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(57) A liquid jetting head is provided with a nozzle
orifice, a pressure chamber (27) communicated with the
nozzle orifice (32), and a piezoelectric element which is
deformable to cause pressure fluctuation to liquid con-
tained in the pressure chamber. A drive signal generator
(9) simultaneously generates a plurality of drive signals,
each provided with waveform elements including at
least one drive pulse in every unit jetting cycle. The drive
pulse deforms the piezoelectric element (21) to cause
such pressure fluctuation as to eject a liquid droplet from

Liquid jetting apparatus and method for driving the same

the nozzle orifice (32). A switcher selectively supplies at
least one of the waveform elements included in one of
the drive signals to the piezoelectric element. A switch
controller (45,46,47,48) controls a selective supply op-
eration of the switcher in accordance with amount data
which indicates an amount of the liquid droplet to be
ejected. A time period during which a first drive pulse is
generated in one of the drive signals overlaps at least
partly with a time period of a second drive pulse gener-
ated in another one of the drive signals.
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Description

BACKGROUND OF THE INVENTION

[0001] The invention relates to a liquid jetting appara-
tus such as an ink jet recording apparatus, a display
manufacturing apparatus, an electrode forming appara-
tus, a biochip manufacturing apparatus or the like, which
can control ejection of liquid droplets from nozzle orific-
es by controlling supply of drive pulses to pressure gen-
erating elements in accordance with a jetting amount,
as well as to a method for driving such an apparatus.
[0002] Various kinds of the liquid jetting apparatus
have hitherto been known. For example, there have
been known an image forming apparatus which records
information on recording paper by jetting ink droplets,
an electrode forming apparatus which forms an elec-
trode on a board by jetting liquid-state electrode mate-
rial, a biochip manufacturing apparatus which manufac-
tures a biochip by jetting biological specimen, and a mi-
cropipette for jetting a predetermined amount of sample
into a vessel.

[0003] A liquid jetting apparatus capable of changing
the amount of liquid to be ejected from nozzle orifices
with a view toward pursuing both higher-speed jetting
operation and higher jetting amount accuracy has hith-
erto been known.

[0004] For example, an ink jet recording apparatus
which is one kind of the liquid jetting apparatus has, for
example, a recording head which has nozzle orifices
communicating with a pressure chamber, and pressure
generating elements capable of causing a change in the
pressure of the ink stored in the pressure chamber; and
a drive signal generator capable of producing a drive
signal to be supplied to the pressure generating ele-
ments. The drive signal is a single signal formed by con-
necting a plurality of drive pulses into a string of pulses
within one recording cycle. A required portion of the
drive signal is supplied to the pressure generating ele-
ment in accordance with recording data (i.e., gradation
data), thereby changing the amount of ink to be ejected
from a nozzle orifice. Such a configuration is disclosed
in Japanese Patent Publication No. 10-81012A (see
Page 9 and Fig. 9).

[0005] However, a related-art configuration in which
a required portion of a single drive signal is supplied to
pressure generating elements encounters difficulty in
causing a jetting head (recording head) to sufficiently
offer original performance thereof. More specifically,
since a plurality of drive pulses are included in one jet-
ting (recording cycle), there is no alternative but to ac-
tuate a jetting head (i.e., a pressure generating element)
at a frequency lower than the maximum frequency at
which the jetting head can be actuated.

SUMMARY OF THE INVENTION

[0006] It is therefore an object of the invention to pro-
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vide a liquid jetting apparatus which can be constructed
so as to be able to actuate a jetting head at a higher
frequency, along with a method for driving such an ap-
paratus.

[0007] Inorderto achieve the above object, according
to the invention, there is provided a liquid jetting appa-
ratus, comprising:

a jetting head, provided with a nozzle orifice, a pres-
sure chamber communicated with the nozzle ori-
fice, and a piezoelectric element which is deforma-
ble to cause pressure fluctuation to liquid contained
in the pressure chamber;

a drive signal generator, which simultaneously gen-
erates a plurality of drive signals, each provided
with waveform elements including at least one drive
pulse in every unit recording cycle, the drive pulse
deforming the piezoelectric element to cause such
pressure fluctuation as to eject a liquid droplet from
the nozzle orifice;

a switcher, which selectively supplies at least one
of the waveform elements included in one of the
drive signals to the piezoelectric element; and

a switch controller, which controls a selective supply
operation of the switcher in accordance with
amount data which indicates an amount of the liquid
droplet to be ejected,

wherein a time period in which the drive pulse is
generated in one of the drive signal and that in another
one of the drive signals overlap at least partly.
[0008] Insuchaconfiguration, the recording cycle can
be shortened as compared with that achieved when a
plurality of drive pulses are included in one drive signal
in the form of a single pulse train. As a result, a jetting
head can be actuated at a higher frequency.
[0009] Preferably, the waveform elements in each
drive signal include a drive waveform element which
constitutes the drive pulse, and a constant-potential
waveform element which maintains a potential of the
drive signal at a leading-end potential and a trailing-end
potential thereof.
[0010] Here, the switch controller may control the
switcher such that the drive waveform element in one of
the drive signals and the drive waveform element in an-
other one of the drive signals are supplied to the piezo-
electric element in the unit jetting cycle.
[0011] Alternatively, the switch controller may control
the switcher such that the drive waveform element in
one of the drive signals and the constant-potential wave-
form element in another one of the drive signals are sup-
plied to the piezoelectric elementin the unit jetting cycle.
[0012] Alternatively, the switch controller controls the
switcher such that the constant-potential waveform ele-
ment in at least one of the drive signals is supplied to
the piezoelectric element in the unit jetting cycle.
[0013] Since the waveform elements of respective
drive signals are supplied in combination to the pressure
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generating element within a jetting cycle by switch con-
troller, a jetting head can be actuated in a new pattern
which is not originally contained in respective drive sig-
nals. As a result, complicated control can be realized
while the drive frequency of the jetting head is en-
hanced.

[0014] When the constant-potential waveform ele-
ment is used, the piezoelectric element can be main-
tained at a constant potential. As a result, there can be
prevented a drop in the potential of the piezoelectric el-
ement, which would otherwise be caused by an electric
discharge. Thus, there can be prevented occurrence of
failures, such as erroneous ejection of a liquid droplet.
[0015] Preferably, the switcher includes a plurality of
switches interposed between the drive signal generator
and the piezoelectric element such that each of the
switches is associated with one of the drive signals.
[0016] Here, it is preferable that the switch controller
selectively activates one of the switches such that one
of the drive signals associated with an activated switch
is supplied to the piezoelectric element.

[0017] Preferably, the switcher includes a plurality of
input contacts each associated with one of the drive sig-
nals and an output contact electrically connected to the
piezoelectric element. Here, the switch controller selec-
tively connects one of the input contacts and the output
contact such that one of the drive signals associated
with a selected input contact is supplied to the piezoe-
lectric element. In this case, the switching control can
be simplified.

[0018] Preferably, the drive signals include: a first
drive signal, in which at least two first drive pulses each
for ejecting a first amount of liquid droplet are arranged
at a predetermined interval; and a second drive signal,
in which at least one second drive pulse for ejecting a
second amount of liquid droplet is generated at a timing
between timings at which the first drive pulses are gen-
erated. Here, the predetermined interval is determined
such that the first drive pulses are still arranged at the
predetermined interval even when the first drive signal
is successively selected in adjacent unit jetting cycles.
[0019] Insuch aconfiguration, there can be prevented
occurrence of an offset, which would otherwise arise in
an interval between ejection of liquid droplets, thereby
enabling an improvement in jetting amount accuracy.
[0020] Here, it is preferable that the first drive pulse
including: an expanding element, in which a potential of
the first drive signal is varied from a reference potential
to a first potential at a constant gradient, so that a vol-
ume of the pressure chamber is expanded from a refer-
ence volume to a first volume; and first holding element,
which maintains the volume of the pressure chamber at
the first volume. On the other hand, the second drive
pulse including: a second holding element, in which a
potential of the second drive signal is maintained at the
first potential to maintain the volume of the pressure
chamber at the first volume; and a contracting element,
in which the potential of the second drive signal is varied
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from the first potential to the reference potential at a con-
stant gradient, so that the volume of the pressure cham-
ber is contracted from the first volume to the reference
volume. Here, the switch controller controls the switcher
so as to supply the expanding element, the first holding
element, the second holding element and the contract-
ing element, to cause pressure fluctuation such an ex-
tent that no liquid droplet is ejected, when the amount
data indicates no jetting is to be performed.

