
; e3e5**+T0z1\565T5Yp DESCRIPTION Method for Driving Recording Head,
Recording Head, and Ink Jet Printer Technical Field This invention relates
to a method for driving a record heading, a record heading, and an ink jet
printer for impacting ink droplets on a recording medium and thus recording
dots made of the ink droplets on the recording medium. Background Art A
recording device of an ink jet system, that is, an ink jet printer, is a
printer of a type which ejects ink droplets for recording from ejection
ports of narrow nozzles arrayed on a record heading and impacts the ink
droplets on a recording medium such as paper, thus recording characters or
images in the form of dots. This ink jet printer is characterized by a high
recording speed, a low recording cost and easy realization of color print.
As the ink droplet ejection system in this ink jet printer, a thermal
system using a heating element as an electrothermal conversion element is
known. The printer of the thermal ink jet system has a recording head which
has an ejection port for ejecting flying droplets (hereinafter also
referred to as droplets) of ink for recording, an ink flow path
communicating with the ejection port, and an electrothermal conversion
element provided at a portion of the ink flow path for providing ejection
energy for forming droplets. 1n this ink jet printer, the recording    2
head provides ejection energy to the ink in the ink flow path by applying a
drive pulse to the electrothermal conversion element at every arrival of
the recording head at a recording position in accordance with the movement
thereof, and thus ejects the ink as flying droplets from the ejection port.
Then, the ink jet printer impacts the droplets on a recording medium such
as paper, thus forming dots thereon. The dots formed on the recording
medium constitute a dot matrix in accordance with the movement of the
recording head. The ink jet printer records characters and images using the
dot matrix. In the above-described recording device, generally, the
recording head has, for example, a plurality of ejection ports in the
moving direction (main scanning direction) and in the direction
perpendicular to the moving direction (sub scanning direction). The moving
direction of the recording head is referred to as "main scanning direction"
and the direction perpendicular to the main scanning direction is referred
to as "sub scanning direction." In the ink jet printer, though all the
electrothennal conversion elements can be simultaneously driven in
recording, it is considered to divide the plurality of electrothennal
conversion elements into several blocks and carry out timedivision drive
for sequentially driving the respective divided blocks in a time-divisional
manner; in order to avoid a large burden on a power supply unit for
supplying power to the recording head. Moreover, when recording an image or
the like on paper as a recording medium, the ink jet printer generally uses
image processing such as a so-called dither method or an error diffusion
method to express the gray scale and prints the image by pseudo 



3 gray scale expression. Normally, various image quality modes are provided
in the ink jet printer, and the ink jet printer records one line in the
main scanning direction with one nozzle or records one line with a
plurality of nozzles by utilizing the movement of the paper fed in the sub
scanning direction. Particularly when printing an image of high quality,
the ink jet printer uses the latter method for recording with a plurality
of nozzles and shorten the moving distance of the paper in the sub scanning
direction, thereby making correction so that unevenness in the dot impact
position causing a . longitudinal stripe in the paper feed direction, that
is, a so-called banding noise, becomes inconspicuous. The recording head in
the ink jet printer may be a so-called serial head with a length smaller
than the page width of the paper, or a so-called line head with a length
substantially equal to the page width of the paper. The line head is a
recording head which enables substantially simultaneous recording in the
direction of the width of the paper. Unlike the serial head, the line head
does not move in the main scanning direction. That is, the ink jet printer
having the line head is characterized in that the line head or the paper
moves only in the sub scanning direction and that a very large number of
nozzles are provided in the longitudinal direction of the line head. For
example, with a pitch of 600 dpi (dots per inch), 5100 nozzles per an
8.5-inch width are provided. Meanwhile, in carrying out multiple gray scale
recording in the ink jet printer, the following two problems arise.   4 The
first problem is that the ink jet printer having the line head cannot adopt
the recording method used in the ink jet printer having the above-described
serial head. As the recording method in the ink jet printer having the line
head, it is considered effective to use a PNM (pulse number modulation)
system which impacts ink droplets a plurality of times to overlap, thus
forming one dot. However, the use of the .PNM system increases the number
of ejection pulses per pixel, and also in consideration of the number of
nozzles in the line head, (number of nozzles) X (pulse number) must be
controlled in the ink jet printer. Thus, there arises a problem that the
dissipation power tends to be larger than in the case of the serial head.
The second problem is that, in the ink jet printer having the line head,
since the line head does not move in the main scanning direction, the
respective lines print respective lines. Moreover, the ink jet printer
having the line head cannot adopt the recording method used in the ink jet
printer having the serial head. Therefore, the image quality . is
deteriorated by nonunifornity, a streak or the like due to the unevenness
in the dot impact position on the paper. Furthermore, since the ink jet
printer having the line head carries out the abovedescribed time-division
drive, the ink ejection timing differs among the nozzles.. Therefore, there
arises a problem that a positional shift of dots occurs in the main
scanning direction, causing deterioration in the image quality. Disclosure
of the Invention   5 In view of the foregoing status of the art, it is an
object of the present invention to provide a method for driving a recording
head, a recording head, and an ink jet printer which enable reduction in
the positional shift of dots on the recording medium and the instantaneous
maximum dissipation power in time-division drive. According to the present
invention, there is provided a method for driving a 



