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Description

TECHNICAL FIELD

[0001] The present invention generally relates to an
image formation apparatus, and especially relates to an
image formation apparatus equipped with an ink drop
discharging head.

BACKGROUND ART

[0002]

[Patent reference 1] JP, 4-15735, B
[Patent reference 2] JP, 10-81012, A

[0003] An ink jet head for discharging an ink drop is
used by an ink jet recording device serving image forma-
tion apparatuses, such as printers, facsimile apparatus-
es, copiers, and plotters. As the ink jet head, products
based on various technologies have been available, such
as a piezo type product wherein an ink drop is discharged
by deforming a diaphragm that constitutes a partition of
an ink passage (pressurized ink chamber) by a piezoe-
lectric device serving as pressure generating means for
generating pressure for pressurizing ink in the ink pas-
sage such that the volume of the ink chamber is changed,
a thermal type product wherein an ink drop is discharged
by generating air bubbles by heating the ink in the pres-
surized ink chamber using an exothermic resistor, and
an electrostatic product wherein an ink drop is discharged
by changing the volume of the pressurized ink chamber
by deforming a diaphragm by an electrostatic force ap-
plied between the diaphragm and an electrode that op-
poses the diaphragm.
[0004] For driving the ink jet head, there are two meth-
ods. Namely, one is called a "push and strike" method
whereby an ink drop is discharged by reducing the vol-
ume of the pressurized ink chamber by pushing the dia-
phragm toward the pressurized ink chamber, and a "pull
and strike" method whereby an ink drop is discharged
when the diaphragm that is first pulled out is made to
return to its original position.
[0005] Further, a method of forming a large ink drop is
disclosed by Patent reference 1 wherein two or more
minute ink drops, i.e., ink droplets, are sequentially dis-
charged, and the ink droplets merge before reaching a
recording medium (paper form) to form a large ink drop.
[0006] Furthermore, an apparatus that is capable of
gradation printing is disclosed by Patent reference 2
wherein a first drive pulse discharges a first ink drop, and
a second drive pulse discharges a second ink drop, di-
mensions of which are different from the first ink drop;
and more than four gradation steps are made available
by combining the first and the second drive pulses.

[Problem(s) to be solved by the Invention]

[0007] Generally, large ink drops are used to print a
wide area, and small ink drops are used to print a fine
pattern. Accordingly, the large ink drops need to contain
sufficient ink volume that is a function of the resolution
defined by the pitch of nozzles and the number of nozzle
columns. For example, two nozzle columns for the same
color having a nozzle pitch of 150 dpi provide a 300 dpi
resolution. If the ink volume of the large ink drops is not
sufficiently great, the wide area may not be fully printed,
leaving white spots in the nozzle column directions (sub-
scanning directions). This requires interlacing, which
slows down the printing speed.
[0008] If the nozzle pitch is made finer, less ink drop
volume may be sufficient. However, this poses problems,
such as there being a limit in reducing the nozzle pitch
due to available process precision, the printing speed
becoming slower unless the number of nozzles increas-
es, and the cost increased due to the increased number
of channels of control IC for controlling the increased
number of nozzles.
[0009] For this reason, the volume of ink needed for
large ink drops is still great. On the other hand, the small
ink drops are required to be smaller for realizing a finer
pattern to be printed. That is, the ratio of the ink drop
volume Mj of the large ink drop to that of the small ink
drop is increasing, and accordingly, it is required that the
large ink drops and the small ink drops be distinctively
controlled.
[0010] In order to solve the problems as mentioned
above, the method for merging small ink drops before
reaching the target medium (paper form) for obtaining a
large ink drop as disclosed by [Patent reference 1] is
desired to be improved such that the volume of the small
ink drops can be reduced, and the number of the small
ink drops for forming a large ink drop can be increased.
[0011] In addition, in order for the large ink drop to
spread in the sub-scanning directions, the small ink drops
need to be merged before reaching the target medium
(paper form), which requires that the small ink drops be
discharged at short intervals such as microseconds. For
example, if the gap between the nozzle and the recording
medium (paper form) is set at about 1 mm, and the speed
of the ink drops Vj is considered to range between 5 and
10+ m/s, as usually practiced, the ink drops reach the
target medium (paper form) in 100 - 200 "s.
[0012] In this time interval, pressure vibration of the
pressurized ink chamber due to discharging a preceding
ink drop is not sufficiently damped. For this reason, the
frequency at which ink drops are sequentially discharged
needs to be at a proper timing in reference to vibration
of the pressurized ink chamber.
[0013] Here, the timing dependence when two ink
drops are discharged is explained with reference to Fig.
39 and Fig. 40, wherein a piezoelectric device (piezoe-
lectric vibrator) that displaces in d33 directions consti-
tutes a head.
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[0014] Fig. 39 shows a drive pulse for discharging the
two ink drops, the drive pulse containing two drive pulses
P501 and P502. In the case of the head using the piezo-
electric device (piezoelectric vibrator) displacing in the
d33 directions as mentioned above, an ink drop is dis-
charged when the pressurized ink chamber is contracted
by a wave element P501a (rising inclination identified by
an arrow) and a wave element P502a (rising inclination
identified by an arrow) that are rising edges of the drive
pulses P501 and P502, respectively.
[0015] Fig. 40 shows an example of measurements of
the ink drop speed Vj and the ink drop volume Mj, when
a time interval Td of the ink discharge (discharge interval)
between the two drive pulses P501 and P502 is varied.
Here, the ink drop speed Vj is obtained based on the time
from the discharge of the first ink drop to the arrival of
the first ink drop at the target medium (paper form) that
is 1 mm far. For this reason, the ink drop speed Vj when
used for the second ink drop is slightly lower than actual.
Further, plotted points that are shown only by black tri-
angles (i.e., white triangles are not associated) indicate
that the ink drop speed Vj of the first ink drop and the
second ink drop are the same, and the second ink drop
is merged with the first ink drop (the two ink drops have
coalesced). Furthermore, the ink drop volume Mj is ob-
tained from the total of ink consumption after ink drops
discharge for a given number of times, and is the sum of
the first ink drop and the second ink drop in this example.
[0016] As seen from Fig. 40, in the cases of Td=8 and
Td=12 wherein the properties (Vj and Mj) have a steep
inclination, the ink drop speed Vj and the ink drop volume
Mj tend to greatly change when the vibration frequency
slightly shifts due to external factors, such as variation
of the head, temperature, and negative pressure, which
change is not a desirable result. On the other hand, when
Td is near 10, pressures mutually cancel out, and the ink
drop speed Vj tends to become low, which undesirably
causes the second ink drop to be unable to merge with
the first ink drop.
[0017] That is, it is desirable to discharge ink drops at
the timing where the pressures are in sync (peak timing).
[0018] However, as the number of ink drops that are
to merge is increased, and the ink drops are sequentially
discharged at the peak timing, the pressurized ink cham-
ber is violently excited in terms of vibration. The vibration,
i.e., residual vibration, causes additional and unwanted
ink to be discharged. Since the additional ink is dis-
charged with inappropriate pressure, the discharge is im-
perfect, causing the surface of the nozzle to become
soiled. When the nozzle surface is soiled, direction of ink
injection can to be bent (deflected from straight down),
the nozzle may become slogged and incapable of squirt-
ing, the ink drop speed Vj may be decreased, and the
discharge may be not make a drop but become a mist,
resulting in poor printing.
[0019] To cope with this, i.e., in order that the residual
pressure does not cause the discharge of additional and
unwanted ink, it is often practiced that the driver voltage

is flowered. However, when the number of ink drops in-
creases, the voltage margin within which discharge can
be stably carried out becomes narrow. That is, lowering
the voltage is not allays an answer.
[0020] US 6,488,349 discloses an ink-jet printing sys-
tem in which a plurality of ink droplets are discharged
from the same nozzle during one printing cycle. A group
of driving pulses are supplied to an actuator. Time inter-
vals t1, t2 and t3 between pulses are set to satisfy
t1<=t2<t3<=t0 where t0 is the natural period of the actu-
ator.

DISCLOSURE OF THE INVENTION

[0021] It is a general object of the present invention to
provide an image formation apparatus that substantially
obviates one or more of the problems caused by the lim-
itations and disadvantages of the related are.
[0022] A more specific object of the present invention
is to provide an image formation apparatus that can print
a high-definition image at high speed, wherein the ink
drop volume Mj is able to be varied over a wide range,
while ink drop discharging is stably carried out.
[0023] Features and advantages of the present inven-
tion are set forth in the description that follows, and in
part will become apparent from the description and the
accompanying drawings, or may be learned by practice
of the invention according to the teachings provided in
the description. Objects as well as other features and
advantages of the present invention will be realized and
attained by the image formation apparatus particularly
pointed out in the specification in such full, clear, concise,
and exact terms as to enable a person having ordinary
skill in the art to practice the invention.
[0024] To achieve these and other advantages and in
accordance with the purpose of the invention, as embod-
ied and broadly described herein, the invention provides
as follows.
[0025] The present invention provides an image for-
mation apparatus as specified in the claims.
[0026] Here, it is desirable that n be set at 1 (n=1), i.e.,
the interval be set at 1.5 x Tc. Further, as for ink drops
other than one or more ink drops that are discharged at
the intervals of (n+1/2) x Tc after their respective preced-
ing rink drops, they are desirably discharged at an interval
of about n x Tc after their respective preceding ink drops.
[0027] Further, the first ink drop is desirably discharged
by contracting, but without first expanding, the pressu-
rized ink chamber, or alternatively, by contracting the
pressurized ink chamber by a volume greater than a first
expanding volume. In this case, it is desirable that the
second ink drop be discharged as the interval of about
(n+1/2) x Tc after the first ink drop. The ink drop speed
Vj is calculated by the time duration of a discharged ink
drop reaching the target medium (paper form), which dis-
tance is set to be 1 mm, assuming that there are no more
ink drops following.
[0028] Furthermore, the ink drop speed Vj of ink drops
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discharged at intervals of about (n+1/2) x Tc after respec-
tive preceding ink drops is desirably set to be greater
than 3 m/s, at which speed sequential ink drops are able
to merge.
[0029] Furthermore, it is desirable that four or more ink
drops merge to form one ink drop during flight from the
nozzle to the target medium.
[0030] Further, it is desirable that the drive pulse in-
clude a waveform for suppressing the residual vibration
after the drive pulse for discharging the last ink drop. In
this case, the waveform for suppressing the residual vi-
bration is desirably shaped such that the vibration is
damped within the resonance cycle Tc after discharging
the last ink drop.
[0031] Furthermore, it is desirable that a selected part
(s) of the drive pulse for forming a large ink drop be ca-
pable of forming a small-sized ink drop and a medium-
sized ink drop. Further, it is desirable that the drive pulse
include a waveform that vibrates a meniscus, yet without
making an ink drop discharge. Further, it is desirable that
there be an interval wherein a voltage is applied to pres-
sure generating means even if a given channel does not
discharge an ink drop in a given printing cycle. In this
case, it is desirable that the pressure generating means
be a piezoelectric device, and the piezoelectric device
be recharged during the interval where the above-men-
tioned voltage is applied.
[0032] Here, a piezoelectric device, the displacement
direction of which is d33, can serve as the pressure gen-
erating means. Further, support sections of the piezoe-
lectric device, which support sections correspond to par-
titions of the pressurized ink chambers, can be a part of
the piezoelectric device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033]

