
;e3eWW<|t6T^rtne~~m~w~ AN ELECTROSTATIC INK JET HEAD AND A RECORDING
APPARATUS TECHNICAL FIELD 5 The present invention relates to an
electrostatic ink jet head, and a recording apparatus that uses the
electrostatic ink jet head. ART 10 Fig. 1 is a perspective diagram for
explaining the principal part of an ink jet head that uses electrostatic
force, to which the present invention is to be applied, and Fig. 2 is a
cross-sectional view of the principal part, showing the structure of an
actuator of the ink jet head that 15 is shown in Fig. 1 (outline
cross-sectional view in a direction of the longer edge of a vibrating
plate: a sectional view of Fig. 1 viewed at the line II-II). These figures
show an electrode board 10 that includes an electrode 11, a liquid chamber
board 20 that includes a vibrating plate 21 formed 20 when an ink chamber
22 is carved, and a common ink chamber 23 that supplies ink to each ink
chamber, and a nozzle board 30 that includes a nozzle 31 that discharges
the ink in the liquid chamber 22. The electrode board 10, the vibrating
board (liquid chamber board) 20, and the nozzle board 30 are 25 laminated.
(Although Fig. 1 and Fig. 2 show an example of a 1 _ cooooz   side shooter
structure, an end shooter structure may be used.) In the vibrating board
20, which serves as a part of the ink chamber 22 and as a part of the
common liquid chamber 23, the ink chamber 22 that is connected with the
nozzle 31, and the 5 vibrating plate 21 that is conductive and made thin in
order to attain low rigidity such that it is flexible are provided. The
electrode board 10 includes an individual electrode 11 that is installed
facing the vibrating plate 21 with a predetermined gap from the vibrating
plate outside the 10 ink chamber. Although a protection film 12 for
preventing a short circuit etc. with the vibrating plate 21 is formed on
the individual electrode 11, a protection film may also be formed in the
back (on the side that faces the electrode) of 



the vibrating plate 21, if desired. 15 As shown in Fig. 1, a plurality of
actuators as shown in Fig. 2 are installed in the electrostatic ink jet
head to which the present invention is to be applied, and an ink drop is
discharged from each of the actuators. In Fig. 1 and Fig. 2, when voltage
is applied 20 between the vibrating plate 21 and the individual electrode
11, the vibrating plate 21 is displaced toward the .electrode 11 by
electrostatic force. When the voltage is removed, the vibrating plate 21
returns to the previous position, that is, the position before the voltage
was applied. The electrostatic 25 ink jet head uses this mechanical
behavior in response to the -2   electrostatic force of the vibrating plate
21 as the ink discharging force of an ink jet. In each actuator, a space 40
that is formed by the electrode board 10 and the vibrating board 20 is
called a gap chamber, and a space that is a part 5 of the gap chamber,
formed by the vibrating plate and the electrode board is called a vibrating
chamber. In the electrostatic ink jet head as mentioned above, the
vibrating plate 21 is made thin in order that a driving voltage to generate
the electrostatic force between 10 the vibrating plate 21 and the
individual electrode 11, which displaces the vibrating plate 21, can be
low, the voltage being applied between the vibrating plate 21 and the
individual electrode 11 of the electrostatic actuator. A thin vibrating
plate requires a lower driving voltage, however, 15 rigidity of the
vibrating plate becomes low. Where the rigidity is low, presence of air (or
other gas) in the vibrating chamber and the gap chamber greatly affects the
behavior of the vibrating plate. For example, when the vibrating plate 21
approaches the electrode 11, compression 20 resistance of the air causes
the voltage required to make the vibrating plate 21 contact the electrode
11 (the voltage is hereafter called the contact voltage) to become large in
a dynamic situation, as compared with a static situation. To this problem,
certain measures have been developed. For 



