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FIG. 7

EXPERIMENTAL VALUE AND CALCULATED VALUE
OF RESIDUAL VIBRATION (NORMAL STATE)
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FIG. 9

EXPERIMENTAL VALUE AND CALCULATED
VALUE OF RESIDUAL VIBRATION (BUBBLE)

VaN
/
[, \\ ]
/J K\ W '\““m’-"/
\ / d
v L
\ W
V'
/

TIME —— CALCULATED VALUE
—— EXPERIMENTAL VALUE




Patent Application Publication

FIG. 11

Sep. 29, 2016 Sheet 8 of 17 US 2016/0279929 Al
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FIG. 13

EXPERIMENTAL VALUE AND CALCULATED
VALUE OF RESIDUAL VIBRATION (PAPER DUST)
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LIQUID DISCHARGE APPARATUS,
CONTROL METHOD OF LIQUID
DISCHARGE APPARATUS, AND CONTROL
PROGRAM OF LIQUID DISCHARGE
APPARATUS

[0001] This application claims priority to Japanese Patent
Application No. 2015-065458 filed on Mar. 27, 2015. The
entire disclosure of Japanese Patent Application No. 2015-
065458 is hereby incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a liquid discharge

apparatus, a control method of a liquid discharge apparatus,
and a control program of a liquid discharge apparatus.
[0004] 2. Related Art

[0005] A liquid discharge apparatus such as an ink jet
printer forms an image on a recording medium, by driving a
piezoelectric element provided in a discharge unit using a
drive signal, and displacing the piezoelectric element so as to
discharge liquid such as ink filling the cavity (a pressure
chamber) of the discharge unit. In such a liquid discharge
apparatus, abnormal discharge may occur, in which the dis-
charge unit is not able to properly discharge the liquid, due to
thickening of liquid, or bubble mixing into a cavity. Then, if
the abnormal discharge occurs, it is not able to exactly form
dots to be formed on a medium by using the liquid discharged
from the discharge unit, and thus the quality of the image
formed by the liquid discharge apparatus is reduced.

[0006] JP-A-2004-276544 proposes a technique for pre-
venting deterioration in an image quality due to abnormal
discharge, by detecting residual vibration occurring in a dis-
charge unit after a piezoelectric element is driven in response
to a drive signal, and determining the discharge state of the
liquid in the discharge unit, based on the characteristics of the
residual vibration, such as the period and amplitude, and the
like of the residual vibration.

[0007] However, with an increase in a print speed in recent
years, an interval from when a piezoelectric element is driven
in response to a drive signal to when the piezoelectric element
is driven next becomes gradually shorter. When the driving
interval of the piezoelectric element is reduced and the period
of'the drive signal is reduced, a detection period is shortened,
which is a period provided for detecting residual vibration
during one period of the drive signal, and a period in which the
signal level of the drive signal is maintained at a certain level,
or a fluctuation in the signal level of the drive signal is
reduced, in order to accurately detect the residual vibration.
Then, when the detection period is shortened, there is a high
possibility that the detection accuracy of the residual vibra-
tionis reduced, or the detection result of the residual vibration
does not include the amount of information to an extent
capable of identifying the characteristics of the residual
vibration. In this case, there is a problem in that the accuracy
of'the determination is likely to decrease in the determination
of the discharge state based on the characteristics of residual
vibration.

SUMMARY

[0008] An advantage of some aspects of the invention is to
provide a technique for enabling determination of a discharge
state of liquid from the discharge unit with high accuracy,
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even when it is not possible to ensure a sufficient period as the
detection period for detecting residual vibration.

[0009] According to an aspect of the invention, a liquid
discharge apparatus includes a discharge unit including a
piezoelectric element that is displaced in response to a drive
signal, a pressure chamber of which an inner pressure is
increased or decreased by the piezoelectric element, and a
nozzle which is in communication with the pressure chamber
and discharges liquid filling the pressure chamber, depending
on an increase or a decrease in the inner pressure of the
pressure chamber; a detection unit that detects residual vibra-
tion occurring in the discharge unit according to a potential
change of the drive signal that is supplied to the piezoelectric
element; and a determination unit that determines a discharge
state of the liquid in the discharge unit, depending on a detec-
tion result of the detection unit, in which the detection unit
outputs a first detection signal indicating a detection result of
residual vibration occurring in the discharge unit after a
potential of the drive signal supplied to the piezoelectric
element changes to a first potential from a potential different
from the first potential, and a second detection signal indicat-
ing a detection result of residual vibration occurring in the
discharge unit after the potential of the drive signal supplied
to the piezoelectric element changes to a second potential
from a potential different from the second potential, and in
which the determination unit determines the discharge state
of'the liquid in the discharge unit, based on the first detection
signal and the second detection signal.

[0010] In this case, since the discharge state is determined
based on two detection signals of the first detection signal and
the second detection signal, the accuracy of the determination
of'the discharge state may be improved, as compared with the
case of determining the discharge state based on one detection
signal.

[0011] According to another aspect of the invention, a lig-
uid discharge apparatus includes a discharge unit including a
piezoelectric element that is displaced in response to a drive
signal, a pressure chamber of which an inner pressure is
increased or decreased by the piezoelectric element, and a
nozzle which is in communication with the pressure chamber
and discharges liquid filling the pressure chamber, depending
on an increase or a decrease in the inner pressure of the
pressure chamber; a detection unit that outputs a first detec-
tion signal indicating a detection result of residual vibration
occurring in the discharge unit in a first period, and a second
detection signal indicating a detection result of residual vibra-
tion occurring in the discharge unit in a second period, when
a drive signal is supplied to the piezoelectric element, the
drive signal having a drive waveform which is a first potential
in the first period and is a second potential in the second
period; and a determination unit that determines a discharge
state of liquid in the discharge unit, based on the first detection
signal and the second detection signal.

[0012] Inthis case, since there are two detection periods of
the first period and the second period, it is possible to increase
a total duration of the period when the detection unit can
detect the residual vibration, as compared with the case where
there is one detection period. Therefore, it is possible to
improve the detection accuracy of the residual vibration, or to
increase the amount of information included in the detection
result of the residual vibration by the detection unit. In other
words, in this case, even if it is difficult to secure a detection
period with a longer duration, for example, due to an improve-
ment in the print speed, it is possible to accurately specify the
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characteristics of the residual vibration. Accordingly, as com-
pared with the case where there is one detection period, it is
possible to increase the accuracy of the determination of the
discharge state based on the characteristics of residual vibra-
tion.

[0013] According to still another aspect of the invention, a
liquid discharge apparatus may include a discharge unit
including a piezoelectric element that is displaced in response
to a drive signal, a pressure chamber of which an inner pres-
sure is increased or decreased by the piezoelectric element,
and a nozzle which is in communication with the pressure
chamber and discharges liquid filling the inside of the pres-
sure chamber, depending on an increase or a decrease in the
inner pressure of the pressure chamber; a supply unit capable
of supplying the drive signal to the piezoelectric element at
each unit period; a detection unit that outputs a first detection
signal indicating a detection result of residual vibration
occurring in the discharge unit in a first period out of the unit
periods, and a second detection signal indicating a detection
result of residual vibration occurring in the discharge unit in
the second period that starts after the end of the first period,
out of the unit periods, when the drive signal is supplied to the
piezoelectric element; and a determination unit that deter-
mines a discharge state of liquid in the discharge unit, based
on the first detection signal and the second detection signal.

[0014] In the liquid discharge apparatus, the drive wave-
form may include a first waveform that changes to the first
potential from a potential different from the first potential,
prior to a start of the first period, and a second waveform that
changes to the second potential from a potential different
from the second potential, prior to a start of the second period
after an end of the first period, in which the first detection
signal may indicate a detection result of residual vibration
caused by the first waveform occurring in the discharge unit,
and the second detection signal may indicate a detection
result of composite vibration of residual vibration caused by
the first waveform occurring in the discharge unit, and
residual vibration caused by the second waveform occurring
in the discharge unit.

[0015] In this case, a composite vibration of the residual
vibration caused by the first waveform and the residual vibra-
tion caused by the second waveform is detected in the second
period. In other words, in this case, the residual vibration
caused by the first waveform is detected in both the first
period and the second period. Therefore, for example, as
compared with the case where the residual vibration caused
by the first waveform is detected in the first period, and the
residual vibration caused by the second waveform in the
second period, without detecting the residual vibration
caused by the first waveform in the second period, in other
words, as compared with the case where the residual vibration
caused by the first waveform is sufficiently attenuated before
the second period is started, it is possible to increase the
amount of information that can be obtained from the detec-
tion result of the residual vibration caused by the first wave-
form. Thus, in this case, it is possible to determine the dis-
charge state with high accuracy, based on the characteristics
of the residual vibration.

[0016] Further, in the liquid discharge apparatus, at least
one period of the first period and the second period may be
shorter than a period of residual vibration occurring in the
discharge unit, in the first period or the second period, if the
discharge state of the liquid in the discharge unit is normal.
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[0017] In this case, since the first period or the second
period is shorter than the period of the residual vibration, even
when the drive period of the discharge unit is short, it is
possible to determine the discharge state, based on the char-
acteristics of residual vibration.

[0018] Further, in this case, in particular, in the case of
detecting a composite vibration of the residual vibration
caused by the first waveform and the residual vibration
caused by the second waveform in the second period, even if
the first period is shorter than the period of the residual vibra-
tion, it is possible to analogize the period of the residual
vibration caused by the first waveform, from the phase of the
composite vibration of the residual vibration detected in the
second period. That s, in this case, as compared with the case
where the first period is longer than the period of the residual
vibration, it is possible to prevent the amount of information
that can be obtained from the detection result of the residual
vibration caused by the first waveform from being greatly
reduced.

[0019] Further, in the liquid discharge apparatus, the deter-
mination unit may determine the discharge state of the liquid
in the discharge unit, depending on a phase of residual vibra-
tion indicated by the first detection signal, a magnitude of a
change in a signal level indicated by the first detection signal,
a phase of residual vibration indicated by the second detec-
tion signal, and a magnitude of a change in a signal level
indicated by the second detection signal.

[0020] In this case, since the discharge state is determined
according to the phase or signal level of the detected residual
vibration, the first period or the second period is shorter than
the period of the residual vibration, and even if it is not
possible to directly specify the period and amplitude of the
residual vibration from the detected residual vibration, it is
possible to determine the discharge state.

[0021] Further, in the liquid discharge apparatus, when a
drive signal having a waveform that changes to the first poten-
tial or the second potential is supplied to the piezoelectric
element, the discharge unit may discharge liquid filling the
pressure chamber from the nozzle.

[0022] In this case, when the waveform of the drive signal
is a discharge waveform for discharging the liquid from the
discharge unit, the residual vibration occurring in the dis-
charge unit is detected. In other words, in this case, it is
possible to simultaneously execute a printing process of
forming an image on a medium by ejecting the liquid from the
discharge unit, and a process of determining the discharge
state based on the characteristics of the residual vibration
occurring in the discharge unit. Accordingly, it is possible to
perform determination of the discharge state without inter-
rupting the printing process. Thus, it is possible to suppress a
decrease in the convenience ofthe user of the liquid discharge
apparatus, by performing the determination of the discharge
state.

[0023] Further, according to still another aspect of the
invention, a control method of a liquid discharge apparatus is
provided, the liquid discharge apparatus including a dis-
charge unit including a piezoelectric element that is displaced
in response to a drive signal, a pressure chamber of which an
inner pressure is increased or decreased by the piezoelectric
element, and a nozzle which is in communication with the
pressure chamber and discharges liquid filling the pressure
chamber, depending on an increase or a decrease in the inner
pressure of the pressure chamber. The control method
includes detecting residual vibration occurring in the dis-
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charge unit after a potential of the drive signal supplied to the
piezoelectric element is changed to a first potential from a
potential different from the first potential; outputting a first
detection signal representing the detection result; detecting
residual vibration occurring in the discharge unit after the
potential of the drive signal supplied to the piezoelectric
element is changed to a second potential from a potential
different from the second potential; outputting a second
detection signal representing the detection result; and deter-
mining a discharge state of liquid in the discharge unit, based
on the first detection signal and the second detection signal.

[0024] In this case, since a discharge state is determined
based on two detection signals of the first detection signal and
the second detection signal, it is possible to increase the
accuracy of the determination of the discharge state, as com-
pared with the case of determining the discharge state based
on one detection signal.

[0025] Further, according to still another aspect of the
invention, a control program of a liquid discharge apparatus is
provided, the liquid discharge apparatus including a dis-
charge unit including a piezoelectric element that is displaced
in response to a drive signal, a pressure chamber of which an
inner pressure is increased or decreased by the piezoelectric
element, and a nozzle which is in communication with the
pressure chamber and discharges liquid filling the pressure
chamber, depending on an increase or a decrease in the inner
pressure of the pressure chamber; a detection unit that detects
residual vibration occurring in the discharge unit according to
a potential change of the drive signal that is supplied to the
piezoelectric element; and a computer. The control program
causes the computer to function as a determination unit that
determines a discharge state of liquid in the discharge unit,
based on a first detection signal and a second detection signal,
the first detection signal being output as a detection result of
residual vibration occurring in the discharge unit after a
potential of the drive signal supplied to the piezoelectric
element changes to a first potential from a potential different
from the first potential, by the detection unit and the second
detection signal being output as a detection result of residual
vibration occurring in the discharge unit after the potential of
the drive signal supplied to the piezoelectric element changes
to a second potential from a potential different from the
second potential, by the detection unit.

[0026] In this case, since a discharge state is determined
based on two detection signals of the first detection signal and
the second detection signal, it is possible to increase the
accuracy of the determination of the discharge state, as com-
pared with the case of determining the discharge state based
on one detection signal.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Theinvention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

[0028] FIG.1isablock diagram illustrating a configuration
of a printing system according to an embodiment of the
present invention.

