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(54) IMAGE FORMATION DEVICE 

(57) ABSTRACT 

PROBLEM: A refill amount changes between the time of low temperature and the time 

of high temperature, a difference in ejection droplet amount becomes large between 

during low-frequency driving and during high-frequency driving, and thus stable droplet 

ejection by high-frequency driving cannot be performed. 

SOLUTION: To reduce pulling of the final droplet ejection drive signal P5 and increase 

pushing, a drive waveform generation unit that generates a drive waveform including 

one or a plurality of preliminary drive signal P4 that does not cause a liquid droplet to 
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be ejected or has a relatively slow droplet speed before the droplet ejection drive signal 

P5 that causes a liquid droplet to be ejected is included, and the droplet speed at the 

time of causing a liquid droplet to be ejected with the droplet ejection drive signal P5 

following the preliminary drive signal P4 is made relatively faster than the droplet speed 

at the time of causing a liquid droplet to be ejected with the droplet ejection drive signal 

P5 alone. 
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CLAIMS 

1. An image formation device comprising: a recording head including a nozzle 

that ejects a liquid droplet of a recording liquid, a pressure generation chamber with 

which this nozzle communicates, and a pressure generation unit that generates a 

pressure for pressurizing a recording liquid in this pressure generation chamber; and a 

drive waveform generation unit that generates a drive waveform including a plurality of 

time-series drive signals to be applied to the pressure generation unit of this recording 

head, wherein 

 the image formation device includes a unit that generates a drive waveform 

including one or a plurality of preliminary drive signals that does not cause a liquid 

droplet to be ejected or has a relatively low droplet speed before a droplet ejection drive 

signal that causes a liquid droplet to be ejected, and a droplet speed when a liquid 

droplet is ejected with the droplet ejection drive signal following the preliminary drive 

signal is relatively higher than a droplet speed when a liquid droplet is ejected with the 

droplet ejection drive signal alone. 

2. The image formation device according to claim 1, wherein the droplet ejection 

drive signal causes a liquid droplet to be ejected at a resonance timing of pressure 

fluctuation by the preliminary drive signal. 

3. The image formation device according to claim 1 or 2, wherein a droplet speed 

of ejection when the preliminary drive signal and the droplet ejection drive signal are 

sequentially applied is a target droplet speed. 

4. The image formation device according to any of claims 1 to 3, wherein the 

preliminary drive signal includes an expansion waveform element that causes the 

pressure generation chamber to expand, the droplet ejection drive signal includes an 

expansion waveform element that causes the pressure generation chamber to expand 
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and a contraction waveform element that causes the pressure generation chamber to 

contract after expansion, and a potential difference of an expansion waveform element 

of the droplet ejection drive signal is smaller than a potential difference of an expansion 

waveform element of the preliminary drive signal. 

5. The image formation device according to any of claims 1 to 4, wherein the 

droplet ejection drive signal includes a waveform element that causes the pressure 

generation chamber in a contracted state after droplet ejection to expand, and this 

waveform element causes the pressure generation chamber to contract in an antiphase to 

a pressure fluctuation of the pressure generation chamber by a previous waveform 

element. 

6. The image formation device according to any of claims 1 to 4, wherein the 

droplet ejection drive signal includes a waveform element that causes the pressure 

generation chamber in a contracted state after droplet ejection to further contract and a 

waveform element that causes the pressure generation chamber to expand after 

contraction, and each waveform element causes the pressure generation chamber to 

contract and expand in an antiphase to pressure fluctuation of the pressure generation 

chamber by a waveform element up to a waveform element that causes the liquid 

droplet to be ejected. 

7. The image formation device according to any of claims 1 to 3, wherein the 

droplet ejection drive signal includes an expansion waveform element that causes the 

pressure generation chamber to expand and a contraction waveform element that causes 

the pressure generation chamber to contract after expansion, and the image formation 

device further includes a unit that generates a plurality of drive waveforms having 

different ratios of a potential difference of the contraction waveform element to a 

potential difference of the expansion waveform element. 
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8. The image formation device according to claim 7, wherein a potential 

difference of the expansion waveform element is equal to or twice a potential difference 

of the contraction waveform element. 

9. The image formation device according to claim 7, wherein a potential 

difference of the contraction waveform element is equal to or thrice a potential 

difference of the expansion waveform element. 

10. The image formation device according to any of claims 7 to 9, wherein based 

on an environmental temperature, a drive waveform in which a ratio of a potential 

difference of the expansion waveform element to a potential difference of the 

contraction waveform element is small is output at a time of a low temperature and a 

drive waveform in which a ratio of a potential difference of the expansion waveform 

element to a potential difference of the contraction waveform element is large is output 

at a time of a high temperature. 

11. The image formation device according to any of claims 1 to 3, wherein the 

droplet ejection drive signal includes a contraction waveform element that causes the 

pressure generation chamber to contract from a state where the preliminary drive signal 

is applied, and an expansion waveform element that causes the pressure generation 

chamber to expand after contraction. 

 

Detailed Description of Invention 

Technical Field 

[0001] 

 The present invention relates to an image formation device, and more 

specifically to an image formation device including a recording head that ejects a liquid 

droplet of a recording liquid. 
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Related Art 

[0002] 

 Examples of various types of image formation devices such as a printer, a 

facsimile machine, a copier, a plotter, and a printer/fax/copier multifunction printer 

include a serial image formation device in which a recording head (print head) including 

a liquid droplet ejection head that ejects a liquid droplet of a recording liquid (for 

example, ink) is mounted on a carriage, this carriage is caused to perform serial 

scanning in a direction orthogonal to a conveyance direction of a recorded medium 

(hereinafter, the term “sheet” is used, but the material is not limited to paper, and is also 

referred to as recording medium, recording sheet, transfer material, and the like), the 

recorded medium is intermittently conveyed according to a recording width, and 

conveyance and recording are alternately repeated to form (recording and printing are 

also used synonymously) an image on the recorded medium, and a line image formation 

device including a line head. 

[0003] 

 In order to perform gradation printing in such image formation device, for 

example, a common drive waveform including a plurality of drive signals (drive pulses) 

is generated within one printing cycle (within one drive cycle), and one or a plurality of 

drive signals is selected from this common drive waveform and applied to a pressure 

generation unit (actuator unit) for generating energy for ejecting a liquid droplet of a 

recording head, thus a liquid droplet having a same or different droplet size is caused to 

be ejected from the recording head and to be coalesced during flying, or a plurality of 

droplets is dropped to a same landing position, and thus a dot having a different size is 

formed. 