Fig. 1 is a perspective diagram showing an example
of a mechanism section of an ink jet recording device
serving as an image formation apparatus of the
present invention.
Fig. 2 is a side view of the mechanism section of the
ink jet recording device.
Fig. 3 is a cross-sectional view showing an example
of an ink jet,head that constitutes a recording head
of the recording device taken along the direction of
the longer side of a ink chamber.
Fig. 4 is a cross-sectional diagram showing the ink
jet head taken along the shorter side of the ink cham-
ber.
Fig. 5 is a block diagram showing the outline of a
control unit of the ink jet recording device.
Fig. 6 is a block diagram showing a portion of the
control unit concerning drive control of the ink jet
head.
Fig. 7 is a graph showing a drive signal according to
the first embodiment of the present invention.

Fig. 8 is a graph showing the drive signal of a first
comparative example.
Fig. 9 is a graph for explaining relations between ink
drop speed and voltage in the cases of the first em-
bodiment and the first comparative example.
Fig. 10 is a graph for explaining relations between
ink drop volume and voltage in the cases of the first
embodiment and the first comparative example.
Fig. 11 shows ink drop discharging situations corre-
sponding to the drive pulse of the first embodiment.
Fig. 12 shows ink drop discharging situations corre-
sponding to the drive pulse of the first comparative
example.
Fig. 13 graphs frequency characteristics of the ink
drop speed in the cases of the first embodiment and
the first comparative example.
Fig. 14 graphs frequency characteristics of the ink
drop volume in the cases of the first embodiment and
the first comparative example.
Fig. 15 graphs frequency characteristics of the ink
drop speed for the same ink drop volume in the cases
of the first embodiment and the first comparative ex-
ample.
Fig. 16 graphs frequency characteristics of the ink
drop volume for the same ink drop speed in the cases
of the first embodiment and the first comparative ex-
ample.
Fig. 17 shows ink drop discharging situations corre-
sponding to the drive pulse of the first embodiment.
Fig. 18 shows ink drop discharging situations corre-
sponding to the drive pulse of the first comparative
example.
Fig. 19 graphs the drive signal according to the sec-
ond embodiment of the present invention.
Fig. 20 graphs voltage characteristics of the drive
pulse according to the second embodiment.
Fig. 21 graphs the drive signal according to the third
embodiment of the present invention.
Fig. 22 graphs the drive signal according to the fourth
embodiment of the present invention.
Fig. 23 graphs the drive signal according to the fifth
embodiment of the present invention.
Fig. 24 graphs the drive signal according to the sixth
embodiment of the present invention.
Fig. 25 graphs relations between the ink drop volume
and the number of pulses corresponding to the drive
pulse according to the first embodiment.
Fig. 26 graphs relations between the ink drop volume
and ink drop speed corresponding to the drive cycle
of the drive pulse according to the first embodiment.
Fig. 27 graphs a voltage waveform of the drive pulse
for discharging the second ink drop.
Fig. 28 graphs a voltage waveform of the drive pulse
for discharging the second ink drop.
Fig. 29 graphs the drive signal according to the sev-
enth embodiment of the present invention.
Fig. 30 graphs the drive signal according to the eighth
embodiment of the present invention.
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Fig. 31 graphs the drive signal according to the ninth
embodiment of the present invention.
Fig. 32 is an expanded view of Fig. 31.
Fig. 33 graphs the drive pulse for explaining grada-
tion recording.
Fig. 34 graphs the drive pulse for forming a large ink
drop.
Fig. 35 graphs the drive pulse for forming a middle-
sized ink drop.
Fig. 36 graphs the drive pulse for forming a small ink
drop.
Fig. 37 graphs a voltage waveform applied to a non-
discharging channel.
Fig. 38 graphs a voltage waveform for generating
meniscus vibration applied to a non-discharging
channel.
Fig. 39 graphs a voltage waveform for discharging
two ink drops.
Fig. 40 graphs timing characteristics in the case of
discharging two ink drops.

BEST MODE FOR CARRYING OUT THE INVENTION

[0034] In the following, embodiments of the present
invention are described with reference to the accompa-
nying drawings.
[0035] Fig. 1 is a perspective diagram showing a mech-
anism section of an ink jet recording device serving as
an image formation apparatus of the present invention.
Fig. 2 is a side view of the mechanism section of the ink
jet recording device.
[0036] The ink jet recording device includes a record-
ing device main part 1 that includes a printing mechanism
unit 2 that further includes a carriage 13 that is movable
in the main scanning direction, one or more ink jet heads
14 mounted to the carriage 13, and one or more ink car-
tridges 15 for supplying ink to the ink jet heads 14. The
ink jet recording device further includes a feed cassette
4, and optionally includes a hand feeding tray 5, for sup-
plying a recording medium (paper form) 3 such that a
desired image is printed thereon by the printing mecha-
nism unit 2, and a delivery tray 6 provided on the rear
side of the ink jet recording device for delivering the re-
cording medium 3.
[0037] The printing mechanism unit 2 includes a main
guide rod 11 and a sub-guide rod 12, both serving as a
guiding member prepared horizontally across side plates
provided (not illustrated) on the right and left sides, the
guiding member supporting the carriage 13 so as to be
sliding-free in the main scanning direction (i.e., perpen-
dicular to the paper of Fig. 2). Each of the ink jet heads
14 discharges one of yellow (Y), cyan (C), magenta (M),
and black (Bk) inks, with the direction of ink drop dis-
charge being set downward. The ink cartridges 15 are
provided in the upper part of the carriage 13 for supplying
respective inks to the ink jet heads 14, the ink cartridges
15 being replaceable.
[0038] Each of the ink cartridges 15 includes an at-

mospheric mouth prepared at the upper part for free pas-
sage of the air, an ink supply mouth prepared at the bot-
tom part for supplying ink, and a porous material-con-
taining object that is filled up with ink wherein the ink to
be supplied to the ink jet head 14 is maintained at a slight-
ly negative pressure by the capillary tube action of the
porous material. Ink is supplied to the ink jet heads 14
from respective ink cartridges 15.
[0039] As briefly described above, the carriage 13 is
installed sliding-free with its rear side inserted into the
main guide rod 11, the rear side being on the down stream
side of the recording medium 3 (paper form) being con-
veyed, and with its front side being placed on the sub-
guide rod 12, the front side being on the upper stream
side of the recording medium 3 being conveyed. In order
to move the carriage 13 for scanning in the main scanning
direction, a timing belt 20 is installed between a drive
pulley 18 and a follower pulley 19 that are driven by a
main scanning motor 17. The timing belt 20 is fixed to
the carriage 13 such that the carriage 13 moves to and
fro as the rotation of the main scanning motor 17 is re-
versed.
[0040] Further, although one of the ink jet heads 14 is
provided as the recording head for each color here, one
head having multiple nozzles for discharging ink drops
in each color can also be used. In the present embodi-
ment, piezoelectric type ink jet heads are used as the ink
jet heads 14, each of which includes a diaphragm that
forms at least a part of the surface of an ink passage
partition, wherein a piezoelectric device deforms the di-
aphragm.
[0041] In order to convey the recording medium (paper
form) 3 set to the feed cassette 4 to the lower part side
of the head 14, the printing mechanism unit 2 includes a
feed roller 21 and a friction pad 22 for separating and
feeding a sheet of the paper form 3 from the feed cassette
4, a guide member 23 for guiding the paper form 3, a
conveyance roller 24 for conveying the paper form 3 in
the reverse direction, a conveyance pinch roller 25
pushed to the circumference of the conveyance roller 24,
a tip pinch roller 26 for defining the conveyance angle of
the paper form 3 conveyed by the conveyance roller 24,
and a sub-scanning motor 27 for rotating the conveyance
roller 24 through a gear sequence.
[0042] The printing mechanism unit 2 further includes
a paper form receiving member 29 for guiding the paper
form 3 conveyed by the conveyance roller 24 correspond-
ing to the moving range in the main scanning direction
of the carriage 13 at the lower part of the ink jet heads
14. The printing mechanism unit 2 further includes the
following items on the downstream side of the paper form
conveyance of the paper form receiving member 29,
namely, a conveyance pinch roller 31 and a spur 32 that
rotate for conveying the paper form 3 in the delivery di-
rection, a delivery roller 33 and a spur 34 for delivering
the paper form 3 to the delivery tray 6, and guide mem-
bers 35 and 36 for forming a delivery path.
[0043] With the configuration as described above,
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printing a line is carried out by moving the carriage 13 in
the main scanning direction, by driving the ink jet heads
14 according to an image signal, and by discharging cor-
responding inks onto the paper form 3 that is stopped.
When printing of the line is completed, the following line
is printed after conveying the paper form 3 by a prede-
termined amount. When one of a print end signal and a
signal indicating that the paper form 3 has arrived at a
predetermined bottom of the print area is received, print-
ing is terminated and the paper form 3 is delivered.
[0044] Further, in a position outside of the printing area
on the right-hand side of the moving direction of the car-
riage 13, a recovery apparatus 37 for recovering from
poor discharging of the ink jet heads 14 is arranged. The
recovery apparatus 37 is equipped with cap means, suc-
tion means, and cleaning means. While the carriage 13
is not being used, it is moved to the recovery apparatus
37, and the capping means caps the ink jet heads 14
such that a moist state of the nozzles is maintained, and
poor discharge due to ink dryness is prevented from oc-
curring; and ink that is not related to printing is pumped
out (purged) such that ink viscosity of all nozzles is ad-
justed for obtaining stable discharging performance.
[0045] When poor discharging occurs, the capping
means seals the nozzle of the ink jet head 14, the suction
means evacuates ink, air bubbles, etc., out of the nozzle
through a tube, and the cleaning means removes ink,
dust, etc., adhering to the nozzle. In this manner, ade-
quate discharging is restored. Further, the evacuated ink
is exhausted to an ink disposal tank (not illustrated) in-
stalled in the lower part of the main part 2, and an ink
absorber arranged in the ink disposal tank absorbs the
disposed ink.
[0046] Next, descriptions follow about the ink jet heads
14 of the ink jet recording device with reference to Fig. 3
and Fig. 4. Here, Fig. 3 is a cross-sectional diagram of
the ink jet heads 14 in the longer side direction of the ink
chamber, and Fig. 4 is a cross-sectional diagram of the
ink chamber of the ink jet heads 14 in the shorter side
direction.
[0047] The ink jet heads 14 include a passage board
41 formed by a single-crystal-silicon substrate, a dia-
phragm 42 joined to the undersurface of the passage
board 41, and a nozzle plate 43 joined to the upper sur-
face of the passage board 41, which constitute a pres-
surized ink chamber 46 for forcing the ink through a noz-
zle passage 45a such that a nozzle 45 discharges an ink
drop, and an ink supply way 47 serving as a fluid-resist-
ance section for supplying ink to the pressurized ink
chamber 46 from a common ink chamber 48 to which the
ink is supplied from an ink supply mouth 49.
[0048] Further, a laminated type piezoelectric device
52 serving as an electro-mechanical transducer, i.e.,
pressure generating means (actuator means) for pres-
surizing the ink in the pressurized ink chamber 46 is pro-
vided on the external surface side (the side opposite to
the pressurized ink chamber side) of the diaphragm 42
corresponding to each pressurized ink chamber 46. The