[0029] FIG.2isaschematic partial cross-sectional diagram
of an ink jet printer.

[0030] FIG. 3 is a schematic cross-sectional diagram of a
recording head.
[0031] FIG. 4 is a plan view illustrating an arrangement

example of a nozzle in the recording head.
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[0032] FIGS.5A to 5C are diagrams illustrating a change in
a cross-sectional shape of'a discharge unit when a drive signal
is supplied.

[0033] FIG. 6 is a circuit diagram illustrating a model of
single vibration representing residual vibration of the dis-
charge unit.

[0034] FIG. 7 is a graph representing a relationship
between an experimental value and a calculated value of
residual vibration of a discharge unit.

[0035] FIG. 8 is an explanatory diagram illustrating the
state of the discharge unit when bubble is mixed into the
discharge unit.

[0036] FIG.9 isagraph representing an experimental value
and a calculated value of residual vibration of the discharge
unit.

[0037] FIG. 10 is an explanatory diagram illustrating the
state of the discharge unit when ink in the vicinity of a nozzle
is adhered.

[0038] FIG. 11 is a graph representing an experimental
value and a calculated value of residual vibration of the dis-
charge unit.

[0039] FIG. 12 is an explanatory diagram illustrating the
state of the discharge unit when paper dust is adhered.
[0040] FIG. 13 is a graph representing an experimental
value and a calculated value of residual vibration of the dis-
charge unit.

[0041] FIG. 14 is a block diagram illustrating a configura-
tion of a drive signal generation unit.

[0042] FIG. 15 is an explanatory diagram illustrating
decoding details of a decoder.

[0043] FIG. 16 is a timing chart illustrating an operation of
the drive signal generation unit.

[0044] FIG. 17 is a timing chart illustrating a waveform of
a drive signal.
[0045] FIG. 18 is an explanatory diagram illustrating a

connection relationship between a connecting unit and a
detection unit.

[0046]

[0047] FIG. 20 is an explanatory diagram illustrating
residual vibration occurring in the discharge unit of which
discharge state is normal.

[0048] FIG. 21 is an explanatory diagram illustrating
residual vibration occurring in the discharge unit of which
discharge state is abnormal.

[0049] FIGS. 22A to 22C are explanatory diagrams illus-
trating generation of characteristic information based on a
waveform shaping signal.

FIG. 19 is a timing chart illustrating a waveform.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0050] Hereinafter, embodiments of the present invention
will be described with reference to the accompanying draw-
ings. Note that the dimension and the scale of each part are
appropriately different from the actual one in each drawing.
Further, since the embodiments described below are preferred
specific examples of the invention, technically preferable
various limits are imposed, but the scope of the present inven-
tion is not limited to such aspects, unless a particular descrip-
tion for limiting the invention is given in the following
description.



US 2016/0279929 Al

A. EMBODIMENT

[0051] Inthe present embodiment, a liquid discharge appa-
ratus will be described, with an ink jet printer that discharges
ink (an example of “liquid”’) and forms an image on a record-
ing sheet P (an example of “medium”™) as an example.

1. Overview of Printing System

[0052] The configuration of an ink jet printer 1 according to
the present embodiment will be described with reference to
FIGS. 1 and 2.

[0053] FIG. 1 is a functional block diagram illustrating a
configuration of a printing system 100 equipped with the ink
jet printer 1. The printing system 100 includes a host com-
puter 9 such as a personal computer or a digital camera, and
the ink jet printer 1.

[0054] The host computer 9 outputs print data Img indicat-
ing an image to be formed by the ink jet printer 1, and
information indicating the number of copies of an image to be
formed by the ink jet printer 1.

[0055] The ink jet printer 1 performs a printing process of
forming an image represented by the print data Img supplied
from the host computer 9 on the recording sheets P of only the
required number of copies. Further, in the present embodi-
ment, a case where the ink jet printer 1 is a line printer will be
described as an example.

[0056] Asillustrated in FIG. 1, the ink jet printer 1 includes
a head unit 10 is provided with a discharge unit D that dis-
charges ink, a determination unit 4 (an example of the “deter-
mination unit”) that determines the discharge state of ink
from the discharge unit D, a transport mechanism 7 for chang-
ing the relative position of the recording sheet P relative to the
head unit 10, a control unit 6 that controls the operation of
each part of the ink jet printer 1, a storage unit 60 that stores
the control program and other types of information of the ink
jet printer 1, maintenance mechanism (not illustrated) that
performs a maintenance process of successfully recovering
the discharge state of the ink by the discharge unit D when
detecting the occurrence of abnormal discharging in the dis-
charge unit D, a display unit that is constituted by a liquid
crystal display, an LED lamp or the like, and displays an error
message or the like, and a display operation unit (not illus-
trated) equipped with an operation unit by which the user of
the ink jet printer 1 inputs various commands and the like to
the ink jet printer 1.

[0057] Although the details will be described later, in the
present embodiment, it is assumed that the ink jet printer 1
includes a plurality of head units 10, and a plurality of deter-
mination units 4.

[0058] FIG. 2 is a partial cross-sectional view illustrating
an outline of the internal configuration of the ink jet printer 1.
[0059] Asillustrated in FIG. 2, the ink jet printer 1 includes
a mounting mechanism 32 that mounts head units 10. In
addition to the head units 10, four ink cartridges 31 are
mounted on the mounting mechanism 32. The four ink car-
tridges 31 are provided in one-to-one correspondence with
four colors (CMYK) of black, cyan, magenta, and, yellow,
and ink of the color corresponding to the ink cartridge 31 is
filling each ink cartridge 31. Further, each ink cartridge 31
may be provided elsewhere in the ink jet printer 1, instead of
being mounted on the mounting mechanism 32.

[0060] In the present embodiment, as illustrated in FIG. 2,
four head units 10 are provided in the ink jet printer 1 so as to
correspond to four ink cartridges 31 one-to-one. Further, in
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the present embodiment, four determination units 4 are pro-
vided in the ink jet printer 1 so as to correspond to four ink
cartridges 31 one-to-one.

[0061] In the following description, in a description of the
head unit 10 and the determination unit 4, the description will
focus on a single head unit 10 and a single determination unit
4, which are provided corresponding to any one ink cartridge
31 among the four ink cartridges 31, but it is assumed that the
description is applicable as well to the other three head units
10 and three determination units 4.

[0062] As illustrated in FIG. 1, the transport mechanism 7
includes a transport motor 71 which is a drive source for
transporting the recording sheet P, and a motor driver 72 for
driving the transport motor 71. In addition, as illustrated in
FIG. 2, the transport mechanism 7 includes a platen 74 that is
provided on the lower side (-7 direction in FIG. 2) of the
mounting mechanism 32, a transport roller 73 that is rotated
by the operation of the transport motor 71, a guide roller 75
that is provided rotatably around the Y-axis in FIG. 2, and a
storage unit 76 that stores the recording sheet P in a state of
being wound into a roll shape. When the ink jet printer 1
performs the printing process, the transport mechanism 7
transports the recording sheet P that is feed from the storage
unit 76, along a transport path which is defined by the guide
roller 75, the platen 74, and the transport roller 73, in the +X
direction (a direction from the upstream side to the down-
stream side), at a transport speed Mv.

[0063] The storage unit 60 includes an electrically erasable
programmable read-only memory (EEPROM) which is a type
of'a non-volatile semiconductor memory that stores print data
Img supplied from the host computer 9, a random access
memory (RAM) that temporarily stores data necessary for
executing various processes such as the printing process, or
temporarily develops a control program for executing various
processes such as the printing process, and a PROM which is
a type of a non-volatile semiconductor memory that stores a
control program for controlling each unit of the ink jet printer
1.

[0064] The control unit 6 is configured to include a central
processing unit (CPU), a field-programmable gate array
(FPGA), or the like, and controls the operation of each unit of
the ink jet printer 1, by the CPU or the like operating in
accordance with a control program stored in the storage unit
60.

[0065] Then, the control unit 6 controls the execution of the
printing process for forming an image corresponding to the
print data Img on the recording sheet P, by controlling the
head unit 10 and the transport mechanism 7, based on the
print data Img or the like which is supplied from the host
computer 9.

[0066] Specifically, the control unit 6 first stores the print
data Img supplied from the host computer 9 in the storage unit

[0067] Then, the control unit 6 generates a signal such as a
print signal SI and a drive waveform signal Com for driving
the discharge unit D, by controlling the operation of the head
unit 10, based on the various types of data stored in the storage
unit 60, such as the print data Img.

[0068] In addition, the control unit 6 generates signals for
controlling the operation of the motor driver 72, based on the
print signal ST and various pieces of data stored in the storage
unit 60, and these generated various signals. The details will
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be described later, but the drive waveform signal Com accord-
ing to the present embodiment includes drive waveform sig-
nals Com-A and Com-B.

[0069] In addition, the drive waveform signal Com is an
analog of the signal. Therefore, the control unit 6 includes a
DA conversion circuit, not illustrated, and converts the digital
drive waveform signal generated in the CPU or the like
included in the control unit 6 into an analog drive waveform
signal Com, and outputs the analog drive waveform signal
Com.

[0070] Thus, the control unit 6 drives the transport motor 71
s0 as to transport the recording sheet P in the +X direction, by
controlling the motor driver 72, and controls the presence or
absence of discharging of the ink from the discharge unit D,
an ink discharge amount, and an ink discharge timing, by
controlling the head unit 10. Thus, the control unit 6 adjusts
the dot size and dot arrangement formed by the ink discharged
onto the recording sheet P, and controls the execution of the
printing process for forming an image corresponding to the
print data Img on the recording sheet P.

[0071] In addition, details will be described later, the con-
trol unit 6 controls the execution of the discharge state deter-
mination process for determining whether or not the dis-
charge state of ink from each discharge unit D is normal, that
is, a discharge failure does not occur in each discharge unit D.

[0072] Here, the discharge failure is the generic term for a
state where the discharge state of ink of the discharge unit D
is abnormal, in other words, a state where the nozzle N pro-
vided in the discharge unit D is not able to accurately dis-
charge ink (see FIGS. 3 and 4 to be described later). More
specifically, the discharge failure includes a state where the
discharge unit D is not able to discharge ink, a state where
even in a case of being able to discharge ink from the dis-
charge unit D, the discharged ink amount is small, and thus
the discharge unit D is not able to discharge an amount of ink
required for forming an image represented by the print data
Img, a state where ink of an amount more than the amount
required for forming an image represented by the print data
Img, a state where ink discharged from the discharge unit D
lands in a position different from the scheduled landing posi-
tion in order to form an image represented by the print data
Img, and the like.

[0073] When a discharge failure occurs in the discharge
unit D, the discharge state of ink of the discharge unit D is
recovered to normal, by a maintenance treatment by mainte-
nance mechanism. Here, the maintenance treatment is a treat-
ment of recovering the discharge state of ink of the discharge
unit D to normal, by discharging ink in the discharge unit D,
and newly supplying ink from the ink cartridge 31 to the
discharge unit D, through a flushing process of preliminarily
discharging ink from the discharge unit D, a pumping process
of sucking the thickened ink, bubble, and the like in the
discharge unit D by using a tube pump (not illustrate), and the
like.

[0074] As illustrated in FIG. 1, each head unit 10 includes
a recording head 3 provided M discharge units D, and a head
driver 5 that drives each discharge unit D provided in the
recording head 3 (in the present embodiment, M is a natural
number satisfying 1=<M). In addition, in the following
description, the M discharge units D are referred to as a first
stage, a second stage, . . ., a M-th stage in order, for distin-
guishing the M discharge units D from each other. Further, in
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the following description, a m-th discharge unit D may be
expressed as a discharge unit D[m] (variable m is a natural
number satisfying 1=m=M).

[0075] Each of the M discharge units D receives ink sup-
plied from the ink cartridge 31 corresponding to the head unit
10 in which the M discharge units p are provided. Each
discharge unit D fills the interior with ink supplied from the
ink cartridge 31, and is able to discharge the filled ink from the
nozzle N included in the discharge unit D. Specifically, each
discharge unit D forms dots for making an image on the
recording sheet P, by discharging ink onto the recording sheet
P, at timing when the transport mechanism 7 transports the
recording sheet P onto the platen 74. Then, full-color printing
is implemented by discharging ink of four colors of CMYK as
a whole from a total of (4*M) discharge units D which are
provided in four head units 10.

[0076] As illustrated in FIG. 1, the head driver 5 includes a
drive signal supply unit 50 (an example of “supply unit™) that
supplies a drive signal Vin for driving each of M discharge
units D included in the recording head 3 to each discharge unit
D, and a detection unit 8 (an example of “detection unit”) that
detects residual vibration occurring in the discharge unit D
after the discharge unit D is driven in response to the drive
signal Vin.

[0077] Further, in the following description, a discharge
unit D that is a target of detection of residual vibration by the
detection unit 8, among M discharge units D may be referred
to as a target discharge unit Dtg. Although the details will be
described later, the target discharge unit Dtg is designated
from among the M discharge units D, by the control unit 6.
[0078] The drive signal supply unit 50 is provided with a
drive signal generation unit 51, and a connecting unit 53.
[0079] The drive signal generation unit 51 generates the
drive signal Vin for driving respective M discharge units D
provided in the recording head 3, based on signals supplied
from the control unit 6, such as the print signal SI, the clock
signal CL, and the drive waveform signal Com.

[0080] The connecting unit 53 electrically connects each
discharge unit D to either the drive signal generation unit 51
or the detection unit 8, based on a connection control signal
Sw supplied from the control unit 6. The drive signal Vin
generated in the drive signal generation unit 51 is supplied to
the discharge unit D through the connecting unit 53. If the
drive signal Vin is supplied, each discharge unit D is driven
based on the supplied drive signal Vin, so as to be able to
discharge ink that is filling the inside, onto the recording sheet
P.