[0004] 
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 Regarding a drive waveform in such image formation device, for example, 

Patent Document 1 describes generating pulse signals including a plurality of ejection 

drive pulses to be output in time series within one printing cycle for ejecting a droplet, 

and, as a non-ejection drive pulse that gives tickling to meniscus to an extent that a 

liquid droplet is not ejected, a drive pulse including a first signal for expanding a 

pressure generation chamber, a second signal for holding an expanded state of the 

pressure generation chamber after the first signal, and a third signal for contracting the 

pressure generation chamber after the second signal. 

Patent Document 1: JP-A-2005-041039 

[0005] 

 Patent Document 2 describes including a signal supply unit that supplies an 

actuator with a drive signal including a first potential VL that increases a volume of a 

pressure chamber, a second potential VH that decreases the volume of the pressure 

chamber, and an intermediate potential VM between the first potential VL and the 

second potential VH, and a temperature detection unit that detects an environmental 

temperature or a temperature of ink, and that the signal supply unit supplies at least a 

main drive signal whose potential changes in order of the intermediate potential VM, 

the first potential VL, the second potential VH, and the intermediate potential VM, and 

changes a proportion H = (VM - VL)/(VH - VL) of a difference between the 

intermediate potential VM and the first potential VL with respect to a difference 

between the second potential VH and the first potential VL between 0.5 to 1 according 

to a detected temperature of the temperature detection unit such that the ratio 

approaches 1 as the detected temperature of the temperature detection unit is lower. 

Patent Document 2: JP-A-2003-127369 

[0006] 
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 Patent Document 3 describes that a drive waveform for forming one dot is 

changed based on presence or absence of an injection pulse signal immediately before 

and immediately after the one dot and a shape of a drive waveform of the injection pulse 

signal. 

Patent Document 3: JP-A-2001-301206 

 

Disclosure of Invention 

Technical Problem 

[0007] 

 As described above, in order to achieve both high printing speed and high 

image quality, a plurality of types of liquid droplets having different droplet amounts is 

ejected from a same nozzle, a drive waveform including a plurality of drive signals is 

generated within one drive cycle, and a drive signal is selectively applied, thus a small 

dot to a large dot are formed. 

[0008] 

 A recording head and a recorded medium move in a serial image formation 

device, and a recorded medium moves in a line image formation device, and therefore it 

is necessary to land a liquid droplet at a target pixel position by adjusting droplet 

ejection timing and droplet speed. 

[0009] 

 On the other hand, in order to further increase the printing speed by increasing 

a printing drive frequency, a refill amount (filling amount of a recording liquid into a 

pressure generation chamber) enough to be able to continuously eject large dots at a 

high frequency is required.  Here, since the refill amount decreases in a low-

temperature environment where the viscosity of the recording liquid increases, in order 
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to obtain high speed and high image quality regardless of the temperature environment, 

it is necessary to form the shape of a fluid resistance portion in which the refill amount 

is sufficient in the low-temperature environment.  When the pressure generation 

chamber is expanded, the recording liquid flows in by refill from a common liquid 

chamber to the pressure generation chamber through the fluid resistance portion at the 

same time as drawing the meniscus. 

[0010] 

 However, as the recording liquid temperature increases, the refill amount also 

increases, and the recording liquid flows into the pressure generation chamber more 

than the ejection droplet amount.  As a result, the meniscus after liquid droplet ejection 

is brought into a raised state, and in a case where the next droplet is ejected in that state, 

the ejection becomes unstable or the ejection droplet amount increases.  Since the refill 

amount also varies depending on the recording liquid viscosity, there is a problem that 

the ejection droplet amount varies depending on the temperature environment in a case 

where high frequency driving is performed. 

[0011] 

 In the head described in Patent Document 2 described above, although 

temperature is taken into consideration, a change in the refill amount is not taken into 

consideration at all.  Therefore, in a case of forming large dots by a plurality of pulses 

(drive signals) as described above, there is a problem that it is difficult to stably eject 

liquid droplets regardless of the temperature environment when ejecting liquid droplets 

at a high frequency. 

[0012] 

 In the liquid droplet ejection method described in Patent Document 3, since the 

drive waveform is changed according to the presence or absence of the dots 
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immediately before and immediately after and the type of the drive waveform for large, 

medium, and small dots and non-injection, the number of drive waveforms increases, 

leading to an increase in design cost.  Furthermore, there is also a problem that a 

configuration for selecting a drive waveform for each ejection channel becomes 

complicated, which leads to an increase in cost, and moreover, selecting a drive 

waveform by a printing pattern leads to an increase in printing processing time. 

[0013] 

 The present invention has been made in view of the above problems, and it is 

an object of the present invention to provide an image formation device capable of 

reducing a difference in ejection droplet amount between during low-frequency driving 

and during high-frequency driving, performing stable droplet ejection during high-

frequency driving, and forming a high-quality image at a high speed. 

 

Solution to Problem 

[0014] 

 In order to solve the above problems, an image formation device according to 

the present invention includes a unit that generates a drive waveform including one or a 

plurality of preliminary drive signals that does not cause a liquid droplet to be ejected or 

has a relatively low droplet speed before a droplet ejection drive signal that causes a 

liquid droplet to be ejected, in which a droplet speed when a liquid droplet is ejected by 

a droplet ejection drive signal following the preliminary drive signal is relatively higher 

than a droplet speed when a liquid droplet is ejected by a droplet ejection drive signal 

alone. 

[0015] 

 Here, it is preferable that the droplet ejection drive signal causes a liquid 
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droplet to be ejected at a resonance timing of a pressure fluctuation by the preliminary 

drive signal.  It is preferable that the droplet speed of ejection when the preliminary 

drive signal and the droplet ejection drive signal are sequentially applied is a target 

droplet speed. 

[0016] 

 It is preferable that the preliminary drive signal includes an expansion 

waveform element that causes the pressure generation chamber to expand, the droplet 

ejection drive signal includes an expansion waveform element that causes the pressure 

generation chamber to expand and a contraction waveform element that causes the 

pressure generation chamber to contract after expansion, and the potential difference of 

the expansion waveform element of the droplet ejection drive signal is smaller than the 

potential difference of the expansion waveform element of the preliminary drive signal. 

[0017] 

 Furthermore, it is preferable that the droplet ejection drive signal includes a 

waveform element that causes the pressure generation chamber in a contracted state 

after droplet ejection to expand, and this waveform element has a configuration of 

contracting in an antiphase to a pressure fluctuation of the pressure generation chamber 

by a previous waveform element, or the droplet ejection drive signal includes a 

waveform element that causes the pressure generation chamber in a contracted state 

after droplet ejection to further contract and a waveform element that causes the 

pressure generation chamber to expand after contraction, and each waveform element is 

configured to contract and expand in an antiphase to a pressure fluctuation of the 

pressure generation chamber by a waveform element up to the waveform element that 

causes a liquid droplet to be ejected. 