[0021] Further, it is preferable that: each of the first
drive pulses is interposed between first constant-poten-
tial waveform elements which maintain a potential of the
first drive signal at a reference potential so that an initial
end and a termination end of each first drive pulse are
set to the reference potential; the second drive pulse is
interposed between second constant-potential wave-
form elements which maintain a potential of the second
drive signal at the reference potential so that an initial
end and a termination end of the second drive pulse are
set to the reference potential; and the switch controller
controls the switcher so as to supply one of the first drive
pulses and one of the second constant-potential wave-
form element, so that a potential of the piezoelectric vi-
brator is set to the reference potential while the first drive
pulse is not supplied, when the amount data indicates
the first amount of liquid droplet to be ejected.

[0022] According to the invention, there is also pro-
vided a method of driving a liquid jetting apparatus which
comprises a jetting head, provided with a nozzle orifice,
a pressure chamber communicated with the nozzle or-
ifice, and a piezoelectric element which is deformable
to cause pressure fluctuation to liquid contained in the
pressure chamber, the method comprising the steps of:

generating simultaneously a plurality of drive sig-
nals, each provided with waveform elements includ-
ing at least one drive pulse in every unitjetting cycle,
the drive pulse deforming the piezoelectric element
to cause such pressure fluctuation as to eject a lig-
uid droplet from the nozzle orifice;

providing a switcher which selectively supplies at
least one of the waveform elements included in one
of the drive signals to the piezoelectric element; and
controlling a selective supply operation of the
switcher in accordance with amount data which in-
dicates an amount of the liquid droplet to be ejected,

wherein a time period in which the drive pulse is
generated in one of the drive signal and that in another

one of the drive signals overlap at least partly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The above objects and advantages of the
present invention will become more apparent by de-
scribing in detail preferred exemplary embodiments
thereof with reference to the accompanying drawings,
wherein:
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Fig 1 is a functional block diagram showing an ink
jet recording apparatus according to a first embod-
iment of the invention;

Fig. 2 is a cross-sectional view showing the config-
uration of a recording head of longitudinal vibration
mode;

Fig. 3 is a diagram for describing a drive signal to
be generated by a drive signal generator and supply
control of the drive signal;

Fig. 4 is a diagram for describing control of supply
of the drive signal during non-recording operation;
Fig. 5 is a diagram for describing control of supply
of a drive signal at the time of small dot recording
operation;

Fig. 6 is a diagram for describing control of supply
of a drive signal at the time of middle dot recording
operation;

Fig. 7 is a diagram for describing control of supply
of a drive signal at the time of large dot recording
operation; and

Fig. 8 is a block diagram showing a switcher an ink
jet recording apparatus according to a second em-
bodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0024] Preferred embodiments of the invention will be
described hereinbelow by reference to the accompany-
ing drawings. The following explanations are for an ink
jet recording apparatus which one kind of a liquid jetting
apparatus. The ink jet recording apparatus jets ink drop-
lets which is one kind of liquid droplets of the invention.
[0025] Fig. 1 shows a printer serving as an ink jet re-
cording apparatus according to a first embodiment of the
invention. The printer comprises a printer controller 1
and a print engine 2. The printer controller 1 has an ex-
ternal interface 3 for receiving print data or the like from
an unillustrated host computer or the like; a RAM 4 for
storing a variety of data sets; a ROM 5 for storing rou-
tines for use in processing a variety of data sets; a con-
troller 6 provided as a CPU or the like; an oscillator 7 for
generating a clock (CK) signal; a drive signal generator
9 for generating drive signals (COM1, COM2) to be sup-
plied to a recording head; and an internal interface 10
for transmitting recording data, drive signals, or the like
to the print engine 2.

[0026] The external interface 3 receives, from a host
computer, print data consisting of one type of data or a
plurality of types of data selected from, e.g., a character
code, a graphic function, and image data. The external
interface 3 outputs a busy (BUSY) signal and an ac-
knowledgement (ACK) signal to the host computer.
[0027] The RAM 4 is utilized as a receiving buffer, an
intermediate buffer, an output buffer, work memory (not
shown), and the like. Print data that have been output
from the host computer and received by the external in-
terface 3 are temporarily stored in a receiving buffer. In-
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termediate code data that have been converted into an
intermediate code by the controller 6 are stored in an
intermediate buffer. Data to be recorded (hereinafter
called "recording data") are expanded into an output
buffer. The ROM 5 stores various control routines, font
data, graphics functions, and various procedures.
[0028] The drive signal generator 9 comprises a first
drive signal generating section 9A capable of generating
a first drive signal COM1 and a second drive signal gen-
erating section 9B capable of generating a second drive
signal COM2. As shown in Fig. 3, the first drive signal
COM1 is a signal train which includes two middle dot
drive pulses DP1, DP2 within one recording cycle T and
is generated at every recording cycle T. The second
drive signal COM2 is a signal train which includes a
small-dot drive pulse DP3 within one recording cycle T
and is generated at every recording cycle T. The second
rive signal COM2 is repeatedly generated at every re-
cording cycle T. The drive signals COM1, COM2 will be
described in detail later.

[0029] The controller 6 controls generation of a signal
to be sent to the drive signal generator 9 and converts
the print data output from the host computer into record-
ing data. At the time of conversion of print data into re-
cording data, the controller 6 reads print data from the
inside of the receiving buffer, converts the thus-read
print data into an intermediate code, and stores inter-
mediate code data into an intermediate buffer. Next, the
controller 6 analyzes the intermediate code data read
from the intermediate buffer and converts the interme-
diate code data into recording data on a per-dot basis
by reference to the font data and the graphics functions
stored in the ROM 5.

[0030] The recording data of the embodiment is con-
stituted such that one bit is formed from two-bit grada-
tion data. The gradation data comprise gradation data
[00] indicating a non-recording state (meniscus vibrating
operation); gradation data [01] indicating recording to
be performed through use of small dots; gradation data
[10] indicating recording to be performed through use of
middle dots; and gradation data [11] indicating recording
to be performed through use of large dots. Accordingly,
such a data structure enables recording of each dot in
four levels of tone.

[0031] The controller 6 constitutes a part of a timing
signal generator and supplies a latch (LAT) signal and
channel (CH-A, CH-B) signals to the recording head 8
by way of the internal interface 10. Latch pulses included
in the latch signal and channel pulses included in the
channel signals define start timings of supply of a plu-
rality of waveform elements constituting the drive sig-
nals COM1, COM2 and supply of adjustment elements
(PS1 to PS6, and PO, P20).

[0032] Specifically, as shown in Fig. 3, a latch pulse
LAT1 defines a start timing of supply of an adjustment
element PO to be generated during a charging period
t10 and a start timing of supply of an adjustment element
P20 to be generated during a charging period t20.
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[0033] A first channel pulse CH11 appearing in a first
channel signal CH-A defines a start timing of supply of
a first waveform section PS1 to be generated during a
period t11 of the first drive signal COM1. A second chan-
nel pulse CH12 defines a start timing of supply of a sec-
ond waveform section PS2 to be generated during a pe-
riod t12. A third channel pulse CH13 defines a start tim-
ing of supply of a third waveform section PS3 to be gen-
erated during a period t13.

[0034] Similarly, afirstchannel pulse CH21 appearing
in a second channel signal CH-B defines a start timing
of supply of a fourth waveform section PS4 to be gen-
erated during a period t21 of the second drive signal
COM2. A second channel pulse CH22 defines a start
timing of supply of a fifth waveform section PS5 to be
generated during a period t22. A third channel pulse
CH23 defines a start timing of supply of a sixth waveform
section PS6 to be generated during a period t23.
[0035] The print engine 2 will now be described. As
shown in Fig. 1, the print engine 2 has a recording head
8, a carriage mechanism 11, and a paper feeding mech-
anism 12.

[0036] The carriage mechanism 11 is constituted of a
carriage having the recording head 8 mounted thereon,
and a drive motor (e.g., a DC motor) which causes to
the carriage to travel by way of a timing belt or the like.
The carriage mechanism 11 moves the recording head
8 in the primary scanning direction. The paper feeding
mechanism 12 is constituted of a paper feeding motor
and a paper feeding roller and like rollers. The paper
feeding mechanism 12 performs secondary scanning by
sequentially feeding recording paper (i.e., a kind of print
recording medium).

[0037] The recording head 8 will now be described in
detail. First, the structure of the recording head 8 will be
described by reference to Fig. 2. The illustrated record-
ing head 8 has a vibrator unit 24 into which a plurality
of piezoelectric vibrators 21, a fixation plate 22, and a
flexible cable 23 are assembled as a unit; a case 25 ca-
pable of housing the vibrator unit 24; and a channel unit
26 joined to a leading end face of the case 25.

[0038] The case 25 is a block-shaped member which
is formed from synthetic resin and defines a housing
space 27 whose front and rear ends are open. The vi-
brator unit 24 is housed and fixed in the housing space
27.