[0081] The detection unit 8 detects a residual vibration
signal Vout indicating residual vibration occurring in the dis-
charge unit D after the discharge unit D that is designated as
a target discharge unit Dtg is driven in response to the drive
signal Vin. Then, the detection unit 8 generates a waveform
shaping signal Vd by performing a process such as removing
a noise component or amplifying a signal level, on the
detected residual vibration signal Vout, and outputs the gen-
erated waveform shaping signal Vd. Further, in the present
embodiment, the drive signal supply unit 50 and the detection
unit 8 are mounted, for example, as an electronic circuit on a
substrate provided in the head unit 10.

[0082] The determination unit 4 determines the discharge
state of ink by the discharge unit D that is designated as a
target discharge unit Dtg, based on a waveform shaping signal
Vd that is output by the detection unit 8, at the time of
executing the discharge state determination process, and gen-
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erates determination information RS indicating the determi-
nation result. Further, in the present embodiment, the deter-
mination unit 4 is mounted, for example, as an electronic
circuit on a substrate provided in a location different from the
head unit 10.

[0083] In addition, the discharge state determination pro-
cess is a series of processes to be executed by the ink jet
printer 1, in which, under the control of the control unit 6, the
drive signal supply unit 50 drives a discharge unit D that is
designated as a target discharge unit Dtg, the detection unit 8
detects the residual vibration occurring in the discharge unit
D, and the determination unit 4 generates determination
information RS, based on a waveform shaping signal Vd that
is output by the detection unit 8 which has detected the
residual vibration, and standard information STth that is out-
put by the control unit 6.

[0084] In addition, in the following description, the refer-
ence symbol representing the component or the information
corresponding to the number m of stages may be expressed by
attaching the subscript [m] representing the number m of
stages, in such a way of representing determination informa-
tion RS indicating the discharge state of ink of the discharge
unit D[m] as determination information RS[m], and the drive
signal Vin supplied to the discharge unit D[m] as a drive
signal Vin[m)].

2. Configuration of Recording Head

[0085] The recording head 3 and the discharge unit D pro-
vided in the recording head 3 will be described with reference
to FIGS. 3 and 4.

[0086] FIG. 3 is an example of a schematic partial cross-
sectional diagram of the recording head 3. For convenience of
illustration, FIG. 3 illustrates one discharge unit among M
discharge units D included in the recording head 3, and a
reservoir 350 in communication with the one single discharge
unit D through the ink supply port 360, an ink intake port 370
for supplying ink from the ink cartridge 31 to the reservoir
350.

[0087] As illustrated in FIG. 3, the discharge unit D
includes a piezoelectric element 300, a cavity 320 (an
example of “pressure chamber”) inside of which ink is filled,
a nozzle N in communication with the cavity 320, and a
vibrating plate 310. The discharge unit D discharge ink filling
the cavity 320 from the nozzle N, by the piezoelectric element
300 being driven in response to the drive signal Vin. The
cavity 320 of the discharge unit D is a space defined by a
cavity plate 340 that is molded into a predetermined shape so
as to have a recess, a nozzle plate 330 including the nozzle N
formed thereon, and the vibrating plate 310. The cavity 320 is
in communication with the reservoir 350 through the ink
supply port 360. The reservoir 350 is in communication with
one ink cartridge 31 through the ink intake port 370.

[0088] In the present embodiment, for example, a uni-
morph (monomorph) type as illustrated in FIG. 3 is employed
as the piezoelectric element 300. In addition, the piezoelectric
element 300 is not limited to the unimorph type, and a
bimorph type, a stacked type, or the like may be employed.
[0089] The piezoelectric element 300 includes a lower
electrode 301, an upper electrode 302, and a piezoelectric
body 303 which is provided between the lower electrode 301
and the upper electrode 302. Since the potential of the lower
electrode 301 is set to a predetermined reference potential
VSS, and the upper electrode 302 is supplied with the drive
signal Vin, if a voltage is applied to between the lower elec-
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trode 301 and the upper electrode 302, the piezoelectric ele-
ment 300 is deflected (displaced) in a vertical direction in
FIG. 3 in response to the applied voltage, and as a result, the
piezoelectric element 300 vibrates.

[0090] The vibrating plate 310 provided on the upper open-
ing portion of the cavity plate 340, and the vibrating plate 310
is connected to the lower electrode 301. Therefore, if the
piezoelectric element 300 vibrates by the drive signal Vin, the
vibrating plate 310 also vibrates. The volume of the cavity
320 (the pressure in the cavity 320) varies due to the vibration
of'the vibrating plate 310, and the ink filling the cavity 320 is
discharged from the nozzle N. If the ink in the cavity 320 is
reduced by the discharge of ink, ink is supplied from the
reservoir 350. Further, ink is supplied from the ink cartridge
31 to the reservoir 350 through the ink intake port 370.

[0091] FIG. 4 is an explanatory diagram illustrating an
example of an arrangement of M nozzles N that are provided
in each of four recording heads 3, which is mounted on the
mounting mechanism 32, when viewing the ink jet printer 1
from +Z direction or —Z direction in plan view.

[0092] As illustrated in FIG. 4, a nozzle array Ln consti-
tuted by M nozzles N is provided in each recording head 3. In
other words, the ink jet printer 1 includes four nozzle arrays
Ln. Specifically, the ink jet printer 1 includes four nozzle
arrays Ln constituted by a nozzle array Ln-BK, a nozzle array
Ln-CY, a nozzle array Ln-MG, and a nozzle array Ln-YL.
Here, each of a plurality of nozzles N belonging to the nozzle
array Ln-BK is a nozzle N that is provided in the discharge
unit D that discharges black ink, each of a plurality of nozzles
N belonging to the nozzle array [.n-CY is a nozzle N that is
provided in the discharge unit D that discharges cyan ink,
each of a plurality of nozzles N belonging to the nozzle array
Ln-MG is a nozzle N that is provided in the discharge unit D
that discharges magenta ink, and each of a plurality of nozzles
N belonging to the nozzle array Ln-YL is a nozzle N that is
provided in the discharge unit D that discharges yellow ink.
Further, in the present embodiment, each of four nozzle
arrays Ln is provided so as to extend in +Y direction or =Y
direction (hereinafter, +Y direction and -Y direction are col-
lectively referred to as “Y-axis direction”) in plan view. When
printing the recording sheet P (to be exact, a recording sheet
P of which the width in the Y-axis direction is a maximum
printable width of the ink jet printer 1, among recording
sheets P), a range YNL, in which each nozzle array Ln extends
in the Y-axis direction, is equal to or more than the a range YP
in the Y-axis direction possessed by the recording sheet P.

[0093] As illustrated in FIG. 4, a plurality of nozzles N
constituting each nozzle array Ln are arranged in a so-called
staggered pattern such that the positions in the X-axis direc-
tion of the even-numbered nozzle N and the odd-numbered
nozzle N from the left side (=Y side) are different from each
other in FIG. 4. In each nozzle array Ln, an interval (pitch)
between nozzles N in the Y-axis direction can appropriately
be set according to a print resolution (dpi: dot per inch).

[0094] In addition, the printing process in the present
embodiment, as an example, as illustrated in FIG. 4, a case is
assumed in which the recording sheet P is divided into a
plurality of print areas (for example, a rectangular area of an
Ad4-size in a case of printing a A4-size image on the recording
sheet P, or a label of a label sheet), and a margin areas for
partitioning the respective plurality of print areas, and a plu-
rality of images corresponding to a plurality of print areas are
formed in one-to-one.
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3. Operation and Residual Vibration of Discharge Unit

[0095] Next, an ink discharging operation by the discharge
unit D and residual vibration occurring in the discharge unit D
will be described with reference to FIGS. 5A to 13.

[0096] FIGS. 5A to 5C is an explanatory diagram illustrat-
ing an ink discharging operation by the discharge unit D. In
the state illustrated in FIG. 5A, if the drive signal Vin is
supplied from the head driver 5 to the piezoelectric element
300 provided in the discharge unit D, distortion caused by an
electric field applied to between electrodes occurs in the
piezoelectric element 300, and the vibrating plate 310 of the
discharge unit D bends in the upper direction. Thus, as com-
pared with the initial state illustrated in FIG. 5A, the volume
of the discharge unit D of the cavity 320 to expand, as illus-
trated in FIG. 5B. In the state illustrated in FIG. 5B, if the
potential represented by the drive signal Vin varies, the vibrat-
ing plate 310 is restored by its elastic restoring force, is
displaced in the lower direction beyond the position of the
vibrating plate 310 in the initial state, and the volume of the
cavity 320 is rapidly contracted as illustrated in FIG. 5C. In
this case, a portion of the ink filled the cavity 320 is dis-
charged as ink droplets from the nozzle N in communication
with the cavity 320, by the compressed pressure generated in
the cavity 320.

[0097] Asinthecaseillustrated in FIGS. 5A to 5C, after the
vibrating plate 310 of the discharge unit D is driven in
response to the drive signal Vin and is displaced in the upper
direction or in the lower direction, the vibrating plate 310 is
vibrated. The vibration remains after the discharge unit D is
driven in response to the drive signal Vin. It is assumed that
such residual vibration that remains after the discharge unit D
is driven in response to the drive signal Vin has an inherent
vibration frequency determined by an acoustic resistance Res
caused by the shape of the nozzle N or the ink supply port 360,
the viscosity of ink, or the like, an inertance Int caused by ink
weight in the flow path, and a compliance Cm of the vibrating
plate 310. Hereinafter, a calculation model of the residual
vibration occurring in the vibrating plate 310 of the discharge
unit D will be described based on the assumption.

[0098] FIG. 6 is a circuit diagram illustrating a calculation
model of single vibration assuming the residual vibration of
the vibrating plate 310. In this way, the calculation model of
the residual vibration of the vibrating plate 310 is expressed
by a sound pressure Prs, and the inertance Int, the compliance
Cm, and the acoustic resistance Res which are described
above. Then, if a step response at the time giving the sound
pressure Prs to the circuit of FIG. 6 calculated for the volume
velocity Uv, the following equation is obtained.

Uv={Prs/(wInt) }e ¥*sin(wr)
o={1/(Int-Cm)-y>} 2
y=Res/(2-Int)

[0099] The calculation results (calculated values) that is
obtained from the equation, and the experimental results (ex-
perimental values) of experiments of the residual vibration of
the discharge unit D that are performed separately are com-
pared. Note that the experiment of residual vibration is an
experiment for detecting the residual vibration occurring in
the vibrating plate 310 of the discharge unit D, after discharg-
ing ink from the discharge unit D of which the ink discharge
state is normal.
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[0100] FIG. 7 is a graph representing a relationship
between an experimental value and a calculated value of the
residual vibration. As can be seen from the graph illustrated in
FIG. 7, when the discharged state of ink by the discharge unit
D is normal, two waveforms of the experimental value and the
calculated values are generally consistent.

[0101] Incidentally, even though the discharge unit D per-
forms an ink discharging operation, there is a case where the
discharge state of ink of the discharge unit D is abnormal, and
the ink droplets do not properly discharge from the nozzle N
of the discharge unit D, that is, a discharge failure occurs.
Examples of the cause of the occurrence of this discharge
failure include (1) mixing of bubble into the cavity 320, (2)
thickening or adherence of ink in the cavity 320 due to drying
of'the ink in the cavity 320, (3) attachment of foreign matter
such as paper dust to the vicinity of the outlet of the nozzle N,
and the like.

[0102] As described above, the discharge failure is typi-
cally a state that ink is not able to be discharged from the
nozzle N, that is, a non-discharge phenomenon of ink
appears, and in this case, the missing dots occurs in pixels of
the image printed on the recording sheet P. In addition, as
described above, in the case of a discharge failure, even ifink
is discharged from the nozzle N, the ink does no properly land
due to a significantly small amount of ink or the shift of the
heading direction (trajectory) of discharged ink droplets, such
that the missing dots still occurs in pixels.

[0103] In the following description, at least one of the
acoustic resistance Res and the inertance Int is adjusted based
on the comparison results illustrated in FIG. 7, such that the
calculated value and the experimental value of the residual
vibration is almost coincide, for each cause of the discharge
failure occurring in the discharge unit D.

[0104] First, (1) mixing of bubble into the cavity 320,
which is one of the causes of the discharge failure, will be
considered. FIG. 8 is a conceptual diagram illustrating a case
where bubble is mixed into the cavity 320. As illustrated in
FIG. 8, when bubble is mixed into the cavity 320, it is con-
sidered that the total weight of ink filling the cavity 320 is
reduced and the inertance Int is reduced. Further, when
bubble is adhered to the vicinity of the nozzle N, the nozzle N
is considered to become larger in its diameter by the size of
the diameter of the bubble, and the acoustic resistance Res is
considered to decrease.

[0105] Thus, as compared with the case where the dis-
charge state of ink is normal as illustrated in FIG. 7, the
acoustic resistance Res and the inertance Int are set to be
smaller, and match the experimental value of the residual
vibration at the time of bubble mixing, and thus the graph as
FIG. 9 is obtained. As illustrated in FIGS. 7 and 9, when the
bubble is mixed into the cavity 320 and a discharge failure
occurs, the frequency of the residual vibration is higher, as
compared with the case where the discharge state is normal.
In addition, the attenuation rate of the amplitude of the
residual vibration decreases due to a decrease in the acoustic
resistance Res, and it is confirmed that the residual vibration
is slowly lowered in its amplitude.