[0018] 
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 It is preferable that the droplet ejection drive signal includes an expansion 

waveform element that causes the pressure generation chamber to expand and a 

contraction waveform element that causes the pressure generation chamber to contract 

after expansion, and includes a unit that generates a plurality of drive waveforms having 

different ratios of the potential difference of the contraction waveform element to the 

potential difference of the expansion waveform element. 

[0019] 

 In this case, it is possible to have a configuration in which the potential 

difference of the expansion waveform element is equal to or twice or equal to or thrice 

the potential difference of the contraction waveform element.  It is preferable that, 

based on an environmental temperature, a drive waveform in which a ratio of a potential 

difference of the expansion waveform element to a potential difference of the 

contraction waveform element is small is output at a time of a low temperature and a 

drive waveform in which a ratio of a potential difference of the expansion waveform 

element to a potential difference of the contraction waveform element is large is output 

at a time of a high temperature. 

[0020] 

 It is possible to give the droplet ejection drive signal a configuration to include 

a contraction waveform element that causes the pressure generation chamber to contract 

from a state where the preliminary drive signal is applied, and an expansion waveform 

element that causes the pressure generation chamber to expand after contraction. 

 

Advantageous Effects of Invention 

[0021] 

 An image formation device according to the present invention includes a unit 

13



 

13 

that generates a drive waveform including one or a plurality of preliminary drive signals 

that does not cause a liquid droplet to be ejected or has a relatively low droplet speed 

before a droplet ejection drive signal that causes a liquid droplet to be ejected, in which 

a droplet speed when a liquid droplet is ejected by a droplet ejection drive signal 

following the preliminary drive signal is relatively higher than a droplet speed when a 

liquid droplet is ejected by a droplet ejection drive signal alone.  Therefore, it is 

possible to reduce a refill amount by a drive signal for ejecting a large dot and to reduce 

raising of a meniscus, to suppress a change in an ejection droplet amount during high-

frequency driving, to reduce a difference in ejection droplet amount between during 

low-frequency driving and during high-frequency driving, to perform stable ejection 

during high-frequency driving, and to form a high-quality image at a high speed. 

 

Best Mode for Carrying Out the Invention 

[0022] 

 Hereinafter, embodiments of the present invention will be described with 

reference to the accompanying drawings.  First, an example of a mechanism of the 

image formation device according to the present invention will be described with 

reference to Figs. 1 and 2.  Fig. 1 is an explanatory side view for explaining an overall 

configuration of the mechanism, and Fig. 2 is an explanatory plan view of the 

mechanism. 

 In this image formation device, a carriage 3 is slidably held in a main scanning 

direction by a guide rod 1 and a guide rail 2, which are guide members laterally bridged 

on left and right side plates not illustrated, and a main scanning motor 4 performs 

moving scanning in an arrow direction (main scanning direction) in Fig. 2 via a timing 

belt 5 stretched between a driving pulley 6A and a driven pulley 6B. 
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[0023] 

 To this carriage 3 is attached four recording heads 7y, 7c, 7m, and 7k (when 

colors are not distinguished, the recording heads are called the “recording head 7”) 

including liquid droplet ejection heads that respectively eject ink droplets of, for 

example, yellow (Y), cyan (C), magenta (M), and black (K) with a plurality of ink 

ejection port being arrayed in a direction intersecting the main scanning direction and an 

ink droplet ejection direction facing downward. 

[0024] 

 The carriage 3 is mounted with a sub tank 8 of each color for supplying ink of 

each color to the recording head 7.  The sub tank 8 is replenished and supplied with 

ink from a main tank (ink cartridge) (not illustrated) via an ink supply tube 9. 

[0025] 

 On the other hand, as a sheet feeder for feeding sheets 12 stacked on a sheet 

stacker (pressure plate) 11 such as a sheet feeding cassette 10, a semicircular roller 

(sheet feeding roller) 13 for separating and feeding the sheets 12 one by one from the 

sheet stacker 11 and a separation pad 14 made of a material having a great friction 

coefficient are included, and the separation pad 14 opposes the sheet feeding roller 13 

and is biased on the sheet feeding roller 13 side. 

[0026] 

 In order to convey the sheet 12 fed from this sheet feeder on a lower side of the 

recording head 7, a conveyance belt 21 for electrostatically adsorbing and conveying the 

sheet 12, a counter roller 22 for holding the sheet 12 to be fed from the sheet feeder via 

a guide 15 between the counter roller 22 and the conveyance belt 21 and conveying the 

sheet 12, a conveyance guide 23 for turning, by approximately 90°, the sheet 12 to be 

fed substantially vertically upward and causing the sheet to follow the conveyance belt 

15



 

15 

21, and a pressing roller 25 biased on the conveyance belt 21 side by a pressing member 

24 are included.  A charging roller 26, which is a charging unit for charging a surface 

of the conveyance belt 21 is included. 

[0027] 

 Here, the conveyance belt 21, which is an endless belt, is stretched between a 

conveyance roller 27 and a tension roller 28, and is configured to circle in a belt 

conveyance direction (sub scanning direction) of Fig. 2 as the conveyance roller 27 is 

rotated from a sub scanning motor 31 via a timing belt 32 and a timing roller 33.  A 

guide member 29 is arranged on the back surface side of the conveyance belt 21 

corresponding to an image formation region by the recording head 7.  The charging 

roller 26 is arranged to come into contact with a surface layer of the conveyance belt 21 

and rotate following rotation of the conveyance belt 21. 

[0028] 

 As illustrated in Fig. 2, a shaft of the conveyance roller 27 is attached with a 

slit disk 34 and provided with a sensor 35 that detects a slit of this slit disk 34, and the 

slit disk 34 and the sensor 35 constitute a rotary encoder 36. 

[0029] 

 Furthermore, as a sheet discharger for discharging the sheet 12 recorded by the 

recording head 7, a separation claw 51 for separating the sheet 12 from the conveyance 

belt 21, a sheet discharge roller 52 and a sheet discharge roller 53, and a sheet discharge 

tray 54 for stocking the sheet 12 to be discharged are included. 

[0030] 

 A back is removably attached with a double-sided sheet feeding unit 55.  This 

double-sided sheet feeding unit 55 takes in and inverts the sheet 12 returned by reverse 

rotation of the conveyance belt 21, and feeds the sheet between the counter roller 22 and 
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the conveyance belt 21 again. 

[0031] 

 As illustrated in Fig. 2, a maintenance and recovery mechanism 56 for 

maintaining and recovering a state of a nozzle of the recording head 7 is arranged in a 

non-printing region on one side in the scanning direction of the carriage 3. 

[0032] 

 This maintenance and recovery mechanism 56 includes a cap 57 for capping a 

respective nozzle surface of the recording head 7, a wiper blade 58, which is a blade 

member for wiping the nozzle surface, and an idle ejection receiver 59 that receives a 

liquid droplet when idle ejection for ejecting a liquid droplet that does not contribute to 

recording is performed in order to discharge a thickened recording liquid. 