[0039] The piezoelectric vibrator 21 is a kind of pres-
sure generating element and formed into a longitudinal-
ly-elongated comb shape. The piezoelectric vibrator 21
is a piezoelectric vibrator of lamination type formed by
laminating piezoelectric material layers and internal
electrodes one on top of the other. The piezoelectric vi-
brator 21 is of longitudinal vibration mode, in which the
vibrator can swell and shrink in a longitudinal direction
orthogonal to the direction in which the piezoelectric ma-
terial layers are laminated. Leading-end faces of the re-
spective piezoelectric vibrators 21 are joined to an is-
land portion 28 of the channel unit 26.
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[0040] The piezoelectric vibrator unit 21 acts in the
same way as does a capacitor. Specifically, when supply
of a signal is stopped, the potential of the piezoelectric
vibrator 21 (i.e., the potential of the vibrator) is held at a
potential attained immediately before supply of the sig-
nal is stopped.

[0041] The channel unit 26 is constituted by sand-
wiching a channel forming substrate 29 between a noz-
zle plate 30 and an elastic plate 31, which oppose each
other.

[0042] The nozzle plate 30 is formed from a thin metal
plate material (e.g., a stainless steel plate) having a plu-
rality of nozzle orifices 32 (e.g., 96 nozzle orifices) pro-
vided in a secondary scanning direction. The channel
forming substrate 29 is a plate-shaped member in which
an ink flow passage is defined by a common ink reser-
voir 33, an ink supply port 34, a pressure chamber 35,
and a communication port 36. In the embodiment, the
channel forming substrate 29 is made of a silicon wafer
by etching. The elastic plate 31 is a composite plate ma-
terial of a dual structure and formed by laminating a
stainless steel support plate 37 with. a resin film 38. The
island portion 28 is formed by annually removing a por-
tion of the support plate 37 opposing the pressure cham-
ber 35.

[0043] Inthe recording head 8, a string of ink flow pas-
sages are defined for each nozzle orifice 32 so as to
extend from the common ink reservoir 33 to a corre-
sponding nozzle orifice 32 by way of the pressure cham-
ber 35. The piezoelectric vibrator 21 is deformed as a
result of being subjected to discharging and charging.
Specifically, the piezoelectric vibrator 21 of longitudinal
vibration mode contracts in a longitudinal direction
thereof when subjected to recharge and extends in the
same direction when subjected to discharge. When the
potential of the vibrator is increased as a result of a
charging operation, the island portion 28 is pulled to-
ward the piezoelectric vibrator, whereby the resin film
38 located around the island portion 28 is deformed and
the pressure chamber 35 expands. In contrast, when the
potential of the vibrator is lowered as a result of a dis-
charging operation, the pressure chamber 35 contracts.
[0044] In this way, the volume of the pressure cham-
ber 35 can be controlled in accordance with the potential
of the vibrator, and hence the pressure of the ink stored
in the pressure chamber 35 can be changed, thereby
ejecting an ink droplet from the nozzle orifice 32. For
instance, the pressure chamber 35 having a reference
volume is caused to abruptly shrink after having been
expanded, thereby enabling ejection of an ink droplet.
[0045] An electrical configuration of the recording
head 8 will now be described.

[0046] As shown in Fig. 1, the recording head 8 has
a shift register circuit constituted of a first shift register
41 and a second shift register 42; a latch circuit consti-
tuted of a first latch 43 and a second latch 44; a level
shifter circuit constituted of a decoder 45, a control logic
46, afirst level shifter 47, and a second level shifter 48;
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a switching circuit constituted of a first switcher 49 and
a second switcher 50; and the piezoelectric vibrators 21.
[0047] A plurality of shift registers 41, 42; a plurality
of latches 43, 44; a plurality of level shifters 47, 48; a
plurality of switchers 49, 50; and a plurality of piezoe-
lectric vibrators 21 are provided so as to correspond to
the respective nozzle orifices 32.

[0048] In accordance with the recording data (Sl) out-
put from the printer controller 1, the recording head 8
ejects ink droplets. In the embodiment, a group of higher
order bits of recording data and a group of lower order
bits of recording data are sent to the recording head 8,
in this sequence. Hence, the group of higher order bits
of recording data are first set in the second shift register
42. When the group of higher order bits of recording data
have been set in the second shift register 42 with regard
to all the nozzle orifices 32, the group of lower order bits
of recording data are subsequently set in the second
shift register 42. In association with setting of the group
of lower order bits of recording data, the group of higher
order bits of recording data are shifted and set to the
first shift register 41.

[0049] The first latch 43 is electrically connected to
the first shift register 41. The second latch 44 is electri-
cally connected to the second shift register 42. When a
latch pulse (LAT1) output from the printer controller 1 is
input to the respective latch circuits 43, 44, the first latch
43 latches the group of higher order bits of recording
data, and the second latch 44 latches the group of lower
order bits of recording data.

[0050] The recording data (i.e., the group of higher or-
der bits and the group of lower order bits) latched by the
latch circuits 43, 44 are respectively input to the decoder
45. The decoder 45 performs translating operation on
the basis of the higher order bits and lower order bits of
recording data, thereby producing waveform selection
data to be used for selecting the waveform elements
PS1 to PS6 and the adjustment elements PO, P20,
which constitute the drive signals COM1, COM2.
[0051] Inthe embodiment, the waveform selection da-
ta are generated for each of the drive signals COM1,
COM2. Specifically, first waveform selection data corre-
sponding to the first drive signal COM1 are formed from
a total of four bits of data; that is, the bits being assigned
respectively to a first adjustment element PO (a period
t10), a first waveform section PS1 (a period t11), a sec-
ond waveform section PS2 (a period t12), and a third
waveform section PS3 (a period t13). Second waveform
selection data corresponding to the second drive signal
COM2 are formed from a total of four bits of data; that
is, the bits being assigned respectively to a second ad-
justment element P20 (a period t20), a fourth waveform
section PS4 (a period t21), a fifth waveform section PS5
(a period t22), and a sixth waveform section PS6 (a pe-
riod t23).

[0052] The decoder 45 serves as a waveform selec-
tion data generator and generates a plurality of sets of
waveform selection data from the recording data (i.e.,
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gradation data), the data being equal in number to drive
signals.

[0053] A timing signal output from the control logic 46
is also input to the decoder 45. The control logic 46
serves as the timing signal generator along with the con-
troller 6. in synchronism with input of a latch signal (LAT)
and channel signals (CH-A, CH-B), timing signals
(TYM-A, TYM-B) are generated.

[0054] The timing signal is also generated for each of
the drive signals COM1, COM2. Specifically, the control
logic 46 generates the first timing signal (TYM-A) from
the latch pulse (LAT1) and channel pulses (CH11 to
CH13) for the first drive signal COM1. Further, the con-
trol logic 46 generates the second timing signal (TYM-B)
from the latch pulse and channel pulses (CH21 to CH23)
for the second drive signal COM2.

[0055] The four bits of waveform selection data gen-
erated by the decoder 45 are input to the respective level
shifters 47, 48 in descending order from the high order
bits at a timing specified by the timing signal. In accord-
ance with timings at which respective timing pulses in-
cluded in the first timing signal TYM-A are to be gener-
ated, the first waveform selection data are input to the
first level shifter 47. Moreover, in accordance with tim-
ings at which respective timing pulses included in the
second timing signal TYM-B are to be generated, the
second waveform selection data are input to the second
level shifter 48.

[0056] The level shifters 47, 48 serves as voltage am-
plifiers. In a case where the waveform selection data as-
sume a value of [1], the level shifters 47, 48 output an
electric signal which has been boosted up to a voltage
at which corresponding switchers 49, 50 can be activat-
ed; for example, approximately tens of volts. More spe-
cifically, when the first waveform selection data assume
a value of [1], an electric signal is output to the first
switcher 49. When the second waveform selection data
assume a value of [1], an electric signal is output to the
second switcher 50.

[0057] The first drive signal COM1 is supplied to an
input side of the first switcher 49 from the drive signal
generator 9. The second drive signal COM2 is supplied
to an input side of the second switcher 50 from the same.
Further, the piezoelectric vibrator 21 is electrically con-
nected to output sides of the switchers 49, 50. The
switchers 49, 50 are provided in accordance with the
type of a drive signal to be generated. The switchers 49,
50 are interposed between the drive signal generator 9
and the piezoelectric vibrator 21 and selectively supply
the drive signals COM1, COM2 to the piezoelectric vi-
brator 21.