25 example, a Japan Provisional Publication No.7-299908 has been -3
published, wherein a gap chamber is provided in addition to the vibrating
chamber such that the air escapes when the vibrating plate is displaced
toward the electrode side, and the compression resistance of the air is
prevented. 5 The present invention is made for the purpose of coping with
another significant problem, as explained below, resulting from the
presence of the air as mentioned above. Sections (A) through (D) of Fig. 3
show an outline structure of the principal part of the electrostatic ink
jet 10 head, and are for explaining the problem to be solved by the present
invention. The sections (A) and (B) of Fig. 3 show a range of actual
displacement (L) of the vibrating plate when the driving frequency is low.
The sections (C) and (D) of Fig. 3 show the range of actual displacement
(1) of the vibrating 15 plate when the driving frequency is high. The
sections (A) and (C) of Fig. 3 show sectional views in the longer edge
direction of the vibrating plate. The sections (B) and (D) of Fig. 3 show
sectional views in the shorter edge direction of the vibrating plate. The
vibrating 20 plate of the conventional electrostatic ink jet head is
required to vibrate dynamically in a range of up to lOkHz. Since the space
between the vibrating plate and the electrode is narrow, wherein the
vibrating plate vibrates at a high speed, as mentioned above, the vibrating
plate 21 receives 25 compression resistance of air during the period of
movement -4   toward the electrode 11. A portion of the air escapes to
outside of the vibrating chamber 40 (as an arrow shows), according to the
vibration. This phenomenon is called a squeezing effect. Then, when the
voltage is removed and the 5 vibrating plate 21 separates from the
electrode 11, the inside of the vibrating chamber 40 is reduced to a state
of negative pressure compared to the atmosphere. Due to this, the position 



to which the vibrating plate 21 returns is a position closer to the
electrode 11 than the original position. Here, the 10 amount of the air
that is pushed out from the vibrating chamber 40 in a certain unit period
increases as the proportion of the period during which the vibrating plate
21 contacts the electrode 11 increases. That is, the higher the driving
frequency is, and the wider the driving electric pulse 15 width is, the
larger the amount of the air pushed out from the vibrating chamber to the
outside is, and the larger the negative pressure of the vibrating chamber
is, making the position to which the vibrating plate returns when the
electric pulse is turned off to be closer to the electrode. 20 Fig. 9 shows
an example (contacting period dependency of a parallel gap). The figure
shows a result of measurement of vibrating displacement at the center
position in the shorter edge direction of the vibrating plate of the
actuator, the measurement being performed by a laser Doppler 25 vibrograph.
The vertical axis represents a displacement amount -5   8, and the
horizontal axis represents magnitude of the driving voltage, where the
waveform of the driving voltage is rectangular. The b-V characteristic is
expressed with the driving frequency serving as a parameter. There are
areas 5 where a displacement amount saturates at a certain voltage. The
saturated displacement amount is called the contact displacement amount. In
reference to Fig. 9, the higher the driving frequency is, the larger the
amount of the air that is pushed 10 out from and cannot return to the
vibrating chamber is. For this reason, as the sections (C) and (D) of Fig.
3 indicate, the vibrating plate 21 vibrates closer to the electrode 11,
making the distance between the electrode and the vibrating plate
substantially short, causing the contact voltage to drop. 15 Thus, there is
a phenomenon that does not cause a problem when the driving frequency is
low, but becomes a problem when the frequency is made higher, and when the
pulse width of the driving voltage is made wider. Although the above
subject is not a problem in a 20 conventional electrostatic ink jet head
that operates at most at about lOkHz, it is a problem that should be solved
in a 



head that serves a future high-speed printer. However, no countermeasure to
this problem has been proposed. Here, the problem is applicable to contact
driving 25 in which the vibrating plate contacts the electrode. In the -6
case of non-contact driving in which it does not contact, the frequency
dependent problem mentioned above does not arise or does not pose a
problem. 5 DISCLOSURE OF THE INVENTION The present invention is made in
view of the present situation as mentioned above with an objective to
improve the frequency dependency of the electrostatic actuator only by
setting up the waveform of the driving voltage. 10 The present invention
provides an electrostatic ink jet head, which includes a vibrating plate,
and an electrode installed facing the vibrating plate at a predetermined
gap, wherein, an electric pulse is applied between the electrode and the
vibrating plate such that the vibrating plate is 15 displaced by
electrostatic force, and an ink drop is discharged by mechanical resilience
of the vibrating plate pressurizing ink in the ink chamber, wherein, a
pixel is formed by ink that is discharged by one electric pulse, where a
ratio PT of a period during which the vibrating plate and 20 the electrode
contact each other to a period required to form a pixel is equal to or less
than (200 - 2.79 x PV)o, where PV is a per cent ratio of the displacement
volume of the vibrating plate to the volume of a vibrating chamber that is
the space enclosed by the vibrating plate and a board of the 25 electrode.
_7_   The present invention also provides an electrostatic ink jet head,
and an electrode installed facing the vibrating plate at a predetermined
gap, wherein, an electric pulse is applied between the electrode and the 5
vibrating plate such that the vibrating plate is displaced by 