[0033] 

 In the image formation device configured as described above, the sheets 12 are 

separated and fed one by one from the sheet feeder, and the sheet 12 fed substantially 

vertically upward is guided by the guide 15, sandwiched between the conveyance belt 

21 and the counter roller 22, and conveyed.  Furthermore, the leading end is guided by 

the conveyance guide 23, and pressed against the conveyance belt 21 by the pressing 

roller 25, and the conveyance direction is changed by substantially 90°. 

[0034] 

 At this time, a controller not illustrated applies an alternating voltage, i.e., a 

voltage in which a positive output and a negative output are alternately repeated, to the 

charging roller 26 from an AC bias supply unit.  The conveyance belt 21 is charged in 

an alternating charging voltage pattern, where positive and negative are alternately 

charged in a band shape with a predetermined width in the sub scanning direction, 

which is a circling direction.  When the sheet 12 is fed onto the conveyance belt 21 
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charged alternately positive and negative, the sheet 12 is adsorbed to the conveyance 

belt 21 with electrostatic force, and the sheet 12 is conveyed in the sub scanning 

direction by the circling movement of the conveyance belt 21. 

[0035] 

 Then, by driving the recording head 7 according to an image signal while 

moving the carriage 3 in forward path and return path directions, ink droplets are 

ejected onto the stopped sheet 12 to record one row, the sheet 12 is conveyed by a 

predetermined amount, and then recording of the next row is performed.  When a 

recording end signal or a signal indicating that the rear end of the sheet 12 has reached 

the recording region is received, the recording operation is ended, and the sheet 12 is 

discharged to the sheet discharge tray 54. 

[0036] 

 In a case of double-sided printing, when recording of the a front surface 

(surface to be printed first) ends, the conveyance belt 21 is rotated backward to feed the 

recorded sheet 12 into the double-sided sheet feeding unit 61, the sheet 12 is reversed 

(brought into a state where the back surface becomes a printing surface) and fed again 

between the counter roller 22 and the conveyance belt 21, timing control is performed, 

the sheet 12 is conveyed onto the conveyance belt 21 in the same manner as described 

above, recording is performed on the back surface, and the sheet 12 is discharged onto 

the discharging tray 54. 

[0037] 

 During printing (recording) standby, the carriage 3 is moved to the maintenance 

and recovery mechanism 55 side, the nozzle surface of the recording head 7 is capped 

with the cap 57 to keep the nozzle in a wet state, and thus ejection failure due to ink 

drying is prevented.  In a state where the recording head 7 is capped with the cap 57, 
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the recording liquid is sucked from the nozzle (called “nozzle suction” or “head 

suction”), a recovery operation of discharging a thickened recording liquid and air 

bubbles is performed, and wiping is performed by the wiper blade 58 in order to clean 

and remove the ink attached to the nozzle surface of the recording head 7 by this 

recovery operation.  An idle ejection operation of ejecting ink not related to recording 

is performed before the start of recording, in the middle of recording, and the like.  

Due to this, stable ejection capability of the recording head 7 is maintained. 

[0038] 

 Next, an example of a liquid ejection head constituting the recording head 7 

will be described with reference to Figs. 3 and 4.  Fig. 3 is an explanatory cross-

sectional view along a long direction of the liquid chamber of the head, and Fig. 4 is an 

explanatory cross-sectional view in a short direction of the liquid chamber of the head 

(the direction in which the nozzles are arrayed). 

[0039] 

 In this liquid droplet ejection head, for example, a channel plate 101 formed by 

anisotropically etching a single-crystal silicon substrate, a vibrating plate 102 formed 

by, for example, nickel electroforming joined to a lower surface of this channel plate 

101, and a nozzle plate 103 joined to an upper surface of the channel plate 101 are 

joined and laminated, and these form a nozzle communication path 105, which is a 

channel with which a nozzle 104 that ejects a liquid droplet (ink droplet) communicates, 

a liquid chamber 106, which is a pressure generation chamber, and an ink supply port 

109, which communicates with a common liquid chamber 108 for supplying ink to the 

liquid chamber 106 through a fluid resistance portion (supply path) 107. 

[0040] 

 The liquid droplet ejection head includes two rows (only one row is illustrated 
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in Fig. 6) of laminated piezoelectric elements 121 as electromechanical transducer 

elements, which are pressure generation units (actuator units) for deforming the 

vibrating plate 102 and pressurizing the ink in the liquid chamber 106, and a base 

substrate 122 for joining and fixing the piezoelectric elements 121.  A support column 

123 is provided between the piezoelectric elements 121.  This support column 123 is a 

portion formed simultaneously with the piezoelectric elements 121 by dividing a 

piezoelectric element member, but it simply serves as a support column because a drive 

voltage is not applied. 

[0041] 

 The piezoelectric elements 121 are connected with an FPC cable 12 mounted 

with a drive circuit (drive IC) not illustrated. 

[0042] 

 Then, a peripheral edge of the vibrating plate 102 is joined to a frame member 

130, and this frame member 130 is provided with a through portion 131 that houses an 

actuator unit including the piezoelectric element 121 and the base substrate 122, a recess 

that becomes the common liquid chamber 108, and an ink supply hole 132 for supplying 

ink from the outside to this common liquid chamber 108.  This frame member 130 is 

formed of, for example, thermosetting resin such as epoxy resin or polyphenylene 

sulfite by injection molding. 

[0043] 

 Here, in the channel plate 101, for example, a single-crystal silicon substrate 

having a crystal plane orientation (110) is anisotropically etched using an alkaline 

etching solution such as an aqueous potassium hydroxide solution (KOH) to form the 

recess and the hole to become the nozzle communication path 105 and the liquid 

chamber 106.  However, the channel plate is not limited to a single-crystal silicon 
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substrate, and other stainless substrates or photosensitive resins can also be used. 

[0044] 

 The vibrating plate 102 is formed of a metal plate of nickel, and is produced by, 

for example, an electroforming method, but a metal plate, a joining member between 

metal and a resin plate, or the like can also be used.  The piezoelectric element 121 and 

the support column 123 are bonded to this vibrating plate 102 with an adhesive, and the 

frame member 130 is further bonded with an adhesive. 

[0045] 

 The nozzle plate 103 forms the nozzle 104 having a diameter of 10 to 30 μm 

corresponding to each liquid chamber 106, and is bonded to the channel plate 101 with 

an adhesive.  In this nozzle plate 103, a water-repellent layer is formed via a required 

layer on the outermost surface of a surface of a nozzle formation member made of a 

metal member.  The surface of this nozzle plate 103 becomes a nozzle surface 34a 

described above. 

