tharge resistor 43 and
ge i8¢ 8&)i n this enbodi nent, the

b di sch

5 1is imedi at

IHCL:I

m-stfFreiently less time than the -
g/y rel eased fromthe electrostatic

F et ur ns
the did
ressure

H from nozzl e

t q_dddesgelefisR! | Nt i andby position due to
Lphnmgmudh% e-r g%ﬂ'i!%s rapi dly conpresses
TSt de i nk chanber 6 causes ink

is to be noted that while a

| t

p-type seni conductor is psed as tla‘eett&ﬁe‘clffeae Ln/s@,g4enbodi ment, an n-type
sem conductor can be altgernativel yinkiseldme n tHi'S Case, the connections bet-
ween drive circuit 102b pnd i nkj et heaﬂ,lO nust be reversed fromthose used
with a p-type sem conductor.
n=n+1 F\/SS15
SS16
No
Yes
End

G

)

rinting operation
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26 Fig. 23 is LLPhr
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Nozzle recovery operation
signal is input from print operat&on contreo T S@ to control
circuit 415, which sequenti i n) AGHANAT IOREY o naI 51 and di scharge
signal 52 to drive cirgurt—t62t: ar- xummvoltage Vmis thus applied

bet ween di aphragm 5 ang ng
vol tage history of maxijinu
and nozzl e el ectrode 21,

all nozzles. Power supply
out put voltage to the fgor
recovery operation inmgdi @

Blle 21 ofS@'| actuators, inparting the
vol tage VmJXQ the dielectric bet wee$§g aphragm 5
drophet, f sexarrple eased from
=" adimet et ~wgans 412 then rfsets t he
opefati on-drive voltage Vn) The nozzle
pgower {1 § C&de'
executed at step S1. This t orﬁldig%ggut&s SB?%%an S$1{ -
SS3 in the nozzle recoyer L hown 3GtH3 forresety (o) hi s
subroutine is as descrifbed above, ’ BT description i s t her ef or e
omtted. After conpl ¢ti | recover Bper ation, timer neans -204
begi ns counting a predé¢tefm . e+"up signal is checked at step
S2 to determ ne whethef tine S a:i}ﬂqthas aunt ed the predeterm ned tine.
If the timer up signaljis the procselre flows to the nozzle
recovery opera-

Yes

Resetrtimer ~~ S4

v

Print operation - S5

Carriage return ~ p~~ S6
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Continue
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27 tion (step S8)
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remai ns constant inregpectjgye o
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sagfas in Figs. 11 and
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I nvention shown in Fig. 19.
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CLAI MVB: 1. An inkjet recording apparatus conprising an

i nkj et head (10) having for each of one or nore nozzles (4), an ink
passage (6, Z. 8) in conmunication wth the nozzle, and an electrostatic
actuator (5, &1, 27 yr—conpr= sty patr—of—capacrtor—ptates—{t5—21)7 of
which one pl&e is | fdgrmed by or attathed to a di aphnagm (5) provided in a
part of s i ik fpas - Wht e 4 he-et-her -pl-ate- + s -frof Aed -by-ar ~ ~- -
el ectrode (2 di spgsed outsfﬂE‘ﬂi~sgig i nk passage in oppo- sitionljto
t he di aphragig w t3h & gap-(-G- t her-ebet ~and - - ---- L drive nmeans- £ 210,
212, 213; 21@ 412, |413) for selecti- | vely~sharging,and di schargi ng |each
actuator (5, 21, R7] such__as_to displace its diaphragm (2) by_an __
el ectrostatigs force ‘thereby to eject ink droplets ¥rem.said one or |nore
nozzl es (4ﬁ§ ____ip@ggqu_§gtq”g[i!Q”ppggg_gppp[ﬁ§§§_ft1§}: ans |(213;
413) for apﬁﬁyind alfitnst voltage to charge an actuat or and secord rfeans
(212; 412) fsr sefting'or resetting an actuator by applying a secong
vol t age dif f& ent Tr%pls 1 d frrst vol - tage. 2. The appar aius
according to claim £ quin sai d atg88¥nd neans 88e40Ys adapPE8r #Vapply
as said second voltage one whose poMarity is opposi¥e to that of ¥aid

first voltage and whose magnitude.is selected such as to reset the actuator
Drive voltage before evaluation(V)
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o | | 3 e appar at us
ans (212)\i s| adapted to apply
2U_ 2R, fol | owi hg eagh

r to apply d sebond vol t age

(5, 21, 27) by renoving ;\(ssidual

according to Claim2, wherein said
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charge/ di scharge cycle of that - actu
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5. The apparatus according to claim

adapted to apply as said sec
t he maxi num of said first vol
Caimb5, further conmpri- sin

| APPlyhignvaoltage [~ ="~

wherein said second neans (412) is
oY= BRVESUR volt age equal to or greater than
t agNozzle recovefy | The agparatus according to

neeparaf@oe6) fof [perforning a nozzle recovery

by driving each of said one

mor e—grtoators (5, 21, 27) to eject one or

nore i nk droplets, wﬂere' nmeans (412) is adapted to apply said
second voltage during tHe nozzle reC very ration or during an
initialization operatji o of the appa#a 7. The appSﬁbtus

according to Caimb5 |or |6, wheregi [ ondyaeol tage is egual to or _
greater than 1.1 tings daid f4 8—A—net hpd of driving

one or nore el ectrostjatijc actua® 2 T Tecording] appar at us .
as defined in claimd, donprisin ; Nozzjejecouveryct | vel y
charging, in responsg t¢ recordi d APERIGR actualtprs (5, 21,
27) by applying a first |voltage, and (b) subsequedtTy drscharging

each actuator charged i
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fromthe first voltage and sy
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(6,7,8) in communication with the nozzle, and an electrostatic actuator (5,21) comprising a
pair of capacitor plates of which one plate (5) is formed by or attached to a diaphragm
provided in a part of said ink passage, while the other plate (21) is formed by an electrode
disposed outside of said ink passage in opposition to the diaphragm with a gap therebetween,
and drive means (210, 212,213) for selectively charging an discharging each actuator such as
to displace its diaphragm (5) by an electrostatic force, thereby to eject ink droplets from said
one or more nozzles (4). To avoid an adverse effect of a residual charge remaining on the
actuator after it has been discharge, in one embodiment a first voltage is applied to charge an
actuator and a second-to reset an actuator. The second voltage is of a plurality opposite to that
of the first voltage such as to remove the residual charge. In an alternative embodiment the
actuator is present by applying a second voltage of a magnitude equal to or greater than the
maximum magnitude of the first voltage to be expected. Both measures ensure a stable
actuator operation resulting in a good recording quality.
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