electrostatic force, and an ink drop is discharged by mechanical resilience
of the vibrating plate pressurizing ink in the ink chamber; wherein, a
pixel is formed by ink that is discharged by a plurality of electric
pulses, where a ratio PT 10 of a period during which the vibrating plate
and the electrode contact each other to a period required to form a pixel
is equal to or less than (200 - 2.79 x PV)o, where PV is a per cent ratio
of displacement volume of the vibrating plate to the volume of a vibrating
chamber that is the space enclosed 15 by the vibrating plate and a board of
the electrode. The present invention also provides an electrostatic ink jet
head, which includes a nozzle, an ink chamber that is connected to the
nozzle, a vibrating plate that constitutes a common electrode, an
individual electrode 20 installed outside the ink chamber, and facing the
vibrating plate at a predetermined gap, and a plurality of electrostatic
actuators that discharge ink drops from the nozzle, the ink being in the
ink chamber and pressurized by mechanical resilience of the vibrating plate
when the vibrating plate is 25 deformed by electrostatic force generated by
an electric pulse _g_   applied between the vibrating plate and the
individual electrode, where a ratio PT of a period during which the
vibrating plate and the electrode contact each other to a period required
to form a pixel is equal to or less than (200 5 - 2.79 x PV)o, where PV is
a per cent ratio of displacement volume of the vibrating plate to the
volume of a vibrating chamber that is the space enclosed by the vibrating
plate and a board of the electrode. The present invention also provides the
10 electrostatic ink jet head as described above, wherein one electric
pulse is applied between the vibrating plate and the individual electrode
when forming one pixel. The present invention also provides the
electrostatic ink jet head as described above, wherein a 15 plurality of
electric pulses are applied between the vibrating plate and the individual
electrode when forming one pixel. 



The present invention provides an ink jet recording apparatus, which
includes the electrostatic ink jet head as described above, wherein the
electrostatic ink jet head faces 20 recording paper such that recording is
performed by jetting ink drops. BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is
a perspective diagram for explaining a 25 principal part of an ink jet head
using electrostatic force to -9   which the present invention is to be
applied. Fig. 2 shows a sectional view of a structure of a principal part
of an actuator of the ink jet head shown in Fig. 1. 5 Fig. 3 shows an
outline structure of a principal part of the electrostatic ink jet head for
explaining the subject of the present invention. Fig. 4 shows an example of
driving electric pulses applied between a vibrating plate and an individual
electrode. 10 Fig. 5 shows an outline of a gap type of the electrostatic
ink jet head experimented with. Fig. 6 shows a measurement result of
displacement of a parallel gap type actuator in a longer edge direction of
the vibrating plate. 15 Fig. 7 shows a measurement result of the
displacement of a non-parallel gap G1 form actuator in a shorter edge
direction of the vibrating plate. Fig. 8 shows a measurement result of the
displacement of a non-parallel gap G2 form actuator in a 20 shorter edge
direction of the vibrating plate. Fig. 9 shows a measurement result of
vibration displacement amount (contacting period being 4.0 microseconds) of
an parallel gap actuator, measured by a laser Doppler vibrograph at a
center in the direction of the shorter edge of 25 the vibrating plate. -10



Fig. 10 shows a measurement result of vibration displacement amount
(contacting period being 6.0 microseconds) of the parallel gap actuator,
measured by the laser Doppler vibrograph at the center in the direction of
the shorter edge 5 of the vibrating plate. Fig. 11 shows a measurement
result of vibration displacement amount (contacting period being 10.0
microseconds) of the parallel gap actuator, measured by the laser Doppler
vibrograph at the center in the direction of the 10 shorter edge of the
vibrating plate. Fig. 12 shows a measurement result of vibration
displacement amount (contacting period being 20.0 microseconds) of the
parallel gap actuator, measured by the laser Doppler vibrograph at the
center in the direction of the 15 shorter edge of the vibrating plate. Fig.
13 shows contacting period dependency of a non-parallel gap G1 form, the
contacting period being 2.8 microseconds. Fig. 14 shows the contacting
period dependency of 20 the non-parallel gap G1 form, the contacting period
being 4.8 microseconds. Fig. 15 shows the contacting period dependency of
the non-parallel gap Gl form, the contacting period being 8.8 microseconds.
25 Fig. 16 shows the contacting period dependency of -11   the non-parallel
gap G2 form, the contacting period being 4.0 microseconds. Fig. 17 shows
the contacting period dependency of the non-parallel gap G2 form, the
contacting period being 6.0 5 microseconds. Fig. 18 shows the contacting
period dependency of the non-parallel gap G2 form, the contacting period
being 10.0 microseconds. Fig. 19 shows the contacting period dependency of
10 the non-parallel gap G2 form, the contacting period being 20.0
microseconds. 