[0046] 

 The piezoelectric element 121 is a laminated piezoelectric element (here, PZT) 

in which a piezoelectric material 151 and an internal electrode 152 are alternately 

laminated.  An individual electrode 153 and a common electrode 154 are connected to 

the internal electrodes 152 alternately drawn out to different end surfaces of this 

piezoelectric element 121.  In this embodiment, the ink in the liquid chamber 106 is 

pressurized using displacement in d33 direction as a piezoelectric direction of the 

piezoelectric element 121, but the ink in the pressurized liquid chamber 106 may be 

pressurized using displacement in d31 direction as a piezoelectric direction of the 

piezoelectric element 121.  One substrate 122 may assume a structure provided with 

one row of the piezoelectric element 121. 
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[0047] 

 In the liquid droplet ejection head configured as described above, for example, 

the piezoelectric element 121 contracts by lowering the voltage applied to the 

piezoelectric element 121 from the reference potential, the vibrating plate 102 descends 

and the volume of the liquid chamber 106 expands, whereby the ink flows into the 

liquid chamber 106, after that, the voltage applied to the piezoelectric element 121 is 

increased to extend the piezoelectric element 121 in the lamination direction, and the 

vibrating plate 102 is deformed in the nozzle 104 direction to contract the volume of the 

liquid chamber 106, whereby the recording liquid in the liquid chamber 106 is 

pressurized, and the droplets of the recording liquid are ejected (injected) from the 

nozzle 104. 

[0048] 

 Then, by returning the voltage applied to the piezoelectric element 121 to the 

reference potential, the vibrating plate 102 is restored to the initial position, and the 

liquid chamber 106 expands to generate a negative pressure.  Therefore, at this time, 

the liquid chamber 106 is filled with the recording liquid from the common liquid 

chamber 108.  Then, after the vibration of the meniscus surface of the nozzle 104 is 

attenuated and stabilized, the operation for next liquid droplet ejection is performed. 

[0049] 

 The drive method of this head is not limited to the above example (pulling-

pushing), and pulling, pushing, and the like can be performed depending on the drive 

waveform. 

[0050] 

 Next, an outline of a controller of this image formation device will be 

described with reference to the block diagram of Fig. 5. 
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 A controller 200 includes a CPU 211 that controls the entire device, a ROM 

202 that stores a program executed by the CPU 211 and other fixed data, a RAM 203 

that temporarily stores image data and the like, a rewritable nonvolatile memory 204 for 

holding data even while the power supply of the device is cut off, and an ASIC 205 that 

processes image processing for performing various signal processing, rearrangement, 

and the like on the image data and input/output signals for controlling the entire device. 

[0051] 

 This controller 200 includes an I/F 206 for transmitting and receiving data and 

signals to and from a host side, a print controller 207 including a data transfer unit for 

driving and controlling the recording head 7 and a drive waveform generation unit for 

generating a drive waveform according to the present invention, a head driver (driver 

IC) 208 for driving the recording head 107 provided on the carriage 3 side, a motor 

driver 210 for driving the main scanning motor 4 and the sub scanning motor 31, an AC 

bias supply unit 212 for supplying charging roller 34 with AC bias, and an I/O 213 for 

inputting detection signals from an encoder sensor 43 and the sensor 35 and detection 

signals from various sensors such as a temperature sensor 215 that detects an 

environmental temperature.  This controller 200 is connected with an operation panel 

214 for inputting and displaying information necessary for this device. 

[0052] 

 Here, the controller 200 receives, by the I/F 206, print data and the like via a 

cable or a network from the host side such as an information processing device such as 

a personal computer, an image reading device such as an image scanner, and an imaging 

device such as a digital camera. 

[0053] 

 Then, the CPU 201 of the controller 200 reads and analyzes the print data in a 
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reception buffer included in the I/F 206, performs necessary image processing, data 

rearrangement processing, and the like in the ASIC 205, and transfers this image data 

from the head drive controller 207 to the head driver 208.  Generation of dot pattern 

data for image output is performed by a printer driver on the host side. 

[0054] 

 The print controller 207 includes, a drive waveform generator including a D/A 

converter that performs D/A conversion of pattern data of a drive signal stored in the 

ROM, a voltage amplifier, and a current amplifier, and a drive waveform selector given 

to the head driver, and includes a drive waveform generation unit that generates a drive 

waveform including one drive pulse (drive signal) or a plurality of drive pulses (drive 

signals), and outputs the drive waveform to the head driver 208, in addition to 

transferring the above-described image data as serial data and outputting, to the head 

driver 208, a transfer clock, a latch signal, a droplet control signal (mask signal), and the 

like that are necessary for transfer of this image data and confirmation of transfer 

[0055] 

 The head driver 208 drives the recording head 7 by selectively applying a drive 

signal constituting a drive waveform given from the print controller 207 based on image 

data corresponding to one row of the recording head 7 to be input serially to a drive 

element (for example, a piezoelectric element) that generates energy for ejecting a 

liquid droplet of the recording head 7.  At this time, by selecting a drive pulse 

constituting the drive waveform, it is possible to separately form dots having different 

sizes such as a large droplet, a medium droplet, and a small droplet, for example. 

[0056] 

 The CPU 201 calculates a drive output value (control value) for the main 

scanning motor 4 based on a speed detection value and a position detection value 

24



 

24 

obtained by sampling a detection pulse from the encoder sensor 43 constituting a linear 

encoder, and a speed target value and a position target value obtained from a 

speed/position profile stored in advance, and drives the main scanning motor 4 via the 

motor driver 210.  Similarly, the CPU 201 calculates a drive output value (control 

value) for the sub scanning motor 31 based on a speed detection value and a position 

detection value obtained by sampling a detection pulse from the encoder sensor 35 

constituting the rotary encoder, and the speed target value and the position target value 

obtained from the speed/position profile stored in advance, and drives the sub scanning 

motor 31 via the motor driver via the motor driver 210. 

[0057] 

 Next, an example of this print controller 207 and the head driver 208 will be 

described with reference to Fig. 6. 

 As described above, the print controller 207 includes a drive waveform 

generator 301 that generates and outputs a drive waveform (common drive waveform) 

including a plurality of drive pulses (drive signals) within one print cycle, and a data 

transfer unit 302 that outputs 2-bit image data (gradation signal 0, 1) corresponding to a 

print image, a clock signal, a latch signal (LAT), and droplet control signals M0 to M3. 

[0058] 

 The droplet control signal is a 2-bit signal that instructs, for each droplet, 

opening and closing of an analog switch 317, which is a switch unit described later, of 

the head driver 208.  The droplet control signal makes a state transition to an H level 

(ON) with a waveform to be selected in accordance with the printing cycle of the 

common drive waveform, and makes a state transition to a L level (OFF) when not 

selected. 

