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NKUET PRINTINGAPPARATUS AND INK 
UET PRINTING METHOD 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to an inkjet printing 
apparatus and an inkjet printing method. 
0003 2. Description of the Related Art 
0004 Conventionally, an ink jet printing apparatus is 
known that has a printing head including a printing element 
Substrate, on which a plurality of arrays of printing elements 
that produces energy for ejecting ink is provided, and drives 
the printing element by applying a driving pulse to the print 
ing element according to transferred printing data to eject ink 
on a printing medium to print an image. Such an ink jet 
printing apparatus is known to use a driving pulse which is 
constituted by a pre-pulse that heats ink to a temperature not 
as high as the temperature causing ejection of the ink and a 
main pulse that causes ejection of the ink. 
0005. It is known that, at the ejection of ink, the higher the 
ink temperature around the printing elementis, the greater the 
Viscosity and the Surface tension of the ink change, which 
may increase the ink ejection Volume. This increase in ink 
ejection Volume might cause deterioration in the quality of a 
printed image, which depends on the temperature of ejected 
ink. Regarding this problem, Japanese Patent Application 
Laid-OpenNo. H5-31905 discloses a technique of selecting a 
driving pulse having a small pre-pulse width for a high ink 
temperature, from a driving pulse table specifying a plurality 
of driving pulses having different pre-pulse widths, and 
applying the selected driving pulse to printing elements. Japa 
nese Patent Application Laid-Open No. H5-31905 discloses 
that the ejection of ink can be controlled to keep the ink 
ejection Volume approximately constant under different ink 
temperatures to suppress the deterioration in image quality. 
0006 Japanese Patent Application Laid-Open No. 2013 
184315 discloses a technique of selecting a driving pulse 
according to ink temperature and then adjusting the width of 
the selected driving pulse to adjust ejection energy. Japanese 
Patent Application Laid-Open No. 2013-184315 also dis 
closes that, if the pulse width of the driving pulse resulting 
from the adjustment is larger than a predetermined threshold, 
the driving pulse width is readjusted to be smaller than the 
predetermined threshold. 
0007. It has been known however that under a conven 
tional drive control using a driving pulse, deviation in ink 
landing position and transfer errors of printing data might 
OCCU. 

0008. When a driving pulse is applied to a printing ele 
ment, a current flows in a power Supply line for driving the 
printing element. The current may cause induction noise in a 
flexible wire connecting the inkjet printing apparatus to the 
printing head or in a wire inside the printing head. Generally, 
the induction noise is known to become intense as the change 
in current per unit time increases. That is, an intense noise 
might be produced at timings at the leading edge and the 
trailing edge of each of a main pulse and a pre-pulse that 
constitute the applied driving pulse, namely, at so-called driv 
ing pulse edges. 
0009. When timings of leading edges and trailing edges of 
driving pulses each applied to each of a plurality of printing 
element arrays occur at the same timing, a significant induc 
tion noise occurs. By the effect of an intense induction noise, 
a crosstalk noise might occur in a signal of printing data for 
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printing, resulting in defects such as deviation in ink landing 
position and transfer errors of printing data. 

SUMMARY OF THE INVENTION 

0010. The present invention is made in view of solving the 
aforementioned problem. An objective of the present inven 
tion is to minimize image defects caused by occurrence of an 
intense induction noise. 

0011. An example of the embodiment of the present inven 
tion is an inkjet printing apparatus for performing printing by 
using a print head that includes a Substrate and a plurality of 
printing element arrays provided on the Substrate and that 
ejects ink according to transmitted data, each of the plurality 
of printing element arrays having a plurality of printing ele 
ments which produces energy for ejecting ink by applying a 
driving pulse, the driving pulse including a pre-pulse which is 
applied from a first timing and a main pulse which is applied 
from a second timing later than the first timing. The inkjet 
printing apparatus includes a first determination unit config 
ured to determine the driving pulses corresponding to the 
plurality of printing element arrays as a plurality of first 
driving pulses, an obtaining unit configured to obtain an over 
lapping value related to the number of overlapped timings 
among the first timings and the second timings of the plurality 
of first driving pulses, determined by the first determination 
unit, corresponding to the plurality of printing element arrays, 
a second determination unit configured to determine the driv 
ing pulses, according to the overlapping value obtained by the 
obtaining unit, to be applied to the plurality of printing ele 
ment arrays as a plurality of second driving pulses, and a 
control unit configured to control ejecting ink from the plu 
rality of printing element arrays based on the plurality of 
second driving pulses determined by the second determina 
tion unit. The second determination unit determines the plu 
rality of first driving pulses determined by the first determi 
nation unit as the plurality of second driving pulses, when the 
overlapping value obtained by the obtaining unit is Smaller 
than a predetermined threshold, and determines a plurality of 
third driving pulses which is not the plurality of first driving 
pulses as the plurality of second driving pulses, when the 
overlapping value obtained by the obtaining unit is larger than 
the predetermined threshold. 
0012. Further features of the present invention will 
become apparent from the following description of exem 
plary embodiments (with reference to the attached drawings). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a perspective view of an inkjet printing 
apparatus according to an embodiment. 
0014 FIG. 2 is a schematic diagram of a printing head 
according to the embodiment. 
(0015 FIGS. 3A and 3B are transparent views of the print 
ing head according to the embodiment. 
0016 FIG. 4 is a figure illustrating a print control system 
of the embodiment. 

0017 
0018 FIGS. 6A and 6B are figures for explaining a corre 
lation among an ink temperature, a driving pulse, and an ink 
ejection Volume. 
(0019 FIGS. 7A and 7B are figures for explaining typical 
driving pulse control. 

FIG. 5 is a figure for explaining a driving pulse. 
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0020 FIG. 8 is a figure for explaining a correlation 
between the temperature and the ejection volume when the 
driving pulse control is performed. 
0021 FIG. 9 is a figure for explaining a method of calcu 
lating an overlapped level of invert timing. 
0022 FIG. 10 is a figure for explaining the driving pulse 
control of the embodiment. 
0023 FIG. 11 is a figure illustrating an example of a driv 
ing pulse used in the embodiment. 
0024 FIG. 12 is a figure for explaining the driving pulse 
control of the embodiment. 
0025 FIG. 13 is a figure for explaining the processing of 
modulating a total pulse width in the embodiment. 
0026 FIG. 14 is a figure for explaining the processing of 
modulating a total pulse width in the embodiment. 
0027 FIG. 15 is a figure for explaining the driving pulse 
control of the embodiment. 
0028 FIG. 16 is a figure for explaining a method of cal 
culating the overlapped level of invert timing. 

DESCRIPTION OF THE EMBODIMENTS 

0029. A first embodiment of the present invention will be 
described in detail below with reference to the drawings. 

First Embodiment 

0030 FIG. 1 illustrates an external appearance of an inkjet 
printing apparatus according to the embodiment (hereinafter 
also referred as printer). The printer is a so-called serial scan 
ning printer that prints an image by Scanning a printing head 
in a crossing direction (X direction) perpendicular to the 
conveyance direction (Y direction) of a printing medium P. 
0031. The configuration and the operation of the inkjet 
printing apparatus will schematically be described using FIG. 
1. A printing medium P is conveyed in Y direction on a spool 
6 Supporting the printing medium P by a conveyance roller 
that is driven by a conveyance motor (not shown) via a gear. 
Meanwhile, a carriage unit 2 is swept, at a predetermined 
conveyance position, along a guide shaft 8 extending in X 
direction by a carriage motor (not shown). In this scanning 
step, an ejection operation is performed at an ejection port of 
a printing head (described later) detachable to the carriage 
unit 2 at a timing based on a positional signal obtained by an 
encoder 7 to perform printing on a certain bandwidth corre 
sponding to the area of an array of ejection ports. The embodi 
ment is configured to perform a scanning at a scanning speed 
of 40 inches per second and perform an ejection operation at 
a resolution of 600 dpi (/600 inches). The printing medium P 
is then conveyed and the printing is performed for the next 
band. 
0032. The printer may be configured to print an image in a 
unit area on a printing medium by a single scanning (so-called 
1 pass printing) or print an image by a plurality of Scannings 
(so-called multipass printing). In a 1 pass printing, a printing 
medium may be conveyed a distance of a bandwidth between 
scannings. In a multipass printing, instead of conveying a 
printing medium at each scanning, a plurality of Scannings 
may be performed in a unit area on a printing medium, and 
then the unit area may be conveyed a distance of approxi 
mately one bandwidth. In another method of multipass print 
ing, data reduced by a predetermined mask pattern is printed 
at each scanning, a printing medium is conveyed a distance of 
approximately 1/n bandwidth, and then a scanning is per 
formed again. In this manner, printing of an image is com 
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pleted by performing a plurality of (n times of) Scannings and 
conveyances, in which the nozzle related to printing on the 
unit area on the printing medium is changed for each scan 
ning. 
0033. A carriage belt can be used to transmit a driving 
force from the carriage motor to the carriage unit 2. Alterna 
tively, instead of using a carriage belt, other types of driving 
mechanism, for example, a mechanism including a lead screw 
that extends in X direction to be rotated by a carriage motor 
and an engaging portion that is provided in the carriage unit 2 
to engage with a groove of the lead screw can be used. 
0034. The fed printing medium P is held between a sheet 
feed roller and a pinch roller to be conveyed to a printing 
position (the main scanning area of the printing head) on a 
platen 4. Since an orifice face of the printing head is usually 
capped when the printing head is not operating, the cap is 
removed before printing to set the printing head or the car 
riage unit 2 to be ready for scanning. Then, when data for one 
scanning is stored in a buffer, the carriage motor scans the 
carriage unit 2 to perform printing as described above. 
0035 A flexible wiring substrate 190 for supplying a driv 
ing pulse for ejection drive and a head temperature adjust 
ment signal is attached to the printing head. The other end of 
the flexible substrate is connected to a controller (not shown) 
including a control circuit. Such as a CPU, for controlling the 
printer. Athermistor (not shown), which serves as a tempera 
ture sensor for detecting an atmospheric temperature inside 
the inkjet printing apparatus is provided near the controller. 
0036 FIG. 2 is a perspective view schematically illustrat 
ing a printing head 9 according to the embodiment. 
0037. A joint 25 is formed on the printing head 9, and an 
ink supply tube is connected to the joint 25. 
0038. Two printing element substrates 10a and 10b each 
composed of for example, a semiconductor, are attached to 
the ejection port forming face, which opposes the printing 
medium P. of the printing head 9. The printing element sub 
strates 10a and 10b are each provided with ejection ports 
arrayed along Y direction perpendicular to X direction. Spe 
cifically, the printing element Substrate 10a has an ejection 
port array 11 that ejects black (Bk) ink, an ejection port array 
12 that ejects grey (Gy) ink, an ejection port array 13 that 
ejects lightgrey (Lgy) ink, and an ejection port array 14 that 
ejects light cyan (Lc) ink, which ejection port arrays being 
arranged along X direction. The printing element Substrate 
10b has an ejection port array 15 that ejects cyan (C) ink, an 
ejection port array 16 that ejects light magenta (Lm) ink, an 
ejection port array 17 that ejects magenta (M) ink, and an 
ejection port array 18 that ejects yellow (Y) ink, which ejec 
tion port arrays being arranged along X direction. 
0039. As will be described later, printing element arrays 
are formed in the printing element substrates 10a and 10b so 
as to respectively oppose the ejection port arrays 11 to 18. 
Hereinafter, for convenience of description, the printing ele 
ment arrays respectively opposing the ejection port arrays 11 
to 18 will respectively be referred as printing element arrays 
11X to 18x. 