[0058] The waveform selection data are used to con-
trol operation of the switcher 49 and that of the switcher
50. During a period in which the waveform selection data
input to the first switcher 49 assumes a value of [1], the
first switcher 49 is brought into conduction, and the first
drive signal COM1 is supplied to the piezoelectric vibra-
tor 21. Similarly, during a period in which the waveform
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selection data input to the second switcher 50 assumes
a value of [1], the second switcher 50 is brought into
conduction, and the first drive signal COM1 is supplied
to the piezoelectric vibrator 21. In response to the thus-
supplied drive signals COM1, COM2, a potential of the
piezoelectric vibrator 21 is changed. During a period in
which the waveform selection data input to the switcher
49 and those input to the switcher 50 assume a value
of [0], an electric signal to be used for activating the
switchers 49, 50 is output from neither the level shifter
47 nor the level shifter 48. Hence, a drive signal is not
supplied to the piezoelectric vibrator 21. In other words,
the adjustment elements PO, P20 and the waveform el-
ements (i.e., the first waveform section PS1 through the
sixth waveform section PS6), which have arisen during
a period in which a value of [1] is set as waveform se-
lection data, are selectively supplied to the piezoelectric
vibrator 21.

[0059] Inthe embodiment, the decoder 45, the control
logic 46, and the level shifters 47, 48 serve as a switch
controller. The switchers 49, 50 are controlled in accord-
ance with recording data (i.e., gradation data).

[0060] The drive signals COM1, COM2 generated by
the drive signal generator 9 will now be described, along
with control of supply of the drive signals COM1, COM2
to the piezoelectric vibrator 21.

[0061] As mentioned above, the drive signals shown
in Fig. 3 are embodied as the first drive signal COM1
and the second drive signal COM2. The first drive signal
COM1 comprises a first adjustment element PO gener-
ated during the period t10; a first waveform section PS1
generated during the period t11; a second waveform
section PS2 generated during the period t12; and a third
waveform section PS3 generated during the period t13.
The second drive signal COM2 comprises a second ad-
justment element P20 generated during the period t20;
a fourth waveform section PS4 generated during the pe-
riod t21; a fifth waveform section PS5 generated during
the period t22; and a sixth waveform section PS6 gen-
erated during the period t23.

[0062] The first drive signal COM1 will first be de-
scribed.

[0063] The first adjustment element PO is formed from
a waveform element which is uniform at an intermediate
potential Vhm. As will be described later, the first adjust-
ment element PO is supplied to the piezoelectric vibrator
21 so as to adjust the potential of the vibrator to the in-
termediate potential Vhm at the beginning of the record-
ing cycle T.

[0064] Here, the intermediate potential Vhm is a kind
of reference potential and also serves as leading-edge
and trailing-edge potentials of the respective drive puls-
es DP1 through PD3.

[0065] The first waveform section PS1 is formed from
a first constant potential element P1, a first expanding
element P2, and a first expansion holding element P3.
The first constant potential element P1 is a waveform
element which is constant at an intermediate potential
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Vhm. The first expanding element P2 is a waveform el-
ement for causing a potential to increase from the inter-
mediate potential Vhm to a first expansion potential Vh1
at such a relatively gentle constant gradient that no ink
droplets are ejected. The first expansion holding ele-
ment P3 is a waveform element which is constant at the
first expansion potential Vh1.

[0066] The second waveform section PS2 is formed
from a second expansion holding element P4, a first
ejection element P5, a contraction holding element P6,
a damping element P7, and a second constant potential
element P8. The second expansion holding element P4
is a waveform element which is constant at the first ex-
pansion potential Vh1. The first ejection element P5 is
a waveform element for causing a potential to drop from
the first expansion potential Vh1 to a contraction poten-
tial VL at a relatively steep gradient. The contraction
holding element P6 is a waveform element which is con-
stant at the contraction potential VL. The damping ele-
ment P7 is a waveform element for causing a potential
to increase from the contraction potential VL to the in-
termediate potential Vhm at such a relatively gentle con-
stant gradient that no ink droplets are ejected. Moreover,
the second constant potential element P8 is a waveform
element which is constant at the intermediate potential
Vhm.

[0067] The third waveform section PS3 is formed from
a third constant potential element P9, a first expanding
element P10, an expansion holding element P11, a first
ejection element P12, a contraction holding element
P13, and a damping element P14.

[0068] The third constant potential element P9 is a
waveform element which is constant at the intermediate
potential Vhm. The expansion holding element P11 is a
waveform element which is constant at the first expan-
sion potential Vh1. A period of time during which the ex-
pansion holding element P11 is generated is set to a
value equal to the sum of the duration of the first expan-
sion holding element P3 and the duration of the second
expansion holding element P4.

[0069] The remaining waveform elements; that is, the
first expanding element P10, the first ejection element
P12, the contraction holding element P13, and the
damping element P14, are identical with the first ex-
panding element P2, the first ejection element P5, the
contraction holding element P6, and the damping ele-
ment P7, all belonging to the first and second waveform
elements PS1, PS2, and hence their repeated explana-
tions are omitted.

[0070] In relation to the first drive signal COM1, the
first expanding element P2, the first expansion holding
element P3, the second expansion holding element P4,
the first ejection element P5, the contraction holding el-
ement P6, and the damping element P7, all belonging
to the first and second waveform elements PS1, PS2,
constitute the first middle dot drive pulse DP1. Moreo-
ver, the first expanding element P10, the expansion
holding element P11, the first ejection element P12, the
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contraction holding element P13, and the damping ele-
ment P14, all belonging to the third waveform section
PS3, constitute the second middle dot drive pulse DP2.
The middle dot drive pulses DP1, DP2 assume identical
waveform patterns. When the middle dot drive pulses
DP1, DP2 are supplied to the piezoelectric vibrator 21,
the amount of ink corresponding to a middle dot is eject-
ed from a corresponding nozzle orifice 32.

[0071] Descriptions are now given by taking the first
middle dot drive pulse DP1 as an example. As a result
of supply of the first expanding element P2, the piezoe-
lectric vibrator 21 contracts in a longitudinal direction
thereof. In contract, a corresponding pressure chamber
35 expands from a reference volume corresponding to
the intermediate potential Vhm (reference potential) to
an expanded volume corresponding to a first expansion
potential Vh1. By the expanding action of the pressure
chamber 35, ink is supplied from the common ink res-
ervoir 33 to the inside of the pressure chamber 35. The
expanded state of the pressure chamber 35 is main-
tained during a period in which the first and second ex-
pansion holding elements P3 and P4 are supplied.
[0072] Subsequently, the first ejection element P5 is
supplied to the piezoelectric vibrator 21, whereby the pi-
ezoelectric vibrator 21 is extended. In association with
extension of the piezoelectric vibrator 21, the pressure
chamber 35 is abruptly contracted from the expanded
volume to a contracted volume corresponding to the
contraction potential VL. The ink stored in the pressure
chamber 35 is compressed as a result of abrupt con-
traction of the pressure chamber 35, whereby a prede-
termined quantity of ink is ejected from a corresponding
nozzle orifice 32.

[0073] The contracted state of the pressure chamber
35 is maintained over a period during which the contrac-
tion holding element P6 is supplied. During this period,
the pressure of the ink stored in the pressure chamber
35, the pressure having dropped by ejection of an ink
droplet, is again increased by the natural vibration of ink.
The damping element P7 is supplied in step with the tim-
ing at which the pressure increases. As aresult of supply
of the damping element P7, the pressure chamber 35
expands and is restored to the reference volume, there-
by absorbing changes in the pressure of the ink stored
in the pressure chamber 35.

[0074] In relation to the first drive signal COM1, the
first middle dot drive pulse DP1 and the second middle
dot drive pulse DP2 are connected together at the lead-
ing-edge and trailing-edge potentials thereof (i.e., the
intermediate potential Vhm), by the first adjustment el-
ement PO, the first constant potential element P1, the
second constant potential element P8, and the third con-
stant potential element P9. Thus, the middle dot drive
pulses DP1, DP2 are generated at given intervals over
adjacent recording cycles T. Specifically, the sum of a
period of time during which the first adjustment element
PO is generated and a period of time during which the
first constant potential element P1 is generated is set to
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a value identical with that of the sum of a period of time
during which the second constant potential element P8
is generated and a period of time during which the third
constant potential element P9 is generated.

[0075] Given that the middle dot drive pulses DP1,
DP2 are generated at given intervals over adjacent re-
cording cycles T, when the medium drive pulses DP1,
DP2 are continuously supplied to the piezoelectric vi-
brator 21, the status of a meniscus achieved at the be-
ginning of supply of the drive pulses can be maintained
constant. As a result, the flight of an ink droplet can be
stabilized, thereby realizing an attempt to improve im-
age quality.

[0076] In relation to the first drive signal COM1 having
the foregoing configuration, the first expanding ele-
ments P2, P10, the first expansion holding element P3,
the second expansion holding element P4, the expan-
sion holding element P11, the first ejection elements P5,
P12, the contraction holding elements P6, P13, and the
damping elements P7, P14, serve as drive waveform
elements.

[0077] Onthe other hand, the first adjustment element
PO, the first constant potential element P1, the second
constant potential element P8, and the third constant
potential element P9, serve as constant-potential wave-
form elements.

[0078] The second drive signal COM2 will now be de-
scribed.