[0059] 
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 The head driver 208 includes a shift register 311 to which a transfer clock (shift 

clock) and serial image data (gradation data: 2 bits/CH) from the data transfer unit 302 

are input, a latch circuit 312 for latching each resist value of the shift register 311 by a 

latch signal, a decoder 313 that decodes the gradation data and control signals M0 to 

M3 and outputs a result, a level shifter 314 that converts the level of a logic level 

voltage signal of the decoder 313 into a level at which the analog switch 315 can 

operate, and an analog switch 316 that is on/off (opened/closed) by output of the 

decoder 313 provided via the level shifter 314. 

[0060] 

 This analog switch 316 is connected to the selection electrode (individual 

electrode) 154 of each piezoelectric element 121, and receives the common drive 

waveform from the drive waveform generator 301.  Therefore, the analog switch 316 

is on according to the result of the decoder 313 decoding the serially-transferred image 

data (gradation data) and the control signals MN0 to MN3, and thus a required drive 

signal constituting the common drive waveform passes (is selected) and is applied to the 

piezoelectric element 121. 

[0061] 

 Next, the drive waveform according to a first embodiment of the present 

invention generated and output by the drive waveform generator in this image formation 

device will be described with reference to Fig. 7 and subsequent drawings. 

 Here, for example, as illustrated in Fig. 7(a), the drive waveform generator 301 

generates and outputs a plurality of drive signals P1 to P5 in time series.  Therefore, by 

outputting the droplet control signals M0 to M3 as illustrated in Fig. 7(b) from the data 

transfer unit 302, it is possible to select and apply, to the piezoelectric element 121, the 

plurality of drive signals P1 to P5.  The drive signal P4 is a preliminary drive signal in 
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the present invention, and the drive signal P5 is a droplet ejection drive signal. 

[0062] 

 Namely, in the droplet control signal M1, the drive signal P2 is selected, and a 

liquid droplet (small droplet) forming a small dot is ejected from the recording head 7.  

In the droplet control signal M2, the drive signals P1 and P2 are selected, and two 

droplets are ejected from the recording head 7 and coalesced during flying, thereby 

ejecting a liquid droplet (medium droplet) forming a medium dot.  In the droplet 

control signal M3, the drive signals P1 to P5 are selected, and four droplets are ejected 

from the recording head 7 corresponding to the drive signals P1, P2, P3, and P5 and 

coalesced during flying, thereby ejecting a liquid droplet (large droplet) forming a large 

dot. 

[0063] 

 Then, details of the preliminary drive signal P4 and the droplet ejection drive 

signal P5 in the present invention will be described with reference to Fig. 8. 

 Here, the droplet ejection by the drive signal P5 is performed by pulling and 

pushing to eject a liquid droplet by falling the potential from a state where the 

intermediate potential VM is applied in advance to the piezoelectric element 121 to 

expand the liquid chamber 106, and then contracting the liquid chamber 106 by setting 

the potential to the potential VH, which is higher than the intermediate potential VM. 

[0064] 

 The preliminary drive signal P4 includes an expansion waveform element a 

that causes the liquid chamber 106 to expand by falling from the intermediate potential 

VM, a waveform element b that holds the potential following this waveform element a, 

and a waveform element c that rises to the intermediate potential VM following the 

waveform element b.  Here, the waveform element is a waveform element in which 
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droplet ejection is not performed even if the preliminary drive signal P4 is applied, but 

the waveform element may be a waveform element in which droplet ejection is 

performed at a slower droplet speed than when the droplet ejection drive signal P5 is 

applied following the preliminary drive signal P4. 

[0065] 

 The droplet ejection drive signal P5 includes an expansion waveform element d 

that causes the liquid chamber 106 to expand by falling from the intermediate potential 

VM, a waveform element e that holds the potential following this waveform element d, 

a waveform element f that causes the liquid chamber 106 to contract by rising to the 

potential VH beyond the intermediate potential VM following the waveform element e, 

a waveform element g that holds the potential following this waveform element f, and a 

waveform element h that causes the liquid chamber 106 to expand by falling to the 

intermediate potential VM following the waveform element g. 

[0066] 

 Here, the waveform element is a waveform element in which the droplet speed 

when the liquid droplet is ejected by the droplet ejection drive signal P5 following the 

preliminary drive signal P4 becomes relatively higher than the droplet speed when the 

liquid droplet is ejected by the droplet ejection drive signal P5 alone. 

[0067] 

 The droplet ejection drive signal P5 has a waveform in which the waveform 

element f is output at the timing at which the phase becomes the same as the pressure 

fluctuation in the liquid chamber 106 generated by the preliminary drive signal P4.  

Namely, the droplet ejection drive signal P5 causes the liquid droplet to be ejected at the 

resonance timing of the pressure fluctuation by the preliminary drive signal P4 (see Fig. 

9).  The potential difference of the expansion waveform element d of the droplet 
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ejection drive signal P5 is made smaller than the potential difference of the expansion 

waveform element a of the preliminary drive signal P4. 

[0068] 

 Therefore, when the preliminary drive signal P4 is applied, the liquid chamber 

106 expands to generate pressure vibration, and at the same time, the ink flows into the 

liquid chamber 106 through the fluid resistance portion 107.  The ink flows into the 

liquid chamber 106, and the ink meniscus of the nozzle 104 is brought into a raised 

state.  By applying the droplet ejection drive signal P5 at this timing, it is possible to 

eject the ink droplet accumulated in the meniscus (see Fig. 9). 

[0069] 

 As described above, by using a pressure wave by the preliminary drive signal 

P4, the droplet ejection drive signal P5 can cause a liquid droplet to be ejected at a 

required droplet speed even if a falling potential VL of the expansion waveform element 

d that causes the liquid chamber 106 to expand from the intermediate potential VM is 

decreased. 

[0070] 

 The waveform element d that causes the liquid chamber 106 to expand is so 

small that inflow of ink into the liquid chamber 106 by the droplet ejection drive signal 

P5 is reduced, the raising of the meniscus after the liquid droplet ejection is reduced, 

and the ejection droplet amount can be kept constant even during high-frequency 

driving. 

[0071] 

 The timing of the expansion waveform element h that causes the liquid 

chamber 106 to expand by returning the potential of the droplet ejection drive signal P5 

after the droplet ejection from the potential VH to the intermediate potential VM is 
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assumed to be a time when residual pressure in the liquid chamber 106 after the droplet 

ejection becomes positive pressure.  That is, by setting the timing to have an antiphase 

to the pressure, a damping effect can be generated and the meniscus state can be 

stabilized.  Namely, by expanding the pressure generation chamber so as to have an 

antiphase to the residual vibration of the pressure after the droplet ejection, the residual 

vibration of the pressure is quickly suppressed, and the stability of the droplet ejection 

during high-frequency driving is further improved. 