0040. The printing element substrates 10a and 10b are 
fixed by an adhesive to a support member 300 made of, for 
example, alumina or resin. The printing element Substrates 
10a and 10b are electrically coupled to an electric wiring 
member 600 provided with wiring and communicate using 
signals with the printing head 9 via the electric wiring mem 
ber 600. 
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0041 FIG.3A is a transparent view of the printing element 
substrate 10b viewed in a direction normal to XY plane. FIG. 
3B is a sectional view of a portion of the printing element 
substrate 10b around the ejection port array 15 taken along a 
plane that is perpendicular to the printing element Substrate 
10b and includes the line AB in FIG. 3A, viewed along the 
direction from minus Y to plus Y. While the figures in FIGS. 
3A and 3B are simply illustrated with dimensional ratios of 
parts not identical to actual parts for simplicity, the actual size 
of the printing element substrate 10b is 9.55 mm in X direc 
tion and 39.0 mm in Y direction. 
0042 Each of the ejection port arrays 11 to 18 of the 
embodiment is composed of two rows. Each of the two rows 
is composed of 768 ejection ports 30 arranged in Y direction 
(arranging direction). The two opposing rows are shifted from 
each other by a dot pitch of 1200 dpi (dot/inch) in Y direction. 
Printing elements (hereinafter also referred as main heaters) 
34 serving as an electrothermal transducing elements are 
arranged in Y direction (predetermined direction) so as to 
oppose the 1536 ejection ports 30 in total. In the embodiment, 
a dot pitch of 1200 dpi is approximately 0.02 mm. Thermal 
energy for ejecting ink from the ejection port can be produced 
by providing a pulse to the printing element. Although the 
electrothermal transducing element is used as the printing 
element in the embodiment, a piezoelectric transducer can be 
also used as the printing element. 
0043. Nine diode sensors S1 to S9 are formed on the 
printing element Substrate 10b as temperature sensors for 
detecting ink temperature near the printing element. 
0044. Two diode sensors S1 and S6 are positioned near 
one of Y directional ends of the ejection port arrays 15 to 18. 
Specifically, the diode sensors S1 and S6 are positioned to be 
0.2 mm in Y direction from the ejection port 30 at the Y 
directional end. The diode sensor S1 is positioned in the 
middle in X direction between the ejection port array 15 and 
the ejection port array 16, and the diode sensor S6 is posi 
tioned in the middle in X direction between the ejection port 
array 17 and the ejection port array 18. 
0045. Two diode sensors S2 and S7 are positioned near the 
other Y directional end of the ejection port arrays 15 to 18. 
The diode sensor S2 is positioned in the middle in X direction 
between the ejection port array 15 and the ejection port array 
16, and the diode sensor S7 is positioned in the middle in X 
direction between the ejection port array 17 and the ejection 
port array 18. Specifically, the diode sensors S2 and S7 are 
positioned to be 0.2 mm in Y direction from the ejection port 
at the other Y directional end. 
0046 AlongY direction, five diode sensors S3, S4, S5, S8, 
and S9 are positioned at a center portion of the ejection port 
arrays 15 to 18, that is, at half the length from an end of the 
ejection port arrays 15 to 18. The diode sensor S4 is posi 
tioned in the middle in X direction between the ejection port 
array 15 and the ejection port array 16, the diode sensor S5 is 
positioned in the middle in X direction between the ejection 
port array 16 and the ejection port array 17, and the diode 
sensor S8 is positioned in the middle in X direction between 
the ejection port array 17 and the ejection port array 18. The 
diode sensor S3 is positioned outside (further near the rim of 
the printing element substrate 10b) in X direction than the 
ejection port array 15, and the diode sensor S9 is positioned 
outside (further near the rim of the printing element substrate 
10b) in X direction than the ejection port array 18. 
0047. In the embodiment, the temperature of the ink inside 
the ejection port near the diode sensor is approximately iden 
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tical to the local temperature of the printing element substrate 
10b at the position where the diode sensor is provided. Thus, 
the temperature of the printing element substrate 10b is 
assumed as the ink temperature. 
0048 Heating elements (hereinafter also referred as sub 
heater) 19a and 19b for heating the ink inside the ejection port 
is provided on the printing element substrate 10b. The heating 
element 19a is formed in a continuous member that covers the 
ejection port array 15 in X direction from the side where the 
diode sensor S3 is provided. The heating element 19b is 
formed in a continuous member that covers the ejection port 
array 18 in X direction from the side where the diode sensor 
S9 is provided. Portions of the heating elements 19a are 
provided 1.2 mm outside in X direction from the ejection port 
array 15, 0.2 mm outside in Y direction from the diode sensor 
S1, and 0.2 mm outside in Y direction from the diode sensor 
S2. Portions of the heating elements 19b are provided 1.2 mm 
outside in X direction from the ejection port array 18, 0.2 mm 
outside in Y direction from the diode sensor S6, and 0.2 mm 
outside in Y direction from the diode sensor S7. 
0049. The printing element substrate 10b is configured 
with diode sensors S1 to S9, Sub-heaters 19a and 19b, a 
substrate 31 on which various circuits are formed, and an 
ejection port member 35 formed of resin. A common ink 
chamber 33 is formed between the substrate 31 and the ejec 
tion port member 35. The common ink chamber 33 commu 
nicates with an ink Supply port 32. An ink passage 36 extends 
from the common ink chamber 33 to communicate with the 
ejection port 30 formed in the ejection port member 35. A 
bubble generating chamber 38 is formed at the end portion of 
the ink passage 36 near the ejection port 30. The printing 
element (main heater) 34 is provided in the bubble generating 
chamber 38 so as to oppose the ejection port30. A nozzle filter 
37 is formed between the ink passage 36 and the common ink 
chamber 33. 
0050. The printing element substrate 10a has approxi 
mately the same configuration as the printing element Sub 
strate 10b described in detail above. 