piezoelectric device 52 is joined to a base substrate 53.
Further, in the piezoelectric device 52, support sections
54 are formed corresponding to partition sections 41a
that separate the pressurized ink chambers 46 (bi-pitch
structure). Here, a slit process of half-cut dicing is carried
out such that the piezoelectric device is divided like the
shape of comb teeth, adjacent teeth alternately serving
as the piezoelectric device 52 and the support section
54. Although the support section 54 is materially and
structurally the same as the piezoelectric device 52, the
difference is that a driver voltage is not applied to the
support section 54. In this manner, the support section
54 serves as a mere physical support.
[0049] Further, the perimeter of the diaphragm 42 is
joined to a frame member 44 with an adhesive 50 that
contains gap-filling material. The frame member 44 in-
cludes a concavity serving as the common ink chamber
48, and an ink supply hole, which is not illustrated, for
supplying ink to the common ink chamber 48 from the
exterior. The frame member 44 is formed by injection
molding with, for example, epoxy system resin or
polyphenylene sulfide.
[0050] Here, although the passage board 41 is formed
by anisotropic etching of, for example, a single-crystal
silicon substrate of a crystal-face direction (110) using
an alkaline etching solution, such as potassium-hydrox-
ide solution (KOH), for forming the concavity and the hole
section serving as the nozzle passage 45a, the pressu-
rized ink chamber 46, and the ink supply way 47, other
materials can be used, such as stainless steel substrates,
photosensitive resins, etc.
[0051] Although the diaphragm 42 is formed, for ex-
ample, from a metal plate of nickel by an electroforming
method, other materials may be used, such as other met-
al plates, a resin board, combined material of metal and
resin, and the like. The diaphragm 42 constitutes a thin
part 55 (diaphragm section) for making deformation easy
in the portion corresponding to the pressurized ink cham-
ber 46, and a thick part 56 (in the shape of an island) for
joining to the piezoelectric device 52. Further, at the por-
tion corresponding to the support section 54 and the joint
section to the frame member 44, a thick part 57 is formed.
The flat side of the diaphragm 42 is fixed to the passage
board 41 with an adhesive, and the thick part 56 is fixed
to the piezoelectric device 52 with an adhesive. The thick
part 57 is fixed to the support section 54 and the frame
member 44 with adhesives 50. Here, the diaphragm 42
is constituted by a nickel plating layer formed by electro-
forming, and the like, wherein thickness of the thin part
(diaphragm section) 55 is set to 3 "m, and width is set to
35 "m (one side).
[0052] The nozzle plate 43 includes the nozzle 45 hav-
ing a diameter of 10 through 35 "m corresponding to each
pressurized ink chamber 46, and adhesively fixed to the
passage board 41. As the nozzle plate 43, various ma-
terials can be used, such as stainless steel and nickel,
combinations of metal and resin such as a polyimide resin
film, silicon, and combinations thereof. Here, the nozzle
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plate 43 is formed by a nickel plating film prepared by
the electroforming method, and the like. Further, the in-
ternal shape (inner side form) of the nozzle 43 is shaped
like a horn (alternatively, a shape near to a cylinder, and
a shape near to a right circular cone), and the diameter
of the nozzle 45 is set to about 20-35 "m at the ink drop
outlet side. Furthermore, the nozzle pitch of each nozzle
sequence is set at 150 dpi.
[0053] Further, on the nozzle surface (surface in the
ink discharging direction) of the nozzle plate 43, a water-
repellent finish layer (not illustrated) is prepared. The wa-
ter-repellent-finish layer can be formed in various man-
ners such as PTFE-nickel eutectoid plating, electro-dep-
osition painting of fluororesin, evaporation-coating of
fluororesin with evaporability such as fluoride pitch, and
baking after application of a solvent of silicon system res-
in and fluorine system resin. An adequate water-repellent
finish layer is selected depending on physical properties
of the ink such that the ink drop formation, and the ink
flight property, for example, are stabilized in order obtain
high-definition image quality.
[0054] The piezoelectric device 52 is constituted by
laminating piezo-electric layers 61 of lead zirconate ti-
tanate (PZT), the thickness of each layer being 10-50 "m,
and internal electrode layers 62 of silver-palladium
(AgPd), thickness of each layer being several microme-
ters, wherein the internal electrodes 62 are electrically
connected to individual electrodes 63 and a common
electrode 64 alternately. The individual electrodes 63 and
the common electrode 64 are terminal electrodes (exter-
nal electrode) provided on the edges. With the arrange-
ment described above, the pressurized ink chamber 46
is contracted and expanded by expansion and contrac-
tion, respectively, of the piezoelectric device 52 having
a piezoelectric constant of d33. When a drive pulse is
applied to the piezoelectric device 52, the piezoelectric
device 52 is charged and expands; when the charge is
removed, the piezoelectric device 52 contracts.
[0055] The terminal electrodes on a side of the piezo-
electric device 52 are divided by a half-cut dicing process
to form the individual electrodes 63, while, on the other
hand, the terminal electrodes on the other side are not
divided, and the common electrode 64 is formed, the
common electrode 64 being electrically connected to all
the piezoelectric devices 52.
[0056] In order to provide a drive pulse to the individual
electrodes 63 of the piezoelectric device 52, an FPC ca-
ble 65 is connected to the individual electrodes 63 by one
of solder junction, ACF (anisotropic conductivity film)
junction, and wire bonding, and the other end of the FPC
cable 65 is connected to a drive circuit (driver IC) such
that the drive pulse is selectively applied to each piezo-
electric device 52. Further, the common electrode 64 is
connected to the ground (GND) electrode of the FPC
cable 65.
[0057] According to the ink jet head configured as
above, when a drive pulse having a voltage of, for exam-
ple, 10-50 V is applied to the piezoelectric device 52 ac-

cording to a print signal, a displacement occurs in the
direction of the layers of the piezoelectric device 52, i.e.,
in the d33 direction according to the present embodiment,
the ink in the pressurized ink chamber 46 is pressurized
through the diaphragm 42, the pressure of the ink rises,
and an ink drop is discharged from the nozzle 45.
[0058] Then, with the end of ink discharge, the ink pres-
sure in the pressurized ink chamber 46 decreases, and
negative pressure occurs in the pressurized ink chamber
46 due to the inertia of the ink flow and the electric dis-
charge process of the drive pulse, and an ink filling proc-
ess starts. At this time, the ink supplied from the ink tank
which is not illustrated flows into the common ink cham-
ber 48, and passes along the fluid-resistance section 47
through the ink supply mouth 49 from the common ink
chamber 48, and the pressurized ink chamber 46 is filled
with ink.
[0059] In addition, while the fluid-resistance section 47
has an effect in damping of the residual pressure vibration
after discharging, it serves as a resistor to refilling due
to surface tension. Accordingly, by suitably selecting the
fluid-resistance value of the fluid-resistance section 47,
the balance between damping of the residual pressure
and refill time can be selected so that the drive cycle, i.e.,
the time between a discharge and the next discharge can
be shortened.
[0060] Next, an outline of the control unit of the ink jet
recording device is explained with reference to Fig. 5 and
Fig. 6. Here, Fig. 5 is a block diagram showing the outline
of the control unit, and Fig. 6 is a block diagram showing
a portion concerning head drive control of the control unit.
[0061] The control unit includes a printer controller 70,
a motor driver 81 for driving the main scanning motor 17
and the sub-scanning motor 27, and a head driver 82 for
driving the ink jet heads 14, the head driver 82 consisting
of a head drive circuit, a driver IC, etc.
[0062] The printer controller 70 includes an interface
(I/F) 72 for receiving printing data from a host computer
and the like through a cable and/or a network, a main
control unit 73 consisting of a CPU and the like, RAM 74
for storing data, ROM 75 for storing routines for data
processing, an oscillation unit 76, a drive signal gener-
ating unit 77 serving as drive pulse generating means for
generating drive pulses for the ink jet heads 14, an I/F
78 for sending printing data in the form of dot-pattern
data (bit map data), drive pulses, etc., to the head driver
82, and an I/F 79 for sending motor drive data to the
motor driver 81.
[0063] The RAM 74 serves as various buffers, working
memory, etc. The ROM 75 stores various control routines
performed by the main control unit 73, font data, graphic
functions, various processes, etc.
[0064] The main control unit 73 reads the printing data
in a receiving buffer included in the I/F 72, and converts
the data into intermediary codes. The intermediary codes
are stored in an intermediary buffer constituted by a pre-
determined area of the RAM 74, and are converted to
dot-pattern data using font data stored in the ROM 75.
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The dot-pattern data are stored in a different predeter-
mined area of the RAM 74. In the case that the printing
data are converted to bit map data by a printer driver of
a host computer, the RAM 74 simply stores the printing
data in the bit map format with no need for the conversion
as described above.
[0065] With reference to Fig. 6, the main control unit
73 then provides 2-bit gradation signals 0 and 1 according
to the printing data, a clock signal CLK, a latch signal
LAT, and control signals MN0 through MN3 to the head
driver 82.
[0066] As shown in Fig. 6, the drive signal generating
unit 77 includes an amplifier 92 and a wave generation
unit 91. The wave generation unit 91 contains a ROM,
which ROM function may be served by a part of the ROM
75, for storing pattern data of a drive pulse Pv, and a D/A
converter for carrying out digital-to-analog conversion of
the drive pulse data read from the ROM.
[0067] The head driver 82 includes a shift register 103
for inputting the gradation signal 0 and the clock signal
CLK from the main control unit 73, a shift register 104 for
inputting the gradation signal 1 and the clock signal CLK
from the main control unit 73, a latch circuit 105 for latch-
ing a register value of the shift register 103 by the latch
signal LAT from the main control unit 73, a latch circuit
106 for latching a register value of the shift register 104
by the latch signal LAT from the main control unit 73, a
selector 107 for selecting one of the control signals MN0
through MN3 from the main control unit 73 based on an
output value of the latch circuit 105, and an output value
of the latch circuit 106, a level conversion circuit (level
shifter) 108 for receiving the output of the selector and
for changing the level of the output value from the selector
107, and an analog switch array (switch means) 109,
ON/OFF state of which is controlled by the level shifter
108.
[0068] The switch array 109 consists of an array of the
switches AS1 through ASm to which the drive pulse Pv
is provided from the drive signal generating unit 77. Each
of the switches AS1 through ASm is connected to one of
the piezoelectric devices 52 corresponding to one of the
nozzles of one of the recording heads (ink jet head) 14.
[0069] The 2-bit gradation signals 0 and 1 serially
transmitted from the main control unit 73 are latched by
the latch circuits 105 and 106 at the beginning of a printing
cycle, and selected ones of the switches AS1 through
ASm of the switch array 109 are turned on according to
a control signal selected from the control signals MN0
through MN3, the control signal selection being based
on the gradation data.
[0070] While the corresponding one of the switches
AS1 through ASm of the switch array 109 is turned on,
the drive pulse Pv is applied to the piezoelectric device
52, and the piezoelectric device 52 expands and con-
tracts according to the drive pulse. On the other hand,
while the corresponding one of the switches AS1 through
ASm is turned off, supply of the drive pulse to the piezo-
electric device 52 is interrupted. Here, the signal provided