[0072] 

 In this manner, since a drive waveform including one or a plurality of 

preliminary drive signals that does not cause a liquid droplet to be ejected or has a 

relatively low droplet speed is generated before a droplet ejection drive signal that 

causes the liquid droplet to be ejected, and the droplet speed when the droplet is ejected 

with the droplet ejection drive signal following the preliminary drive signal is relatively 

higher than the droplet speed when the droplet is ejected with the droplet ejection drive 

signal alone, the refill amount associated with the droplet ejection can be reduced, and 

the ejection droplet amount can be kept substantially constant during low-frequency 

driving and during high-frequency driving.  Namely, by reducing the refill amount by 

reducing as much as possible the pulling of the droplet ejection drive signal that causes 

the final droplet to be ejected and increasing the pushing as much as possible, the 

preliminary vibration before the final liquid droplet ejection drive signal is used to keep 

the ejection droplet amount substantially constant, and thus the droplet speed at the time 

of causing a liquid droplet to be ejected with the droplet ejection drive signal following 

the preliminary drive signal is made relatively faster than the droplet speed at the time 

of causing a liquid droplet to be ejected with the droplet ejection drive signal alone. 

[0073] 
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 Since the droplet ejection drive signal causes a liquid droplet to be ejected at 

the resonance timing of the pressure fluctuation by the preliminary drive signal, it is 

possible to efficiently eject the droplet by using the resonance of the pressure.  

Therefore, typically, it is possible to reduce the amount of ink flowing from the common 

liquid chamber when the pressure generation chamber is expanded by the final drive 

signal, to reduce a difference in ejection droplet amount between during low-frequency 

driving and during high-frequency driving, and to stably ejection the droplets during 

high-frequency driving. 

[0074] 

 Furthermore, since the droplet speed of ejection when the preliminary drive 

signal and the droplet ejection drive signal are sequentially applied is a target droplet 

speed, it is possible to reduce a difference in ejection droplet amount between during 

low-frequency driving and during high-frequency driving, and to perform stable 

ejection during high-frequency driving. 

[0075] 

 Since the preliminary drive signal includes an expansion waveform element 

that causes the pressure generation chamber to expand, the droplet ejection drive signal 

includes an expansion waveform element that causes the pressure generation chamber to 

expand and a contraction waveform element that causes the pressure generation 

chamber to contract after expansion, and the potential difference of the expansion 

waveform element of the droplet ejection drive signal is smaller than the potential 

difference of the expansion waveform element of the preliminary drive signal, as 

described above, it is possible to reduce the amount of ink flowing from the common 

liquid chamber when the pressure generation chamber is expanded by the final drive 

signal, to reduce a difference in ejection droplet amount between during low-frequency 
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driving and during high-frequency driving, and to stably ejection the droplets during 

high-frequency driving. 

[0076] 

 Next, a drive waveform according to a second embodiment of the present 

invention will be described with reference to Fig. 10. 

 The droplet drive signal P5 here includes a waveform element i that rises from 

the potential VH to a potential VH2 to cause the contracted liquid chamber 106 to 

further contract after the waveform element g held following the waveform element f 

that causes the liquid chamber 106 to contract to eject a droplet, and a waveform 

element h2 that falls from the potential VH2 to the intermediate potential VM following 

this waveform element i. 

[0077] 

 Namely, in the first embodiment, the liquid chamber 106 is expanded (by the 

waveform element h) to be damped when the pressure after droplet ejection is the 

positive pressure.  However, in this second embodiment, after the potential VH after 

droplet ejection, the potential VH2 is set (by the waveform element i) to further contract 

the liquid chamber 106 at the timing when the residual pressure becomes negative, and 

the potential is returned to the intermediate potential VM so as to expand the liquid 

chamber 106 at the timing when the residual pressure becomes positive (by the 

waveform element h2). 

[0078] 

 This gives a stronger damping effect than that of the first embodiment.  

Namely, by further contracting and expanding the pressure generation chamber so as to 

have an antiphase to the residual vibration of the pressure after droplet ejection, it is 

possible to more strongly suppress the residual vibration of the pressure, and it is 
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possible to perform more stable ejection during high-frequency driving. 

[0079] 

 Next, a drive waveform according to a third embodiment of the present 

invention will be described with reference to Fig. 11. 

 Here, it is a waveform that gives a plurality of (here, three) preliminary drive 

signals P41, P42, and P43 before the droplet ejection drive signal P5.  The waveform 

elements a, b, and c of the preliminary drive signals P41, P42, and P43 are denoted by 

sub reference numerals “1”, “2”, and “3”, respectively.  These preliminary drive 

signals P41, P42, and P43 may have the same waveform or different waveforms. 

[0080] 

 In this manner, by applying the plurality of preliminary drive waveforms, it is 

possible to arbitrarily eject a larger droplet amount than that in the first and second 

embodiments. 

[0081] 

 Next, a drive waveform according to a fourth embodiment of the present 

invention will be described with reference to Fig. 12. 

 In this embodiment, a unit that generates and outputs a low-temperature drive 

waveform PL including a preliminary drive signal P401 and a droplet ejection drive 

signal P501 illustrated in Fig. 12(a), an ordinary-temperature drive waveform PM 

including a preliminary drive signal P402 and a droplet ejection drive signal P502 

illustrated in Fig. 12(b), and a high-temperature drive waveform PH including a 

preliminary drive signal P403 and a droplet ejection drive signal P503 illustrated in Fig. 

12(c). 

[0082] 

 Here, the droplet ejection drive signals P501, P502, and P503 differentiate the 
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ratio of the potential difference from the potential VL to the potential VH of the 

waveform element f that causes the liquid chamber 106 to contract to the potential 

difference from the intermediate potential VM to the potential VL of the waveform 

element d that causes the liquid chamber 106 to expand, and in the high-temperature 

drive waveform PH, the ratio is made equal to or twice, preferably equal to or thrice. 

[0083] 

 Specifically, the potential difference between the waveform element a of the 

preliminary drive signal P401 of the low-temperature drive waveform PL and the 

waveform element d of the droplet ejection drive signal P501 is greater than the 

potential difference between the waveform element a of the preliminary drive signal 

P402 of the ordinary-temperature drive waveform PM and the waveform element d of 

the droplet ejection drive signal 502, and the potential difference between the waveform 

element a of the preliminary drive signal P403 of the high-temperature drive waveform 

PH and the waveform element d of the droplet ejection drive signal P503 is smaller than 

the potential difference between the waveform element a of the preliminary drive signal 

P402 of the ordinary-temperature drive waveform PM and the waveform element d of 

the droplet ejection drive signal 502. 