[0079] The second adjustment element P20 is formed
from a waveform element which is constant at the inter-
mediate voltage Vhm, in the same manner as is the first
adjustment element PO. In order to adjust the potential
of the vibrator to the intermediate potential Vhm at the
beginning of the recording cycle T, the second adjust-
ment element P20 is also supplied to the piezoelectric
vibrator 21.

[0080] In the embodiment, either the second adjust-
ment element P20 or the first adjustment element PO is
supplied to the piezoelectric vibrator 21 at the beginning
of the recording cycle T. Hence, a period t20 of time dur-
ing which the second adjustment element P20 is gener-
ated is set to become identical in duration with a period
t10 of time during which the first adjustment element PO
is generated.

[0081] The fourth waveform section PS4 is formed
from a fourth constant potential element P21. The fourth
potential element P21 is a waveform element which is
constant at the intermediate potential Vhm and is gen-
erated at a point in time between the period t11 and the
period t12 of the first drive signal COM1. Specifically,
generation of the waveform element is commenced at
the start of the period t11 and terminated at an interme-
diate point during a period of time in which the contrac-
tion holding element P6 of the second waveform section
PS2 is generated.

[0082] The fifth waveform section PS5 is formed from
a fifth constant potential element P22, a second expand-
ing element P23, an expansion holding element P24, a
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second ejection element P25, and a first contraction
holding element P26. The fifth potential element P22 is
a waveform element which is constant at the intermedi-
ate potential Vhm and is generated over an extremely
short period of time. The second expanding element
P23 is a waveform element which causes a potential to
abruptly increase from the intermediate potential Vhm
to a second expansion potential Vh2. The expansion
holding element P24 is a waveform element which is
constant at the second expansion potential Vh2. The
second ejection element P25 is a waveform element
which causes a potential to abruptly drop from the sec-
ond expansion potential Vh2 to an ejection potential
Vh3. The first contraction holding element P26 is a
waveform element which is constant at the ejection po-
tential Vh3.

[0083] The ejection potential Vh3 of the embodiment
is made equal to the first expansion potential Vh1 of the
first drive signal COM1.

[0084] The sixth waveform section PS6 is formed
from a second contraction holding element P27, a
damping element P28, and a sixth constant potential el-
ement P29. The second contraction holding element
P27 is a waveform element which is constant at the ejec-
tion potential Vh3 and is generated over an extremely
short period of time. The damping element P28 is a
waveform element for causing a potential to drop from
the ejection potential Vh3 to the intermediate potential
Vhm at a relatively gentle, constant gradient. The sixth
constant potential element P29 is a waveform element
which is constant at the intermediate potential Vhm and
is generated from the trailing edge of the damping ele-
ment P28 to the trailing edge of the recording cycle T.
[0085] In relation to the second drive signal COM2,
the second expanding element P23, the expansion
holding element P24, the second ejection element P25,
the contraction holding elements P26, P27, and the
damping element P28, all belonging to the fifth and sixth
waveform elements PS5, PS6, constitute the small dot
drive pulse DP3. When the small dot drive pulse DP3 is
supplied to the piezoelectric vibrator 21, a nominal
amount of ink corresponding to a small dot is ejected
from the nozzle orifice 32.

[0086] Specifically, as a result of supply of the second
expanding element P23, the piezoelectric vibrator 21
rapidly contracts in the longitudinal direction thereof.
The pressure chamber 35 rapidly expands from the ref-
erence volume corresponding to the intermediate po-
tential Vhm to an expanded volume corresponding to
the second expansion potential Vh2. As a result of ex-
pansion, relatively high negative pressure develops in
the pressure chamber 35, thereby strongly drawing a
meniscus (i.e., an exposed free surface of ink in the noz-
zle orifice 32) toward the pressure chamber 35. The ex-
panded state of the pressure chamber 35 is held over a
period during which the expansion holding element P24
is supplied. During this period, the moving direction of
a center portion of the meniscus is reversed to the di-
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rection in which ink is to be ejected. The center portion
becomes raised in the form of a pillar.

[0087] Subsequently, the second ejection element
P25 is supplied to the piezoelectric vibrator 21, where-
upon the vibrator extends. As a result of extension of
the piezoelectric vibrator 21, the pressure chamber 35
is abruptly contracted from the expanded volume to an
ejection volume corresponding to the second expansion
potential Vh3. By abrupt contraction of the pressure
chamber 35, the ink stored in the pressure chamber 35
is compressed, thereby promoting growth of the pillar
portion. The pillar portion is broken at an intermediate
position thereof, whereby ink is ejected in the form of an
ink droplet.

[0088] The second ejection element P25 is followed
by supply of the first contraction holding element P26
and supply of the second contraction holding element
P27. Subsequently, the damping element P28 is sup-
plied. The damping element P28 contracts the pressure
chamber 35 so as to compensate for the drop in pres-
sure of the ink stored in the pressure chamber 35 result-
ing from ejection of an ink droplet. Specifically, the pres-
sure chamber 35 is contracted to a reference volume by
supply of the damping element P28, thereby absorbing
achange in the pressure of the ink stored in the pressure
chamber 35.

[0089] A period of time during which the respective
waveform elements (P23 through P28) constituting the
small dot drive pulse DP3 are to be generated partially
overlaps periods of time during which the respective
waveform elements (P2 to P7, P10 to P14) constituting
the middle dot drive pulse DP1, DP2 are to be generat-
ed. Specifically, a period of time during which the second
expanding element P23 of the small dot drive pulse DP3
is generated partially overlaps a period of time during
which the damping element P7 of the first middle dot
drive pulse DP1 is to be generated. Further, a period of
time during which the damping element P28 of the small
dot drive pulse DP3 is to be generated overlaps, at the
trailing edge, a period of time during which the first ex-
panding element P10 of the second middle dot drive
pulse DP2 is to be generated.

[0090] In this way, the drive pulses DP1 to DP3 are
divided into the drive signals COM1, COM2 and gener-
ated so as to be superimposed on each other with re-
spect to time. In this case, the drive pulses DP1 through
DP3 and the first vibrating pulse VP1 can be efficiently
arranged in even a recording cycle T of limited length.
Consequently, high-frequency driving of the recording
head 8 can be realized.

[0091] In relation to the second drive signal COM2,
the small dot drive pulses DP3 are connected together
at the leading-edge and trailing-edge potentials thereof
(i.e., the intermediate potential Vhm), by the second ad-
justment element P20, the fourth constant potential el-
ement P21, the fifth constant potential element P22, and
the sixth constant potential element P29.

[0092] A timing at which the small dot drive pulse DP3
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is to be generated is set to an intermediate point in time
between the first middle dot drive pulse DP1 and the
second middle dot drive pulse DP2. In detail, a timing at
which the second ejection element P25 of the small mid-
dle dot drive pulse DP3 is to be generated is set to an
exactly intermediate point in time between a timing at
which the first ejection element P5 of the first middle dot
drive pulse DP1 is to be generated and a timing at which
the first ejection element P12 of the second middle dot
drive pulse DP2 is to be generated, in an attempt to im-
prove image quality.

[0093] As will be described later, in the embodiment,
the first middle dot drive pulse DP1 and the second mid-
dle dot drive pulse DP2 are supplied to the piezoelectric
vibrator 21 at the time of recording of a large dot, and
the second middle dot drive pulse DP2 is supplied to the
piezoelectric vibrator 21 at the time of recording of a mid-
dle dot. Further, at the time of recording of a small dot,
the small dot drive pulse DP3 is supplied to the piezoe-
lectric vibrator 21.

[0094] Here, if the small dot drive pulse DP3 is gen-
erated at an intermediate point in time between the first
middle dot drive pulse DP1 and the second middle dot
drive pulse DP2, an interval between ejection of an ink
droplet and ejection of the next ink droplet can be made
uniform even when a recording gradation is changed be-
tween a preceding recording cycle T and a current re-
cording cycle T. For instance, an interval between ejec-
tion of ink for producing a small dot during a preceding
recording cycle T and ejection of ink for producing a
large dot during a current recording cycle T can be made
equal to that existing between ejection of ink for produc-
ing a large dot during a preceding recording cycle T and
ejection of ink for producing a small dot during the cur-
rent recording cycle T.

[0095] As aresult, the status of a meniscus generated
during a current recording cycle T becomes uniform,
and ejection of an ink droplet can stabilized, and by ex-
tension image quality can be improved.