0051. In the embodiment, for each of the printing element 
arrays 15x to 18.x, a representative temperature is calculated 
based on temperatures detected by a combination of diode 
sensors S1 to S9, and according to the calculated representa 
tive temperature, driving pulse control is performed. The 
combination of diode sensors is different among printing 
element arrays. Specifically, to perform driving pulse control 
for the printing element array 15.x, the representative tem 
perature is the average oftemperatures detected by four diode 
sensors S1, S2, S3, and S4 that surround the printing element 
array 15x. To perform driving pulse control for the printing 
element array 16.x, the representative temperature is the aver 
age oftemperatures detected by four diode sensors S1, S2, S4, 
and S5 that surround the printing element array 16.x. To per 
form driving pulse control for the printing element array 17x, 
the representative temperature is the average oftemperatures 
detected by four diode sensors S5, S6, S7, and S8 that sur 
round the printing element array 17x. To perform driving 
pulse control for the printing element array 18.x, the represen 
tative temperature is the average oftemperatures detected by 
four diode sensors S6, S7, S8, and S9 that surround the 
printing element array 18x. 
0.052 The method of calculating the representative tem 
perature is not limited to the method described above. For 
example, the representative temperature may be calculated 
using the maximum temperature among temperatures 
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detected by four diode sensors Surrounding each of the print 
ing element arrays 15x to 18.x. Alternatively, the representa 
tive temperature of every one of the printing element arrays 
15x to 18x may be calculated using the average value of 
temperatures detected by nine diode sensors S1 to S9 pro 
vided on the printing element substrate 10b. Furthermore, the 
embodiment need not have a plurality of diode sensors in the 
printing head 9 as illustrated in FIG.3A, but may have at least 
one diode sensor. 
0053 FIG. 4 is a block diagram illustrating the configura 
tion of a control system provided to the inkjet printing appa 
ratus according to the embodiment. A main controller 100 
includes a CPU 101 that executes a processing operation, 
Such as processing, control, determination, and setting. The 
main controller 100 includes a ROM 102 that stores control 
programs to be executed by the CPU 101, a buffer that stores 
binary printing data representing ejection/non-ejection of 
ink, a RAM 103 that is used as a work area for the processing 
executed by the CPU 101, and an input/output port 104. The 
RAM 103 can also be used as a storing unit for storing data on 
the amount of ink in the main tank and a free space in the 
Sub-tank before and after a printing operation. A conveyance 
motor (LF motor) 113 that drives the conveyance roller, a 
carriage motor (CR motor) 114, a printing head 9, and drive 
circuits 105, 106, 107, and 108 for driving, for example, a 
recovery processing device 120, are coupled to the input/ 
output port 104. The main controller 100 controls the drive 
circuits 105, 106, 107, and 108. Sensors, such as the diode 
sensors S1 to S9 for detecting the temperature of the printing 
head 9, an encoder sensor 111 fixed to the carriage unit 2, and 
a thermistor 121 that detects the atmospheric temperature 
(environment temperature) inside the printing apparatus is 
coupled to the input/output port 104. The main controller 100 
is coupled to a host computer 115 via an interface circuit 110. 
0054 The drive circuit 107 serving as a signal transmitter 
to the printing head transmits a driving pulse to be applied as 
well as printing data for printing. These signals are trans 
ferred via the flexible wiring substrate 190. 
0055 A recovery processing counter 116 counts the 
amount of ink that is forcibly ejected from the printing head 9 
by the recovery processing device 120. An auxiliary ejection 
counter 117 counts at the start or completion of printing 
auxiliary ejections performed during printing. An edge-less 
ink counter 118 counts the ink printed outside the region on 
the printing medium during edge-less printing. An ejection 
dot counter 119 counts the ink ejected during printing. 

Driving Pulse Control 
0056. A typical example of a so-called driving pulse con 

trol in which one of a plurality of driving pulses is selected 
according to the ink temperature, the selected driving pulse is 
applied to the printing element 34 to heat the printing element 
34, and the resulting thermal energy is used to ejectink will be 
described below in detail. 
0057. In the embodiment, a so-called double pulse com 
posed of a pre-pulse and a main pulse is used as a driving 
pulse to be applied. 
0058 FIG. 5 is a figure for explaining the double pulse. In 
the figure, Vop is a driving voltage, P1 is a pre-pulse width, P2 
is a time interval, and P3 is a main pulse width. The pre-pulse 
plays an important role because ink ejection is controlled by 
controlling the pre-pulse width. 
0059. The pre-pulse is a pulse that is applied for heating 
mainly the ink near the printing element 34 to facilitate bub 
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bling. The pre-pulse width is set to be not larger than the pulse 
width that generates energy Smaller than the boundary energy 
that causes bubbling of ink. 
0060. The time interval is a time period between the pre 
pulse and the main pulse. The time interval is set such that the 
heat generated by applying the pre-pulse is sufficiently trans 
ferred to the ink near the printing element 34. The main pulse 
is a pulse used for bubbling ink so that the ink is ejected as a 
droplet. 
0061 FIG. 6A is a figure illustrating the correlation 
between the ink temperature and the ink ejection volume 
under a condition where the waveform of the driving pulse 
applied to the printing element 34 and the driving Voltage Vop 
are fixed. It can be understood from the figure that the ink 
ejection Volume increases as the ink temperature rises. 
0062 FIG. 6B is a figure illustrating the correlation 
between the pre-pulse width and the ink ejection volume 
under a constant ink temperature condition where the time 
interval and the driving voltage Vop are fixed. From the figure, 
it can be understood that the ink ejection volume Vd propor 
tionally increases as the pre-pulse width P1 increases. As the 
pre-pulse width P1 increases, thereby increasing the amount 
of energy provided by the pre-pulse, the ink temperature rises 
and thereby the ink viscosity is reduced. When a main pulse is 
applied to the ink with low viscosity, the ink ejection volume 
increases. In contrast, when the main pulse is applied to the 
ink of which viscosity has not sufficiently been reduced, the 
ink ejection Volume decreases. 
0063. In a typical driving pulse control, the fluctuation in 
the ink ejection Volume caused by the change in the Substrate 
temperature (ink temperature) is Suppressed by changing the 
pre-pulse width according to the ink temperature. Specifi 
cally, when the ink temperature is relatively low, the ink 
ejection Volume might decrease, so that the pre-pulse width 
P1 of the driving pulse applied to the printing element 34 is set 
to a relatively large value. In this manner, the chances of 
decrease in the ink ejection Volume can be Suppressed. When 
the ink temperature is relatively high, the pre-pulse width P1 
is set to a relatively small value. 
0064 FIG. 7A is a figure illustrating waveforms of the 
driving pulses having different pre-pulse widths P1. 
0065. The driving voltage is the same among seven driving 
pulses from No. 0 to No. 6. The time interval P2 is the same 
(P2–0.30 us) among the driving pulses from No. 1 to No. 6. 
No. 0 driving pulse is a so-called single pulse that has no 
pre-pulse (P1-0 us). The pre-pulse width P1 and the main 
pulse width P3 are set to be different among the driving pulses 
from No. 0 to No. 6. 
0.066 Specifically, among seven driving pulses, No. 0 
driving pulse is set to have the smallest pre-pulse width P1 
(P1-0 us) and the largest main pulse width P3 (P3=0.56 us). 
0067. No. 1 driving pulse is set to have the pre-pulse width 
P1 that is 0.08 us larger than No. 0 driving pulse (P1=0.08 us) 
and the main pulse width P3 that is 0.08 us smaller than No. 
0 driving pulse (P3–0.48 us). 
0068. From No. 2 to No. 6 driving pulses, the pre-pulse 
width P1 increases by 0.08 us and the main pulse width P3 
decreases by 0.08 us for each increment of the number of 
driving pulse. 
0069. Among seven driving pulses, No. 6 driving pulse has 
the largest pre-pulse width P1 (P1-0.48 us) and the smallest 
main pulse width P3 (P3=0.08 us). 
(0070. As illustrated in FIG.7B, a largerpre-pulse width P1 
causes a greater ink ejection Volume. Thus, when the driving 
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pulses from No. 0 to No. 6 illustrated in FIG. 7A are each 
applied to the printing element 34 under the same ink tem 
perature condition, the Volume of ink ejected by applying No. 
0 driving pulse is the smallest and the volume of ink ejected 
by applying No. 6 driving pulse is the largest. Since the 
pre-pulse width P1 increases by the same increment of 0.08 us 
for each increment of the number of the driving pulses from 
No. 0 to No. 6, the ink ejection volume increases by an 
approximately same Volume for each increment of the num 
ber of driving pulse. 
(0071 FIG. 7B is a table illustrating the correlation 
between the ink temperature and the driving pulse actually 
applied to the printing element 34. 
0072. As described above, a higher ink temperature causes 
a greater ink ejection Volume. In the embodiment, to suppress 
the fluctuation in the ink ejection volume caused by the 
change in ink temperature, a driving pulse having a smaller 
pre-pulse width P1 is selected and applied for a higher ink 
temperature. 
0073. For example, as illustrated in FIG. 7B, when the ink 
temperature is below 20° C., which is a relatively low tem 
perature, No. 6 driving pulse, of which pre-pulse width P1 is 
relatively large as illustrated in FIG. 7A, is selected. When the 
ink temperature is as high as 70° C. or above, which is a 
relatively high temperature, No. 0 driving pulse, of which 
pre-pulse width P1 is relatively small as illustrated in FIG. 
7A, is selected. 
0074 FIG. 8 is a figure illustrating the correlation between 
the ink temperature and the ink ejection volume when the 
driving pulse is selected as illustrated in FIGS. 7A and 7B and 
applied. 
0075. From 30° C. to 40° C. in the temperature range 
illustrated in FIG. 8, No. 4 driving pulse is applied to the 
printing element 34 as illustrated in FIG. 7B. From 30° C. to 
40°C., the ink ejection Volume increases as the ink tempera 
ture rises, like in FIG. 6A. 
0076. When the ink temperature exceeds 40°C., the driv 
ing pulse to be applied switches to No. 3 driving pulse, which 
has a smaller pre-pulse width than No. 4 driving pulse. There 
fore, the increase in ink ejection Volume is suppressed as 
illustrated in FIG. 8. By performing driving pulse control in 
this manner, printing can be performed with the change in ink 
ejection Volume Suppressed even when the ink temperature 
changes. 