BEST MODE FOR CARRYING OUT THE INVENTION The present invention provides an
electrostatic ink 15 jet head as shown in Fig. 1 and Fig. 2, which includes
a nozzle 31, an ink chamber 22 that is connected to the nozzle 31, a
vibrating plate 21 formed as a part of the ink chamber 22 and as a part of
a common electrode, and an individual electrode 11 that is provided facing
the vibrating plate 21 20 and being apart from the ink chamber 22 with a
predetermined gap, and further includes a plurality of electrostatic
actuators that are capable of discharging ink from the nozzle 31 when the
vibrating 21 plate that is once deformed by electrostatic force generated
by applying an electric pulse 25 between the vibrating plate 21 and the
individual electrode 11 -12   restores when the voltage is removed by
mechanical resilience, wherein frequency dependency is greatly suppressed
by making the contacting period during which the vibrating plate and the
electrode are in contact to be less than (200-2.79xPV)o of a 5 period
required to form a pixel, where PV is a percent ratio of displacement
volume of the vibrating plate to volume of the vibrating chamber that is
the space enclosed by the vibrating plate and the electrode board, when a
pixel is formed by the electric pulse. 10 Sections (A) , (B) and (C) in
Fig. 4 show examples of driving electric pulses applied between the
vibrating plate and the individual electrode. For a pixel, either one pulse
or a plurality of pulses can be applied as the driving voltage. The section
(A) of Fig. 4 shows an example wherein one driving 15 pulse forms a pixel.
The section (B) of Fig. 4 shows an example, wherein both positive and
negative pulses (a negative pulse also displaces the vibrating plate) are
used (applying the positive and negative electric pulses removes a residual
electric charge particular to the electrostatic ink jet head). 20 The
section (C) of Fig. 4 shows an example wherein a plurality of pulses (that
is, a plurality of ink drops) are used when forming a pixel. Here, when
forming a pixel by the plurality of pulses, an ink dot does not need to be
circular, and ink 



dots do not have to merge perfectly to form a dot on a 25 recording medium,
but rather, a structure may be such that the -13   plurality of minute dots
are to form approximately one dot. Further, although not illustrated, a
structure may be such that a voltage that is not 0 is applied during a
period while the ink is not being discharged. 5 Here, in the present
invention, driving voltage is the voltage at which the vibrating plate
contacts the electrode. In the case of one pulse per pixel, one contact is
made to form a pixel. In the case of n pulses per pixel, n contacts are
made to form a pixel. For example, in the 10 examples shown in the sections
(A) and (B) of Fig. 4, one pulse is applied per pixel, and the highest
driving frequency is 1/T (where T is a period required in forming a pixel).
On the other hand, in the example shown in the section (C) of Fig. 4, a
plurality of pulses are applied to form a pixel, and the 15 highest driving
frequency is 1/T1. As mentioned, the present invention controls the period
during which the vibrating plate contacts the electrode to be equal to or
shorter than (200-2.79xPV)% of T that is a period required to form one
pixel, where PV is a per cent 20 ratio of displacement volume of the
vibrating plate to the volume of the vibrating chamber that is the space
enclosed by the vibrating plate and the electrode board during T, that is,
the period required to form one pixel. In the case of the section (C) of
Fig. 4, even if the period during which the 25 vibrating plate contacts the
electrode is longer than (200 -14   2.79xPV)o of T1 that corresponds to the
highest driving frequency, the effect of the present invention, i.e.,
suppression of the frequency dependency, is available so long as it is
shorter than (200-2.79xPV)% of T. Here, derivation of 5 the value,
(200-2.79xPV)a, will be explained in the description of an embodiment that
follows. 



