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Method of driving an ink jet printer head and driving circuit.

@ A method of driving an ink jet printer head is
provided in which reverse flow of an ink is
prevented so as not to introduce air into an ink
chamber (4). Further, production of ink satel-
lites are prevented. A braking voltage is instan-
taneously applied to a piezoelectric element (3)
after a voltage to the piezoelectric element (3)
has reached a peak level so that inertia of both
the piezoelectric element (3) and the ink con-
tained in the ink chamber (4) is canceled. As a
result, the flow of ink in the nozzle (5) and ink
ejection from the outlet of the nozzle (5) are
abruptly stopped to thus prevent the generation
of ink satellite. In order that the deformation of
the piezoelectric element (3) may not be quickly
restored, the voltage applied to the piezoelec-
tric element (3) is gradually returned to a non-
driving voltage level, whereby air is prevented
from being introduced into the ink chamber (4).
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The present invention relates to a method of driv-
ing the head of an on-demand ink jet printer and to a
driving circuit.

A cross-sectional view of an ink jet printer head
is shown in FIG. 4. A piezoelectric element 3 is pro-
vided at the rear wall of an ink chamber 4 and is in-
wardly deformable when a voltage is applied thereto,
whereby pressure increase is caused in the ink cham-
ber 4. Ink contained in the ink chamber 4 is thus eject-
ed as an ink jet 6 from a nozzle 5.

Heretofore, a voltage applied to the piezoelectric
element 3 has such a waveform as shown in FIG. 1A.
To actuate the piezoelectric element 3, the voltage
applied thereto is increased relatively gradually at a
constant rate. After being reached a peak level, the
voltage is lowered to a non-driving voltage level rela-
tively quickly to restore the piezoelectric element 3 to
the original state and to thus decrease the pressure
in the ink chamber 4. With the decreasing pressure
in the ink chamber 4, ink ejecting force is no longer
applied to the ink buta mass of the ink which has been
applied with the force is about to leave from the noz-
zle 5 due to its inertia and is finally ejected from the
nozzle 5 to produce an ink droplet. At the same time,
ink is supplemented into the ink chamber 4 from an ink
tank (not shown) through an ink supply channel 7.

With the use of the voltage waveform shown in
FIG. 1A, the moving speed of the ink staying at the
nozzle 5 changes as shown in FIG. 1B. When the vol-
tage applied to the piezoelectric element 3 changes
from the peak level to the non-driving level, the mov-
ing speed of the ink in the nozzle 5 is not abruptly ze-
roed due to inertia of the ink within the ink chamber
4 and the ink nozzle 5, as indicated by the inclined
down-going line in Fig. 1B. As a result, ink separation
is not well achieved at the time of ink ejection, thereby
causing to produce a satellite. The satellite refers to
a small amount of ink separated from the ejected ink
droplet during its flight time.

After an elapse of a brief period of time from the
application of a braking force to the ink, ink ejection
is stopped and ink is supplemented into the ink cham-
ber 4 through the ink supply channel 7 owing to a suc-
tion force caused by the restoration of the piezoelec-
tric element 3. At this time, the suction force is also
applied to the ink staying in the nozzle 5 which is bal-
anced with the surface tension of the ink at the outlet
of the nozzle 5 and the suction force applied to the
ink. If the suction force is greater than the ink surface
tension, the ink in the nozzle 5 goes back to the ink
chamber 4 and air may eventually be introduced into
the ink. If printing is performed with a bubble con-
tained ink, the print quality will be greatly degraded.

According to one aspect of the present invention
there is provided a method of driving an ink jet printer
head having an ink chamber, a nozzle and a piezo-
electric element deformable when a driving voltage is
applied thereto to eject a droplet of ink from the noz-
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zle, the method comprising the steps of:

applying a first voltage to the piezoelectric ele-
ment to cause ink to be moved in the nozzle in a first
direction for ejecting an ink droplet from the nozzle;

applying a second voltage to the piezoelectric
element to stop movement of the ink in said first di-
rection; and

applying a third voltage to the piezoelectric
element to prevent movement of the ink in a second
direction opposite to said first direction.

There is thus provided a method of driving an ink
jet printer head wherein a satellite of ink droplet may
be prevented from being generated and the reverse
flow of the ink from a nozzle to an ink chamber may
be prevented.