Driving Pulse Control According to the Overlapped Level of 
Invert Timing 

0077. As described above, four printing element arrays are 
provided on each of the printing element substrates 10a and 
10b provided on the printing head 9 used in the embodiment. 
0078 Regarding four driving pulses that are simulta 
neously applied to four printing element arrays provided on a 
single printing element Substrate, when timings of the leading 
edge and the trailing edge of each of the pre-pulse and the 
main pulse (hereinafter also referred as invert timing), 
namely, the timings of edges of driving pulses, are over 
lapped, a large current flows in a power source line for driving 
the printing element 34 at the timing. The large current pro 
duces an induction noise in the wiring provided in the electric 
wiring member 600, which might cause deterioration in print 
ing quality. The induction noise becomes intense as the num 
ber of overlapped invert timings increases among simulta 
neously applied driving pulses. 
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007.9 Therefore, in the embodiment, the number of over 
lapped invert timings of simultaneously applied driving 
pulses (hereinafter also referred as overlapped level of invert 
timing) is calculated for each timing, and the maximum over 
lapped level of invert timing is calculated. When the calcu 
lated maximum overlapped level of invert timing is equal to or 
higher than a predetermined threshold, an intense induction 
noise might occur, so the driving pulse to be applied is 
changed. The predetermined threshold is set to 3 in the 
embodiment. That is, an intense induction noise is assumed to 
occur when invert timings of three driving pulses, among four 
driving pulses applied to the printing element arrays 15x to 
18x, are overlapped. 
0080. Although the driving pulse is applied to a plurality 
of printing elements of each printing element array at the 
same timing for simplicity of description, the timing of apply 
ing a driving pulse may be shifted by a predetermined amount 
among printing elements. 
I0081 FIG. 9 is a figure for explaining a method of calcu 
lating the overlapped level of invert timing of driving pulses. 
An example of driving pulses applied to four printing element 
arrays 15x to 18x provided on the printing element substrate 
10b is illustrated in FIG. 16. 
I0082 Among a plurality of invert timings, the timing of 
the leading edge of the pre-pulse is referred as invert timing 
PT0, the timing of the trailing edge of the pre-pulse is referred 
as invert timing PT1, the timing of the leading edge of the 
main pulse is referred as invert timing PT2, and the timing of 
the trailing edge of the main pulse is referred as invert timing 
PT3 hereinafter in the description. The invert timings PT0. 
PT1, PT2, and PT3 are each represented by an offset from a 
common reference timing. Therefore, when the offset from 
the reference timing to the leading edge of the pre-pulse is 
given as P0, the pre-pulse width as P1, the time interval as P2. 
and the main pulse width as P3, equations are expressed as 
follows: PT0=P0; PT1=P0+P1; PT2=P0+P1+P2; and 
PT3=P0+P1+P2+P3. In other words, the pre-pulse width P1 
corresponds to the time interval between invert timings PTO 
and PT1, the time interval P2 corresponds to the time interval 
between invert timings PT1 and PT2, and the main pulse 
width P3 corresponds to the time interval between invert 
timings PT2 and PT3. The driving voltage for each driving 
pulse illustrated in FIG. 9 is 24 V. 
I0083. As illustrated in FIG.9, for the driving pulse applied 
to the printing element array 15.x, the offset P0 to the leading 
edge of the pre-pulse is 0.2Ls, the pre-pulse width P1 is 0.3 us, 
the time interval P2 is 0.4 us, and the main pulse width P3 is 
0.7 us. Therefore, the invert timing PTO is 0.2 us, the invert 
timing PT1 is 0.5us, the invert timing PT2 is 0.9 us, and the 
invert timing PT3 is 1.6 us. 
I0084. For the driving pulse applied to the printing element 
array 16.x, the offset P0 to the leading edge of the pre-pulse is 
0.3 us, the pre-pulse width P1 is 0.3 us, the time interval P2 is 
0.4 us, and the main pulse width P3 is 0.7 us. Therefore, the 
invert timing PTO is 0.3 us, the invert timing PT1 is 0.6 us, the 
invert timing PT2 is 1.0 us, and the invert timing PT3 is 1.7 us. 
I0085 For the driving pulse applied to the printing element 
array 17x, the offset P0 to the leading edge of the pre-pulse is 
0.4 us, the pre-pulse width P1 is 0.1 us, the time interval P2 is 
0.4 us, and the main pulse width P3 is 0.8 us. Therefore, the 
invert timing PTO is 0.4Ls, the invert timing PT1 is 0.5us, the 
invert timing PT2 is 0.9Ls, and the invert timing PT3 is 1.7 us. 
I0086 For the driving pulse applied to the printing element 
array 18.x, the offset P0 to the leading edge of the pre-pulse is 
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0.5us, the pre-pulse width P1 is 0.3 us, the time interval P2 is 
0.4 us, and the main pulse width P3 is 0.7 us. Therefore, the 
invert timing PTO is 0.5us, the invert timing PT1 is 0.8 us, the 
invert timing PT2 is 1.2 us, and the invert timing PT3 is 1.9Ls. 
0087. In the embodiment, the number of overlapped invert 
timings that are overlapped at a certaintiming, among the four 
invert timings PTO, PT1, PT2, and PT3 of a plurality of 
driving pulses illustrated in FIG. 9, is calculated as the over 
lapped level of invert timing at the certain timing. Then, the 
maximum overlapped level of invert timing among the tim 
ings is calculated, and when the maximum overlapped level is 
equal to or higher than 3, the driving pulse to be actually 
applied is changed. 
0088 For example, for the driving pulses illustrated in 
FIG. 9, the invert timing PT2 of the driving pulse applied to 
the printing element array 15.x and the invert timing PT2 of the 
driving pulse applied to the printing element array 17x are 
overlapped at the timing of 0.9 us. Therefore, for the driving 
pulses illustrated in FIG. 9, the overlapped level of invert 
timing at the timing of 0.9 LS is 2. 
I0089. Similarly, for the driving pulses illustrated in FIG.9, 
the invert timing PT3 of the driving pulse applied to the 
printing element array 16.x and the invert timing PT3 of the 
driving pulse applied to the printing element array 17x are 
overlapped at the timing of 1.7 us. Therefore, for the driving 
pulses illustrated in FIG. 9, the overlapped level of invert 
timing at the timing of 1.7 LS is 2. 
0090. For the driving pulses illustrated in FIG.9, the invert 
timing PT1 of the driving pulse applied to the printing ele 
ment array 15.x, the invert timing PT1 of the driving pulse 
applied to the printing element array 17x, and the invert 
timing PTO of the driving pulse applied to the printing ele 
ment array 18x are overlapped at the timing of 0.5us. There 
fore, for the driving pulses illustrated in FIG. 9, the over 
lapped level of invert timing at the timing of 0.5 us is 3. 
0091 Consequently, the maximum overlapped level of 
invert timing is calculated as 3. When driving pulses illus 
trated in FIG. 9 are actually applied to the printing element 
arrays 15x to 18.x, the driving pulses to be applied are changed 
because an intense induction noise might occur. 

Driving Pulse Control According to Overlapped Level of 
Invert Timing 
0092 FIG. 10 is a flow chart for explaining driving pulse 
control of the embodiment. The driving pulse control illus 
trated in FIG. 10 is performed by the CPU 101. 
0093. In the embodiment, the driving pulse control illus 
trated in FIG. 10 is performed every 5 ms during printing 
images. The time interval of performing the driving pulse 
control is not limited to 5 ms and can suitably be set to a 
different time interval. 
0094. When the driving pulse control is performed, pro 
cessing of tentatively determining a driving pulse is per 
formed in Step S10. In the embodiment, a typical driving 
pulse control described using FIGS. 7A and 7B is performed 
as the processing of tentatively determining a driving pulse. 
Specifically, the representative temperature is obtained for 
each printing element array, and one driving pulse is tenta 
tively determined for each printing element array based on the 
obtained representative temperature and the driving pulse 
table illustrated in FIGS. 7A and 7B. For example, when the 
representative temperature of the printing element array 15x 
is 25°C., No. 5 driving pulse illustrated in FIG. 7A is tenta 
tively determined as the driving pulse for the printing element 
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array 15.x. When the representative temperature of the print 
ing element array 17x is 65°C., No. 1 driving pulse illustrated 
in FIG. 7A is tentatively determined as the driving pulse for 
the printing element array 17x. The driving pulse table illus 
trated in FIGS. 7A and 7B is previously stored in ROM 102. 
0.095 Then in Step S11, information on invert timings 
PTO, PT1, PT2, and PT3 of the driving pulse, which are 
tentatively determined in Step S10, of each of the printing 
element arrays 15x to 18x is obtained. For example, when No. 
5 driving pulse illustrated in FIG. 7A has tentatively been 
determined as the driving pulse for the printing element array 
15.x, the offset P0 to the leading edge of the pre-pulse, the 
pre-pulse width P1, the time interval P2, and the main pulse 
width P3 of No. 5 driving pulse are respectively 0.00 us, 0.40 
us, 0.30 us, and 0.16 us. Therefore, the invert timings PT0. 
PT1, PT2, and PT3 of No. 5 driving pulse are respectively 
0.00 us, 0.40 us, 0.70 us, and 0.86 us. 
(0096. Then in Step S12, the overlapped level of invert 
timing is calculated based on the invert timings PT0, PT1, 
PT2, and PT3 of the driving pulse of each of the printing 
element array 15x to 18x obtained in Step S11. For example, 
when No. 5 driving pulse has tentatively been determined for 
all the printing element arrays 15x to 18.x, the maximum 
overlapped level of invert timing is 4. 
(0097. Then, in Step S13, whether the maximum over 
lapped level of invert timing that is calculated in Step S12 is 
equal to or higher than 3 is determined. 
0098. If the maximum overlapped level of invert timing is 
determined to be lower than 3, an intense induction noise is 
not likely to occur when the driving pulse tentatively deter 
mined in Step S10 is applied, so the driving pulse tentatively 
determined in Step S10 is set as the driving pulse to be 
actually applied (Step S14). In this manner, the ink ejection 
Volume can be controlled to be approximately constant inde 
pendent of ink temperature. 
(0099 Meanwhile, if the maximum overlapped level of 
invert timing is determined to be 3 or higher, an intense 
induction noise might occur by applying the driving pulse 
tentatively determined in Step S10, and an image defect might 
occur. Therefore, driving pulses previously stored in the 
ROM 102 are read, in such a manner that invert timings of the 
read driving pulses are not overlapped, and the read driving 
pulses are set as driving pulses to be actually applied (Step 
S15). 
0100 FIG. 11 is a figure illustrating an example of driving 
pulses, stored in the ROM 102, that have invert timings not 
overlapped. 
0101 Driving pulses used for printing element arrays 15.x 
to 18x illustrated in FIG. 11 each has the pre-pulse width P1 
of 0.30 us, the time interval P2 of 0.40 us, and the main pulse 
width P3 of 0.70 us. The offset P0 to the leading edge of the 
pre-pulse is shifted by 0.05 us for each increment of the 
number of the printing element array. 
0102. As described above, invert timings of the driving 
pulses illustrated in FIG. 11 are not overlapped. In other 
words, the driving pulses illustrated in FIG. 11 are set such 
that the maximum overlapped level of invert timing is 1. 
Therefore, an intense induction noise is likely not to occur 
when the driving pulses illustrated in FIG. 11 are applied. 
(0103 As described above in the embodiment, when the 
maximum overlapped level of invert timing of driving pulses 
tentatively determined for a plurality of printing element 
arrays provided on the same printing element Substrate is 
lower than a predetermined threshold, the tentatively deter 
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mined driving pulses are set as driving pulses to be actually 
applied. Thus, the ink ejection Volume is kept approximately 
constant even when the ink temperature changes. When the 
maximum overlapped level of invert timing is higher than the 
predetermined threshold, driving pulses in which the maxi 
mum overlapped level of the previously stored invert timing is 
relatively low are set as driving pulses to be actually applied. 
In this manner, printing can be performed with image defects 
caused by an intense induction noise Suppressed. 