To be accurate, the squeezing effect of the electrostatic head is dependent
on the rate of the periods during which the vibrating plate contacts the
electrode in the 10 one-pixel-forming period, that is, the driving
frequency is not the only element. That is, the above-mentioned frequency
dependency represents one element of the dependency on the ratio of the
contacting period to the one-pixel-forming period (it is hereinafter
described as the dependency on the 15 contacting period/pixel-forming
period). Here, the dependency on the contacting period/pixel-forming period
is the period for forming a pixel including the case where a plurality of
ink drops are recognized as a pixel, even if the formed dot is not circular
nor one dot. 20 The higher the driving frequency is set, the narrower
becomes the range within which the pulse width of the driving voltage can
be set. As a result, an optimum pulse width at which ink discharging is
best performed may not be available for selection due to a specific
vibration frequency, 25 meniscus vibration, etc., of a head due to the
structure of -15   the head. However, overall ink discharging efficiency
and frequency characteristics are clearly improved when adopting the
structure of the present invention, even if ink discharging is not
performed under the best conditions. 5 One of the important parameters that
determine image quality is the dot diameter determined by a permitted range
of displacement reduction. The dot diameter is dependent on many
parameters, such as volume of ink, jet speed, quality of recording paper,
and other environmental factors, and the 10 dot diameter on a picture can
differ with the same ink drop volume. As for a distribution of dot diameter
differences, there is no generally accepted range that is permissible. In
the present invention, the error tolerance level of the dot diameter is set
as tl0o. Moreover, it is assumed that the ink 15 volume linearly determines
a spread area of the ink on the recording paper. Then, the ink volume is
required to be within a range between 0.9025 (that is, 0.95x0.95) xM and
1.1025 



(that is, 1.05x1.05) xM, which gives approximately a t10% range, where M
represents the desired ink volume, and R 20 represents the radius of the
dot, the tolerance for R being t5%. Since, in the electrostatic head, an
aspect ratio [width of the vibrating plate/gap] is 100 or greater, the
displacement ratio of the displacement amount of the vibrating plate is
almost equal to the ratio of the exhausting volume. 25 Therefore, in order
to suppress the variation of the dot -16   diameter within the tl0a range,
the displacement ratio of the vibrating plate should be suppressed within
t10% range. Specification of an electrostatic actuator: The basic structure
of the head is as shown in Fig. 5 1 and Fig. 2. An electrode board 10 is
etched such that a gap chamber is formed, with an individual electrode film
11 formed using TiN. A protection film 12 made of Si0 is formed on the
electrode. Moreover, a Si board 20 is etched such that a liquid chamber 22
is formed. A thin board that is formed in 10 this manner serves as a
vibrating plate 21. The above mentioned two boards are joined to serve as
an electrostatic head 40. Fig. 5 shows an outline of the gap type of the
electrostatic ink jet head made as an experiment. At (A), Fig. 15 5 shows a
parallel gap G formed by the individual electrode 11 installed in parallel
to the vibrating plate 21. At (B), Fig. 5 shows a non-parallel gap G1
formed by the vibrating plate 21 r and the electrode 11, wherein one end in
the shorter edge direction of the vibrating plate is almost touching the 20
electrode. At (C), Fig. 5 shows a non-parallel gap G2 formed by the
vibrating plate 21 and the electrode 11, wherein both ends in the shorter
edge direction of the vibrating plate are almost touching the electrode.
Principal dimensions of the actuator are as follows. 25 Here, only for the
non-parallel gap G1, an oxidization film is -17   