[0084] 

 As described above, since the viscosity of the recording liquid (ink) increases 

as the environmental temperature decreases, that is, the fluidity decreases, the refill 

amount decreases in a low-temperature environment where the viscosity of the 

recording liquid increases, and increases in a high-temperature environment where the 

recording liquid decreases.  Then, in the low-temperature drive waveform PL used in a 

low-temperature environment, the potential difference for expanding the liquid chamber 

106 is increased (further expanded) to secure the refill amount, and in the high-
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temperature drive waveform PH used in a high-temperature environment, the potential 

difference for expanding the liquid chamber 106 is decreased (not further expanded) to 

limit the refill amount, and thus the meniscus state after ejection can be made constant 

regardless of the temperature environment, and uniform droplets can be ejected 

regardless of the temperature. 

[0085] 

 Here, in switching of the drive waveform, as illustrated in Fig. 13, the 

environmental temperature is detected based on a detection signal from the temperature 

sensor 215, and compared with predetermined temperature zones (sections) of low 

temperature, ordinary temperature, and high temperature to determine as to which of 

low temperature, ordinary temperature, and high temperature.  According to a 

determination result, the drive waveform data for generating the low-temperature drive 

waveform PL is selected in the case of low temperature, the drive waveform data for 

generating the ordinary-temperature drive waveform PM is selected in the case of 

ordinary temperature, and the drive waveform data for generating the high-temperature 

drive waveform PH is selected in the case of high temperature, and the respective drive 

waveforms are generated and output. 

[0086] 

 Next, a drive waveform according to a fifth embodiment of the present 

invention will be described with reference to Fig. 14. 

 This drive waveform is a waveform without the waveform element e that 

causes the liquid chamber 106 to expand before the waveform element f that causes the 

liquid chamber 106 to contract to eject a droplet of the preliminary drive signal P4 and 

the droplet ejection drive signal P5. 

[0087] 
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 As described above, since the refill amount varies depending on the 

temperature, depending on the recording liquid to be used, the drive waveform is a 

waveform without the waveform element e that causes the liquid chamber 106 to 

expand before the waveform element f in this manner, and thus the recording liquid is 

prevented from flowing into the liquid chamber 106, the difference in ejection droplet 

amount during low-frequency driving and during high-frequency driving is reduced, and 

stable ejection during high-frequency driving is performed. 

[0088] 

 In the above embodiments, the present invention has been described with a 

serial image formation device having a printer configuration.  However, the present 

invention is not limited to this, and can be applied to a serial image formation device 

having a printer/facsimile/copier multifunction printer (MFP) configuration, other line 

image formation devices, and the like. 

 

Brief Description of Drawings 

[0089] 

 Fig. 1 is an explanatory side view explaining an overall configuration of the 

mechanism of the image formation device according to the present invention. 

 Fig. 2 is an explanatory plan view of the mechanism. 

 Fig. 3 is an explanatory cross-sectional view along a long direction of the 

liquid chamber, illustrating an example of the liquid ejection head constituting the 

recording head in the image formation device. 

 Fig. 4 is an explanatory cross-sectional view along a short direction of the 

liquid chamber, similarly. 

 Fig. 5 is an explanatory block diagram illustrating an outline of the controller 
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in the image formation device. 

 Fig. 6 is an explanatory block diagram illustrating an example of the print 

controller and the head driver. 

 Fig. 7 is an explanatory diagram for explaining a drive waveform according to 

the first embodiment of the present invention. 

 Fig. 8 is an enlarged explanatory view of portions of a preliminary drive signal 

and a droplet ejection drive signal of the drive waveform, similarly. 

 Fig. 9 is an explanatory view for explaining a relationship between the 

preliminary drive signal and the droplet ejection drive signal, and a of the liquid 

chamber pressure change. 

 Fig. 10 is an enlarged explanatory view of portions of a preliminary drive 

signal and a droplet ejection drive signal of a drive waveform according to the second 

embodiment of the present invention. 

 Fig. 11 is an enlarged explanatory view of portions of a preliminary drive 

signal and a droplet ejection drive signal of a drive waveform according to the third 

embodiment of the present invention. 

 Fig. 12 is an enlarged explanatory view of portions of a preliminary drive 

signal and a droplet ejection drive signal of a drive waveform corresponding to the 

temperature according to the fourth embodiment of the present invention. 

 Fig. 13 is a flowchart for explaining the drive waveform selection processing 

according to the embodiment. 

 Fig. 14 is an enlarged explanatory view of portions of a preliminary drive 

signal and a droplet ejection drive signal of a drive waveform according to the fifth 

embodiment of the present invention. 
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Description of Reference Signs 

[0090] 

3 carriage 

7 recording head 

7k, 7c, 7m, 7y recording head 

104 nozzle 

106 liquid chamber (pressure generation chamber) 

121 piezoelectric element (pressure generation unit) 

207 print controller 

208 head driver 

301 drive waveform generator 

302 data transfer unit

38



 

38 

FIG. 2 

1 BELT CONVEYANCE DIRECTION (SUB SCANNING DIRECTION) 

2 MAIN SCANNING DIRECTION 

3 RETURN PATH  

4 FORWARD PATH  

 

FIG. 5 

3 CARRIAGE 

4 MAIN SCANNING MOTOR 

7 RECORDING HEAD 

21 CONVEYANCE BELT 

26 CHARGING ROLLER 

31 SUB SCANNING MOTOR 

35 ENCODER SENSOR 

43 ENCODER SENSOR 

206 HOST I/F 

207 PRINT CONTROLLER 

208 HEAD DRIVER 

210 MOTOR DRIVER 

212 AC BIAS SUPPLY UNIT 

214 OPERATION PANEL 

215 TEMPERATURE SENSOR 

 

FIG. 6 

5 COMMON DRIVE WAVEFORM 
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6 DROPLET CONTROL SIGNAL 

7 LATCH SIGNAL 

8 IMAGE DATA 

9 TRANSFER CLOCK 

121 PIEZOELECTRIC ELEMENT 

301 DRIVE WAVEFORM GENERATOR 

302 DATA TRANSFER UNIT 

311 SHIFT REGISTER 

312 LATCH CIRCUIT 

313 DECODER 

314 LEVEL SHIFTER 

315 ANALOG SWITCH 

 

FIG. 7 

10 (a) DRIVE WAVEFORM 

11 (b) CONTROL SIGNAL 

 

FIG. 9 

12 PRELIMINARY + DROPLET EJECTION 

13 PRELIMINARY 

14 (a) PRESSURE CHANGE 

15 DROPLET EJECTION 

16 (b) DRIVE SIGNAL 

17 PRELIMINARY 
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FIG. 13 

18 DETECT TEMPERATURE 

19 LOW TEMPERATURE 

20 Y (LOW TEMPERATURE) 

21 ORDINARY TEMPERATURE 

22 N (HIGH TEMPERATURE) 

23 Y (ORDINARY TEMPERATURE) 

24 SELECT LOW-TEMPERATURE DRIVE WAVEFORM 

25 SELECT ORDINARY-TEMPERATURE DRIVE WAVEFORM 

26 SELECT HIGH-TEMPERATURE DRIVE WAVEFORM 
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