Second Embodiment 

0104. In the first embodiment, as described above, the 
processing of tentatively determining a driving pulse is per 
formed Such that a driving pulse corresponding to the ink 
temperature is selected according to the predetermined driv 
ing pulse table in which a plurality of driving pulses is speci 
fied. 

0105. In contrast, in the embodiment described below, the 
processing of tentatively determining a driving pulse is per 
formed such that a reference driving pulse corresponding to 
the ink temperature is selected, and then pulse widths of the 
reference driving pulse is modulated according to conditions. 
0106 The description on the portion similar to the first 
embodiment will be omitted. 
0107 FIG. 12 is a flow chart illustrating a processing 
procedure of tentatively determining a driving pulse in the 
embodiment. 
0108. When the processing of tentatively determining a 
driving pulse starts in Step S10 illustrated in FIG. 10, the 
reference driving pulse for each printing element array is 
determined in Step S16. In the embodiment, a typical driving 
pulse control described using FIGS. 7A and 7B is performed 
as the processing of determining the reference driving pulse. 
For example, when the representative temperature of the 
printing element array 15x is 25°C., No. 5 driving pulse 
illustrated in FIG. 7A is determined as the reference driving 
pulse for the printing element array 15.x. When the represen 
tative temperature of the printing element array 17x is 65° C. 
No. 1 driving pulse illustrated in FIG. 7A is determined as the 
reference driving pulse for the printing element array 17x. 
0109 Then, the processing of adjusting ink ejection 
energy is executed in Step S17. Specifically, the main pulse 
width P3 is modulated according to the representative tem 
perature and the number of simultaneously driving. The 
modulation is performed Such that the ink ejection energy is 
approximately constant even under conditions of different 
representative temperatures of printing element arrays and 
different numbers of simultaneous driving of printing ele 
ments in the printing element array during printing images. 
The processing of adjusting ejection energy may be executed 
independently among printing element arrays. 
0110. It is known that there is a maximum limit value for 
the sum of the pre-pulse width P1, the time interval P2, and 
the main pulse width P3 of the driving pulse (hereinafter also 
referred as the total pulse width of a driving pulse) that can be 
applied to the printing element. However, when the main 
pulse width P3 is modulated in the processing of adjusting 
ejection energy in Step S17, the total pulse width of the 
resulting driving pulse might exceed the upper limit value. 
Thus, in the embodiment, whether the total pulse width of the 
driving pulse resulting from the processing of adjusting ejec 
tion energy is equal to or greater than the upper limit value is 
determined (Step S18). The upper limit value of the total 
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pulse width is specified according to a drive frequency and the 
number of time divisions, and is 1.33 us in the embodiment. 
0111. If it is determined that the total pulse width of the 
driving pulse resulting from adjusting the ejection energy is 
not exceeding the upper limit value in Step S18, the driving 
pulse resulting from adjusting the ejection energy is tenta 
tively determined as the driving pulse to be used in Step S11 
onward in FIG. 10. When it is determined that the total pulse 
width of the driving pulse resulting from adjusting the ejec 
tion energy exceeds the upper limit value, the processing of 
adjusting the total pulse width is executed in Step S19. 
0112 FIG. 13 is a schematic view for explaining the pro 
cessing of adjusting the total pulse width in the embodiment. 
0113. In the embodiment, the pre-pulse width P1 is kept 
unchanged, when the total pulse width is greater than the 
upper limit value. This is because the pre-pulse width P1 
largely affects the ink ejection volume. When the pre-pulse 
width P1 is changed, the printing quality might be deterio 
rated. 
0114. In contrast, changes in the time interval P2 and the 
main pulse width P3 have relatively low effect on the ink 
ejection volume. However, when only one of the time interval 
P2 and the main pulse width P3 is reduced, the ejection energy 
adjusted in Step S17 might be changed. Therefore, in the 
embodiment, if the total pulse width is greater than the upper 
limit value, both the time interval P2 and the main pulse width 
P3 are reduced according to the difference (difference value) 
between the total pulse width and the upper limit value. 
0115. In the processing of adjusting the total pulse width 
in the embodiment, taking aforementioned discussions in 
consideration, the total pulse width is adjusted using the table 
specifying correction amounts of the time interval P2 and the 
main pulse width P3 associated with the difference between 
the total pulse width and the upper limit value. 
0116 FIG. 14 is a figure illustrating the table, used in the 
embodiment, that specifies correction amounts of the time 
interval P2 and the main pulse width P3 associated with the 
difference x between the total pulse width and the upper limit 
value. The table illustrated in FIG. 14 specifies the correction 
amounts in Such a manner that the ink ejection energy is 
approximately constant after adjusting the time interval P2 
and the main pulse width P3. Specifically, the table is given 
Such that the ratio of the correction amount of the main pulse 
width P3 to the correction amount of the time interval P2 is 
approximately constant under any value of the difference X 
between the total pulse width and the upper limit value. For 
example, the ratio of the main pulse width P3 to the time 
interval P2 is 0.002:0.022=1:11 when the difference X is 
within a range of 0.016<xs0.024, whereas the ratio of the 
main pulse width P3 to the time interval P2 is 0.008: 0.080=1: 
10 when the difference X is within a range of 0.080<x<0.088. 
In the embodiment, by using the table specifying the correc 
tion amounts such that the ratio of the correction amount of 
the main pulse width P3 to the correction amount of the time 
interval P2 is always approximately 1:10 as described above, 
the ejection energy is kept approximately constant even after 
adjusting the total pulse width. 
0117 For example, when the pre-pulse width P1 is 0.40 
us, the time interval P2 is 0.30 us, and the main pulse width P3 
is 0.70 LS in the driving pulse resulting from the processing of 
adjusting the ejection energy in Step S17, the total pulse 
width is 1.40 (=0.40+0.30+0.70). In this case, the difference 
x between the total pulse width and the upper limit value is 
0.07 (1.40-1.33). Thus, according to the table illustrated in 
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FIG. 14, the correction amounts are determined such that the 
time interval P2 is reduced by 0.065 us and the main pulse 
width P3 is reduced by 0.007 us. Therefore, the driving pulse 
resulting from the processing of adjusting the total pulse 
width executed in Step S19 has the pre-pulse width P1 of 0.40 
us, the time interval P2 of 0.235 (0.30-0.065) us, and the 
main pulse width P3 of 0.693 (0.70-0.007) us. 
0118. As described above, if it is determined that the total 
pulse width is greater than the upper limit value in Step S18. 
the total pulse width is adjusted in Step S19 and the resulting 
driving pulse is tentatively determined as the driving pulse to 
be used in Step S11 onward in FIG. 10. 
0119. According to the embodiment as described above, 
an image defect caused by an induction noise can be Sup 
pressed and, in addition, the ejection energy and the total 
pulse width can suitable be adjusted. 
0120 Although the correction amount is determined using 
the table illustrated in FIG. 14 in the embodiment, the correc 
tion amount can be determined by other methods. The cor 
rection amount may be determined by processing as long as 
the total pulse width can be adjusted in a manner that the ink 
ejection energy is unchanged after adjustment and the total 
pulse width is equal to or lower than the upper limit value after 
adjustment. For example, when the ejection energy can be 
kept approximately constant under a condition where the 
ratio of the correction amount of the main pulse width P3 to 
the correction amount of the time interval P2 is always 
approximately 1:10, the correction amount of the main pulse 
width P3 and the correction amount of the time interval P2 
may be determined according to Equation 1 and Equation 2 
listed below. 