formed on the back of the vibrating plate 21 as a protection film. Parallel
gap head ((A) of Fig. 5) Gap between the vibrating plate and the electrode:
5 Parallel gap G shown at (A) of Fig. 5 Gap length: 0.2E.~m (specification:
0.2 Vim) Vibrating plate thickness (specification): 2.51m Vibrating plate
area: 130 ~tm x 2000 Nzn. Non-parallel gap head ((B) of Fig. 5) 10 Gap
between the vibrating plate and the electrode: Non-parallel gap G1 shown at
(B) of Fig. 5 The maximum gap length: 0.21E.~m (specification: 0 . 2 E.~m )
Vibrating plate thickness (specification): 2.5m 15 Vibrating plate area:
130Nzn x 1000m. Non-parallel gap head ((C) of Fig. 5) The gap between the
vibrating plate and the electrode: Non-parallel gap G2 shown in (C) of Fig.
5 The maximum gap length: 0.23Nzn (specification: 20 0. 25 ~zn) Vibrating
plate thickness (specification): 2.5Nm Vibrating plate area: 125 ).tm x
2000 dim. Fig. 6, Fig. 7 and Fig. 8 show displacement of the vibrating
plate of each of the gap types of the actuator, in 25 the direction of the
shorter edge, with the contacting period -18   set at 6 microseconds. Fig.
9 through Fig. 12 show vibration displacement amounts measured at the
center in the direction of the shorter edge of the vibrating plate of the
parallel gap G actuator (a 0-micrometer position in the direction of "a" of
5 Fig. 6), the displacement amount being measured by a laser Doppler
vibrograph. In Fig. 9 - Fig. 12, the horizontal axis represents the
magnitude of the driving voltage, the waveform of which being rectangular.
In each graph and each driving condition, there are areas where increase in
the displacement 10 amount almost saturates. Fig. 13 - Fig. 15 show the
displacement amount of the non-parallel gap G1 actuator at a 10-micrometer
position in the direction of "a" shown in Fig. 7. Fig. 16 - Fig. 19 show
displacement amount of the non-parallel gap G2 actuator at the 0-micrometer
position in the direction 15 of "a" shown in Fig. 8. The amount of
displacement of the vibrating plate 



when contacting the electrode (called, contact displacement amount) is
reduced, and the contact voltage becomes lower as the frequency becomes
high, while the driving pulse conditions 20 (rising time Pr=0, pulse width
Pw=4, falling time Pf=0 microsecond) are the same, as shown in Fig. 9, for
example. This is due to the squeezing effect, and is the dependency on
[contacting period/1-pixel-forming period] of the electrostatic head, as
mentioned above. 25 Fig. 9 through Fig. 19 indicate the following -19
matters. Namely, the displacement amount when measured with the pulse width
of the driving voltage changes, and the contacting period serving as a
parameter, does not depend on the contacting period nor the driving
frequency, but 5 approximately depends on [contacting
period/1-pixel-forming period]. In the case of the parallel gap G, Fig. 9
through Fig. 12 indicate that if the [contacting period/1-pixel forming
period] is controlled to fall about 40% or less, 10 reduction of the
displacement amount can be suppressed to about 10%. Similarly, the
reduction of the displacement amount can be suppressed to about 100, if the
[contacting period/1 pixel-forming period] is controlled to fall about 5.50
or less 15 in the case of the non-parallel gap G1, as shown in Fig. 13
through Fig. 15; and if the [contacting period/1-pixel-forming period] is
controlled to fall about 25% or less, in the case of the non-parallel gap
G2, as shown in Fig. 16 through Fig. 19. 20 It is considered that the
dependency on [contacting period/1-pixel-forming period] depends on a ratio
of displacement volume V1 that is produced when the vibrating plate is
displaced from a position when the power supply is turned off to volume of
the vibrating chamber V0. When the 25 longer edge of the vibrating plate is
sufficiently longer than -20  



the shorter edge, V1/VO can be approximated by S1/S0, where SO is a gap
area, and S1 is a displacement area produced by the displacement of the
vibrating plate from the position when the power supply is turned off, as
shown by the section (D) of Fig. 5 5, in the cross section in the short
edge direction. Table 1 that follows shows approximated values of V1/VO
that were obtained by calculating S1/SO in an actual use voltage range,
after obtaining SO and S1 for each gap type actuator displacement form
shown in Fig. 6 through Fig. 8. 10 Table 1: S1/SO ratio in each gap type
actuator Gap areaDisplacementPracticalS1/SOSO (~m2)area S1voltagex100(%)
in(~2)range (V)practicalrangeParallel2615.2 (25V),AboutAboutGap17.5
(29V),25 to 3558 to 7118 . 9 (38V)Non-2113.6 (30V),AboutAboutparallel15.5
(35V),32 to 4269 to 80gap G116.6 (40V),17
(45V)Non-25.816.5About64parallel(29V to 34V)28 to 38gap G2 In the meantime,
a ratio of [contacting period/1 pixel-forming period] at which the amount
of the displacement is reduced by 10% is obtained for each gap type from
Fig. 10, Fig. 14, and Fig. 17, and is given in Table 2 below. 15 Table 2:
[contacting period/1-pixel-forming period] value at which displacement
amount is reduced by loo for each gap type actuator [contacting
period/1-pixelforming period] x 1000 -21   Parallel Gap36Non-parallel Gap
15INon-parallel Gap 2r 24 The values of S1/SOx100(o) corresponding to the
lowest practical voltage in Table 1, namely, 58 (parallel gap G), 69
(non-parallel gap G1), and 64 (non-parallel gap G2), 5 and the result of
Table 2 are plotted in a graph. Then, linear approximation is carried out.
Then, the following expression of relations is drawn as a result. That is,
if PT(%) is taken within the limits of (200-2.79xPV), reduction in the
displacement amount due to the 10 squeezing effect can be suppressed to a
level that does not cause a problem, where PV(o) is a ratio of the
displacement volume of the vibrating plate to the volume of the space
enclosed by the vibrating plate and the electrode, and PT(%) is a ratio of
the period during which the vibrating plate and 15 the electrode contact to
the period required in forming a pixel. The frequency characteristics of
the electrostatic 