[0106] Next, (2) thickening or adherence ofink in the cavity
320, which is one ofthe causes of the discharge failure, will be
considered. FIG. 10 is a conceptual diagram illustrating a
case where ink in the vicinity of the nozzle N of the cavity 320
is adhered due to drying thereof. As illustrated in FIG. 10,
when the ink in the vicinity of the nozzle N is adhered, it
becomes a situation in which the ink in the cavity 320 is
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confined within the cavity 320. In this case, the acoustic
resistance Res is considered to increase.

[0107] Thus, as compared with the case where the dis-
charge state of ink is normal as illustrated in FIG. 7, the
acoustic resistance Res is set to be larger, and match the
experimental value of the residual vibration when ink in the
vicinity of the nozzle N is adhered or thickened, and thus the
graph illustrated as FIG. 11 is obtained. Incidentally, the
experimental value illustrated in FIG. 11 is obtained by mea-
suring the residual vibration of the vibrating plate 310 pro-
vided in the discharge unit D in a state where ink in the
vicinity of the nozzle N is adhered, by leaving the discharge
unit D in a state of not wearing a cap, not illustrated, for a few
days. As illustrated in FIGS. 7 and 11, when the ink in the
vicinity of the nozzle N in the cavity 320 is adhered, the
frequency of the residual vibration is extremely lower, as
compared with the case where the discharge state is normal,
and the characteristic waveform in which the residual vibra-
tion is excessively attenuated is obtained. The reason is as
follows. Since the vibrating plate 310 is drawn in the +Z
direction (upwardly) in order to discharge ink, when the
vibrating plate 310 is moved in the -7 direction (down-
wardly) after the ink is flowed into the cavity 320 from the
reservoir, the ink in the cavity 320 does not flow out, the
vibrating plate 310 cannot rapidly vibrate (excessively
attenuated).

[0108] Next, (3) attachment of foreign matter such as paper
dust to the vicinity of the outlet of the nozzle N, which is one
of'the causes of the discharge failure, will be considered. FIG.
12 is a conceptual diagram illustrating a case where paper
dust is attached to the vicinity of the outlet of the nozzle N. As
illustrated in FIG. 12, when paper dust is attached to the
vicinity of the outlet ofthe nozzle N, the ink is exuded through
the paper dust from the inside of the cavity 320, and thus it
becomes impossible to discharge ink from the nozzle N.
When paper dust is attached to the vicinity of the outlet of the
nozzle N, and the ink is exuded from the nozzle N, ink of the
amount exuded from the inside of cavity 320 when viewed
from the vibrating plate 310 increases than the case where the
discharge state is normal, and thus the inertance Int is con-
sidered to increase. Further, it is considered that the acoustic
resistance Res increases due to the fibers of the paper dust
adhered to the vicinity of the outlet of the nozzle N.

[0109] Thus, as compared with the case where the dis-
charge state of ink is normal as illustrated in FIG. 7, the
inertance Int and the acoustic resistance Res are set to be
larger, and match the experimental value of the residual vibra-
tion at the time of adhering of paper dust to the vicinity of the
outlet of the nozzle N, and thus the graph as FIG. 13 is
obtained. As can be seen from the graphs of FIGS. 7 and 13,
when paper dust is adhered to the vicinity of the outlet of the
nozzle N, the frequency of the residual vibration is lower, as
compared with the case where the discharge state is normal.
[0110] Inaddition, in the case of (3) attachment of foreign
matter such as paper dust to the vicinity of the outlet of the
nozzle N, it can be seen from the graphs of FIGS. 11 and 13
that the frequency of the residual vibration is higher, as com-
pared with the case of (2) thickening of ink in the cavity 320.
[0111] Here, inthe case of (2) thickening ofink and the case
of (3) attachment of paper dust to the vicinity of the outlet of
the nozzle N, the frequency of the residual vibration is lower,
as compared with the case where the discharge state of ink is
normal. The causes of these two discharge failures can be
distinguished by comparing the waveform of the residual
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vibration, specifically, the frequency or the cycle of the
residual vibration with a predetermined threshold.

[0112] As apparent from the above description, it is pos-
sible determine the discharge state of the discharge unit D,
based on the waveform of the residual vibration, specifically,
the frequency or the cycle of the residual vibration occurring
when driving the discharge unit D. More specifically, it is
possible to determine whether or not the discharge state of the
discharge unit D is normal, based on the frequency or the
cycle ofthe residual vibration, and when the discharge state of
the discharge unit D is abnormal, it is possible to determine
which one of (1) to (3) described above the cause of the
discharge failure corresponds to. The ink jet printer 1 accord-
ing to the present embodiment performs a discharge state
determination process for determining a discharge state by
analyzing the residual vibration.

4. Configurations and the Operations of Head Driver and
Determination Unit

[0113] Next, the head driver 5 (the drive signal generation
unit 51, the connecting unit 53, and the detection unit 8) and
the determination unit 4 will be described with reference to
FIGS. 14 to 18.

4.1. Drive Signal Generation Unit

[0114] FIG. 14 is a block diagram illustrating a configura-
tion of the drive signal generation unit 51 of the head driver 5.
[0115] Asillustrated in FIG. 14, the drive signal generation
unit 51 includes a set of a shift register SR, a latch circuit LT,
adecoder DC, and a switching unit TX so as to correspond to
the M discharge units D in one-to-one. Hereinafter, respective
elements constituting the M sets may be referred to as a first

stage, a second stage, . . ., and a M-th stage in order from the
top in FIG. 14.
[0116] A clock signal CL, a print signal SI, a latch signal

LAT, a change signal CH, and drive waveform signals Com
(Com-A, Com-B) are supplied to the drive signal generation
unit 51 from the control unit 6.

[0117] The drive waveform signals Com (Com-A, Com-B)
are signals including a plurality of waveforms for driving the
discharge unit D.

[0118] The print signal SI is a digital signal for specifying
a waveform of the drive waveform signal Com supplied to
each discharge unit D, and as a result, for designating the
presence or absence of the discharge of ink from the discharge
unit D, and the amount of ink to be discharged by each
discharge unit D. The print signal SI includes print signals
SI[1] to SI[M]. Among them, the print signal SI[m] desig-
nates the presence or absence of the discharge of ink from the
discharge unit D[m] and the amount of ink to be discharged by
a discharge unit D[m] by the upper bit b1 and the lower bits
b2.

[0119] Specifically, the print signal SI[m] designates any
one of discharging of ink of an amount corresponding to a
large dot, discharging of ink of an amount corresponding to a
medium dot, discharging of ink of an amount corresponding
to a small dot, and non-discharging of ink, for the discharge
unit D[m] (see FIG. 15).

[0120] The drive signal generation unit 51 supplies the
drive signal Vin having the waveform designated by the print
signal SI[m] to the discharge unit D[m]. Further, as described
above, among the drive signals Vin, a drive signal Vin, thathas
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a waveform designated by the print signal SI[m] and is sup-
plied to the discharge unit D[m], is referred to as a drive signal
Vin[m].

[0121] The shiftregister SR temporarily stores print signals
SI (SI[1] to SI[M]) supplied in series, at every two bits cor-
responding to each discharge unit D. Specifically, the shift
register SR has a configuration in which M shift registers SR
of a first stage, a second stage, . . . , and a M-th stage,
corresponding to M discharge units D in one-to-one, are
connected in cascade to each other, and sequentially transfers
the print signals SI supplied in series, to the subsequent stage
in response to a clock signal CL. If the print signals SI are
transferred to all of the M shift registers SR, each of the M
shift registers SR maintains a state of storing data of two bits,
corresponding to its own, among print signals SI. Hereinafter,
the m-th stage of shift register SR may be referred to as a shift
register SR[m].

[0122] Each of the M latch circuits LT simultaneously
latches the print signal SI[m] of two bits corresponding to
each stage, that is stored in each of the M shift registers SR, at
a timing when a latch signal LAT rises. In other words, the
m-th stage of latch circuit LT latches the print signal SI [m],
which is stored in the shift register SR[m)].

[0123] However, an operation period when the ink jet
printer 1 performs a printing process or an discharge state
determination process is configured with a plurality of unit
periods Tu.

[0124] The control unit 6 supplies the print signal SI and the
drive waveform signal Com to the drive signal generation unit
51 at each unit period Tu, and supplies a latch signal LAT
causing the latch circuit LT to latch the print signal SI[m] at
each unit period Tu. Thus, the control unit 6 controls the drive
signal generation unit 51 so as to supply the drive signal
Vin[m] for driving the discharge unit D[m] to execute any one
of discharging of ink of an amount corresponding to a large
dot, discharging of ink of an amount corresponding to a
medium dot, discharging of ink of an amount corresponding
to a small dot, and non-discharging of ink, to the discharge
unit D[m], at each unit period Tu.

[0125] In addition, in the present embodiment, the control
unit 6 divides the unit period Tu into a control period Ts1 and
a control period Ts2, by a change signal CH. The control
periods Ts1 and Ts2 have durations equal to each other. Here-
inafter, the control periods Ts1 and Ts2 may be collectively
referred to as a control period Ts.

[0126] The decoder DC decodes the print signal SI[m] that
is latched by the latch circuit LT, and outputs selection signals
Sa[m] and Sb[m].

[0127] FIG. 15 is an explanatory diagram illustrating
decoding details of the m-th stage of decoder DC at each unit
period Tu. As illustrated in FIG. 15, the m-th stage of decoder
DC outputs selection signals Sa[m] and Sb[m] in each of the
control periods Ts1 and Ts2 of each unit period Tu. For
example, if the print signal SI[m] supplied in unit period Tu is
(b1, b2)=(1, 0), the m-th stage of decoder DC sets the selec-
tion signal Sa[m] to a high level H, and the selection signal
Sb[m] to a low level L, respectively in the control period Tsl,
and sets the selection signal Sb[m] to a high level H, and the
selection signal Sa[m] to a low level L, respectively, in the
control period Ts2.

[0128] Asillustrated in FIG. 14, the drive signal generation
unit 51 includes M switching units TX so as to correspond to
M discharge units D in one-to-one. The m-th stage of switch-
ing unit TX[m] includes a transmission gate TGa[m] that is
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turned on when the selection signal Sa[m] is a H level and is
turned off when L level, and a transmission gate TGb[m] that
is turned on when the selection signal Sb[m] is a H level and
is turned off when L level.

[0129] For example, when the print signal SI[m] indicates
(1,0) (see FIG. 15), the transmission gate TGa[m] is turned on
and the transmission gate TGb[m] is turned off in the control
period Ts1, and the transmission gate TGa[m] is turned off
and the transmission gate TGb[m] is turned on in the control
period Ts2.

[0130] As illustrated in FIG. 14, the drive waveform signal
Com-A is supplied to one end of the transmission gate TGa
[m], and the drive waveform signal Com-B is supplied to one
end of the transmission gate TGb[m]. Further, the other ends
of'the transmission gates TGa[m] and TGb[m] are electrically
connected to the m-th stage of output end OTN.

[0131] Further, as illustrated in FIG. 15, in each control
period Ts, the switching unit TX[m] is controlled so as to turn
onany one of the transmission gates TGa[m] and TGb[m] and
turn off the other one. In other words, in each control period
Ts, the switching unit TX[m] supplies any one of the drive
waveform signals Com-A and Com-B as the drive signal
Vin[m], to the discharge unit D[m], through the m-th stage of
output end OTN.

4.2. Drive Waveform Signal

[0132] FIG. 16 is a timing chart illustrating various signals
supplied to the drive signal generation unit 51 by the control
unit 6 in each unit period Tu, and the operation of the drive
signal generation unit 51 in each unit period Tu. In addition,
FIG. 16 illustrates the case of M=4, for convenience of illus-
tration.

[0133] As illustrated in FIG. 16, the unit period Tu is
divided by a pulse Pls-L that is included in the latch signal
LAT, and the control periods Tsl and Ts2 are divided by a
pulse Pls-C that is included in the change signal CH.

[0134] The control unit 6 supplies the print signal SI in
synchronization with the clock signal CL to the drive signal
generation unit 51, prior to the start of each unit period Tu.
Then, the shift register SR of the drive signal generation unit
51 sequentially transfers the supplied print signal SI[m] to the
subsequent stage in accordance to the clock signal CL.
[0135] As illustrated in FIG. 16, the drive waveform signal
Com-A, that the control unit 6 outputs in each unit period Tu,
includes a discharge waveform PA1 provided in the control
period Ts1 (hereinafter, referred to as “waveform PA1”), and
a discharge waveform PA2 provided in the control period Ts2
(hereinafter, referred to as “waveform PA2”).

[0136] The waveform PA1 is a waveform for discharging
ink of the medium amount corresponding to a medium dot
from the discharge unit D[m] if the drive signal Vin[m] having
the waveform PA1 is supplied to the discharge unit D[m].
[0137] The waveform PA2 is a waveform for discharging
ink of the small amount corresponding to a small dot from the
discharge unit D[m] if the drive signal Vin[m] having the
waveform PA2 is supplied to the discharge unit D[m].
[0138] For example, a potential difference between the
lowest potential of the waveform PA1 (in this example, a
potential Vall) and the highest potential thereof (in this
example, a potential Val2) is greater than a potential differ-
ence between the lowest potential of the waveform PA2 (in
this example, a potential Va21) and the highest potential
thereof (in this example, a potential Va22).
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[0139] As illustrated in FIG. 16, the drive waveform signal
Com-B, that the control unit 6 outputs in each unit period Tu,
includes a slight vibration waveform PB (hereinafter, referred
to as “waveform PB”).

[0140] The waveform PB is a waveform not for discharging
ink from the discharge unit D[m)] if the drive signal Vin[m]|
having the waveform PB is supplied to the discharge unit
D[m]. In other words, the waveform PB is a waveform for
causing slight vibration in the ink in the discharge unit D to
prevent thickening of the ink. For example, a potential differ-
ence between the lowest potential of the waveform PB (in this
example, a potential Vb11) and the highest potential thereof
(in this example, a reference potential V0) is determined to be
smaller than a potential difference between the lowest poten-
tial and the highest potential of the waveform PA2.