to the switches AS1 through ASm is called the "drive
pulse", and the signal that is applied to the piezoelectric
device 52 is called the "drive signal".
[0071] Here, the shift registers 103 and 104 and latch
circuits 105 and 106 are constituted by logic circuits, and
the level conversion circuit 108 and the switching circuit
109 are constituted by analog circuits. Further, the circuit
arrangement for switching the switch means based on
the gradation signal (gradation data) is not limited to the
above-mentioned configuration, but any configuration
that can turn on/off a desired switch can be used.
[0072] Next, the details of the first embodiment of the
present invention are explained with reference to Fig. 7
through Fig. 18. First, Fig. 7 shows the drive pulse ac-
cording to the first embodiment of the present invention,
the drive pulse being the same as the drive signal in the
first embodiment. The drive pulse includes a first drive
pulse P1, a second drive pulse P2, a third drive pulse
P3, and a fourth drive pulse P4 that are output serially
(sequentially) in time. At the rising period indicated by a,
each drive pulse makes the pressurized ink chamber 46
contract, and makes an ink drop be discharged.
[0073] According to the first embodiment, the time in-
terval (discharge interval) between a first ink drop dis-
charged by the first drive pulse P1 and a second ink drop
discharged by the second drive pulse P2 is set at 1.5 x
Tc, the time interval (discharge interval) between the sec-
ond ink drop discharged by the second drive pulse P2
and a third ink drop discharged by the third drive pulse
P3 is set at 1.5 x Tc, and the time interval (discharge
interval) between the third ink drop discharged by the
third drive pulse P3 and a fourth ink drop discharged by
the fourth drive pulse P4 is set at 2 x Tc. Here, Tc rep-
resents the specific vibration cycle of the pressurized ink
chamber 46.
[0074] For comparison, a first comparative example is
provided. The drive pulse of the first comparative exam-
ple is as shown in Fig. 8. The first comparative example
includes a drive pulse P101, a drive pulse P102, and a
drive pulse P103 that are output serially in time. These
drive pulses make the pressurized ink chamber 46 con-
tract at the pulse rising period indicated by a, and make
ink drops be discharged. As seen, the pulse rising period
a of the drive pulse P101 is the same as that of the drive
pulse P1 of the first embodiment, the drive pulse P2 of
the first embodiment is eliminated, (i.e., the pulse rising
period a of the drive pulse P2 is not present in the first
comparative example), the drive pulse P102 is the same
as the drive pulse P3, and the drive pulse P103 is the
same as the drive pulse P4.
[0075] Accordingly, as for the first comparative exam-
ple, the time interval between the first ink drop discharged
by the drive pulse P101 and the second ink drop dis-
charged by the drive pulse P102 is nearly equal to 3Tc
(i.e., 1.5Tc x 2), and the time interval between the second
ink drop discharged by the drive pulse P102 and the third
ink drop discharged by the drive pulse P103 is nearly
equal to 2Tc.
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[0076] Then, ink drop discharge was experimented
with using the drive pulse of the first embodiment and
the drive pulse of the first comparative example. The re-
sults are shown in Fig. 9 and Fig. 10. In Fig. 9, the results
of the ink drop speed Vj (vertical axis) corresponding to
the maximum voltage of the drive pulse (horizontal axis)
are shown. In Fig. 10, the results of the ink drop volume
Mj (vertical axis) corresponding to the maximum voltage
of the drive pulse (horizontal axis) are shown. For the
purposes of Fig. 9 and Fig. 10, the drive pulse wave forms
in Fig. 7 and Fig. 8 were similarly transformed, i.e., gain
adjustments were carried out. Further, repetition fre-
quency was set to 8 kHz. Here, the solid line in each of
Fig. 9 and Fig. 10 shows the results of the first embodi-
ment, and the dashed line shows the results of the first
comparative example.
[0077] As shown in Fig. 9 and Fig. 10, in the case of
the first comparative example, ink drop discharge be-
came unstable at the driver voltage of 22 V. Although the
vertical value for 22 V is shown as being zero, this does
not mean that there was no discharge, but the discharge
was unstable, and measurement of an exact numeric val-
ue was impossible. This unstable discharge was deter-
mined to be due to the surface of the nozzle being dirty,
which was caused by a meniscus significantly rising due
to the residual pressure (or a very slow discharge speed)
after discharge of the last ink drop (the third ink drop),
and the ink was not drawn back into the nozzle.
[0078] On the other hand, in the case of the drive pulse
of the first embodiment, even if the driver voltage was
increased to 24 V, ink drop discharge was not disturbed.
Further, for the same voltages, the drive pulse of the first
embodiment discharged a greater ink drop volume Mj
than the first comparative example, although four ink
drops were discharged according to the first embodi-
ment.
[0079] That is, the first embodiment more stably dis-
charged a large ink drop. Since the time from the first
discharge to the last discharge was the same, the large
ink drop was obtained with no additional time required,
and it was easy for the last ink drop to merge with the
first ink drop.
[0080] Fig. 11 shows a discharge state in the case of
the first embodiment. Fig. 12 shows a discharge state in
the case of the first comparative example. Here, the max-
imum voltage of the drive pulse of the first embodiment
was set at 16.9 V, and the maximum voltage of the first
comparative example was set at 15.3 V, both voltages
being determined based on the characteristics shown by
Fig. 9 such that the same ink drop speed of Vj=7 m/s was
obtained in both cases. Using a stroboscope, the situa-
tion near the nozzle was observed 80 "s after the drive
signal was generated. Here, the repetition frequency was
set at 4 kHz.
[0081] The difference between Fig. 11 and Fig. 12 is
that a meniscus M due to the residual pressure vibration
was visibly present after discharge in Fig. 12 (the first
comparative example), while there was no meniscus ob-