[0096] In relation to the second drive signal COM2
having the foregoing configuration, the second expand-
ing element P23, the expansion holding element P24,
the second ejection element P25, the first contraction
holding element P26, the second contraction holding el-
ement P27, and the shrinking damping element P28,
serve as drive waveform elements. On the other hand,
the second adjustment element P20, the fourth constant
potential element P21, the fifth constant potential ele-
ment P22, and the sixth constant potential element P29,
serve as constant-potential waveform elements.
[0097] Control of multiple gradations to be performed
in the embodiment will now be described by reference
to Figs. 3 through 7. During control of multiple grada-
tions, the switchers 49, 50 are controlled by the switch
controller (embodied by a combination of the decoder
45, the control logic 46, and the level shifters 47, 48; the
same also applies to any counterparts in the following
descriptions). The respective switchers 49, 50 supply
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the selected drive signals COM1, COM2 to the piezoe-
lectric vibrator 21. Specifically, the first drive signal
COM1 and the second drive signal COM2 are not simul-
taneously supplied to the piezoelectric vibrator 21, in or-
der to stabilize the potential of the vibrator 21.

[0098] An explanation will first be given of the case of
non-recording operation (meniscus vibration). In this
case, the decoder 45 generates the first waveform se-
lection data [1100] and the second waveform selection
data [0001] by translation of gradation data [00] for non-
recording operation. The switch controller controls op-
eration of the first switcher 49 and that of the second
switcher 50 on the basis of the thus-generated wave-
form selection data, which in turn controls supply of the
first drive signal COM1 and the second drive signal
COM2 to the piezoelectric vibrator 21.

[0099] During the period t10 (t20), the first adjustment
element P10 is supplied to the piezoelectric vibrator 21.
As a result, the potential of the vibrator is adjusted to
the intermediate potential Vhm. Here, one is selected
from the first adjustment element PO and the second ad-
justment element P20 in accordance with the next wave-
form element (i.e., waveform element) to be sent, and
the selected element is supplied to the piezoelectric vi-
brator 21. Specifically, if the next waveform element to
be supplied is a waveform element of the first drive sig-
nal COM1, the fist adjustment element PO is selected.
If the next waveform element to be supplied is a wave-
form element of the second drive signal COM2, the sec-
ond adjustment element P20 is selected. Such a select-
ing operation is performed in order to reduce the number
of times the switchers 49, 50 operate. More specifically,
if the number of times the switchers 49, 50 operate is
reduced, a drive signal supplied to the piezoelectric vi-
brator 21 is stabilized, in turn stabilizing operation of the
piezoelectric vibrator 21.

[0100] During the period t11, the first switcher 49 is
brought into a connected state. During the period t21,
the second switcher 50 is brought into a disconnected
state. Specifically, as indicated by a bold line shown in
Fig. 4, the first waveform section PS1 of the first drive
signal COM1 is supplied to the piezoelectric vibrator 21.
The pressure chamber 35 is expanded to an expanded
volume by the first expanding element P2. In association
with swelling of the pressure chamber 35, the ink stored
in the pressure chamber 35 is slightly decompressed.
[0101] During subsequent periods t12 and t13, the
first switcher 49 is controlled and brought into a discon-
nected state, and the second switcher 50 is controlled
and brought into a disconnected state during a period
t22. As a result, neither the first drive signal COM1 nor
the second drive signal COM2 is supplied to the piezo-
electric vibrator 21 from the beginning of the period t12
to the end of the period t22. Consequently, as indicated
by a semi-bold line shown in Fig. 4, the potential of the
vibrator is maintained at the first expansion potential
Vh1 which appears immediately before disconnection
of the first switch, and the expanded volume of the pres-
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sure chamber 35 is maintained. During the period, pres-
sure fluctuations in the ink stored in the pressure cham-
ber 35 are induced by the depressurization that has aris-
en during the period t11.

[0102] During a period t23, the second switcher 50 is
controlled and brought into a connected state. As a re-
sult, as indicated by a bold line shown in Fig. 4, a sixth
waveform section PS6 of the second drive signal COM2
is supplied to the piezoelectric vibrator 21, whereby the
pressure chamber 35 is contracted to the reference vol-
ume by the damping element P28. In association with
contraction of the pressure chamber 35, the ink stored
in the pressure chamber 35 is slightly compressed.
[0103] By pressure fluctuations imparted to ink, a me-
niscus is minutely vibrated toward the pressure cham-
ber 35 as well as in a direction in which an ink droplet is
to be ejected. By the minute vibration of the meniscus,
the ink that is located in the vicinity of the nozzle orifice
32 and whose viscosity is increased is dispersed, there-
by preventing an increase in the viscosity of ink.
[0104] In the embodiment, the first expansion poten-
tial Vh1 of the first drive signal COM1 and the ejection
potential Vh2 of the second drive signal COM2 are set
so as to assume the same potential. Hence, when the
sixth waveform section PS6 (i.e., a second contraction
holding element P27) is supplied to the piezoelectric vi-
brator 21 during the period 23, the potential of the vi-
brator and the leading-edge potential of the sixth wave-
form section PS6 are made equal to each other. Hence,
the sixth waveform section PS6 can be smoothly sup-
plied to the piezoelectric vibrator 21.

[0105] In the embodiment, in the case of a recording
gradation for non-recording, portions of the waveform
elements constituting the first drive signal COM1 (i.e.,
the first expanding element P2 and the first expansion
holding element P3) and a portion of the waveform ele-
ment constituting the second drive signal COM2 (i.e.,
the second contraction holding element P27 and the
damping element P28) are supplied, in combination, to
the piezoelectric vibrator 21, thereby minutely vibrating
a meniscus. As a result, the meniscus can be vibrated
minutely without provision in the respective drive signals
COM1, COM2 of the waveform elements specifically de-
signed for minute vibration, thereby preventing an in-
crease in the viscosity of the ink located in the vicinity
of the nozzle orifice 32.

[0106] There will now be described a case where re-
cording is performed through use of small dots. In this
case, the decoder 45 generates first waveform selection
data [0000] and second waveform selection data [1111]
by translation of gradation data [01] pertaining to small
dots. The switch controller controls supply of the first
and second drive signals COM1, COM2 to the piezoe-
lectric vibrator 21 on the basis of the thus-generated
waveform selection data.

[0107] Specifically, during the period t10 (t20), the
second adjustment element P20 is supplied to the pie-
zoelectric vibrator 21, whereby the potential of the vibra-
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tor is adjusted to the intermediate potential Vhm. During
the periods t11 to t13, the first switcher 49 is controlled
and brought into a disconnected state. During periods
t21 to t23, the second switcher 50 is controlled and
brought into a connected state.

[0108] As a result, the fourth waveform section PS4
is supplied to the piezoelectric vibrator 21 during the pe-
riod t21; the fifth waveform section PS5 is supplied to
the same during the period t22; and the sixth waveform
section PS6 is supplied to the same during the period
t23. More specifically, the small dot drive pulse DP3 is
supplied to the piezoelectric vibrator 21.

[0109] Consequently, as indicated by a bold line
shown in Fig. 5, the potential of the vibrator is changed
in accordance with the second drive signal COM2, and
anominal amount of ink is ejected from the nozzle orifice
32 by the small dot drive pulse DP3.

[0110] There willnow be described the case of record-
ing of middle dots. In this case, the decoder 45 gener-
ates first waveform selection data [0001] and second
waveform selection data [1100] by translation of grada-
tion data [10] pertaining to middle dots. The switch con-
troller controls supply of the first and second drive sig-
nals COM1, COM2 to the piezoelectric vibrator 21 on
the basis of the thus-generated waveform selection da-
ta.

[0111] During the period t10 (t20), the first adjustment
element PO and the second adjustment element P20 are
supplied to the piezoelectric vibrator 21, and the poten-
tial of the piezoelectric vibrator 21 is adjusted to the in-
termediate potential Vhm. During the periods t11 and
t12, the first switcher 49 is brought into a disconnected
state. During the period t21, the second switcher 50 is
brought into a connected state. As indicated by a bold
line shown in Fig. 6, the second waveform section PS4
of the second drive signal COM2 is supplied to the pie-
zoelectric vibrator 21, and the potential of the vibrator is
maintained at the intermediate potential Vhm by the
fourth constant potential element P21.

[0112] During the subsequent period t22, the second
switcher 50 is controlled and brought into a disconnect-
ed state. During a period from the beginning of the pe-
riod t22 to the end of the period t13, neither the first drive
signal COM1 nor the second drive signal COM2 is sup-
plied to the piezoelectric vibrator 21. Consequently, as
indicated by a semi-bold line shown in Fig. 6, the poten-
tial of the vibrator is maintained at the intermediate po-
tential Vhm which arises before disconnection of the
switchers. Since the fourth constant potential element
P21 has already been supplied to the piezoelectric vi-
brator 21 during the preceding period t21, the period of
time during which the drive signals are not supplied be-
comes relatively short.

[0113] During the period t13, the first switcher 49 is
controlled and brought into a connected state. During
the period t23, the second switcher 50 is controlled and
brought into a disconnected state. As indicated by the
bold line shown in Fig. 6, the third waveform section PS3
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of the first drive signal COM1 is supplied to the piezoe-
lectric vibrator 21. As a result, the second middle dot
drive pulse DP2 is supplied to the piezoelectric vibrator
21, whereby a small amount of ink corresponding to a
middle dot is ejected.