4.3. Drive Signal

[0141] Next, the drive signal Vin that the drive signal gen-
eration unit 51 outputs in the unit period Tu will be described
with reference to FIG. 17.

[0142] When the supplied print signal SI[m] in the unit
period Tu indicates (1, 1), the switching unit TX[m] selects
the drive waveform signal Com-A so as to output the drive
signal Vin[m] having the waveform PA1 in the control period
Ts1, and selects the drive waveform signal Com-A so as to
output the drive signal Vin[m] having the waveform PA2 in
the control period Ts2. Thus, in this case, as illustrated in F1G.
17, the drive signal Vin[m] supplied to the discharge unit
D[m] in the unit period Tu has the waveform PA1 and the
waveform PA2. As a result, the discharge unit D[m] dis-
charges ink of a medium amount based on the waveform PA1,
and ink of a small amount based on the waveform PA2, in the
unit period Tu, and forms a large dot on the recording sheet P
by discharging ink twice.

[0143] When the supplied print signal SI[m] in the unit
period Tu indicates (1, 0), the switching unit TX[m] selects
the drive waveform signal Com-A so as to output the drive
signal Vin[m] having the waveform PA1 in the control period
Ts1, and selects the drive waveform signal Com-B so as to
output the drive signal Vin[m] having the waveform PB in the
control period Ts2. Thus, in this case, as illustrated in FIG. 17,
the drive signal Vin[m] supplied to the discharge unit D[m] in
the unit period Tu has the waveform PA1 and the waveform
PB. As a result, the discharge unit D[m] discharges ink of a
medium amount based on the waveform PA1, in the unit
period Tu, and forms a medium dot on the recording sheet P.
[0144] Further, when the supplied print signal SI[m] in the
unit period Tu indicates (0, 1), the switching unit TX[m]
selects the drive waveform signal Com-B so as to output the
drive signal Vin[m] having the waveform PB in the control
period Ts1, and selects the drive waveform signal Com-A so
as to output the drive signal Vin[m] having the waveform PA2
in the control period Ts2. Thus, in this case, as illustrated in
FIG. 17, the drive signal Vin[m] supplied to the discharge unit
D[m] in the unit period Tu has the waveform PA2. As a result,
the discharge unit D[m] discharges ink of a small amount
based on the waveform PA2, in the unit period Tu, and forms
a small dot on the recording sheet P.

[0145] Further, when the supplied print signal SI[m] in the
unit period Tu indicates (0, 0), the switching unit TX[m]
selects the drive waveform signal Com-B so as to output the
drive signal Vin[m] having the waveform PB in the control
periods Ts1 and Ts2. Thus, in this case, as illustrated in FIG.
17, the drive signal Vin[m] supplied to the discharge unit
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D[m] in the unit period Tu has the waveform PB. As a result,
the discharge unit D[m] does not discharge ink in the unit
period Tu, and does not form a dot on the recording sheet P
(non-recording).

[0146] Inaddition, the control unit 6, a target discharge unit
Dtg for which residual vibration in the discharge state deter-
mination process is detected in the unit period Tu, among the
discharge units D[m] to which the drive signal Vin[m] having
the waveform PA1 is supplied, in other words, the discharge
units D[m] to which the drive signal SI[m] indicating that the
value of the print signal SI[m] is (1, 1) or (1, 0) is supplied, in
the unit period Tu. In other words, in the present embodiment,
the waveform PA1 of the drive signal Vin[m] that is supplied
to the discharge unit D[m] designated as the target discharge
unit Dtg has a role of a determination drive waveform (an
example of “drive waveform™) which is a waveform for driv-
ing the target discharge unit Dtg, for which residual vibration
in the discharge state determination process is detected, to
generate residual vibration.

4.4. Connecting Unit

[0147] FIG. 18 is a block diagram illustrating the configu-
ration of the connecting unit 53, the determination unit 4, and
the connection relationship between the recording head 3, the
connecting unit 53, the detection unit 8, and the determination
unit 4.

[0148] As illustrated in FIG. 18, the connecting unit 53
includes M connection circuits Ux (Ux[1], Ux|[2], . . .,
Ux[M]) of the first to the M-th stages corresponding to the M
discharge units D in one-to-one. The m-th stage of connection
circuit Ux[m] electrically connects the upper electrode 302 of
the piezoelectric element 300 of the discharge unit D[m] to
the m-th stage of output end OTN included in the drive signal
generation unit 51 or the detection unit 8.

[0149] Hereinafter, a state where the connection circuit
Ux[m] connects the discharge unit D[m] to the m-th stage of
output end OTN of the drive signal generation unit 51 is
referred to as a first connection state. Further, a state where the
connection circuit Ux[m] connects the discharge unit D[m] to
the detection unit 8 is referred to as a second connection state.
[0150] When the control unit 6 designates the discharge
unit D[m] as the target discharge unit Dtg in the unit period
Tu, it is the second connection state in the detection period Td
of the unit period Tu, and thus the connection circuit Ux[m]
electrically connects the discharge unit D[m] to the detection
unit 8. Further, when the control unit 6 designates the dis-
charge unit D[m] as the target discharge unit Dtg in the unit
period Tu, it is the first connection state in a period other than
the detection period Td of the unit period Tu, and thus the
connection circuit Ux[m] electrically connects the discharge
unit D[m] to the drive signal generation unit 51. Meanwhile,
when the control unit 6 does not designate the discharge unit
D[m)] as the target discharge unit Dtg in the unit period Tu, it
is the first connection state over the entire period of the unit
period Tu, and the connection circuit Ux[m] electrically con-
nects the discharge unit D[m] to the drive signal generation
unit 51.

[0151] The control unit 6 outputs a connection control sig-
nal Sw for controlling the connection state of each connection
circuit Ux, to each connection circuit Ux.

[0152] Specifically, when the control unit 6 designates the
discharge unit D[m] as the target discharge unit Dtg in the unit
period Tu, the connection circuit Ux[m] supplies a connection
control signal Sw[m] so as to be in the first connection state in
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aperiod other than the detection period Td, of the unit period
Tu, and be in the second connection state in the detection
period Td, to the connection circuit Ux[m]. Therefore, when
the discharge unit D[m] is designated as the target discharge
unit Dtg in the unit period Tu, the drive signal Vin[m] is
supplied from the drive signal generation unit 51 to the dis-
charge unit D[m] in the period other than the detection period
Td of the unit period Tu, and the residual vibration signal Vout
is supplied from the discharge unit D[m] to the detection unit
8 in the detection period Td of the unit period Tu.

[0153] Further, when the control unit 6 does not designate
the discharge unit D[m] as the target discharge unit Dtg in the
unit period Tu, the connection circuit Ux[m] supplies a con-
nection control signal Sw[m] for maintaining the first con-
nection state over the entire period of the unit period Tu, to the
connection circuit Ux[m].

[0154] Inaddition, the details will be described later, but in
the present embodiment, the detection period Td includes a
detection period Td1 (an example of “first period”), a detec-
tion period Td2 (an example of “second period™), and a detec-
tion period Td3 (an example of “third period”) (see FIG. 19).
[0155] In addition, in the present embodiment, as illus-
trated in FIG. 18, it is assumed a case where the ink jet printer
1 includes one detection unit 8 for the M discharge units D,
and each detection unit 8 is able to detect only the residual
vibration occurring in a single discharge unit D in one unit
period Tu. In other words, the control unit 6 according to the
present embodiment designates a single discharge unit D of
the M discharge units D as the target discharge unit Dtg, in
one unit period Tu.

4.5. Detection Unit

[0156] The detection unit 8 illustrated in FIG. 18, as
described above, generates a waveform shaping signal Vd,
based on the residual vibration signal Vout. As described
above, the waveform shaping signal Vd is a signal obtained by
shaping the residual vibration signal Vout into a waveform
suitable for process by the determination unit 4, by amplify-
ing the amplitude of the residual vibration signal Vout, and
removing noise components from the residual vibration sig-
nal Vout.

[0157] The detection unit 8 may have, for example, a con-
figuration including a negative feedback amplifier that ampli-
fies the residual vibration signal Vout, a low-pass filter that
attenuates high frequency components of the residual vibra-
tion signal Vout, and a voltage follower that converts an
impedance and outputs a waveform shaping signal Vd of a
low impedance.

[0158] In the following, there is a case where a residual
vibration signal Vout that is detected in the detection period
Td1 is referred to as a residual vibration signal Voutl, a
residual vibration signal Vout that is detected in the detection
period Td2 is referred to as a residual vibration signal Vout2,
and a residual vibration signal Vout that is detected in the
detection period Td3 is referred to as a residual vibration
signal Vout3, among residual vibration signals Vout that are
detected from the discharge unit D[m] that is designated as
the target discharge unit Dtg, in the detection period Td of the
unit period Tu.

[0159] Further, there is a case in the detection unit 8, a
waveform shaping signal Vd that is generated based on a
residual vibration signal Voutl is referred to as a waveform
shaping signal Vd1 (an example of “first detection signal”), a
waveform shaping signal Vd that is generated based on a

Sep. 29, 2016

residual vibration signal Vout2 is referred to as a waveform
shaping signal Vd2 (an example of “second detection sig-
nal”), and a waveform shaping signal Vd that is generated
based on a residual vibration signal Vout3 is referred to as a
waveform shaping signal Vd3 (an example of “third detection
signal”), among waveform shaping signals Vd that are gen-
erated based on the residual vibration signals Vout.

4.6. Determination Unit

[0160] The determination unit 4 determines the discharge
state of ink of the discharge unit D, based on the waveform
shaping signal Vd that is output by the detection unit 8, and
generates the determination information RS indicating the
determination result.

[0161] As illustrated in FIG. 18, the determination unit 4
includes a characteristic information generation unit 41 that
generates characteristic information Info indicating the
residual vibration occurring in the discharge unit D[m], and a
determination information generation unit 42 that determines
the ink discharge state of the discharge unit D[m], and gen-
erates the determination information RS[m] indicating the
determination result.

[0162] Amongthem,athreshold potential signal SVth indi-
cating various threshold potentials used for specifying the
characteristics of the residual vibration indicated by the
waveform shaping signal Vd is supplied to the characteristic
information generation unit 41 from the control unit 6. The
characteristic information generation unit 41 specifies the
characteristics of the residual vibration indicated by the
waveform shaping signal Vd that is generated by the detection
unit 8, by comparing various threshold potentials indicated by
the threshold potential signal SVth with the potential indi-
cated by the waveform shaping signal Vd, and generates
characteristic information Info indicating the characteristics
of' the specified residual vibration.

[0163] The standard information STth indicating the deter-
mination standard of the discharge state of ink of the dis-
charge unit D is supplied to the determination information
generation unit 42 from the control unit 6. The determination
information generation unit 42 determines the ink discharge
state of the discharge unit D[m] by comparing the character-
istic information Info that is generated by the characteristic
information generation unit 41 with the standard value indi-
cated by the standard information STth, and generates the
determination information RS[m] indicating the determina-
tion result.

5. Ejection State Determination Process

[0164] Next, the discharge state determination process will
be described with reference to FIGS. 19 to 22C.

[0165] As described above, the discharge state determina-
tion process is a series of processes executed by the ink jet
printer 1, in which the discharge unit D[m] designated as the
target discharge unit Dtg is driven in response to the drive
signal Vin[m] of a waveform PA1 which is a determination
drive waveform, the detection unit 8 detects the residual
vibration occurring in the discharge unit D[m], and the deter-
mination unit 4 generates determination information RS[m]
indicating the ink discharge state of the discharge unit D[m],
based on the detection result of the detection unit 8.

[0166] Inthe following, first, with reference to FIG. 19, the
waveform PA1 which is a determination drive waveform hav-
ing the drive signal Vin[m] supplied to the target discharge
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unit Dtg [m] in the discharge state determination process, and
a detection period Td for detecting the residual vibration
occurring in the target discharge unit Dtg will be described.
[0167] FIG.19isatiming chartillustrating the details of the
waveform PA1 illustrated in FIG. 16, which is an example of
the determination drive waveform. As illustrated in FIG. 19,
the waveform PA1 which indicates a reference potential V0 at
timing when the waveform PA1 is started, becomes a poten-
tial Vall (an example of “first potential”) lower than the
reference potential V0 from then until timing Tall, becomes
a potential Val2 (an example of “second potential”) higher
than the potential Vall from then until timing Tal2, becomes
a reference potential VO (an example of “third potential”)
lower than the potential Val2 from then until timing Ta13, and
maintains the reference potential V0 from then until the wave-
form PA1 is ended.

[0168] Further, as described above, detection periods Td1,
Td2, and Td3 are provided in the unit period Tu, as a detection
period Td for detecting the residual vibration. Specifically, in
the present embodiment, as illustrated in FIG. 19, a detection
period Td1 is set to a portion of a period in which the wave-
form PA1 is maintained in the potential Vall during a period
from timing Tall to timing Tal2 of the waveform PA1, a
detection period Td2 is set to a portion of a period in which the
waveform PA1 is maintained in the potential Val2 during a
period from the timing Tal2 to timing Tal3 of the waveform
PA1, and a detection period Td3 is set to a portion of a period
in which the waveform PA1 is maintained in the reference
potential VO during a period later than the timing Tal3 of the
waveform PA1. Further, in the present embodiment, it is
assumed that any of the detection periods Td1, Td2, and Td3
is a period shorter than one cycle of the residual vibration
signal Vout (see FIG. 20). Further, in the present embodiment,
as illustrated in FIG. 19, since a potential indicated by the
waveform PA1 is maintained constant in each period of the
detection periods Td1, Td2, and Td3, the superimposition of
noise on the detected residual vibration is prevented, thereby
enabling accurate detection of the residual vibration.