served in the case of the first embodiment. This provides
evidence that the drive pulse of the first embodiment suc-
cessfully suppressed the residual pressure vibration.
[0082] The residual pressure vibration also affected
frequency characteristics of discharging. Fig. 13 and Fig.
14 show the frequency characteristics, the ink drop speed
Vj and the ink drop volume Mj, respectively, according
to the drive pulse of the first embodiment and the first
comparative example. In Fig. 13 the vertical axis repre-
sents the ink drop speed Vj, and in Fig. 14 the vertical
axis represents the ink drop volume Mj. The horizontal
axes of Fig. 13 and Fig. 14 represent the repetition cycle
T. Here, the maximum voltage of the drive pulse of the
first embodiment was set at 16.9 V, and the maximum
voltage of the first comparative example was set at 15.3
V, both voltages being determined based on the charac-
teristics shown by Fig. 9 such that the same ink drop
speed of Vj=7 m/s was obtained in both cases. Further,
the solid line shows the result of the first embodiment,
and the dashed line shows the result of the first compar-
ative example.
[0083] As seen from Fig. 13, the drive pulse of the first
embodiment provided better flatness of the ink drop
speed Vj than the first comparative example. This indi-
cates that where the residual pressure was small, the
influence of the repetition cycle becoming short on the
discharging characteristics was small. Further, that the
frequency characteristic of the ink drop speed Vj was flat
means that an impact position (where the ink drop arrives
on the recording medium) did not fluctuate with an image
pattern, and that discharge stability was improved.
[0084] Further, as seen from Fig. 14, there was no sig-
nificant difference between the first embodiment and the
first comparative example as for the range of fluctuation
(∆Mj) of the frequency characteristics of the ink drop vol-
ume Mj. Nevertheless, the drive pulse of the first embod-
iment discharged a greater amount of the ink than the
drive pulse of the first comparative example.
[0085] Next, Fig. 15 and Fig. 16 show the frequency
characteristics when the maximum voltage of the first
comparative example was raised to 18.5 V so that the
ink drop volume Mj became the same as that of the first
embodiment. In Fig. 15, the vertical axis represents the
ink drop speed Vj, and in Fig. 16 the vertical axis repre-
sents the ink drop volume Mj. Here, the data of the drive
pulse of the first embodiment in Fig. 15 and Fig. 16 are
the same as the data identified by "Vj: FIRST EMBODI-
MENT" in Fig. 13 and Fig. 14, respectively.
[0086] As clearly seen from Fig. 15 and Fig. 16, when
the ink drop volume Mj to be discharged was equalized,
the fluctuation of the ink drop speed Vj of the first com-
parative example became greater than before (when the
applied voltage was 15.3 V, i.e., in the case of Fig. 13),
and the drive pulse of the first embodiment provided the
smaller range of fluctuation ∆Mj of the ink drop volume Mj.
[0087] The mechanism of the first embodiment is ex-
plained with reference to Fig. 17 and Fig. 18 that show
the discharge state of the ink drops according to the drive
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pulse of the first embodiment and the drive pulse of the
first comparative example, respectively. Here, the max-
imum voltage of the drive pulse of the first embodiment
was set at 16.9 V, and the maximum voltage of the first
comparative example was set at 15.3 V, both voltages
being determined based on the characteristics shown by
Fig. 9 such that the same ink drop speed of Vj=7 m/s was
obtained in both cases. The stroboscope method was
used to observe the situation near the nozzle 43 "s after
the drive signal was generated. Here, the timing, i.e.,
43 "s, is when the last ink drop began to be discharged
from the nozzle.
[0088] In the case of the first embodiment, the second
ink drop and the third ink drop had not reached the first
ink drop as shown in Fig. 17. On the other hand, in the
case of the first comparative example, the second ink
drop had merged with the first ink drop as shown in Fig.
18. That is, in the case of the drive pulse of the first em-
bodiment, discharging at the 1.5Tc intervals causes the
residual pressure and the discharge pressure to cancel
each other, and the speed of the second ink drop and
the third ink drop became slower. Nevertheless, it is im-
portant that discharging be correctly carried out even if
the speed is low.
[0089] Here, if the voltage of the drive pulse is made
lower, like the so-called damping wave, in an attempt to
suppress the residual pressure vibration after the first ink
drop, sufficient effect is not achieved. Rather, by gener-
ating a pressure that can cause the second ink drop to
be correctly discharged, the effect as in this embodiment
is achieved.
[0090] Further, since the last ink drop (the fourth ink
drop) needs to gather in the second and the third ink
drops that travel at a slow speed, and merge with the first
ink drop, the last ink drop has to be discharged at an
nxTc interval with the preceding ink drop, not at an (n+1/2)
xTc interval. According to the present embodiment, for
the last ink drop, the nxTc interval is used and ink drop
speed is made higher.
[0091] As described above, when multiple ink drops
are to be sequentially discharged, ink drops other than
the last ink drop are discharged at intervals nearly equal
to (n+1/2) x Tc (where, n is an integer equal to or greater
than 1) in order to suppress the pressure vibration of the
pressurized ink chamber, and the last ink drop is dis-
charged at an interval nearly equal to n x Tc in order to
form a large ink drop.
[0092] In this manner, a subsequent ink drop can be
discharged earlier than before (with no need to wait for
decay of the residual pressure due to the preceding ink
drop), and the time required to form a large ink drop can
be shortened, resulting in high printing speed. Further,
since the time from the first ink drop to the last ink drop
is shortened, it is easy for the last ink drop to merge with
the preceding ink drops, which merging suppresses the
speed of the last ink drop. In this manner, a satellite SATE
(unconverged ink drop) (see FIGs. 15 and 17) that oth-
erwise reaches the recording medium later than a main

drop can now reach the recording medium after merging.
[0093] In this case, the ink drop formation time can be
further shortened by making n=1, i.e., causing the ink
drop to be discharged at an interval nearly equal to 1.5
x Tc after the preceding ink drop, the interval suppressing
the pressure vibration.
[0094] Further, ink drops other than ink drops that are
discharged at intervals nearly equal to (n+1/2) x Tc from
the corresponding preceding ink drops are discharged
at intervals of nearly equal to n x Tc from the correspond-
ing preceding ink drops. Since the interval n x Tc is in
sync with the peak of the pressure vibration, variances
of the discharge characteristics, i.e., Vj and Mj, due to a
variation in the head, and a specific vibration cycle shift
due to an external cause can be minimized.
[0095] In this manner, i.e., by providing ink drops dis-
charged at intervals of nearly equal to (n+1/2) x Tc from
the preceding ink drop, except for the last ink drop, the
pressure vibration of the pressurized ink chamber is pre-
vented from becoming excessive.
[0096] In addition, although the piezoelectric vibrator
displacing in the d33 directions is used as the actuator
of the ink jet head, other actuators can be used such as
a piezoelectric vibrator displacing in d31 directions.
[0097] However, it is desirable that the specific vibra-
tion cycle Tc be short such that two or more ink drops
can easily merge, and the passage board constituting
the pressurized ink chamber can be firmly held. That is,
as for the head structure, the so-called bi-pitch structure
is desirable wherein comb-like sliced portions of the ac-
tuator that are not driven support the partitions of the
pressurized ink chamber.
[0098] In addition, it is more desirable that the piezo-
electric device as the actuator be capable of quick re-
sponse, and for this reason, the piezoelectric device
should be structured with a low profile. For this purpose,
it is desirable that the actuator use a piezoelectric device
that displaces in the d33 directions, because the piezo-
electric constant is greater with d33 than d31.
[0099] Next, the drive pulse according to the second
embodiment of the present invention is explained with
reference to Fig. 19 and Fig. 20. The drive pulse of the
second embodiment is designed such that the interval
between the first ink drop discharged by the driving pulse
P1 and the second ink drop discharged by the driving
pulse P2 is set at 1.5Tc, the interval between the second
pulse discharged by the driving pulse P2 and the third
ink drop discharged by the driving pulse P3 is set at 2Tc,
and the interval between the third pulse discharged by
the driving pulse P3 and the fourth ink drop discharged
by the driving pulse P4 is set at 2Tc. The voltage char-
acteristics of the second embodiment are shown in Fig.
20. In addition, the head structure is the same as that of
the first embodiment.
[0100] In this drive pulse, the second ink drop is dis-
charged at the 1.5Tc interval from the first ink drop, which
works such that the second ink drop cancels the residual
pressure vibration. To the contrary, the third ink drop and
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the fourth ink drop are discharged at intervals of 2Tc to
the respective preceding ink drops, which intervals tend
to increase the residual pressure vibration, and indeed
a meniscus after discharge was slightly visible as com-
pared with the first embodiment. However, the discharge
did not become unstable, even when the driver voltage
was raised to 24 V as shown in Fig. 20. Further, the ink
drop volume Mj of the second embodiment was greater
than the first embodiment at the same voltages.
[0101] Next, the drive pulse according to the third em-
bodiment of the present invention is explained with ref-
erence to Fig. 21. The drive pulse of the third embodiment
is designed such that the interval between the first ink
drop discharged by the driver pulse P1 and the second
ink drop discharged by the driver pulse P2 is set to 2Tc,
the interval between the second ink drop discharged by
the drive pulse P2 and the third ink drop discharged by
the drive pulse P3 is set to 1.5 Tc, and the interval be-
tween the third ink drop discharged by the drive pulse P3
and the fourth ink drop discharged by the drive pulse P4
is set to 2Tc. Here, the head structure is the same as that
of the first embodiment.
[0102] According to the drive pulse of the third embod-
iment, the third ink drop is discharged at an interval nearly
equal to 1.5Tc after the second ink drop, the third ink
drop canceling out the residual pressure vibration.
[0103] Next, the drive pulse of the fourth embodiment
is explained with reference to Fig. 22. According to the
drive pulse of the fourth embodiment, the interval be-
tween the first ink drop discharged by the drive pulse P1
and the second ink drop discharged by the drive pulse
P2 is set to 2.5Tc (i.e., n=2), the interval between the
second ink drop discharged by the drive pulse P2 and
the third ink drop discharged by the drive pulse P3 is set
to 2Tc, and the interval between the third ink drop dis-
charged by the drive pulse P3 and the fourth ink drop
discharged by the drive pulse P4 is set to 2Tc. Here, the
head structure is the same as that of the first embodiment.
[0104] In this drive pulse, the second ink drop is dis-
charged at an interval nearly equal to 2.5Tc after the first
ink drop, the second ink drop canceling out the residual
pressure vibration.
[0105] The first through the fourth embodiments of the
present invention provide drive pulses (i.e., a drive signal
for forming a large ink drop) that widen the available volt-
age range, within which voltage range operations are sta-
ble without excessive vibration due to the residual pres-
sure.
[0106] Nevertheless, from the viewpoint of merging all
the four ink drops, the second embodiment is more pre-
ferred to the fourth embodiment, because the total inter-
val from the first ink drop to the fourth ink drop of the
fourth embodiment is 6.5Tc that is longer than the second
embodiment where the total interval is 5.5Tc.
[0107] Next, the drive pulse of the fifth embodiment is
explained with reference to Fig. 23. According to the drive
pulse of the fifth embodiment, the first ink drop is dis-
charged by "pull and strike", that is, the pressurized ink