P2 correction amount=-(difference x between total 
pulse width and upper limit value)x10/11 Equation 1 

P3 correction amount=-(difference x between total 
pulse width and upper limit value)/11 Equation 2 

0121 Under a condition specified by Equation 1 and 
Equation 2, the ratio of P3 correction amount to P2 correction 
amount is 1:10 for any value of the difference x between the 
total pulse width and the upper limit value, so that the ejection 
energy can be kept approximately unchanged before and after 
adjustment. Moreover, since the absolute value of the sum of 
P3 correction amount and P2 correction amount is identical to 
the difference x between the total pulse width and the upper 
limit value, the total pulse width after the adjustment can be 
set equal to or Smaller than the upper limit value. 
0122 Although the pre-pulse width P1 is unchanged in the 
processing of adjusting the total pulse width in the embodi 
ment, the pre-pulse width P1 may be adjusted in other 
embodiments in addition to the adjustment of the time inter 
Val P2 and the main pulse width P3. 

Third Embodiment 

0123. In the first and second embodiments, the driving 
pulse previously stored in the ROM 102 is used when the 
maximum overlapped level of invert timing is higher than a 
predetermined threshold. 
0124. In the embodiment, in contrast, when the maximum 
overlapped level of invert timing is higher than a predeter 
mined threshold and the driving pulse that has been tenta 
tively determined at a preceding timing is set as a driving 
pulse to be actually applied, the actually applied driving pulse 
is used again. 
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0.125. The description on the portion similar to the first and 
second embodiments will be omitted. 
0.126 FIG. 15 is a flow chart for explaining the driving 
pulse control of the embodiment. 
I0127. For the embodiment also, the driving pulse control 
illustrated in FIG. 15 is performed every 5 ms during printing 
an image. The time interval of performing the driving pulse 
control is not limited to 5 ms and can suitably be set to 
different time interval. 
I0128. The process from Steps S20 to S24 in FIG. 15 is 
similar to the process from Steps S10 to S14 in FIG. 10. 
I0129. If the maximum overlapped level of invert timing is 
determined in Step S23 to be lower than a predetermined 
threshold and the tentatively determined driving pulse is 
determined in Step S24 as the driving pulse to be actually 
applied, the determined driving pulse is stored in the RAM 
103 in Step S25. If a driving pulse has already been stored in 
the RAM 103 in the preceding driving pulse control, the 
stored driving pulse is updated with driving pulse which is 
newly set in Step S25. 
0.130. If the maximum overlapped level of invert timing is 
determined to be higher than the predetermined threshold in 
Step S23, whether a driving pulse has been stored in the RAM 
103 in the driving pulse control performed at a preceding 
timing (point of time) is determined (Step S26). If it is deter 
mined that no driving pulse has been stored, processing simi 
lar to Step S15 in FIG. 10 is executed (Step S28). 
I0131) If the driving pulse set before has been stored, the 
stored driving pulse is set again as the driving pulse to be 
actually applied (Step S27). Since the stored driving pulse is 
determined in a preceding driving pulse control that the maxi 
mum overlapped level of invert timing is lower than the 
predetermined threshold, an image defect caused by an induc 
tion noise is not likely to occur. Considering the time interval 
for performing the driving pulse control being 5 ms, the 
change in the printing head temperature is approximately 
several degrees of centigrade if the driving pulse has been 
stored at a timing relatively very close to the present timing. 
Therefore, the deviation from the driving pulse set by a cor 
rect ejection amount control can be minimized. 
0.132. According to the embodiment as described above, 
the driving pulse control that can avoid an image defect 
caused by an induction noise and minimize unevenness of 
density caused by fluctuation in ejection amount can be real 
ized. 

Fourth Embodiment 

0133. In the first to third embodiments described above, 
the number of invert timings of driving pulses overlapped at a 
timing is defined as the overlapped level of invert timing. 
I0134. In the embodiment, the number of invert timings of 
driving pulses included in a predetermined period is defined 
as an overlapped level of invert timing. 
0.135 The description on the portion similar to the first to 
third embodiments described above will be omitted. 
0.136. It is known that in an actual system, an induction 
noise occurs not only when invert timings are overlapped at a 
timing but when invert timings are chronologically close to 
each other. Therefore, in the embodiment, the number of 
invert timings of driving pulses that are included in a prede 
termined time range is defined as the overlapped level. The 
predetermined time range in the embodiment is 0.03 us. The 
predetermined time range can Suitably be changed, prefer 
ably 0.1 us or smaller. The predetermined time range is pref 
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erably smaller than any of the pre-pulse width P1, the time 
interval P2, and the main pulse width P3. 
0.137 FIG. 16 is a figure for explaining a method of cal 
culating the overlapped level of invert timing of driving 
pulses. In FIG. 16, an example of driving pulses applied to 
four printing element arrays 15x to 18x provided on the print 
ing element substrate 10b is illustrated. 
0.138. As illustrated in FIG. 16, for the driving pulse 
applied to the printing element array 15.x, the offset P0 to the 
leading edge of the pre-pulse is 0.2its, the pre-pulse width P1 
is 0.3 us, the time interval P2 is 0.4 us, and the main pulse 
width P3 is 0.75us. Therefore, the invert timing PTO is 0.2 us, 
the invert timing PT1 is 0.5us, the invert timing PT2 is 0.9 us, 
and the invert timing PT3 is 1.65 us. 
0139 For the driving pulse applied to the printing element 
array 16.x, the offset P0 to the leading edge of the pre-pulse is 
0.25us, the pre-pulse width P1 is 0.3 us, the time interval P2 
is 0.4 us, and the main pulse width P3 is 0.69 us. Therefore, 
the invert timing PTO is 0.25us, the invert timing PT1 is 0.55 
us, the invert timing PT2 is 0.95us, and the invert timing PT3 
is 1.64 us. 
0140 For the driving pulse applied to the printing element 
array 17x, the offset P0 to the leading edge of the pre-pulse is 
0.3 us, the pre-pulse width P1 is 0.3 us, the time interval P2 is 
0.4 us, and the main pulse width P3 is 0.67 us. Therefore, the 
invert timing PTO is 0.3 us, the invert timing PT1 is 0.6 us, the 
invert timing PT2 is 1.0 us, and the invert timing PT3 is 1.67 
LS. 
0141 For the driving pulse applied to the printing element 
array 18.x, the offset P0 to the leading edge of the pre-pulse is 
0.35us, the pre-pulse width P1 is 0.3 us, the time interval P2 
is 0.4 us, and the main pulse width P3 is 0.7 us. Therefore, the 
invert timing PTO is 0.35 us, the invert timing PT1 is 0.65us, 
the invert timing PT2 is 1.05 us, and the invert timing PT3 is 
1.75 us. 
0142. In the embodiment as described above, the number 
of invert timings of driving pulses, among four invert timings 
PTO, PT1, PT2, and PT3 of driving pulses illustrated in FIG. 
16, that are included within a time range of 0.03 us is defined 
as the overlapped level of invert timing at the timing of the 
time range. Then the maximum overlapped level of invert 
timing, among all the timings, is calculated. When the maxi 
mum overlapped level is equal to or higher than 3, which is the 
predetermined threshold, the driving pulse to be actually 
applied is changed. 
0143 Regarding the driving pulses illustrated in FIG. 16, 
for example, the invert timing PT3 of the driving pulse 
applied to the printing element array 15.x, the invert timing 
PT3 of the driving pulse applied to the printing element array 
16.x, and the invert timing PT3 of the driving pulse applied to 
the printing element array 17x are included in the 0.03 us time 
range from the timing of 1.64 us to the timing of 1.67 us. 
Therefore, the overlapped level of invert timing of the driving 
pulses illustrated in FIG. 16 for the 0.03 us time range from 
the timing of 1.64 us to the timing of 1.67 us is 3. 
0144. There is no other invert timing included in a time 
range of 0.03 us. Thus, the maximum overlapped level of 
invert timing is calculated to be 3. So that, when the driving 
pulses illustrated in FIG. 16 are to be actually applied to the 
printing element arrays 15x to 18.x, an intense induction noise 
might occur, so the driving pulses to be applied are changed. 
0145 According to the embodiment as described above, a 
more realistic situation, such as invert timings of driving 
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pulses being included in a specific time range instead of being 
overlapped at a timing, that causes an induction noise can be 
estimated. 