[0169] When the discharge unit D[m] is designated as the
target discharge unit Dtg, the control unit 6 supplies a con-
nection control signal Sw[m] for causing the switching unit
TX|m] to be in a second connection state in the detection
periods Td1, Td2, and Td3 out of the unit period Tu, and to be
in a first connection state in periods other than the detection
periods Td1, Td2, and Td3 out of the unit period Tu, to the
switching unit TX[m].

[0170] In addition, in the following, as illustrated in FIG.
19, in the waveform PA1, a waveform that changes from a
reference potential V0 to a potential Vall between the start of
the waveform PA1 and timing Tall is referred to as a wave-
form PAH (an example of “first waveform”), a waveform that
changes from the potential Vall to a potential Val2 between
the timing Tall and timing Tal2 is referred to as a waveform
PA12 (an example of “second waveform”), and a waveform
that changes from the potential Val2 to a reference potential
V0 between the timing Tal2 and timing Tali is referred to as
a waveform PA13 (an example of “third waveform”).

[0171] Next, residual vibration signals Vout (residual
vibration signals Voutl, Vout2, and Vout3) that are detected at
respective detection periods Tdl, Td2, and Td3 will be
described with reference to FIG. 20. Incidentally, the rela-
tionship between the shape of the waveform PA1 exemplified
as the determination drive waveform and the waveform of the
residual vibration occurring in the discharge unit D[m], illus-
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trated in FIG. 20, is only an example, and the present inven-
tion is not intended to be limited to the case illustrated in FIG.
20.

[0172] Intheexample illustrated in FIG. 20, itis assumed a
case where residual vibration W1 due to the waveform PA11
occurs in the discharge unit D[m)] that is driven in response to
the drive signal Vin[m] having the waveform PA1, at timing
Tall when the waveform PA11 is ended. For example, in the
example illustrated in FIG. 20, the vibrating plate 310 ini-
tiates a displacement in +7 direction at the timing Tall, and
thereafter, residual vibration W1 occurs in which the vibrat-
ing plate 310 vibrates in —Z direction and +Z direction. Then,
in the example illustrated in FIG. 20, residual vibration W1 is
detected as a residual vibration signal Vout1 in the detection
period Td1 that is set later than the timing Tall.

[0173] Further, in the example illustrated in FIG. 21, it is
assumed a case where residual vibration W2 due to the wave-
form PA12 occurs in the discharge unit D[m] that is driven in
response to the drive signal Vin[m] having the waveform PA1,
at timing Tal2 when the waveform PA12 is ended. Then, in
the example illustrated in FIG. 20, composite vibration in
which the residual vibration W1 and the residual vibration
W2 are superimposed is detected as the residual vibration
signal Vout2, in the detection period Td2.

[0174] Further, in the example illustrated in FIG. 20, it is
assumed a case where residual vibration W3 due to the wave-
form PA13 occurs in the discharge unit D[m] that is driven in
response to the drive signal Vin[m] having the waveform PA1,
at timing Tal3 when the waveform PA13 is ended. Then, in
the example illustrated in FIG. 20, composite vibration in
which the residual vibrations W1, W2 and W3 are superim-
posed is detected as the residual vibration signal Vout3, in the
detection period Td3.

[0175] Incidentally, the occurrence of the residual vibration
in the discharge unit D[m] is assumed as for example, cases
exemplified as the following (1) to (3).

[0176] (1) a case of transition from a state in which the
signal level of the drive signal Vin[m] is changed to a state in
which the signal level of the drive signal Vin[m] is held
constant,

[0177] (2) a case of transition from the state in which the
signal level of the drive signal Vin[m] is held constant to the
state in which the signal level of the drive signal Vin[m] is
changed, and

[0178] (3) a case where the signal level of the drive signal
Vin[m] is changed

[0179] In other words, in the case of supplying the drive
signal Vin[m] to the discharge unit D[m] as illustrated in FIG.
19, there is a possibility that the residual vibration occurs in
the discharge unit D[m], in addition to the residual vibrations
W1, W2, and W3, for example, even at a timing when the
waveform PA11 is started, a timing when the waveform PA12
is started, and a timing when the waveform PA13 is started.
[0180] However, in the example illustrated in FIG. 20 and
FIG. 21 that will be described later, for simplicity, it is
assumed that only residual vibrations W1, W2, and W3 occur-
ring in the above case (1) are exemplified and described,
among residual vibrations that may occur in the discharge
unit D.

[0181] Further, in the examples illustrated in FIGS. 19 to
21, it is assumed a case where if the discharge state of ink of
the discharge unit D is normal, the waveform PA1 is designed
to be a waveform in which the residual vibration W1 and the
residual vibration W2 are strengthened with each other. For
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example, it is assumed a case where the waveform PA1l
according to the present embodiment is designed in consid-
eration of the Helmholtz resonance frequency of the dis-
charge unit D such that the phases of the residual vibration
W1 and the residual vibration W2 are substantially equal. For
example, as illustrated in FIG. 20, it is assumed a case where
the duration from the timing Tall to the timing Tal2 is
substantially equal to (ka-'%) times the period of the residual
vibration signal Vout when the discharge state of the dis-
charge unit D is normal (ka is a natural number satisfying the
1<ka).

[0182] Further, in the examples illustrated in FIGS. 19 to
21, it is assumed a case where if the discharge state of ink of
the discharge unit D is normal, the waveform PA1 is designed
to be a waveform in which the residual vibration W2 and the
residual vibration W3 are weakened with each other. For
example, it is assumed a case where the waveform PA1l
according to the present embodiment is designed such that a
phase difference between the residual vibration W2 and the
residual vibration W3 are substantially equal. For example, as
illustrated in FIG. 20, it is assumed a case where the duration
from the timing Tal2 to the timing Tal3 is substantially equal
to kb times the period of the residual vibration signal Vout
when the discharge state of the discharge unit D is normal (kb
is a natural number satisfying the 1<kb).

[0183] In this manner, as illustrated in the examples illus-
trated in FIGS. 19 to 21, if the discharge state of ink of the
discharge unit D is normal, the waveform PA1 is designed
with consideration of the period of the residual vibration
signal Vout such that the amplitude of the residual vibration
signal Vout increases in timing Tal2, and decrease in timing
Tal3.

[0184] If the discharge failure occurs in the discharge unit
D, the period of the residual vibration signal Vout varies, as
compared with the case where the discharge state of the
discharge unit D is normal. In other words, the period of the
residual vibration signal Vout when the discharge state of the
discharge unit D is abnormal and the period of the residual
vibration signal Vout when the discharge state of the dis-
charge unit D is normal are different from each other. For
example, in the examples illustrated in FIGS. 19 to 21, the
periods of the residual vibrations W1, W2, and W3 when the
discharge state of the discharge unit D is abnormal and the
periods of the residual vibrations Ni, W2, and W3 when the
discharge state of the discharge unit D is normal are different
from each other.

[0185] FIG. 21 is a diagram illustrating an example when
the residual vibrations W1, W2, and W3 vary due to the
occurrence of the discharge failure in the discharge unit D[m],
as compared with the case where the discharge state of the
discharge unit D[m] is normal as illustrated in FIG. 20.

[0186] The examples illustrated in FIGS. 20 and 21 exem-
plifies the case where when the discharge state of the dis-
charge unit D is normal, the residual vibration W1 and the
residual vibration W2 are strengthened with each other at the
timing Tal2; and when the discharge state of the discharge
unit D is abnormal, the residual vibration W1 and the residual
vibration W2 are not able to be strengthened with each other
atthe timing Ta12. In other words, FIGS. 20 and 21 exemplify
the case where when the discharge state of the discharge unit
D is abnormal, the amount of increase in the amplitude of the
residual vibration signal Vout is reduced at timing Tal2, as
compared with the case where the discharge state of the
discharge unit D is normal. Further, the example illustrated in
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FIG. 21 illustrates the case where the residual vibration W1
and the residual vibration W2 are weakened with each other at
the timing Tal2, and the amplitude of the residual vibration
signal Vout at the timing Ta12 is smaller than the amplitude of
the residual vibration W2 at the timing Ta12.

[0187] Further, in the following description, the residual
vibration signal Vout when the discharge state of the dis-
charge unit D is abnormal may be expressed as the residual
vibration signal VoutE.

[0188] Further, the example illustrated in FIGS. 20 and 21
exemplifies the case where when the discharge state of the
discharge unit D is normal, the residual vibration W2 and the
residual vibration W3 are weakened with each other at the
timing Tali; and when the discharge state of the discharge unit
D is abnormal, the residual vibration W2 and the residual
vibration W3 are not able to be weakened with each other at
the timing Tal3. In other words, FIGS. 20 and 21 exemplifies
the case where when the discharge state of the discharge unit
D is abnormal, the amount of decrease in the amplitude of the
residual vibration signal Vout is reduced at the timing Tal3, as
compared with the case where the discharge state of the
discharge unit D is normal. Further, the example illustrated in
FIG. 21 illustrates the case where the residual vibration W2
and the residual vibration W3 are strengthened with each
other at the timing Tal3; and the amplitude of the residual
vibration signal VoutE at the timing Tal3 is larger than the
amplitude of the residual vibration W2 at the timing Tal3.
[0189] As illustrated in FIGS. 20 and 21, when the dis-
charge state of the discharge unit D is abnormal, and the
discharge state of the discharge unit D is normal, the cycles of
the residual vibration signals Vout are likely to be different,
and the signal levels and phases are likely to differ in respec-
tive timings of the residual vibration signal Vout. The char-
acteristics of the waveform indicated by the waveform shap-
ing signal Vd, such as the cycle, the signal level, the phase,
and the like of the waveform shaping signal Vd are deter-
mined depending on the characteristics of the waveform indi-
cated by the residual vibration signal Vout, such as the cycle,
the signal level, the phase, and the like of the residual vibra-
tion signal Vout. For this reason, the characteristics of the
waveform indicated by the waveform shaping signal Vd when
the discharge state of the discharge unit D is abnormal, and
the characteristics of the waveform indicated by the wave-
form shaping signal Vd when the discharge state of the dis-
charge unit D is normal are likely to differ. Therefore, it is
possible to determine the discharge state of the discharge unit
D, based on the characteristics of the waveform indicated by
the waveform shaping signal Vd.

[0190] Therefore, in the present embodiment, the charac-
teristic information generation unit 41 generates the charac-
teristic information Info indicating on the signal level and the
phase of the waveform shaping signal Vd, among the charac-
teristics of the waveform indicated by the waveform shaping
signal Vd. Specifically, the characteristic information genera-
tion unit 41 according to the present embodiment generates
the characteristic information Info including informationon a
change in the signal level and the phase of the waveform
shaping signal Vd1, information on a change in the signal
level and the phase of the waveform shaping signal Vd2, and
information on a change in the signal level and the phase of
the waveform shaping signal Vd3.

[0191] Then, when the discharge state of the discharge unit
D is normal, the determination information generation unit 42
determines whether or not the characteristics of the waveform
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indicated by the waveform shaping signal Vd is within the
range of the characteristics of the waveform indicated by the
waveform shaping signal Vd, based on the characteristic
information Info, and generates the determination informa-
tion RS indicating the determination result. Thus, it is pos-
sible to determine whether or not the waveform of the residual
vibration signal Vout that is detected by the detection unit 8
can be regarded as the waveform of the residual vibration
signal Vout when the discharge state of the discharge unit D is
normal, and it is possible to determine the discharge state of
ink of the discharge unit D.

[0192] In the present embodiment, the characteristic infor-
mation generation unit 41 compares the signal level of the
waveform shaping signal Vd with various threshold poten-
tials indicated by the threshold potential signal SVth, and
outputs various measurement times obtained as a result of the
comparison, as the characteristic information Info. Then, the
determination information generation unit 42 compares vari-
ous measurement times included in the characteristic infor-
mation Info with various determination references indicated
by the standard information STth, and generates the determi-
nation information RS, based on the comparison result.
[0193] In addition, the values of various threshold poten-
tials indicated by the threshold potential signal SVth, the
details of various measurement times indicated by the char-
acteristic information Info, and the details of various deter-
mination references indicated by the standard information
STth may be appropriately determined, based on the shape of
the determination drive waveform for driving the target dis-
charge unit Dtg, and the characteristics of residual vibration
generated in the discharge unit D which is driven in response
to the determination drive waveform, in the discharge state
determination process. In short, the details of the threshold
potential signal SVth, the characteristic information Info, and
the standard information STth may be determined in order to
distinguish whether the waveform of the residual vibration
occurring in the discharge unit D is the shape when the dis-
charge state of the discharge unit D is normal, or the shape
when the discharge state of the discharge unit D is abnormal.
In addition, when the discharge state of the discharge unit D
is abnormal, the details of the threshold potential signal SVth,
the characteristic information Info, and the standard informa-
tion STth may be determined in order to distinguish whether
the waveform of residual vibration occurring in the discharge
unit D is the shape when bubble is mixed into the cavity 320,
the shape when ink in the cavity 320 is thickened, or the shape
when foreign matter is adhered to the vicinity of the nozzle N.
[0194] Hereinafter, an example of various threshold poten-
tials indicated by the threshold potential signal SVth, an
example of various measurement times indicated by the char-
acteristic information Info, and an example of various deter-
mination references indicated by the standard information
STth will be described with reference to FIGS. 22A to 22C.
[0195] FIGS. 22A to 22C is an explanatory diagram illus-
trating an example of each of the threshold potential signal
SVth, the characteristic information Info, and the standard
information STth, which are determined when the waveform
PA1 of the drive signal Vin and the waveform of the residual
vibration occurring in the discharge unit D are as illustrated in
FIGS. 19 to 21. In the example illustrated in FIGS. 22A to
22C, various threshold potentials indicated by the threshold
potential signal SVth include threshold potentials Vth0,
VthA, VthB, VthC, VthD, and VthE. Further, in the example
illustrated in FIGS. 22A t0 22C, it is assumed a case where the
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characteristic information Info indicates measurement times
Twl, Tw2, Tw3, TwA, TwB, TwC, TwD, and TwE. Further, in
the following, the waveform shaping signal Vd generated
based on the residual vibration signal Voutl when the dis-
charge state of the discharge unit D is abnormal is referred to
as a waveform shaping signal Vd1E (see FIG. 22A), the
waveform shaping signal Vd generated based on the residual
vibration signal Vout2 when the discharge state of the dis-
charge unit D is abnormal is referred to as a waveform shap-
ing signal Vd2E (see FIG. 22B), and the waveform shaping
signal Vd generated based on the residual vibration signal
Vout3 when the discharge state of the discharge unit D is
abnormal is referred to as a waveform shaping signal Vd3E
(see FIG. 22C).