ink jet head are remarkably improved, stability of the ink discharging
characteristic is raised, and, as a result, 20 reliability of the head is
raised by properly setting the ratio of the period of the electric pulse
applied between the vibrating plates and the individual electrodes of the
electrostatic ink jet head to the period required in forming a pixel
(substantially, the portion of the period during which -22   the vibrating
plate contacts the electrode), and by properly setting the ratio of the gap
chamber volume to the vibrating chamber volume. -23   CTArM~ 1. An
electrostatic ink jet head, comprising: a vibrating plate, and 5 an
electrode installed facing the vibrating plate at a predetermined gap;
wherein, an electric pulse is applied between the electrode and the
vibrating plate such that the vibrating plate is displaced by electrostatic
force, and an ink drop is discharged by mechanical resilience of the 10
vibrating plate pressurizing ink in the ink chamber; wherein, a pixel is
formed by the ink that is discharged by one electric pulse; and where a
ratio PT of a period during which the vibrating plate and the electrode
contact each other to a period required to form a pixel is equal to or less
than (200 15 - 2.79 x PV)%, where PV is a per cent ratio of displacement
volume of the vibrating plate to volume of a vibrating chamber that is a
space enclosed by the vibrating plate and a board of the electrode. 20 2.
An electrostatic ink jet head, comprising: a vibrating plate, and an
electrode installed facing the vibrating plate at a predetermined gap;
wherein, an electric pulse is applied between the electrode and the
vibrating plate such that the 25 vibrating plate is displaced by
electrostatic force, and an -24 



ink drop is discharged by mechanical resilience of the vibrating plate
pressurizing ink in the ink chamber; wherein, a pixel is formed by the ink
that is discharged by a plurality of electric pulses; and where a ratio PT
of a period during 5 which the vibrating plate and the electrode contact
each other to a period required to form a pixel is equal to or less than
(200 - 2.79 x PV)%, where PV is a per cent ratio of displacement volume of
the vibrating plate to volume of a vibrating chamber that is a space
enclosed by the vibrating 10 plate and a board of the electrode. 3. An
electrostatic ink jet head, comprising: a nozzle, an ink chamber that is
connected to the nozzle 15 a vibrating plate that constitutes a common
electrode, an individual electrode installed outside the ink chamber, and
facing the vibrating plate at a predetermined gap; and 20 a plurality of
electrostatic actuators that discharge ink drops from the nozzle, the ink
being the ink chamber and pressurized by mechanical resilience of the
vibrating plate when the vibrating plate is deformed by electrostatic force
generated by an electric pulse applied 25 between the vibrating plate and
the individual electrode; -25   where a ratio PT of a period during which
the vibrating plate and the electrode contact each other to a period
required to form a pixel is equal to or less than (200 - 2.79 x PV)o, where
PV is a per cent ratio of displacement volume of the 5 vibrating plate to
volume of a vibrating chamber that is a space enclosed by the vibrating
plate and a board of the electrode. 4. The electrostatic ink jet head as
claimed in 10 claim 3, wherein one electric pulse is applied between the
vibrating plate and the individual electrode when forming one 



pixel. 5. The electrostatic ink jet head as claimed in 15 claim 3, wherein
a plurality of electric pulses are applied between the vibrating plate and
the individual electrode when forming one pixel. 6. An ink jet recording
apparatus, comprising the 20 electrostatic ink jet head as claimed in any
one of claims 1 through 5, wherein the electrostatic ink jet head faces
recording paper such that recording is performed by ink jet drops. -26
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