[0114] In the embodiment, even in the case of a me-
dium-dot recording gradation, portions of the waveform
elements constituting the first drive signal COM1 (i.e.,
the third constant potential element P9, the first expand-
ing element P10, the expansion holding element P11,
the first ejection element P12, the damping hold element
P13, and the damping element P14) and a portion of the
waveform element constituting the second drive signal
COM2 (i.e., the fourth constant potential element P21)
are supplied, in combination, to the piezoelectric vibra-
tor 21. During a period of time during which the first drive
signal COM1 cannot be supplied to the piezoelectric vi-
brator 21 (the periods t11, t12), the fourth constant po-
tential P21 of the second drive signal COM2 is supplied,
thereby maintaining the potential of the vibrator at the
intermediate potential Vhm.

[0115] This is intended for shortening, to the greatest
possible extent, the period of time during which the drive
signals COM1, COM2 are not supplied to the piezoelec-
tric vibrator 21. More specifically, when a printer is used
at high humidity or the insulation resistance of the pie-
zoelectric element has dropped as a result of long-term
use of the piezoelectric vibrator 21, an electric-charge
retaining capability of the piezoelectric vibrator 21 may
drop. When a drop has arisen in the electric-charge re-
taining capability of the piezoelectric vibrator 21, the po-
tential of the piezoelectric vibrator 21 is gradually low-
ered by electric discharge which arises during a period
of time in which the drive signals are not supplied to the
vibrator. Therefore, when the period of time during which
the drive signals are not supplied to the vibrator is long,
the extent to which the potential of the vibrator is de-
creased becomes larger. When the next drive signals
are supplied to the vibrator, a difference between the
potential of the drive signal and the potential of the vi-
brator becomes greater. In this case, abrupt deformation
arises in the piezoelectric vibrator 21, thereby causing
erroneous ejection of an ink droplet.

[0116] As in the case of this embodiment, so long as
the period of time during which the drive signals COM1,
COM2 are not supplied to the vibrator is shortened to
the greatest possible extent, the extent to which the po-
tential of the vibrator drops can be made smaller even
when a drop has arisen in the electric-charge retaining
capability of the vibrator. Hence, the drive signals
COM1, COM2 can be supplied without any trouble.
[0117] There willnow be described the case of record-
ing of large dots. In this case, the decoder 45 generates
first waveform selection data [1111] and second wave-
form selection data [0000] by translating gradation data
[11] pertaining to large dots. In accordance with the thus-
generated waveform selection data, the switch control-
ler controls supply of the first drive signal COM1 and the
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second drive signal COM2 to the piezoelectric vibrator
21.

[0118] Specifically, during the period t10 (t20), the first
adjustment element PO is supplied to the piezoelectric
vibrator 21, and the potential of the vibrator is adjusted
to the intermediate potential Vhm. During the periods
t11 to t13, the first switcher 49 is controlled and brought
into a connected state. During the periods t21 to t23, the
second switcher 50 is controlled and brought into a dis-
connected state. As a result, during the period t11, the
first waveform section PS1 is supplied to the piezoelec-
tric vibrator 21. During the period t12, the second wave-
form section PS2 is supplied to the piezoelectric vibrator
21. Further, during the period t13, the third waveform
section PS3 is supplied to the same. More specifically,
the first middle dot drive pulse DP1 and the second mid-
dle dot drive pulse DP2 are supplied to the piezoelectric
vibrator 21.

[0119] Consequently, as indicated by a bold line
shown in Fig. 7, the potential of the vibrator is changed
in accordance with the first drive signal COM1, and a
small amount of ink is continuously ejected from the noz-
zle orifice 32 twice in response to the middle dot drive
pulse. Large dots are recorded by these ink droplets.
[0120] As has been described, in the embodiment,
two middle dot drive pulses DP1, DP2 are included in
the first drive signal COM1. One small dot drive pulse
DP3 is included in the second drive signal COM2. A pe-
riod of time during which the middle dot drive pulses
DP1, DP2 are generated and a period of time during
which the small dot drive pulse DP2 is generated par-
tially overlap each other, thereby shortening the record-
ing cycle T. As a result, the piezoelectric vibrator 21 can
be driven at a higher frequency, thereby enabling the
recording head 8 to provide sufficient performance.
[0121] Since a portion of the waveform elements con-
stituting the first drive signal COM1 and a portion of the
waveform elements constituting the second drive signal
COM2 are supplied, in combination, to the piezoelectric
vibrator 21, the recording head can be driven in accord-
ance with a new pattern which is not explicitly specified
by the drive signals. For example, a meniscus can be
minutely vibrated without use of a dedicated vibrating
pulse. Moreover, periods during which no drive signals
are supplied to the piezoelectric vibrator 21 can be
shortened to the shortest possible extent. As a result, a
complicated control operation can be achieved while the
recording head 8 is actuated at a higher frequency.
[0122] In this embodiment, the drive signals COM1,
COM2 are selectively supplied to the piezoelectric vi-
brator 21 by the first and second switchers 49, 50 that
are provided in accordance with the types of drive sig-
nals to be generated. However, the invention is not lim-
ited to such a switcher. For instance, the drive signals
COM1, COM2 may be selectively supplied to the piezo-
electric vibrator 21 by a changeover switch shown in Fig.
8 as a second embodiment of the invention.

[0123] The changeover switch 61 is provided for each
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of the piezoelectric vibrators 21. The changeover switch
61 has a first input contact point 61a, a second input
contact point 61b, an off-contact point 61c, all being pro-
vided in accordance with the types of drive signals to be
generated, and an output terminal 61 d to be electrically
connected to the piezoelectric vibrator 21. One of the
contact points 61a through 61c is selectively, electrically
connected to the output terminal 61 d. The first input
contact point 61 a is electrically connected to a line for
feeding a first drive signal COM1; the second input con-
tact point 61b is electrically connected to a line for feed-
ing a second drive signal COM2; and the off-contact
point 61 ¢ has no electrical connection.

[0124] The drive signals COM1, COM2 can be selec-
tively supplied to the piezoelectric vibrator 21 by switch-
ing the contact points 61a through 61c, all being electri-
cally connected to the output terminal 61d. Specifically,
the first drive signal COM1 can be supplied by electri-
cally connecting the first input contact point 61a to the
output terminal 61d. The second drive signal COM2 can
be supplied by electrically connecting the second input
drive signal COM2 to the output terminal 61 d. Neither
the first drive signal COM1 nor the second drive signal
COMz2 is supplied when the off-contact point 61c is elec-
trically connected to the output terminal 61 d.

[0125] The operation of the changeover switch 61 is
controlled by the decoder 62 and the switch controller
63. The decoder 62 serves as a switching data genera-
tor and generates switching data representing any one
of the first input contact point 61a ([1]), the second input
contact point 61b ([2]), and the off-contact point 61¢ ([0])
by translation of recording data (gradation data). The
switching data are output to the switch controller 63 in
synchronism with a timing output from the control logic
46'.

[0126] An explanation will be given by reference to a
drive signal shown in Fig. 3. In the case of gradation
data [00], the decoder 62 generates switching data
[110002]. The switching data are output to the switch
controller 63 at a start timing of period t10 (t20), a start
timing of the period t11 (t21), a start timing of the period
t12, a start timing of a period 122, a start timing of a pe-
riod t13, and a start timing of a period t23.

[0127] Duringthe periodst10andt11, the changeover
switch 61 is electrically connected to the first input con-
tact point 61a, whereby the first adjustment element PO
and the first waveform section PS1 of the first drive sig-
nal COM1 are supplied to the piezoelectric vibrator 21.
Subsequently, the changeover switch 61 is switched to
the off-contact point 61c immediately before the period
t23, whereby supply of a drive signal is interrupted. Dur-
ing the period t23, the changeover switch 61 is switched
to the second input contact point 61b, whereby the sixth
waveform section PS6 of the second drive signal COM2
is supplied to the piezoelectric vibrator 21.

[0128] Consequently, as in the case of the embodi-
ment, the meniscus vibrating operation can be effected.
[0129] In the case of the gradation data [01], the de-
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coder 62 generates switching data [222222]. As aresult,
the changeover switch 61 is electrically connected to the
second input contact point 61b over the entire period of
the recording cycle T. The second adjustment element
P20, the fourth waveform section PS4, the fifth wave-
form section PS5, and the sixth waveform section PS6
are supplied to the piezoelectric vibrator 21.

[0130] Consequently, as in the case of the embodi-
ment, an amount of ink corresponding to a small dot can
be ejected.