[0196] When the waveform PA1 of the drive signal Vin and
the waveform of the residual vibration occurring in the dis-
charge unit D are as illustrated in FIGS. 19 to 21, the charac-
teristic information generation unit 41, as illustrated in FIG.
22A, compares the potential indicated by the waveform shap-
ing signal Vd1 with the threshold potentials Vth0 and VthA,
and in the detection period Tdl, measures the measurement
time Tw1 indicating the duration in which the potential of the
waveform shaping signal Vd1 is the threshold potential Vth0
or less, and the measurement time TwA indicating the dura-
tion in which the potential of the waveform shaping signal
Vd1 is the threshold potential VthA or less. In addition, the
threshold potential Vtho is a potential of an amplitude center
level of the waveform shaping signal Vd. In addition, the
threshold potential VthA is a potential lower than the thresh-
old potential VthO0.

[0197] Further, the characteristic information generation
unit 41, as illustrated in FIG. 22B, compares the potential
indicated by the waveform shaping signal Vd2 with the
threshold potentials Vth0, VthB, and VthC, and in the detec-
tion period Td2, measures the measurement time Tw2 indi-
cating the duration in which the potential of the waveform
shaping signal Vd2 is the threshold potential Vth0 or more,
the measurement time TwB indicating the duration in which
the potential of the waveform shaping signal Vd2 is the
threshold potential VthB or more, and the measurement time
TwC indicating the duration in which the potential of the
waveform shaping signal Vd2 is the threshold potential VthC
or less. In addition, the threshold potential VthB is a potential
higher than the threshold potential Vth0. In addition, the
threshold potential VthC is a potential lower than the thresh-
old potential VthO0.

[0198] Further, the characteristic information generation
unit 41, as illustrated in FIG. 22C, compares the potential
indicated by the waveform shaping signal Vd3 with the
threshold potentials Vth0, VthD, and VthE, and in the detec-
tion period Td3, measures the measurement time Tw3 indi-
cating the duration in which the potential of the waveform
shaping signal Vd3 is the threshold potential Vth0 or more,
the measurement time TwD indicating the duration in which
the potential of the waveform shaping signal Vd3 is the
threshold potential VthD or more, and the measurement time
TwE indicating the duration in which the potential of the
waveform shaping signal Vd3 is the threshold potential VthE
or less. In addition, the threshold potential VthD is set so as to
be a potential higher than the threshold potential Vth0, and a
potential higher than the maximum value of the potential of
the waveform shaping signal Vd3. In addition, the threshold
potential VthE is set so as to be a potential lower than the
threshold potential Vth0, and a potential lower than the mini-
mum value of the potential of the waveform shaping signal
Vds.
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[0199] In this manner, in the example illustrated in FIGS.
22A to 22C, among characteristic information Info, the mea-
surement times Tw1, Tw2, and Tw3 are information indicat-
ing so-called characteristics regarding the phase of the wave-
form shaping signal Vd, indicating the duration at which the
signal level of the waveform shaping signal Vd reaches the
amplitude center. Further, in the example illustrated in FIGS.
22A to 22C, among characteristic information Info, the mea-
surement times TwA, TwB, TwC, TwD, and TwE is so-called
information indicating the characteristics regarding a change
in the signal level of the waveform shaping signal Vd, indi-
cating a duration in which the signal level of the waveform
shaping signal Vd is the threshold potential or more, or a
duration indicating the threshold potential or less.

[0200] In the example illustrated in FIGS. 19 to 22C, the
determination information generation unit 42 compares the
measurement times Tw1, Tw2, Tw3, TwA, TwB, TwC, TwD,
and TwE which are measured by the characteristic informa-
tion generation unit 41, and included in the characteristic
information Info, with the standard values TwilL, TwlH,
Tw2L, Tw2H, Tw3L, Tw3H, TwAL, TwAH, TwBL, TwBH,
TwCL, TwCH, TwD0, and TwE0 which are indicated by the
standard information STth that is output by the control unit 6,
and determines whether or not the waveform indicated by the
waveform shaping signal Vd is a waveform based on the
residual vibration signal Vout which is detected when the
discharge state of the discharge unit D is normal. In addition,
the various standard values indicated by the standard infor-
mation STth are thresholds which are predetermined based on
various measurement times indicated by the characteristic
information Info that is measured from the waveform shaping
signal Vd based on the residual vibration signal Vout when the
discharge state of the discharge unit D is normal, and various
measurement times indicated by the characteristic informa-
tion Info that is measured from the waveform shaping signal
VdE based on the residual vibration signal VoutE when the
discharge state of the discharge unit D is abnormal, for dis-
tinguishing them from each other.

[0201] Inthe example illustrated in FIGS. 19 to 22C, when
various measurement times included in the characteristic
information Info satisfy all the following Equations (1) to (8),
the determination information generation unit 42 determines
that the discharge state of the discharge unit D is normal, and
generates determination information RS[m] indicating the
determination result.

[0202] When various measurement times included in the
characteristic information Info do not satisty any one of the
following Equations (1) to (8), the determination information
generation unit 42 determines that the discharge state of the
discharge unit D is abnormal, and generates determination
information RS[m] indicating the determination result.

TwlL=Twl<TwlH (1)
Tw2L=Tw2<Tw2H 2)
Tw3L=Tw3<Tw3H 3)
TwAL<TwA<TwAH 4)
TwBL=TwB<TwBH 3)
TwCL=TwC<sTwCH (6)
TwD=TwDO0 (here, TwD0=0) (7
TwE=TwED (here, TWE0=0) (®)
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[0203] In this way, in the discharge state determination
process, the control unit 6 controls the head driver 5 so as to
supply the drive signal Vin[m] having the waveform PA1
which is the determination drive waveform, to the discharge
unit D[m] designated as the target discharge unit Dtg. Then,
the control unit 6 generates characteristic information Info,
based on the waveform shaping signal Vd1 representing the
residual vibration occurring in the discharge unit D[m] in the
detection period Td1, the waveform shaping signal Vd2 rep-
resenting the residual vibration occurring in the discharge
unit D[m] in the detection period Td2, and the waveform
shaping signal Vd3 representing the residual vibration occur-
ring in the discharge unit D[m] in the detection period Td3.
Then, the control unit 6 determines an ink discharge state of
the discharge unit D[m], based on the characteristic informa-
tion Info, and generates the determination information RS[m]
representing the determination result.

6. Conclusion of Embodiment

[0204] As described in the above, in the present embodi-
ment, the discharge state of ink of the discharge unit D is
determined based on the phase and the signal level of the
residual vibration occurring in the discharge unit D. In other
words, in the present embodiment, the discharge state of the
discharge unit D is measured, without measuring the time of
one cycle of the residual vibration occurring the discharge
unit D. Thus, even when each of the detection periods Tdl,
Td2, Td3 constituting the detection period Td is shorter than
the interval of the residual vibration occurring in the dis-
charge unit D, it is possible to specify the characteristics of the
residual vibration occurring in the discharge unit D, and to
determine the discharge state of the discharge unit D, based
on the characteristics of the specified residual vibration.

[0205] However, as in the discharge state determination
process in the related art, an aspect of determining the dis-
charge state based on time of one cycle of the residual vibra-
tion occurring in the discharge unit D is also contemplated
(hereinafter, the aspect is referred to as “comparative
example”). In the comparative example, generally, one detec-
tion period having a duration longer than the one cycle of the
residual vibration is provided in order to detect at least one
cycle of the residual vibration, in the determination drive
waveform. In general, the signal level of the determination
drive waveform is maintained constant, in order to accurately
detect the residual vibration, in one detection period. In other
words, in the determination drive waveform according to the
comparative example, in general, the detection waveform
having a signal level to be maintained substantially constant
is provided corresponding to one detection period longer than
the cycle of the residual vibration.

[0206] Therefore, in the comparative example, when the
printing waveform such as the discharge waveform used in
the printing process and the determination drive waveform
used in the discharge state determination process are com-
mon, there is a constraint of ensuring a detection waveform
having a duration of one cycle of the residual vibration or
more in the printing waveform, such that it is difficult to
shorten the interval of the printing waveform, thus, in some
cases, it is difficult to speed the printing process. Thus, in the
comparative example, the determination drive waveform and
the printing waveform are set to separate waveforms in order



US 2016/0279929 Al

to speed the printing process, and it is inevitable to perform
the printing process and the discharge state determination
process at different timings, such that the user of the ink jet
printer 1 may feel uncomfortable in some cases.

[0207] In contrast, in the present embodiment, three detec-
tion periods Td1, Td2, Td3 shorter than the period of residual
vibration are provided in a distributed manner for the deter-
mination drive waveform, instead of providing one detection
period longer than the period of the residual vibration.

[0208] Therefore, in the present embodiment, the con-
straint of providing a detection waveform for detecting the
residual vibration in the determination drive waveform is
reduced, as compared with the comparative example, and it is
possible to increase the degree of freedom in the waveform
design. That is, in the present embodiment, it is easier to
shorten the period of determination drive waveform, as com-
pared with the comparative example, and even when the
discharge state determination process and the printing wave-
form are common, it becomes easy to shorten the periods of
the determination drive waveform (and the printing wave-
form). Therefore, in the present embodiment, when speeding
the printing process, it becomes possible to perform the dis-
charge state determination process during the execution of the
printing process, to rapid treat a discharge failure occurring
during the execution of the printing process, and to prevent
sudden deterioration in print quality during the execution of
the printing process.

[0209] In addition, in the present embodiment, since infor-
mation about the characteristics of the waveform of residual
vibration is obtained in the three detection periods Td1, Td2,
and, Td3, larger amount of information is acquired, as com-
pared with the case of obtaining the information about the
characteristics of the waveform of the residual vibration in
one of detection period out of detection periods Td1,Td2, and
Td3.

[0210] Therefore, it is possible to increase the accuracy of
the determination as to whether the waveform of a residual
signal corresponds to the waveform when the discharge state
is normal, based on the characteristic information Info which
is information regarding the characteristics of the waveform
of the residual vibration, in other words, the accuracy of the
determination of the discharge state of the discharge unit D
based on the characteristic information Info.

[0211] Furthermore, in the present embodiment, the wave-
form shaping signal Vd1 corresponding to the residual vibra-
tion W1 is detected in the detection period Tdl, and the
waveform shaping signal Vd2 corresponding to the residual
vibration W1 and the residual vibration W2 is detected in the
detection period Td2. In other words, in the present embodi-
ment, since the residual vibration W1 and the residual vibra-
tion W2 are detected in the detection period Td1l and the
detection period Td2, which are provided in a distributed
manner, and information about the characteristics of the
residual vibration is obtained, it is possible to obtain the larger
amount of information, as compared with a case of detecting
only the residual vibration W1, and obtaining the information
about the characteristics of residual vibration, in one detec-
tion period such as to have a duration of the sum of the
detection period Td1 and the detection period Td2.

[0212] As described in the above, in the present embodi-
ment, due to the provision of the detection waveform, it is
possible to improve the amount of information regarding the
characteristics of the residual vibration that can be obtained in
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the detection waveform, while preventing a decrease in the
degree of freedom on design of the determination drive wave-
form.

B. MODIFICATION EXAMPLE

[0213] Each of the above embodiments can be variously
modified. The specific modification aspects will be described
below. Two or more aspects that are arbitrarily selected from
the following examples can appropriately be combined
within a range in which they are not mutually inconsistent.

[0214] Incidentally, elements in the modification examples
having the same effects and functions as in the embodiment
are denoted by using the reference symbols referred to in the
above description, and thus the detailed description thereof
will appropriately be omitted.

Modification Example 1

[0215] In the above-described embodiment, the waveform
PA11 whichis an example of the first waveform is a waveform
that is provided before the start of the detection period Td1l
that is an example of the first period, and is a waveform which
varies from the reference potential V0 to the potential Vall
which is an example of the first potential, but the present
invention is not limited to such an aspect, the first waveform
may be a waveform that is provided before the start of the first
period, and may be a waveform which varies from a potential
different from the first potential to the first potential. In this
case, it is preferable that the first waveform is a waveform that
is provided before the start of the first period, and is a wave-
form which varies from a potential higher than the first poten-
tial to the first potential.

[0216] Further, in the above-described embodiment, the
waveform PA12 which is an example of the second waveform
is a waveform that is provided before the start of the detection
period Td2 that is an example of the second period, and is a
waveform which varies from the potential Vall which is an
example of'the first potential to the potential Val2 which is an
example of the second potential, but the present invention is
not limited to such an aspect, the second waveform may be a
waveform that is provided before the start of the second
period, and may be a waveform which varies from a potential
different from the second potential to the second potential. In
this case, it is preferable that the second waveform is a wave-
form that is provided before the start of the second period, and
is a waveform which varies from a potential lower than the
second potential to the second potential.