0146 Although the driving pulse to be actually applied is 
changed when the maximum overlapped level of invert tim 
ing is equal to or higher than the predetermined threshold of 
3 in the embodiments described above, the driving pulse to be 
applied can be determined by other methods. For example, 
the intensity of induction noise generally increases as the 
number of simultaneously driven printing elements on the 
printing element Substrate increases. Therefore, the predeter 
mined threshold may be set to 3 when the number of simul 
taneous ejections on the printing element Substrate is equal to 
or smaller than a predetermined number, and set to 2 when the 
number of simultaneous ejections is larger than the predeter 
mined number. In this manner, in a state of relatively large 
number of simultaneous ejections where an intense induction 
noise is likely to occur, the driving pulses to be actually 
applied can readily be changed to driving pulses having invert 
timings not being overlapped. 
0147 Although the maximum value is used as the value 
representing the overlapped level (overlapping value) of 
invert timings PTO, PT1, PT2, and PT3 in the embodiments 
described above, other representative values may be used. For 
example, the average value or the minimum value, instead of 
the maximum value, of invert timings PT0, PT1, PT2, and 
PT3 may be used as overlapped level. Not all four invert 
timings PTO, PT1, PT2, and PT3 should be used. For 
example, when an induction noise is very likely to occurat the 
timing of the leading edge rather than the trailing edge of the 
driving pulse, only the invert timings PTO and PT2 may be 
used. Alternatively, when an induction noise is very likely to 
occurat the timing of an invert timing of the main pulse rather 
than an invert timing of the pre-pulse, only the invert timings 
PT2 and PT3 may be used. 
0148 Although the driving pulse to be applied is changed 
to the driving pulse previously stored in the ROM 102 when 
the maximum overlapped level of invert timing is equal to or 
higher than a predetermined threshold in the embodiments 
described above, the driving pulse may be changed according 
to other conditions. For example, the ROM 102 may store 
four first driving pulses having the pre-pulse width of 0.30 us 
and different invert timings shifted from each other as illus 
trated in FIG. 11 and four second driving pulses having the 
pre-pulse width of 0.50 us and different invert timings shifted 
from each other, and driving pulses may be changed to the 
four first driving pulses when the printing head temperature is 
relatively high and to the four second driving pulses when the 
printing head temperature is relatively low. Alternatively, 
when the maximum overlapped level of invert timing of driv 
ing pulses is equal to or higher than a predetermined thresh 
old, the pulse widths of the driving pulses may be modulated 
such that the invert timings of the pulse widths are not over 
lapped. 
0149. Although the printing head including a plurality of 
printing element arrays arranged along X direction is used 
and an applied driving pulse is determined for each printing 
element array in the embodiments described above, driving 
pulses may be determined by other methods. For example, a 
driving pulse to be applied may be determined for each of the 
group of printing elements in the upstream Y direction and for 
the group of printing elements in the downstream Y direction 
in the same printing element array. 
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0150. By using the inkjet printing apparatus and the inkjet 
printing method according to the embodiment of the present 
invention, an image defect caused by an intense induction 
noise can be suppressed. 

Other Embodiments 

0151. Embodiment(s) of the present invention can also be 
realized by a computer of a system or apparatus that reads out 
and executes computer executable instructions (e.g., one or 
more programs) recorded on a storage medium (which may 
also be referred to more fully as a non-transitory computer 
readable storage medium) to perform the functions of one or 
more of the above-described embodiment(s) and/or that 
includes one or more circuits (e.g., application specific inte 
grated circuit (ASIC)) for performing the functions of one or 
more of the above-described embodiment(s), and by a 
method performed by the computer of the system or appara 
tus by, for example, reading out and executing the computer 
executable instructions from the storage medium to perform 
the functions of one or more of the above-described embodi 
ment(s) and/or controlling the one or more circuits to perform 
the functions of one or more of the above-described embodi 
ment(s). The computer may comprise one or more processors 
(e.g., central processing unit (CPU), micro processing unit 
(MPU)) and may include a network of separate computers or 
separate processors to read out and execute the computer 
executable instructions. The computer executable instruc 
tions may be provided to the computer, for example, from a 
network or the storage medium. The storage medium may 
include, for example, one or more of a hard disk, a random 
access memory (RAM), a read only memory (ROM), a stor 
age of distributed computing systems, an optical disk (such as 
a compact disc (CD), digital versatile disc (DVD), or Blu-ray 
Disc (BD)TM), a flash memory device, a memory card, and the 
like. 

0152 While the present invention has been described with 
reference to exemplary embodiments, it is to be understood 
that the invention is not limited to the disclosed exemplary 
embodiments. The scope of the following claims is to be 
accorded the broadest interpretation so as to encompass all 
Such modifications and equivalent structures and functions. 
0153. This application claims the benefit of Japanese 
Patent Application No. 2015-048574, filed Mar. 11, 2015, 
which is hereby incorporated by reference herein in its 
entirety. 
What is claimed is: 

1. An inkjet printing apparatus for performing printing by 
using a print head that includes a Substrate and a plurality of 
printing element arrays provided on the Substrate and that 
ejects ink according to transmitted data, each of the plurality 
of printing element arrays having a plurality of printing ele 
ments which produces energy for ejecting ink by applying a 
driving pulse, the driving pulse comprising a pre-pulse which 
is applied from a first timing and a main pulse which is 
applied from a second timing later than the first timing, the 
inkjet printing apparatus comprising: 

a first determination unit configured to determine the driv 
ing pulses corresponding to the plurality of printing 
element arrays as a plurality of first driving pulses; 

an obtaining unit configured to obtain an overlapping value 
related to the number of overlapped timings among the 
first timings and the second timings of the plurality of 
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first driving pulses, determined by the first determina 
tion unit, corresponding to the plurality of printing ele 
ment arrays; 

a second determination unit configured to determine the 
driving pulses, according to the overlapping value 
obtained by the obtaining unit, to be applied to the plu 
rality of printing element arrays as a plurality of second 
driving pulses; and 

a control unit configured to control ejecting ink from the 
plurality of printing element arrays based on the plural 
ity of second driving pulses determined by the second 
determination unit, wherein 

the second determination unit 
determines the plurality of first driving pulses deter 
mined by the first determination unit as the plurality 
of second driving pulses, when the overlapping value 
obtained by the obtaining unit is Smaller than a pre 
determined threshold, and 

determines a plurality of third driving pulses which is 
not the plurality of first driving pulses as the plurality 
of second driving pulses, when the overlapping value 
obtained by the obtaining unit is larger than the pre 
determined threshold. 

2. The inkjet printing apparatus according to claim 1, 
wherein 

the pre-pulse constituting the driving pulse is applied in a 
period from the first timing to a third timing which is 
earlier than the second timing, 

the main pulse constituting the driving pulse is applied in a 
period from the second timing to a fourth timing, and 

the obtaining unit obtains, as the overlapping value, an 
overlapping value related to the number of overlapped 
timings among the first, second, third, and fourth timings 
of the plurality of first driving pulses, determined by the 
first determination unit, corresponding to the plurality of 
printing element arrays. 

3. The inkjet printing apparatus according to claim 2, 
wherein 

the obtaining unit obtains a maximum number of over 
lapped timings as the overlapping value. 

4. The inkjet printing apparatus according to claim 2, 
wherein 

the first determination unit determines the plurality of first 
driving pulses at a predetermined time interval, 

the obtaining unit obtains the overlapping value at the 
predetermined time interval, and 

the second determination unit determines the plurality of 
second driving pulses at the predetermined time interval. 

5. The inkjet printing apparatus according to claim 4. 
further comprising 

a storing unit configured to store the plurality of second 
driving pulses determined at the predetermined time 
interval by the second determination unit, wherein 

the second determination unit determines the plurality of 
second driving pulses that is stored in the storing unit at 
a second point of time earlier than a first point of time as 
the plurality of second driving pulses at the first point of 
time when the overlapping value obtained by the obtain 
ing unit at the first point of time is larger than the pre 
determined threshold. 

6. The inkjet printing apparatus according to claim 5. 
wherein 

the second point of time is earlier than the first point of time 
by the predetermined time interval. 
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7. The inkjet printing apparatus according to claim 2, 
further comprising 

a storing unit configured to store the plurality of third 
driving pulses that are previously determined, wherein 

a maximum number of overlapped timings among the first, 
second, third, and fourth timings of the plurality of third 
driving pulses is Smaller than the predetermined thresh 
old. 

8. The inkjet printing apparatus according to claim 7. 
wherein 

none of the first, second, third, and fourth timings of the 
plurality of third driving pulses is overlapped. 

9. The inkjet printing apparatus according to claim 2, 
further comprising 

a second obtaining unit configured to obtain information 
regarding ink temperature of each of the plurality of 
printing element arrays, wherein 

the first determination unit determines the plurality of first 
driving pulses for each of the plurality of printing ele 
ment arrays based on temperature indicated by the infor 
mation obtained by the second obtaining unit. 

10. The inkjet printing apparatus according to claim 9. 
wherein 

the first determination unit includes 
a selecting unit configured to select one of the plurality 

of driving pulses for each of the plurality of printing 
element arrays based on temperature indicated by the 
information obtained by the second obtaining unit. 

a first adjusting unit configured to adjust the driving 
pulse selected by the selecting unit for each of the 
plurality of printing element arrays, and 

a second adjusting unit configured to determine the plu 
rality of first driving pulses for each of the plurality of 
printing element arrays, when a time interval between 
the first timing and the fourth timing of the driving 
pulse resulting from adjustment made by the first 
adjusting unit is longer than a predetermined time 
interval, by further adjusting the driving pulse result 
ing from adjustment made by the first adjusting unit 
such that the time interval between the first timing and 
the fourth timing is shorter than the predetermined 
time interval. 