chamber 46 is first expanded, and then contracted to
discharge the first ink drop. For this purpose, a wave
element b wherein the voltage falls from a reference volt-
age Vref, and a wave element c wherein the expansion
state of the pressurized ink chamber 46 is maintained
are inserted before the drive pulse P1.
[0108] In the fifth embodiment, the interval between
the first ink drop discharged by the drive pulse P1 and
the second ink drop discharged by the drive pulse P2 is
set to 1.5Tc, the interval between the second ink drop
discharged by the drive pulse P2 and the third ink drop
discharged by the drive pulse P3 is set to 2Tc, and the
interval between third ink drop discharged by the drive
pulse P3 and the fourth ink drop discharged by the drive
pulse P4 is set to 2Tc.
[0109] In this drive pulse sequence, the second ink
drop is discharged at an interval nearly equal to 1.5Tc
after the first ink drop, the second ink drop canceling out
the residual pressure vibration.
[0110] The "pull and strike" has pros and cons. Draw-
backs include the first ink drop becoming small due to
the meniscus being once drawn back when the pressu-
rized ink chamber is expanded, and there being difficul-
ties in controlling because change of ink drop speed to
voltage change is great (i.e., inclination of the voltage
characteristic is steep) due to piled up pressure of ex-
pansion and contraction. Advantages include the total
wave time being short because time to return to the ref-
erence voltage is not needed, and the injection direction
being correctly maintained with the meniscus being
drawn back once even when the nozzle is dirty.
[0111] As described above, the present invention can
be applied to the case where the first ink drop is dis-
charged by "pull and strike".
[0112] Next, the drive pulse of the sixth embodiment
of the present invention is explained with reference to
Fig. 24. According to the drive pulse of the sixth embod-
iment, the pressurized ink chamber is first expanded, and
then contracted for discharging the first ink drop; howev-
er, the contraction volume is greater than the expansion
volume, which provides discharging in the middle of "pull
and strike" (the fifth embodiment) and "push and strike"
(the first through the fourth embodiments). Specifically,
the wave element b for expanding the pressurized ink
chamber 46, and the wave element c for holding the ex-
pansion state of the pressurized ink chamber 46 are in-
serted before the drive pulse P1, wherein the wave form
b starts falling from a voltage Va that is lower than the
reference voltage Vref.
[0113] The intervals between the drive pulses P1, P2,
P3 and P4 are the same as the fifth embodiment.
[0114] Accordingly, the second ink drop is discharged
at an interval nearly equal to 1.5Tc after the first ink drop,
the second ink drop canceling out the residual pressure
vibration.
[0115] The sixth embodiment of the present invention
is characterized by discharging a large ink drop, while
retaining the advantages of the fifth embodiment. In order
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to enlarge the ink drop volume Mj with a small number
of pulses, the second embodiment (wherein the first ink
drop is discharged by "push and strike"), and the sixth
embodiment (wherein the first ink drop is discharged "pull
and strike" where the contraction volume is greater than
the expansion volume) are advantageous.
[0116] Next, the interval between the drive pulse for
discharging the first ink drop and the second drive pulse
for discharging the second ink drop is explained with ref-
erence to Fig. 25. Fig. 25 shows how the ink drop volume
Mj increases as the number of pulses is increased in the
case of the drive pulse of the second embodiment ("push
and strike"). Each time a pulse was transmitted, the total
"discharge volume Mj" was measured, and the volume
of each drop was obtained by calculating the difference,
i.e., the increment.
[0117] The reason why the volume of the second ink
drop is small is that the pressurized ink chamber 46 was
not sufficiently refilled with ink after discharging the first
ink drop of great volume, and the meniscus was drawn
back. Since the meniscus was restored as it proceeded
to the third ink drop and the fourth ink drop, the volumes
of the third and the fourth ink drops became great.
[0118] Fig. 26 shows the frequency characteristics of
a pulse in the case of "push and strike" for reference. If
the discharge interval becomes short (i.e., the frequency
is high), since the meniscus is not restored, the ink drop
volume Mj tends to be small as clearly seen from Fig. 26.
The result shown by Fig. 25 (the second ink drop volume
being small) is largely attributed to the meniscus not be-
ing restored in time.
[0119] For a given amount of energy, if the ink drop
volume Mj is made small, the ink drop speed Vj becomes
great. Accordingly, in the case of the second embodiment
("push and strike") and the sixth embodiment ("pull and
strike"), as for the second ink drop, the ink drop speed
Vj tends to become high, because the meniscus is drawn
back, and the ink drop volume Mj is small as shown in
Fig. 25.
[0120] In order to prevent the ink drop speed from be-
coming excessively high, the second ink drop is dis-
charged at the interval nearly equal to Tc x (n+1/2) after
the first ink drop as practiced in the drive pulse of the
second embodiment and the drive pulse of the sixth em-
bodiment. In this manner, a wider range wherein stable
discharge is available is obtained.
[0121] Next, the ink drop speed of an ink drop following
a preceding ink drop is explained with reference to Fig.
27 and Fig. 28. The ink drop speed Vj and the ink drop
volume Mj of the drive pulse of the first embodiment were
measured by making a voltage Vp2 of the drive pulse P2
into a parameter, Vp2 being shown in Fig. 27. The results
are shown in Fig. 28.
[0122] As seen from Fig. 28, as the voltage of the drive
pulse P2 is raised, the residual pressure vibration is can-
celled out little by little, and both the ink drop speed Vj
and the ink drop volume Mj become small. Further, the
second ink drop was not discharged at voltages lower

than 12 V, and the second ink drop starts to be discharged
at slightly above 12 V; however, the injection direction
was bent (deflected from the downward direction). This
is because the second ink drop somehow floated, rather
than flew, due to the voltage of the drive pulse P2 being
too low, which resulted in the third and subsequent ink
drops merging at a deflected angle. Accordingly, it was
determined that a certain amount of speed is required
for the second ink drop.
[0123] In order for the direction bend not to occur, a
speed higher than 2 m/s was required for the second ink
drop. This was determined by measuring the time re-
quired for the second ink drop to reach 1 mm ahead with-
out discharging the third and the fourth ink drops.
[0124] On the other hand, making the second ink drop
speed too high produces a satellite that is separated from
the main ink drop, which is not desirable. Thus, the high-
est speed for the second ink drop is limited. In the case
of this embodiment, when the ink drop speed exceeded
7 m/s, a satellite was produced.
[0125] When the whole drive pulse shown in Fig. 27
was shifted upward (given a voltage offset), and the volt-
age Vp2 of the drive pulse P2 was further increased,
discharge had a tendency to become unstable from the
vicinity where a satellite was produced by the second ink
drop.
[0126] Accordingly, as for the ink drop that is dis-
charged at an interval of Tc x (n+1/2) to the preceding
ink drop, it is desirable that the ink drop speed be set
higher than 3 m/s, and lower than a speed for ink drops
to dissociate (fail to merge), producing a satellite.
[0127] Thus, by setting the ink drop speed Vj of the ink
drop that is discharged at the interval nearly equal to
(n+1/2) x Tc after the preceding ink drop higher than 3
m/s, soiling of the nozzle and unstable operations due to
poor discharge are prevented from occurring. In other
words, the ink drop speed Vj tends to become low if the
interval is set nearly equal to (n+1/2) x Tc, the low speed
causing the nozzle to become soiled, and for this reason,
a higher voltage is set, at which voltage the nozzle does
not become soiled. Further, the voltage is set lower than
a voltage at which a satellite is produced. In this manner,
stable discharge of ink drops is obtained.
[0128] Next, the drive pulse of the seventh embodi-
ment of the present invention is explained with reference
to Fig. 29. The drive pulse according to the seventh em-
bodiment contains the first through fifth drive pulses P1
through P5 for discharging the first ink drop through the
fifth ink drop, respectively. The intervals between P1 and
P2, and between P3 and P4 are set at 1.5Tc; and the
intervals between P2 and P3; and between P4 and P5
are set at 2Tc.
[0129] Thus, five ink drops are discharged, wherein
the second ink drop and the fourth ink drop are dis-
charged at the interval 1.5Tc after the respective preced-
ing ink drops. The present invention is effective, espe-
cially when four or more ink drops are discharged and
merged, including the above-mentioned embodiments.
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[0130] Further, the specific vibration cycle Tc of the
pressurized ink chamber according to the embodiments
of the present invention was about 6.5 "s, and in the case
that ink drops are discharged at intervals of nxTc, it is
desirable that n=3 or greater, i.e., at 19.5 "s intervals at
least. With reference to the conventional example as
shown by Fig. 40, a peak is still present at about 20 "s
intervals, the peaks being due to the influence of the re-
sidual pressure because of insufficient damping. How-
ever, this is better than repeatedly discharging ink drops
at intervals of 2Tc.
[0131] An example wherein three ink drops are dis-
charged is considered. The third ink drop is made to start
2 x 19.5 = 39 "s after the first ink drop. Suppose that the
speed of the first ink drop is set at 6 m/s. For the third ink
drop to catch up to the first ink drop while traveling the 1
mm distance, a speed of 7.8 m/s is required. In the case
of four ink drops, the fourth ink drop pursues after 3 x
19.5 = 58.5 "s, and the speed of the fourth ink drop has
to be 9.2 m/s at least. In order to raise the speed, the
pressure has to be raised, and the raised pressure nar-
rows the margin for stable discharge due to the residual
pressure vibration. In the case of five ink drops, the fifth
ink drop starts flying 78 "s after the first ink drop, and the
speed of the fifth ink drop has to be 11.3 m/s at least.
Reliable and stable discharge at this speed is hard to
achieve.
[0132] The seventh embodiment, containing 1.5Tc in-
tervals that have the vibration suppression effects, as
described above solves this problem, where the fifth ink
drop is discharged about 48.8 "s after the first ink drop
successfully merging with the preceding ink drops with-
out generating excessive pressure vibration.
[0133] Next, the drive pulse of the eighth embodiment
of the present invention is explained with reference to
Fig. 30. The drive pulse according to the eighth embod-
iment contains a wave Pe having a wave element e for
damping after discharge of the last ink drop, wherein the
second ink drop is discharged at the 1.5Tc interval.
[0134] The pressurized ink chamber 46 is contracted
by the rising edge of Pe, the ink drop is discharged, the
pressurized ink chamber 46 expands by the specific vi-
bration, and after a period of about the Tc/2 interval the
pressurized ink chamber 46 tends to be contracted by
the specific vibration. At this moment, the wave element
e for damping is applied to the pressurized ink chamber
46 such that the tendency of the pressurized ink chamber
46 to contract is counter-balanced by the expanding pow-
er of the wave element e. That is, when the pressurized
ink chamber 46 contracts again, the wave element e ex-
pands the pressurized ink chamber 46. In this manner,
the vibration of the pressurized ink chamber 46 is sup-
pressed. That is, the wave element e carries out pressure
damping of the last ink drop, the speed of which tends
to be set high for merging.
[0135] As described above, by providing the discharge
interval of Tc (n+1/2) cycle, and the damping wave ele-
ment e within the Tc cycle just behind the last ink drop,