[0217] Further, in the above-described embodiment, the
waveform PA13 which is an example of the third waveform is
a waveform that is provided before the start of the detection
period Td3 that is an example of the third period, and is a
waveform which varies from the potential Val2 which is an
example of the second potential to the reference potential VO
which is an example of the third potential, but the present
invention is not limited to such an aspect, and the third wave-
form may be a waveform that is provided before the start of
the third period, and may be a waveform which varies from a
potential different from the third potential to the third poten-
tial. In this case, it is preferable that the third waveform is a
waveform that is provided before the start of the third period,
and is a waveform which varies from a potential higher than
the third potential to the third potential.
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Modification Example 2

[0218] In the embodiment and modification example
described above, although the potential Vall which is an
example of the first potential is a potential lower than the
reference potential VO which is an example of a third poten-
tial, and the potential Val2 which is an example of the second
potential is a potential higher than the reference potential V0
which is an example of a third potential, the present invention
is not limited to such aspects, and the first potential, the
second potential, and the third potential may be any potential.
For example, two or more potentials among the first potential,
the second potential, and the third potential may be equal
potential.

Modification Example 3

[0219] In the embodiment and modification examples
described above, although each of the detection periods Td1,
Td2, and Td3 has a duration shorter than the period of the
residual vibration when the discharge state of the discharge
unit D is normal, one or more detection periods among detec-
tion periods Td1, Td2, and Td3 may have a duration longer
than the period of the residual vibration.

Modification Example 4

[0220] In the embodiment and modification examples
described above, although three detection waveforms are pro-
vided in three detection periods Td1, Td2, and Td3, in the
determination drive waveform, the present invention is not
limited to such aspects, and the determination drive wave-
form may have two detection waveforms in at least two detec-
tion periods. For example, the detection unit 8 may detect the
residual vibration signals Voutl and Vout2, from the dis-
charge unit D[m] to which the drive signal Vin[m] having the
determination drive waveform is supplied, in the detection
periods Td1 and Td2.

[0221] Further, in the embodiment and modification
examples described above, the determination drive waveform
illustrated as the waveform PA1 includes a first waveform
illustrated as a waveform PA11, a second waveform illus-
trated as a waveform PA12, and a third waveform illustrated
as a waveform PA13, but the present invention is not limited
to such aspects, the determination drive waveform may
include at least two waveforms, among the first waveform, the
second waveform, and the third waveform.

Modification Example 5

[0222] Further, in the embodiment and modification
examples described above, it has been exemplified a case of
using the discharge waveform PA1 as the determination drive
waveform, among the printing waveforms, but the present
invention is not limited to such aspects, a waveform other than
the waveform PA1 may be used as the determination drive
waveform, among the printing waveforms. For example, the
discharge waveform PA2 may be used as the determination
drive waveform, and a non-discharge waveform such as a
slight vibration waveform PB may be used as the determina-
tion drive waveform.

[0223] Further, a plurality of printing waveforms may be
used as the determination drive waveform. For example, both
the discharge waveform PA1 and the discharge waveform
PA2 may be used as the determination drive waveform. In this
case, for example, since three detection periods are provided
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in the waveform PA1, and three detection periods are pro-
vided in the waveform PA2, six detection periods can be
provided in one unit period Tu, and it is possible to further
increase the accuracy of the determination of the discharge
state, as compared with the above described embodiments.
[0224] Further, in the embodiment and modification
examples described above, the printing waveform is used as
the determination drive waveform, but the determination
drive waveform may be a separate waveform from the print-
ing waveform.

[0225] In this case, the discharge state determination pro-
cess may be executed in the unit period Tu in which the
printing process is not executed.

Modification Example 6

[0226] The embodiment described above has exemplified
the case where the characteristic information Info is informa-
tion about the signal level and phase of the waveform shaping
signal Vd, among the characteristics of the waveform indi-
cated by the waveform shaping signal Vd, but the present
invention is not limited to such aspects, and the characteristic
information Info may be information including at least one of
the signal level, the phase, and the period, among the charac-
teristics of the waveform indicated by the waveform shaping
signal Vd.

[0227] Incidentally, when the characteristic information
Info includes information indicating the period of the wave-
form indicated by the waveform shaping signal Vd, as in
Modification example 3, it is preferable that one or more
detection periods of the detection periods Td1, Td2, and Td3
have a longer duration than the period of the waveform shap-
ing signal Vd.

Modification Example 7

[0228] The ink jet printer 1 according to the embodiment
and modification examples described above includes four
detection units 8, and four determination units 4, for four
recording heads 3, but the present invention is not limited to
such aspects, and the ink jet printer 1 may be configured to
include five or more detection units 8, and five or more deter-
mination units 4, for four recording heads 3, or on the con-
trary, may be configured to include three or less detection
units 8, and three or less determination units 4, for four
recording heads 3.

Modification Example 8

[0229] The ink jet printer 1 according to the embodiment
and modification examples described above is a line printer
including the nozzle array Ln provided such that the range
YNL includes a range YP, but the present invention is not
limited to such aspects, the ink jet printer 1 may be a serial
printer that performs a printing process by the recording head
3 reciprocating in the Y-axis direction.

Modification Example 9

[0230] The ink jet printer 1 according to the embodiment
and modification examples described above is capable of
discharging inks of four colors of CMYK, but the present
invention is not limited to such aspects, and the ink jet printer
1 may be capable of discharging at least one or more colors of
ink, and the color of the ink may be color other than CMYK.
[0231] In addition, the ink jet printer 1 according to the
embodiment and modification example described above is
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provided with a nozzle array Ln of four arrays, but may be
provided with a nozzle array Ln of at least one array.

Modification Example 10

[0232] In the embodiment and modification examples
described above, the drive waveform signal Com includes the
signal of two systems of the drive waveform signals Com-A
and Com-B, but the present invention is not intended to be
limited to such embodiments, and the drive waveform signal
Com may include a signal of one or more systems. In other
words, the drive waveform signal Com may be a signal of one
system, for example, a signal including only one drive wave-
form signal Com-A, a signal of three or more systems, for
example, a signal including the drive waveform signals Com-
A, Com-B, and Com-C. In this case, the determination drive
waveform may be provided in any one signal of the drive
waveform signals Com-A, Com-B, and Com-C.

[0233] In the embodiment and modification examples
described above, the unit period Tu includes two control
periods Ts1 and Ts2, but the present invention is not limited to
such aspects, and the unit period Tu may be made of a single
control period, or may include three or more of control peri-
ods Ts. In this case, the determination drive waveform may be
provided in any one control period Ts.

[0234] Further, in the embodiment and modification
examples described above, the print signal SI[m] is a two-bit
signal, but the number of bits of the print signal SI[m] may be
determined appropriately according to the gray scale to be
displayed, the number of control periods Ts included in the
unit period Tu, the number of systems of the signal included
in the drive waveform signal Com, or the like.

Modification Example 11

[0235] In the embodiment and modification examples
described above, the determination information generation
unit 42 is implemented as an electronic circuit, but may be
implemented as a functional block realized by the CPU of the
control unit 6 operating according to the control program.
[0236] Similarly, the characteristic information generation
unit 41 may be implemented as a functional block realized by
the CPU of the control unit 6 operating according to a control
program. In this case, it is preferable that the detection unit 8
is provided with an AD converter, which outputs the wave-
form shaping signal Vd as a digital signal.

1. A liquid discharge apparatus comprising:

a discharge unit including a piezoelectric element that is
displaced in response to a drive signal, a pressure cham-
ber of which an inner pressure is increased or decreased
by the piezoelectric element, and a nozzle which is in
communication with the pressure chamber and dis-
charges liquid filling the pressure chamber, depending
on an increase or a decrease in the inner pressure of the
pressure chamber;

a detection unit that detects residual vibration occurring in
the discharge unit according to a potential change of the
drive signal that is supplied to the piezoelectric element;
and

adetermination unit that determines a discharge state of the
liquid in the discharge unit, depending on a detection
result of the detection unit,

the detection unit outputting
a first detection signal indicating a detection result of

residual vibration in the discharge unit from a first
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timing, the first timing being a timing after a potential
of the drive signal supplied to the piezoelectric ele-
ment reaches a first potential from a potential differ-
ent from the first potential and while the potential of
the drive signal keeps the first potential after reaching
the first potential, and

a second detection signal indicating a detection result of
residual vibration in the discharge unit from a second
timing, the second timing being a timing after the
potential of the drive signal supplied to the piezoelec-
tric element reaches a second potential from a poten-
tial different from the second potential and while the
potential of the drive signal keeps the second potential
after reaching the second potential, and
the determination unit determining the discharge state of
the liquid in the discharge unit, based on the first detec-
tion signal and the second detection signal.
2. A liquid discharge apparatus comprising:
a discharge unit including a piezoelectric element that is
displaced in response to a drive signal, a pressure cham-
ber of which an inner pressure is increased or decreased
by the piezoelectric element, and a nozzle which is in
communication with the pressure chamber and dis-
charges liquid filling the pressure chamber, depending
on an increase or a decrease in the inner pressure of the
pressure chamber;
a detection unit that outputs a first detection signal indicat-
ing a detection result of residual vibration occurring in
the discharge unit in a first period, and a second detection
signal indicating a detection result of residual vibration
occurring in the discharge unit in a second period, when
adrive signal is supplied to the piezoelectric element, the
drive signal having a drive waveform which is a first
potential in the first period and is a second potential in
the second period, the first potential during the first
period being constant, the second potential during the
second period being constant; and
a determination unit that determines a discharge state of
liquid in the discharge unit, based on the first detection
signal and the second detection signal.
3. The liquid discharge apparatus according to claim 2,
wherein the drive waveform includes
a first waveform that changes to the first potential from a
potential different from the first potential, prior to a
start of the first period, and

a second waveform that changes to the second potential
from a potential different from the second potential,
prior to a start of the second period after an end of the
first period,

wherein the first detection signal indicates a detection
result of residual vibration caused by the first waveform
occurring in the discharge unit, and

wherein the second detection signal indicates a detection
result of composite vibration of residual vibration
caused by the first waveform occurring in the discharge
unit and residual vibration caused by the second wave-
form occurring in the discharge unit.

4. The liquid discharge apparatus according to claim 2,

wherein at least one period of the first period and the
second period is shorter than a period of residual vibra-
tion occurring in the discharge unit, in the first period or
the second period, if the discharge state of the liquid in
the discharge unit is normal.
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5. The liquid discharge apparatus according to claim 1,

wherein the determination unit determines the discharge

state of the liquid in the discharge unit, depending on

aphase of residual vibration indicated by the first detec-
tion signal,

amagnitude ofa change in a signal level indicated by the
first detection signal,

a phase of residual vibration indicated by the second
detection signal, and

amagnitude ofa change in a signal level indicated by the
second detection signal.

6. The liquid discharge apparatus according to claim 1,

wherein when a drive signal having a waveform that

changes to the first potential or the second potential is
supplied to the piezoelectric element, the discharge unit
discharges liquid filling the pressure chamber from the
nozzle.

7. A control method of a liquid discharge apparatus, the
liquid discharge apparatus including a discharge unit includ-
ing a piezoelectric element that is displaced in response to a
drive signal, a pressure chamber of which an inner pressure is
increased or decreased by the piezoelectric element, and a
nozzle which is in communication with the pressure chamber
and discharges liquid filling the pressure chamber, depending
on an increase or a decrease in the inner pressure of the
pressure chamber, the control method comprising:

detecting residual vibration in the discharge unit from a

first timing, the first timing being a timing after a poten-
tial of the drive signal supplied to the piezoelectric ele-
ment reaches a first potential from a potential different
from the first potential and while the potential of the
drive signal keeps the first potential after reaching the
first potential;

outputting a first detection signal representing the detec-

tion result;

detecting residual vibration in the discharge unit from a

second timing, the second timing being a timing after the
potential of the drive signal supplied to the piezoelectric
element reaches a second potential from a potential dif-
ferent from the second potential and while the potential
of'the drive signal keeps the second potential after reach-
ing the second potential;

outputting a second detection signal representing the

detection result; and

determining a discharge state of liquid in the discharge

unit, based on the first detection signal and the second
detection signal.
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8. A non-transitory computer-readable medium storing

control program of a liquid discharge apparatus, the liquid
discharge apparatus including

a discharge unit including a piezoelectric element that is
displaced in response to a drive signal, a pressure cham-
ber of which an inner pressure is increased or decreased
by the piezoelectric element, and a nozzle which is in
communication with the pressure chamber and dis-
charges liquid filling the pressure chamber, depending
on an increase or a decrease in the inner pressure of the
pressure chamber;

a detection unit that detects residual vibration occurring in
the discharge unit according to a potential change of the
drive signal that is supplied to the piezoelectric element;
and

a computer,

the control program causing the computer to function as a
determination unit that determines a discharge state of
liquid in the discharge unit, based on a first detection
signal and a second detection signal,

the first detection signal being output as a detection result
of residual vibration in the discharge unit from a first
timing, the first timing being a timing after a potential of
the drive signal supplied to the piezoelectric element
reaches a first potential from a potential different from
the first potential and while the potential of the drive
signal keeps the first potential after reaching the first
potential, by the detection unit and

the second detection signal being output as a detection
result of residual vibration in the discharge unit from a
second timing, the second timing being a timing after the
potential of the drive signal supplied to the piezoelectric
element reaches a second potential from a potential dif-
ferent from the second potential and while the potential
ofthe drive signal keeps the second potential after reach-
ing the second potential, by the detection unit.

9. The liquid discharge apparatus according to claim 1,

wherein the first detection signal indicates a potential of a
shaping signal which is shaped based on the residual
vibration from the first timing, and the second detection
signal indicates a potential of a shaping signal which is
shaped based on the residual vibration from the second
timing.