[0131] In the case of the gradation data [10], the de-
coder 62 generates switching data[222011]. As aresult,
the changeover switch 61 is electrically connected to the
second input contact point 61b immediately before start
of the period t22, whereupon the second adjustment el-
ement P20 and the fourth waveform section PS4, both
belonging to the second drive signal COM2, are sup-
plied to the piezoelectric vibrator 21. The changeover
switch 61 is switched to the off-contact point 61 from a
start point of the period t22 to a pointimmediately before
start of the period t13, thereby interrupting supply of a
drive signal. Subsequently, the changeover switch 61 is
switched to the first input contact point 61a during the
period t13, whereupon the third waveform section PS3
of the first drive signal COM1 is supplied to the piezoe-
lectric vibrator 21.

[0132] Consequently, as in the case of the embodi-
ment, an ink droplet corresponding to a middle dot can
be ejected.

[0133] In the case of the gradation data [11], the de-
coder 62 generates switching data [111111]. As a resullt,
the changeover switch 61 is electrically connected to the
first input contact point 61a over the entire period of the
recording cycle T. The first adjust element PO, the first
waveform section PS1, the second waveform section
PS2, and the third waveform section PS3, all belonging
to the first drive signal COM1, are supplied to the pie-
zoelectric vibrator 21.

[0134] Consequently, as in the case of the embodi-
ment, an ink droplet corresponding to a large dot can be
ejected.

[0135] By suchaconfiguration, control of one change-
over switch 61 with regard to one piezoelectric vibrator
21 is sufficient, and hence simplification of control of the
switcher can be attempted.

[0136] Here, the invention is not limited to the above-
described embodiment and is susceptible to various
modifications within the scope of the invention defined
by the appended claims.

[0137] In connection with the pressure generating el-
ement, the embodiment has described a case where the
piezoelectric vibrator 21 of so-called longitudinal vibra-
tion mode is used. However, the invention can be carried
out in the same manner, through use of a piezoelectric
vibrator of so-called deflection vibration mode. Alterna-
tively, an electrostatic actuator may be used in addition
to a piezoelectric vibrator.

[0138] The embodiment has described the two types
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of drive signals COM1, COM2. However, even when
three or more types of drive signals are generated, the
invention can be carried out in the same manner.
[0139] The invention can be applied to plotters, fac-
similes, copiers, or various types of ink jet recording ap-
paratuses, as well as to printers.

[0140] The invention can be also applied to display
manufacturing apparatuses, electrode forming appara-
tuses, biochip manufacturing apparatuses, or various
types of liquid jetting apparatuses, as well as ink jet re-
cording apparatuses. In such cases, one ordinary skilled
in the art can easily realize that the words "ink", "record-
ing", "small dot", "medium dot", "large dot" and "record-
ing gradation" used in the foregoing explanations may
be respectively replaced with "liquid", "jetting", "small
droplet”, "medium droplet", "large droplet" and "jetting
amount".

Claims
1. Aliquid jetting apparatus, comprising:

a jetting head, provided with a nozzle orifice, a
pressure chamber communicated with the noz-
zle orifice, and a piezoelectric element which is
deformable to cause pressure fluctuation to lig-
uid contained in the pressure chamber;

a drive signal generator, which simultaneously
generates a plurality of drive signals, each pro-
vided with waveform elements including at
least one drive pulse in every unit jetting cycle,
the drive pulse deforming the piezoelectric el-
ement to cause such pressure fluctuation as to
eject a liquid droplet from the nozzle orifice;

a switcher, which selectively supplies at least
one of the waveform elements included in one
of the drive signals to the piezoelectric element;
and

a switch controller, which controls a selective
supply operation of the switcher in accordance
with amount data which indicates an amount of
the liquid droplet to be ejected,

wherein a time period in which the drive pulse
is generated in one of the drive signal and that in
another one of the drive signals overlap at least

partly.

2. The liquid jetting apparatus as set forth in claim 1,
wherein the waveform elements in each drive signal
include a drive waveform element which constitutes
the drive pulse, and a constant-potential waveform
element which maintains a potential of the drive sig-
nal at a leading-end potential and a trailing-end po-
tential thereof.

3. The liquid jetting apparatus as set forth in claim 2,
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wherein the switch controller controls the switcher
such that the drive waveform element in one of the
drive signals and the drive waveform elementin an-
other one of the drive signals are supplied to the
piezoelectric element in the unit jetting cycle.

4. The liquid jetting apparatus as set forth in claim 2,
the switch controller controls the switcher such that
the drive waveform element in one of the drive sig-
nals and the constant-potential waveform element
in another one of the drive signals are supplied to
the piezoelectric element in the unit jetting cycle.

5. The liquid jetting apparatus as set forth in claim 1,
wherein the switcher includes a plurality of switches
interposed between the drive signal generator and
the piezoelectric element such that each of the
switches is associated with one of the drive signals.

6. The liquid jetting apparatus as set forth in claim 5,
wherein the switch controller selectively activates
one of the switches such that one of the drive sig-
nals associated with an activated switch is supplied
to the piezoelectric element.

7. The liquid jetting apparatus as set forth in claim 1,
wherein:

the switcher includes a plurality of input con-
tacts each associated with one of the drive sig-
nals and an output contact electrically connect-
ed to the piezoelectric element; and

the switch controller selectively connects one
of the input contacts and the output contact
such that one of the drive signals associated
with a selected input contact is supplied to the
piezoelectric element.

8. The liquid jetting apparatus as set forth in claim 1,
wherein:

the drive signals include:

a first drive signal, in which at least two first
drive pulses each for ejecting a first amount
of liquid droplet are arranged at a predeter-
mined interval; and

a second drive signal, in which at least one
second drive pulse for ejecting a second
amount of liquid droplet is generated at a
timing between timings at which the first
drive pulses are generated; and

the predetermined interval is determined
such that the first drive pulses are still ar-
ranged at the predetermined interval even
when the first drive signal is successively
selected in adjacent unit jetting cycles.
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9. The liquid jetting apparatus as set forth in claim 8,

wherein:
the first drive pulse including:

an expanding element, in which a potential
of the first drive signal is varied from a ref-
erence potential to a first potential at a con-
stant gradient, so that a volume of the pres-
sure chamber is expanded from a refer-
ence volume to a first volume; and

a first holding element, which maintains the
volume of the pressure chamber at the first
volume;

the second drive pulse including:

a second holding element, in which a
potential of the second drive signal is
maintained at the first potential to
maintain the volume of the pressure
chamber at the first volume; and

a contracting element, in which the po-
tential of the second drive signal is var-
ied from the first potential to the refer-
ence potential at a constant gradient,
so that the volume of the pressure
chamber is contracted from the first
volume to the reference volume; and
the switch controller controls the
switcher so as to supply the expanding
element, the first holding element, the
second holding element and the con-
tracting element, to cause pressure
fluctuation such an extent that no liquid
droplet is ejected, when the amount
data indicates no jetting is to be per-
formed.

10. The liquid jetting apparatus as set forth in claim 8,

wherein:

each of the first drive pulses is interposed be-
tween first constant-potential waveform ele-
ments which maintain a potential of the first
drive signal at a reference potential so that an
initial end and a termination end of each first
drive pulse are set to the reference potential;
the second drive pulse is interposed between
second constant-potential waveform elements
which maintain a potential of the second drive
signal atthe reference potential so that an initial
end and a termination end of the second drive
pulse are set to the reference potential; and
the switch controller controls the switcher so as
to supply one of the first drive pulses and one
of the second constant-potential waveform el-
ement, so that a potential of the piezoelectric
vibrator is set to the reference potential while

&)

10

15

20

25

30

35

40

45

50

55

15

EP 1319 511 A1

11.

12.

28

the first drive pulse is not supplied, when the
amount data indicates the first amount of liquid
droplet to be ejected.

The liquid jetting apparatus as set forth in claim 2,
wherein the switch controller controls the switcher
such that the constant-potential waveform element
in at least one of the drive signals is supplied to the
piezoelectric element in the unit jetting cycle.

A method of driving a liquid jetting apparatus which
comprises a jetting head, provided with a nozzle or-
ifice, a pressure chamber communicated with the
nozzle orifice, and a piezoelectric element which is
deformable to cause pressure fluctuation to liquid
contained in the pressure chamber, the method
comprising the steps of:

generating simultaneously a plurality of drive
signals, each provided with waveform elements
including at least one drive pulse in every unit
jetting cycle, the drive pulse deforming the pie-
zoelectric element to cause such pressure fluc-
tuation as to eject a liquid droplet from the noz-
zle orifice;

providing a switcher which selectively supplies
at least one of the waveform elements included
in one of the drive signals to the piezoelectric
element; and

controlling a selective supply operation of the
switcher in accordance with amount data which
indicates an amount of the liquid droplet to be
ejected,

wherein a time period in which the drive pulse
is generated in one of the drive signal and that in
another one of the drive signals overlap at least
partly.
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