the pressure vibration is suppressed, and stable ink drop
discharge is carried out in a wide operational range.
[0136] Next, the drive pulse of the ninth embodiment
of the present invention is explained with reference to
Fig. 31 and Fig. 32. Here, Fig. 32 is an expanded view
of an area marked as Pf in Fig. 31. The drive pulse ac-
cording to the ninth embodiment includes a waveform Pf
that contains a wave element f for damping the residual
pressure vibration within the Tc (the pressurized ink
chamber specific vibration cycle) after the last ink drop
discharge, in addition to the second ink drop being dis-
charged at the 1.5Tc interval, and the wave element e
mentioned above being provided.
[0137] The damping drive within the interval Tc imme-
diately after the discharge is highly effective in suppress-
ing the pressure vibration due to the specific vibration
cycle Tc as compared with usual damping. Specifically,
the wave element f for damping is for contracting the
pressurized ink chamber 46, and is applied to the pres-
surized ink chamber 46 when the pressurized ink cham-
ber 46 tends to expand by the specific vibration after the
pressurized ink chamber 46 is once contracted and dis-
charges the ink drop. In this manner, the vibration of the
pressurized ink chamber 46 is suppressed. This is effec-
tive for suppressing the pressure of the last ink drop that
tends to be discharged at a high speed for merging.
[0138] As described above, by providing the’ dis-
charge interval of Tc (n+1/2) cycle, and the damping
wave element within the Tc cycle just behind the last ink
drop, the pressure vibration is suppressed, and stable
ink drop discharge is carried out in a wide operational
range.
[0139] Next, gradation printing is explained with refer-
ence to Figs. 33 through 38. Concerning the embodi-
ments described above, descriptions are made as to how
a large ink drop is formed by stably discharging two or
more ink drops. Below, an example for performing gra-
dation printing by switching a drive pulse within 1 printing
cycle is explained. First, the wave generation unit 91 (ref.
Fig. 6) generates and outputs a drive pulse as shown in
Fig. 33. The drive pulse includes six drive pulses P20
through P25, wherein the drive pulse P24 contains a
pressure-suppression signal Pf that is provided within
the specific vibration cycle Tc of the pressurized ink
chamber 46.
[0140] Figs. 34 through 36 show drive pulses applied
to the piezoelectric device for a large ink drop, a medium-
sized ink drop, and a small-sized ink drop, respectively,
corresponding to gradation data from the main control
unit 73. Further, Fig. 37 shows the drive pulse when no
printing is performed in a printing cycle.
[0141] Switching signals shown in Figs. 34 through 37
indicate the timing of switching, but do not represent ab-
solute voltage values. The switching signal is defined as
"low is active", i.e., when the voltage of a switching signal
is low, an analog switch ASm is turned on.
[0142] When forming a large ink drop, rising edges of
the drive pulses P21 through P24 are used for discharg-
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ing four ink drops as shown in Fig. 34. The interval be-
tween the first ink drop (discharged by the drive pulse
P21) and the second ink drop (discharged by the drive
pulse P22) is set to 1.5Tc, and the interval between the
second ink drop and the third ink drop (discharged by the
drive pulse P23) is set to 1.5Tc. As mentioned above,
the pressure-suppression signal Pf is prepared within the
Tc interval to P24 for the fourth ink drop.
[0143] This effect is the same as in the above-men-
tioned embodiments, that is, the resonance of the specific
vibration cycle Tc is properly suppressed, and a large ink
drop is stably formed.
[0144] Fig. 35 shows the waveform for forming a me-
dium-sized ink drop, wherein the drive pulse P23 (the
same as the third ink drop of the large ink drop) is used.
Nevertheless, since it is necessary to raise the voltage
by an inclination that does not cause ink discharge at the
beginning of a printing cycle, the rising wave element a1
of the pulse P20 is used. Here, the inclination of the wave
element a1 is set such that ink is not discharged.
[0145] Fig. 36 shows the drive signal for forming a
small-sized ink drop, containing the drive pulse 25 that
is not used when forming the large ink drop. Although a
part of the drive pulse for forming the large ink drop can
also be used, an independent wave element is used for
forming the small-sized ink drop in this example.
[0146] Thus, according to the present invention, the
time required for forming a large ink drop is shortened,
which enables incorporating another wave without reduc-
ing the printing speed (i.e., without extending the printing
cycle). Although selecting one or more drive pulses from
a drive pulse sequence containing two or more drive puls-
es for forming two or more sizes of ink drops has been
in practice, it is difficult for a printing cycle to contain a
great number of drive pulses for forming different sizes
of ink drops where high printing speed is required. The
present invention solves this problem as described
above.
[0147] With reference to Fig. 37, the switching signal
for a non-printing cycle stays high such that an equi-po-
tential level is provided (i.e., no pulses) except for the
last stage of the printing cycle, where the switching signal
shifts to low. This is for turning on the analog switch ASm,
and for recharging the piezoelectric device such that
charges leaked from the piezoelectric device are re-
stored, and potential that may have varied is realigned.
Although the recharging pulse is provided at the last of
the drive pulses in this example, the recharging pulse
can be provided at another place.
[0148] In this manner, when the piezoelectric device
serves as the pressure generating means, the potential
displacement by charge leaking from the piezoelectric
device is prevented from occurring by providing a section
where the switch means are made into the ON state. In
this manner, reproducible operations and stable ink dis-
charge are realized.
[0149] Further, the drive pulse for the non-printing cy-
cle can take a form as shown in Fig. 38, wherein a voltage

that does not cause an ink drop to be discharged is ap-
plied. This is for vibrating the meniscus of a non-printing
channel such that ink dryness of the nozzle is prevented
from occurring. Further, since the analog switch is turned
on, charge that may have leaked can be restored. Fur-
thermore, depending on the length of the wave, a re-
charging period can be prepared after raising the voltage
and before dropping the voltage.

[Effect of the Invention]

[0150] As described above, according to the image for-
mation apparatus of the present invention, at least one
ink drop other than the last ink drop is discharged at an
interval nearly equal to (n+1/2) x Tc after the preceding
ink drop. In this manner, the pressure vibration of the
pressurized ink chamber is prevented from becoming ex-
cessive. The rule is not applied to the last ink drop such
that a large ink drop can be formed. The ink drop volume
Mj can range widely. Stable ink drop discharge is real-
ized. As a result thereof, a high-definition image can be
formed at high speed.
[0151] Further, the present invention is not limited to
these embodiments, but various variations and modifi-
cations may be made without departing from the scope
of the present invention as defined in the appended
claims.

Claims

1. An image formation apparatus configured to form a
relatively large ink drop by sequentially discharging
a plurality of ink drops from an ink drop discharging
head (14) such that the sequential ink drops merge
before reaching a print target medium (3), the image
formation apparatus comprising:

a control unit (70), configured to output signals
according to printing data;
a head driver (82), configured to generate a driv-
ing signal based on the signals from the control
unit (70) and provides it to the ink drop discharg-
ing head (14); and
pressure generating means (52) four discharg-
ing ink drops in accordance with the driving sig-
nal;
characterised in that the head driver (82) is
configured to output a driving signal that causes
the pressure generating means (52) to discharg-
es a plurality of sequential ink drops such that
at least one ink drop thereof other than the last
ink drop in a given printing cycle, is discharged
at an interval of approximately (n+1/2) x Tc with
respect to an ink drop preceding said at least
one ink drop, where n is an integer equal to or
greater than 1, and Tc represents a resonance
cycle of a pressurized ink chamber (46) of the
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ink drop discharging head (14).

2. The image formation apparatus as claimed in claim
1,
wherein the one or more of the ink drops other than
the last ink drop are discharged at an interval of ap-
proximately to 1.5 x Tc.

3. The image formation apparatus as claimed in claim
1, wherein ink drops other than the
ink drops that are discharged at an interval of ap-
proximately (n+1/2) x Tc are discharged at an interval
of approximately n x Tc.

4. The image formation apparatus as claimed in claim
1, wherein a first ink drop is discharged by the pres-
surized ink chamber (46) being contracted after be-
ing expanded, where a volume of contraction is
greater than a volume of expansion, and where the
volume of expansion may take a positive value or
zero.

5. The image formation apparatus as claimed in claim
4, wherein a second ink drop is discharged at an
interval of approximately (n+1/2) x Tc from the first
ink drop that precedes the second ink drop.

6. The image formation apparatus a claimed in claim
1, wherein a speed at one of the ink drops (the ink
drop speed Vj) discharged at the interval nearly
equal to (n+1/2) x Tc from the preceding ink drop is
set at greater than three m/s, and at a speed at which
the sequential ink drops are merged.

7. The image formation apparatus as claimed in claim
1, wherein four or more of the sequential ink drops
merge during flight to form one of the relatively large
ink drops.

8. The image formation apparatus as claimed in claim
is wherein a waveform containing driving pulses for
discharging the sequential ink drops includes a
waveform for suppressing a residual vibration after
a driving pulse for discharging the last ink drop.

9. The image formation apparatus as claimed in claim
8, wherein the waveform for suppressing the residual
vibration is provided within an elapsed time equiva-
lent to etc after the last ink drop is discharged.

10. The image formation apparatus as claimed it claim
1, wherein a medium-sized ink drop and a small-
sized ink drop are each formed by selecting a part
of driving pulses for forming the relatively large ink
drop.

11. The image formation apparatus as claimed in claim
10, wherein the driving pulses include a waveform

for vibrating a meniscus without causing an ink drop
to be discharged.

12. The image formation apparatus as claimed in claim
10, wherein the driving pulses include a section
wherein a voltage is applied to the pressure gener-
ating means (52) for pressurizing ink in the pressu-
rized ink chamber (46).

13. The image formation apparatus as claimed in claim
12, wherein the pressure generating means (52) is
a piezoelectric device, and the piezoelectric device
is recharged in the section wherein said voltage is
applied.

14. The image formation apparatus as claimed in claim
1, wherein the pressure generating means (52) for
generating the pressure for pressurizing the ink of
the pressurized ink chamber (45) is a piezoelectric
device,

15. The image formation apparatus as claimed in claim
14, wherein support sections of the piezoelectric de-
vice (52) support partitions of the pressurized ink
chamber (46).

Patentansprüche

1. Bilderzeugungsvorrichtung, die eingerichtet ist, um
einen verhältnismäßig großen Tintentropfen zu bil-
den, indem nacheinander mehrere Tintentropfen
von einem Tintentropfenausstoßkopf (14) ausgesto-
ßen werden, so dass sich die aufeinander folgenden
Tintentropfen mischen, bevor sie ein geplantes
Druckmedium (3) erreichen, wobei die Bilderzeu-
gungsvorrichtung umfasst:

eine Steuereinheit (70), die eingerichtet ist, um
Signale in Übereinstimmung mit Druckdaten
auszugeben;
eine Kopfansteuereinrichtung (82), die einge-
richtet ist, um ein Ansteuersignal anhand der Si-
gnale von der Steuereinheit (70) zu erzeugen
und es an den Tintentropfenausstoßkopf (14)
zu liefern; und
Druckerzeugungsmittel (52) zum Ausstoßen
von Tintentropfen in Übereinstimmung mit dem
Ansteuersignal;
dadurch gekennzeichnet, dass die Kopfan-
steuereinrichtung (82) eingerichtet ist, um ein
Ansteuersignal auszugeben, das bewirkt, dass
die Druckerzeugungsmittel (52) mehrere auf-
einander folgende Tintentropfen ausstoßen, so
dass wenigstens ein Tintentropfen hiervon, der
von dem letzten Tintentropfen in einem vorge-
gebenen Druckzyklus verschieden ist, in einem
Intervall von etwa (n + 1/2) � Tc in Bezug auf
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einen Tintentropfen, der dem wenigstens einen
Tintentropfen vorhergeht, ausgestoßen wird,
wobei n eine ganze Zahl ist, die gleich oder grö-
ßer als 1 ist und Tc einen Resonanzzyklus einer
mit Druck beaufschlagten Tintenkammer (46)
des Tintentropfenausstoßkopfes (14) repräsen-
tiert.