11. The inkjet printing apparatus according to claim 10, 
wherein 

the selecting unit, for one of the plurality of printing ele 
ment arrays, 
selects the driving pulse in which a time interval 
between the first timing and the third timing is a first 
interval, when temperature indicated by the informa 
tion obtained by the second obtaining unit is a first 
temperature, and 

selects the driving pulse in which the time interval 
between the first timing and the third timing is a 
second interval shorter than the first interval, when 
temperature indicated by the information obtained by 
the second obtaining unit is a second temperature 
higher than the first temperature. 

12. The inkjet printing apparatus according to claim 10, 
wherein 

the first adjusting unit adjusts the driving pulse selected by 
the selecting unit based on temperature indicated by the 
information obtained by the second obtaining unit. 

13. The inkjet printing apparatus according to claim 10, 
wherein 
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the second adjusting unit performs no adjustment of the 
driving pulse resulting from adjustment made by the first 
adjusting unit, when the time interval between the first 
timing and the fourth timing of the driving pulse result 
ing from adjustment made by the first adjusting unit is 
shorter than the predetermined time interval for one of 
the plurality of printing element arrays. 

14. The inkjet printing apparatus according to claim 10, 
wherein 

the second adjusting unit, for one of the plurality of print 
ing element arrays, 
further adjusts the driving pulse resulting from adjust 
ment made by the first adjusting unit Such that a time 
interval between the second timing and the fourth 
timing is shorter by a first correction amount, when 
the time interval between the first timing and the 
fourth timing of the driving pulse resulting from 
adjustment made by the first adjusting unit is longer 
than the predetermined time interval and a difference 
between the time interval between the first timing and 
the fourth timing of the driving pulse resulting from 
adjustment made by the first adjusting unit and the 
predetermined time interval is a first difference value, 
and 

further adjusts the driving pulse resulting from adjust 
ment made by the first adjusting unit Such that a time 
interval between the second timing and the fourth 
timing is shorter by a second correction amount larger 
than the first correction amount, when the time inter 
val between the first timing and the fourth timing of 
the driving pulse resulting from adjustment made by 
the first adjusting unit is longer than the predeter 
mined time interval and the difference between the 
time interval between the first timing and the fourth 
timing of the driving pulse resulting from adjustment 
made by the first adjusting unit and the predetermined 
time interval is a second difference value larger than 
the first difference value. 

15. The inkjet printing apparatus according to claim 14, 
wherein 

the second adjusting unit, for one of the plurality of print 
ing element arrays, 
further adjusts the driving pulse resulting from adjust 
ment made by the first adjusting unit Such that a time 
interval between the third timing and the second tim 
ing is shorter by a third correction amount, when the 
time interval between the first timing and the fourth 
timing of the driving pulse resulting from adjustment 
made by the first adjusting unit is longer than the 
predetermined time interval and the difference 
between the time interval between the first timing and 
the fourth timing of the driving pulse resulting from 
adjustment made by the first adjusting unit and the 
predetermined time interval is the first difference 
value, and 

further adjusts the driving pulse resulting from adjust 
ment made by the first adjusting unit Such that a time 
interval between the third timing and the second tim 
ing is shorter by a fourth correction amount larger 
than the third correction amount, when a time interval 
between the first timing and the fourth timing of the 
driving pulse resulting from adjustment made by the 
first adjusting unit is longer than the predetermined 
time interval and the difference between the time 
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interval between the first timing and the fourth timing 
of the driving pulse resulting from adjustment made 
by the first adjusting unit and the predetermined time 
interval is the second difference value. 

16. The inkjet printing apparatus according to claim 15. 
wherein 

a ratio of the first correction amount to the third correction 
amount is approximately equal to a ratio of the second 
correction amount to the fourth correction amount. 

17. The inkjet printing apparatus according to claim 14. 
wherein 

the second adjusting unit further adjusts the driving pulse 
resulting from adjustment made by the first adjusting 
unit so as to keep a time interval between the first timing 
and the third timing unchanged, when a time interval 
between the first timing and the fourth timing of the 
driving pulse resulting from adjustment made by the first 
adjusting unit is longer than the predetermined time 
interval for one of the plurality of printing element 
arrays. 

18. The inkjet printing apparatus according to claim 1, 
further comprising: 

a third obtaining unit configured to obtain information 
regarding the number of simultaneously driven printing 
elements among the plurality of printing elements 
arranged on the plurality of printing element arrays; and 

a setting unit configured to set a first threshold as the 
predetermined threshold, when the number of printing 
elements indicated by the information obtained by the 
third obtaining unit is a first number, and set a second 
threshold smaller than the first threshold as the prede 
termined threshold, when the number of printing ele 
ments indicated by the information obtained by the third 
obtaining unit is a second number larger than the first 
number. 

19. The inkjet printing apparatus according to claim 1, 
wherein 

the plurality of printing element arrays ejects ink of differ 
ent colors. 

20. An inkjet printingapparatus for performing printing by 
using a print head that includes a Substrate and a plurality of 
printing element arrays provided on the Substrate and that 
ejects ink according to transmitted data, each of the plurality 
of printing element arrays having a plurality of printing ele 
ments which produces energy for ejecting ink by applying a 
driving pulse, the driving pulse comprising a pre-pulse which 
is applied from a first timing and a main pulse which is 
applied from a second timing later than the first timing, the 
inkjet printing apparatus comprising: 

a first determination unit configured to determine the driv 
ing pulses corresponding to the plurality of printing 
element arrays as a plurality of first driving pulses; 

an obtaining unit configured to obtain an overlapping value 
related to the number of timings included in a same 
period among the first timings and the second timings of 
the plurality of first driving pulses, determined by the 
first determination unit, corresponding to the plurality of 
printing element arrays; 

a second determination unit configured to determine the 
driving pulses, according to the overlapping value 
obtained by the obtaining unit, to be applied to the plu 
rality of printing element arrays as a plurality of second 
driving pulses; and 
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a control unit configured to control ejecting ink from the 
plurality of printing element arrays based on the plural 
ity of second driving pulses determined by the second 
determination unit, wherein 

the second determination unit 
determines the plurality of first driving pulses deter 
mined by the first determination unit as the plurality 
of second driving pulses, when the overlapping value 
obtained by the obtaining unit is Smaller than a pre 
determined threshold, and 

determines a plurality of third driving pulses which is 
not the plurality of first driving pulses as the plurality 
of second driving pulses, when the overlapping value 
obtained by the obtaining unit is larger than the pre 
determined threshold. 

21. An inkjet printing apparatus for performing printing by 
using a print head that includes a Substrate and a plurality of 
printing element arrays provided on the Substrate and that 
ejects ink according to transmitted data, each of the plurality 
of printing element arrays having a plurality of printing ele 
ments which produces energy for ejecting ink by applying a 
driving pulse, the driving pulse comprising a pre-pulse and a 
main pulse which is applied in a period between a first timing 
and a second timing, the inkjet printing apparatus compris 
1ng: 

a first determination unit configured to determine the driv 
ing pulses corresponding to the plurality of printing 
element arrays as a plurality of first driving pulses; 

an obtaining unit configured to obtain an overlapping Value 
related to the number of overlapped timings among the 
first timings and the second timings of the plurality of 
first driving pulses, determined by the first determina 
tion unit, corresponding to the plurality of printing ele 
ment arrays; 

a second determination unit configured to determine the 
driving pulses, according to the overlapping value 
obtained by the obtaining unit, to be applied to the plu 
rality of printing element arrays as a plurality of second 
driving pulses; and 

a control unit configured to control ejection of ink from the 
plurality of printing element arrays based on the plural 
ity of second driving pulses determined by the second 
determination unit, wherein 

the second determination unit 
determines the plurality of first driving pulses deter 
mined by the first determination unit as the plurality 
of second driving pulses, when the overlapping value 
obtained by the obtaining unit is Smaller than a pre 
determined threshold, and 

determines a plurality of third driving pulses which is 
not the plurality of first driving pulses as the plurality 
of second driving pulses, when the overlapping value 
obtained by the obtaining unit is larger than the pre 
determined threshold. 

22. An inkjet printing method for performing printing by 
using a print head that includes a Substrate and a plurality of 
printing element arrays provided on the Substrate and that 
ejects ink according to transmitted data, each of the plurality 
of printing element arrays having a plurality of printing ele 
ments which produces energy for ejecting ink by applying a 
driving pulse, the driving pulse comprising a pre-pulse which 
is applied from a first timing and a main pulse which is 
applied from a second timing later than the first timing, the 
inkjet printing method comprising: 
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a first determination step of determining the first driving 
pulses corresponding to the plurality of printing element 
arrays as a plurality of first driving pulses; 

an obtaining step of obtaining an overlapping value related 
to the number of overlapped timings among the first 
timings and the second timings of the plurality of first 
driving pulses, determined in the first determination 
step, corresponding to the plurality of printing element 
arrays; 

a second determination step of determining the driving 
pulses, according to the overlapping value obtained in 
the obtaining step, to be applied to the plurality of print 
ing element arrays as a plurality of second driving 
pulses; and 

a control step of controlling ejection of ink from the plu 
rality of printing element arrays based on the plurality of 
second driving pulses determined in the second deter 
mination step, wherein 

the second determination step includes 
determining the plurality of first driving pulses deter 
mined in the first determination step as the plurality of 
second driving pulses, when the overlapping value 
obtained in the obtaining step is Smaller than a prede 
termined threshold, and 

determining a plurality of third driving pulses which is 
not the plurality of first driving pulses as the plurality 
of second driving pulses, when the overlapping value 
obtained in the obtaining step is larger than the pre 
determined threshold. 

k k k k k 