According to a further aspect of the present in-
vention there is provided a circuit for driving an ink jet
printer head by applying a driving voltage to a piezo-
electric element associated with the head to eject an
ink droplet from a nozzle of the printer head, the cir-
cuit comprising means for adding together a plurality
of voltage waveforms to produce a driving voltage wa-
veform for substantially stopping movement of ink in
the nozzle after ejection of an ink droplet.

In the driving method hereinafter described a first
voltage is firstly applied to the piezoelectric element
for causing the ink to be moved in the nozzle in a first
direction so that the ink droplet is ejected from the
nozzle. A second voltage is subsequently applied to
the piezoelectric element for causing the first direc-
tional movement of the in to be abruptly stopped.
Thereafter, a third voltage is applied to the piezoelec-
tric element so that the ink does not move in a second
direction opposite the first direction. The first voltage
changes from a non-driving voltage to a peak voltage
(level b in Fig. 2A) at a first rate. The non-driving vol-
tage is defined by a voltage with which the piezoelec-
tric element is not deformed. The application of the
second voltage to the piezoelectric element momen-
tarily reduces an internal pressure of the ink chamber,
and the second voltage is determined so that a total
momentum of the ink in both the ink chamber and the
nozzle owing to the application of the first voltage is
substantially zeroed. The third voltage changes from
anear peak level (level d in Fig. 2A) to the non-driving
voltage at a second rate smoother than the first rate.
The second voltage momentarily applied to the piezo-
electric element after the voltage has reached the
peak level, whereby inertia of both the piezoelectric
element and the ink in the ink chamber is quickly can-
celed to abruptly stop the flow of ink within the nozzle
and the ink ejection at the outlet of the nozzle. By do-
ing so, generation of ink satellites is prevented.
Thereafter, the third voltage is applied to the piezo-
electric element which changes at a smother rate
than the first voltage so that the deformation of the
piezoelectric element is not quickly restored. Further,
introduction of air into the ink tank through the nozzle
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is prevented by maintaining a balance of the ink sur-
face tension at the outlet of the nozzle and air sucking
force caused by the reduced internal pressure of the
ink tank.

The particular features and advantages of the in-
vention will become apparent from the following de-
scription taken in connection with the accompanying
drawings, in which:

FIG. 1A is a graphical representation showing a

waveform of a voltage used for driving a conven-

tional ink jet printer head;

FIG. 1B is a graphical representation showing a

moving speed of an ink in a nozzle according to

a conventional printer;

FIG. 2A is a graphical representation showing a

waveform of a voltage used for driving an ink jet

printer head according to an embodiment of the
invention;

FIG. 2B is a graphical representation showing a

moving speed of an ink in a nozzle according to

the printer of the present invention;

FIG. 3 is a circuit diagram showing a circuit for

generating a driving voltage waveform; and

FIG. 4 is a cross-sectional view showing the head

portion of an ink jet printer.

A preferred embodiment of the present invention
will now be described with reference to the accompa-
nying drawings. Amechanism for ejecting ink droplets
according to the present invention is identical to the
conventional mechanism shown in FIG. 4, thus the
same figure will be used in the following description.

A driving voltage waveform to be used in this em-
bodiment is shown in FIG. 2A. As shown, in accor-
dance with the present invention, a braking voltage
indicated by line b-c¢ is momentarily applied to the pie-
zoelectric element 3 after the voltage has reached a
peak level. By the application of the braking voltage,
inertia of both the piezoelectric element 3 and the ink
contained in the ink chamber 4 is canceled and the
flow of ink in the nozzle 5 and the ink ejection at the
outlet of the nozzle 5 are abruptly stopped. By doing
so, generation of satellites is prevented. Thereafter,
the voltage applied to the piezoelectric element 3 is
changed to a level d which is on the line b-d and is
then smoothly changed to the non-driving voltage
level as indicated by line d-e, whereby the deforma-
tion of the piezoelectric element 3 is not quickly re-
stored. Further, introduction of air into the ink is pre-
vented by maintaining a balance between the ink sur-
face tension at the outlet of the nozzle 5 and a suction
force applied to the ink.