2. Bilderzeugungsvorrichtung nach Anspruch 1,
wobei ein oder mehrere der Tintentropfen, die von
dem letzten Tintentropfen verschieden sind, in ei-
nem Intervall von etwa 1,5 � Tc ausgestoßen wer-
den.

3. Bilderzeugungsvorrichtung nach Anspruch 1, wobei
die Tintentropfen, die von den Tintentropfen ver-
schieden sind, die in einem Intervall von etwa (n +
1/2) � Tc ausgestoßen werden, in einem Intervall
von etwa n � Tc ausgestoßen werden.

4. Bilderzeugungsvorrichtung nach Anspruch 1, wobei
ein erster Tintentropfen durch die mit Druck beauf-
schlagte Tintenkammer (46) ausgestoßen wird, die
sich zusammenzieht, nachdem sie ausgedehnt wur-
de, wobei ein Kontraktionsvolumen größer als ein
Expansionsvolumen ist und das Expansionsvolu-
men einen positiven Wert aufweisen oder Null sein
kann.

5. Bilderzeugungsvorrichtung nach Anspruch 4, wobei
ein zweiter Tintentropfen in einem Intervall von etwa
(n + 1/2) � Tc nach dem ersten Tintentropfen, der
dem zweiten Tintentropfen vorhergeht, ausgesto-
ßen wird.

6. Bilderzeugungsvorrichtung nach Anspruch 1, wobei
eine Geschwindigkeit eines der Tintentropfen (die
Tintentropfengeschwindigkeit Vj), der in einem Inter-
vall von etwa (n + 1/2) � Tc nach dem vorhergehen-
den Tintentropfen ausgestoßen wird, auf einen Wert
größer 3 m/s und auf eine Geschwindigkeit einge-
stellt wird, bei der die aufeinander folgenden Tinten-
tropfen gemischt werden.

7. Bilderzeugungsvorrichtung nach Anspruch 1, wobei
sich vier oder mehr der aufeinander folgenden Tin-
tentropfen während des Flugs mischen, um einen
der verhältnismäßig großen Tintentropfen zu bilden.

8. Bilderzeugungsvorrichtung nach Anspruch 1, wobei
eine Signalform, die Ansteuerimpulse zum Aussto-
ßen der aufeinander folgenden Tintentropfen ent-
hält, eine Signalform zum Unterdrücken einer Rest-
schwingung nach einem Ansteuerimpuls zum Aus-
stoßen des letzten Tintentropfens enthält.

9. Bilderzeugungsvorrichtung nach Anspruch 8, wobei
die Signalform zum Unterdrücken einer Restschwin-

gung innerhalb einer Zeitdauer von Tc, nachdem der
letzte Tintentropfen ausgestoßen wurde, bereitge-
stellt wird.

10. Bilderzeugungsvorrichtung nach Anspruch 1, wobei
ein mittelgroßer Tintentropfen und ein kleiner Tin-
tentropfen gebildet werden, indem jeweils ein Teil
von Ansteuerimpulsen zum Bilden des verhältnis-
mäßig großen Tintentropfens ausgewählt wird.

11. Bilderzeugungsvorrichtung nach Anspruch 10, wo-
bei die Ansteuerimpulse eine Signalform zum
Schwingenlassen einer meniskusförmigen Mem-
bran, ohne dass das Ausstoßen eines Tintentrop-
fens bewirkt wird, enthalten.

12. Bilderzeugungsvorrichtung nach Anspruch 10, wo-
bei die Ansteuerimpulse einen Abschnitt enthalten,
bei dem eine Spannung an die Druckerzeugungs-
mittel (52) angelegt wird, um Tinte in der mit Druck
beaufschlagten Tintenkammer (46) mit Druck zu be-
aufschlagen.

13. Bilderzeugungsvorrichtung nach Anspruch 12, wo-
bei die Druckerzeugungsmittel (52) eine piezoelek-
trische Einrichtung sind und die piezoelektrische
Einrichtung in dem Abschnitt, in dem die Spannung
angelegt ist, neu aufgeladen wird.

14. Bilderzeugungsvorrichtung nach Anspruch 1, wobei
die Druckerzeugungsmittel (52) zum Erzeugen des
Drucks für die Druckbeaufschlagung der Tinte in der
mit Druck beaufschlagten Tintenkammer (46) eine
piezoelektrische Einrichtung ist.

15. Bilderzeugungsvorrichtung nach Anspruch 14, wo-
bei die Trägerabschnitte der piezoelektrischen Ein-
richtung (52) Teilbereiche der mit Druck beauf-
schlagten Tintenkammer (46) tragen.

Revendications

1. Appareil de formation d’image configuré pour former
une goutte d’encre relativement grande en éjectant
de manière séquentielle une pluralité de gouttes
d’encre d’une tête d’éjection de goutte d’encre (14)
de telle sorte que les gouttes d’encre séquentielles
fusionnent avant d’atteindre un support de cible d’im-
pression (3), l’appareil de formation d’image
comportant :

une unité de commande (70), configurée pour
délivrer des signaux en fonction de données
d’impression ;
un dispositif de commande de tête (82) configu-
ré pour générer un signal de commande sur la
base des signaux provenant de l’unité de com-
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mande (70) et le délivrer à la tête d’éjection de
goutte d’encre (14) ; et
des moyens de génération de pression (52) des-
tinés à éjecter des gouttes d’encre en fonction
du signal de commande ;
caractérisé en ce que le dispositif de comman-
de de tête (82) est configuré pour délivrer un
signal de commande qui amène les moyens de
génération de pression (52) à éjecter une plu-
ralité de gouttes d’encre séquentielles de telle
sorte qu’au moins une goutte d’encre autre que
la dernière goutte d’encre dans un cycle d’im-
pression donné, est éjectée à un intervalle d’ap-
proximativement (n+1/2) x Tc par rapport à une
goutte d’encre précédent ladite au moins une
goutte d’encre, où n est un entier égal ou supé-
rieur à 1, et Tc représente un cycle de résonance
d’une chambre d’encre sous pression (46) de la
tête d’éjection de goutte d’encre (14).

2. Appareil de formation d’image selon la revendication
1, dans lequel les une ou plusieurs des gouttes d’en-
cre autres que la dernière goutte d’encre sont éjec-
tées à un intervalle d’approximativement 1,5 x Tc.

3. Appareil de formation d’image selon la revendication
1, dans lequel des gouttes d’encre autres que les
gouttes d’encre qui sont éjectées à un intervalle d’ap-
proximativement (n+1/2) x Tc sont éjectées à un in-
tervalle d’approximativement n x Tc.

4. Appareil de formation d’image selon la revendication
1, dans lequel une première goutte d’encre est éjec-
tée par la chambre d’encre sous pression (46) qui
est contractée après avoir été dilatée, où un volume
de contraction est plus grand qu’un volume de dila-
tation, et où le volume de dilatation peut prendre une
valeur positive ou nulle.

5. Appareil de formation d’image selon la revendication
4, dans lequel une deuxième goutte d’encre est éjec-
tée à un intervalle d’approximativement (n+1/2) x Tc
de la première goutte d’encre qui précède la deuxiè-
me goutte d’encre.

6. Appareil de formation d’image selon la revendication
1, dans lequel une vitesse d’une des gouttes d’encre
(la vitesse de goutte d’encre Vj) éjectées à l’intervalle
pratiquement égal à (n+1/2) x Tc de la goutte d’encre
précédente est établie à plus de trois m/s, et à une
vitesse à laquelle les gouttes d’encre séquentielles
sont fusionnées.

7. Appareil de formation d’image selon la revendication
1, dans lequel quatre ou plus des gouttes d’encre
séquentielles fusionnent pendant le vol afin de for-
mer une des gouttes d’encre relativement grandes.

8. Appareil de formation d’image selon la revendication
1, dans lequel une forme d’onde contenant des im-
pulsions de commande afin d’éjecter les gouttes
d’encre séquentielles comprend une forme d’onde
destinée à supprimer une vibration résiduelle après
une impulsion de commande destinée à éjecter la
dernière goutte d’encre.

9. Appareil de formation d’image selon la revendication
8, dans lequel la forme d’onde destinée à supprimer
la vibration résiduelle est prévue dans un temps
écoulé équivalent à Tc une fois que la dernière goutte
d’encre est éjectée.

10. Appareil de formation d’image selon la revendication
1, dans lequel une goutte d’encre de taille moyenne
et une goutte d’encre de petite taille sont formées
chacune en sélectionnant une partie d’impulsions de
commande afin de former la goutte d’encre relative-
ment grande.

11. Appareil de formation d’image selon la revendication
10, dans lequel les impulsions de commande com-
prennent une forme d’onde destinée à faire vibrer
un ménisque sans amener une goutte d’encre à être
éjectée.

12. Appareil de formation d’image selon la revendication
10, dans lequel les impulsions de commande com-
prennent une section dans laquelle une tension est
appliquée sur les moyens de génération de pression
(52) afin de mettre en pression de l’encre dans la
chambre d’encre sous pression (46).

13. Appareil de formation d’image selon la revendication
12, dans lequel les moyens de génération de pres-
sion (52) sont constitués par un dispositif piézoélec-
trique, et le dispositif piézoélectrique est rechargé
dans la section dans laquelle ladite tension est ap-
pliquée.

14. Appareil de formation d’image selon la revendication
1, dans lequel les moyens de génération de pression
(52) destinés à générer la pression afin de mettre en
pression l’encre de la chambre d’encre sous pres-
sion (46) sont constitués par un dispositif piézoélec-
trique.

15. Appareil de formation d’image selon la revendication
14, dans lequel des sections de support du dispositif
piézoélectrique (52) supportent des séparations de
la chambre d’encre sous pression (46).
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