In order to abruptly stop the flow of ink within a
possible minimum time, it is necessary to zero a total
momentum M of the ink in both the ink chamber 4 and
the nozzle 5 at the time when the voltage applied to
the piezoelectric element 3 is at the level b. The vol-
tage change from the level b to ¢ and then from the
level ¢ to d momentarily reduces the internal pressure
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of the ink chamber 4. Assuming that an average force
for reducing the speed of the ink owing to the momen-
tary reduction of the pressure in the ink chamber 4 is
F and that a time from the point b to cis 1, then F and
T may be determined so that the relation of Ft =M is
met to stop the flow of the ink. It is desirable that t be
selected as small as possible to abruptly stop the
flow of ink.

Description will next be made with respect to an
ink ejection process when the piezoelectric element
3 is driven with the voltage waveform described
above. When the driving voltage changes from level
a to level b, the ink speed in the nozzle 5 increases
from u to v as shown in FIG. 2B and the ink is finally
ejected from the nozzle 5. By the application of the
braking voltage as indicated by the line b-c-d in FIG.
2A, the ink ejection speed is abruptly changed from
v to w. However, the reverse flow of the ink staying
atthe nozzle 5 does not occur. Thereafter, by smooth-
ly changing the driving voltage from level d to the non-
driving voltage level e, the reverse flow of the ink in
the nozzle 5 does not occur due to the ink surface ten-
sion in the outlet portion of the nozzle 5.

An addition circuit 12 for generating the driving
voltage is shown in FIG. 3. By applying a basic saw-
tooth pulse 10 and another saw-tooth pulses of op-
posite polarity to inputs of the addition circuit 12, the
driving voltage waveform as shown in FIG. 2A is out-
put from the circuit 12.

As can be understood from the above descrip-
tion, driving method of the head of the ink jet printer
according to this embodiment prevents the genera-
tion of satellites as well as introduction of air into the
ink caused by the reverse flow of the ink staying at
the nozzle 5.

Claims

1. Amethod of driving an ink jet printer head having
an ink chamber (4), a nozzle (5) and a piezoelec-
tric element (3) deformable when a driving vol-
tage is applied thereto to eject a droplet of ink (6)
from the nozzle, the method comprising the
steps of:

applying a first voltage to the piezoelectric
element to cause ink to be moved in the nozzle
in a first direction for ejecting an ink droplet from
the nozzle;

applying a second voltage to the piezo-
electric element to stop movement of the ink in
said first direction; and

applying a third voltage to the piezoelec-
tric element to prevent movement of the ink in a
second direction opposite to said first direction.

2. Amethod as claimed in claim 1, wherein the first
voltage comprises a change in voltage from a
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non-driving voltage to a peak voltage atafirstrate
of change, said non-driving voltage being a vol-
tage at which the piezoelectric element is not de-
formed.

Amethod as claimed in claim 2, wherein the third
voltage comprises a change in voltage from a vol-
tage level near to the level of said peak voltage
to said non-driving voltage.

A method as claimed in claim 3, wherein the rate
of voltage change of said third voltage is smaller
than the first rate of change.

A method as claimed in any of the preceding
claims, wherein the application of the second vol-
tage to the piezoelectric element (3) momentarily
reduces an internal pressure of the ink chamber
(4) to abruptly stop movement of the ink in said
first direction.

A method as claimed in any of the preceding
claims, wherein the second voltage is selected to
counteract the total momentum of the ink in both
the ink chamber (4) and the nozzle (5) arising
from the application of the first voltage to the pie-
zoelectric element (3).

A circuit for driving an ink jet printer head by ap-
plying a driving voltage to a piezoelectric element
(3) associated with the head to eject an ink drop-
let (6) from a nozzle (5) of the printer head, the
circuit comprising means (12) for adding together
a plurality of voltage waveforms (10, 11) to pro-
duce a driving voltage waveform (13) for substan-
tially stopping movement of ink in the nozzle after
ejection of an ink droplet.

Acircuit as claimed in claim 7, wherein the adding
means (12) are arranged to receive and add to-
gether two non-identical saw-tooth pulses (10,
11) of opposite polarity.

An ink jet printer head including a circuit (12) as
claimed in claim 7.

An ink jet printer including an ink jet printer head
as claimed in claim 9.
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