recording head having a plurality of heating elements as' driving elements
for ejecting ink droplets from a plurality of nozzles, the plurality of
heating elements being arranged in a direction substantially perpendicular
to the direction of carrying a carried recording medium, the method
comprising: a time-division driving step of dividing the plurality of
heating elements into a plurality of blocks, each block consisting of a
predetermined number of spatially arranged heating elements of the
plurality of heating elements corresponding to the plurality of nozzles,
and sequentially driving each set of heating elements simultaneously driven
over the respective blocks, in a time-divisional manner; and a recording
step of ejecting ink droplets from the nozzles corresponding to the driven
heating elements and impacting the ink droplets on the recording medium,
thus recording dots made of the ink droplets. In such a method for driving
a recording head according to the present invention, each set of heating
elements simultaneously driven over the respective divided blocks is
sequentially driven in a time-divisional manner. According to the present
invention, there is also provided a recording head having a plurality of
heating elements as driving elements for ejecting ink droplets   G from a
plurality of nozzles, the plurality of heating elements being arranged in a
direction substantially perpendicular to the direction of carrying a
carried recording medium, the recording head comprising: time-division
driving means for dividing the plurality of heating elements into a
plurality of blocks, each block consisting of a predetermined number of
spatially arranged heating elements of the plurality of heating .elements
corresponding to the plurality of nozzles, and sequentially driving each
set of heating elements simultaneously driven over the respective blocks,
in a time-divisional manner; and recording means for ejecting ink droplets
from the nozzles corresponding to the driven heating elements and impacting
the ink droplets on the recording medium; thus recording dots made of the
ink droplets. In such a recording head according to the present invention,
each set of heating elements simultaneously driven over the respective
divided blocks is sequentially driven in a time-divisional manner.
According to the present invention, there is also provided an ink jet
printer having a recording head having a plurality of heating elements as
driving elements for ej ecting ink droplets from a plurality of nozzles,
the plurality of heating elements being arranged in a direction
substantially perpendicular to the direction of carrying a carried
recording medium, the ink jet printer being adapted for recording
information including a character and/or an image in the form of dots made
of ink droplets, the ink jet printer comprising: time-division driving
means for dividing the plurality of heating elements into a plurality of
blocks, each block consisting of a predetermined number   8 manner; and a
recording step of ejecting one or a plurality of ink droplets from the
nozzles corresponding to the driven heating elements and impacting the ink
droplets) on the recording medium, thus recording dots made of the ink
droplet(s). In such a method for driving a recording head according to the
present invention, the heating elements are driven to modulate the diameter
of a dot by the number of ink droplets and each set of heating elements
simultaneously driven over the respective divided blocks is sequentially
driven in a time-divisional manner. According to the present invention,
there is also provided a recording head having a plurality of heating
elements as driving elements for ejecting ink droplets from a plurality of
nozzles, the plurality of heating elements being arranged in a direction
substantially perpendicular to the direction of carrying a carried
recording medium, the recording head comprising: drive signal generating
means for generating an element drive signal made of necessary data for
forming one dot so as to modulate the diameter of a dot by the number of
ink droplets, using one or a plurality of ink droplets for forming one dot;
time-division driving means for dividing the plurality of heating elements
into a plurality of blocks, each block consisting of a predetermined number
of spatially arranged heating elements of the plurality of heating elements
corresponding to the plurality of nozzles, and sequentially driving each
set of heating elements simultaneously driven over the respective blocks,
in a time-divisional manner; and recording means for ejecting one or a
plurality of ink droplets from the nozzles corresponding to the driven
heating elements and impacting the ink droplets)  



9 on the recording medium, thus recording dots made of the ink droplet(s).
In such a recording head according to the present invention, the heating
elements are driven to modulate the diameter of a dot by the number of ink
droplets and each set of heating elements simultaneously driven over the
respective divided blocks is sequentially driven in a time-divisional
manner According to the present invention, there is also provided an ink
jet printer having a recording head having a plurality of heating elements
as driving elements for ejecting ink droplets from a plurality of nozzles,
the plurality of heating elements being arranged in a direction
substantially perpendicular to the direction of carrying a carried
recording medium, the ink jet printer being adapted for recording
information including a character and/or an image in the form of dots made
of ink droplets, the ink jet printer comprising: drive signal generating
means for generating an element drive signal made of necessary data for
forming one dot so as to modulate the diameter of a dot by the number of
ink droplets, using one or a plurality of ink droplets for forming one dot;
time-division driving means for dividing the plurality of heating elements
into a plurality of blocks, each block consisting of a predetermined number
of spatially arranged heating elements of the plurality of heating elements
corresponding to the plurality of nozzles, and sequentially driving each
set of heating elements simultaneously driven over the respective blocks,
in a time-divisional manner; and recording means of ejecting one or a
plurality of ink droplets from the nozzles corresponding to the driven
heating elements and impacting the ink droplets) on the   10 recording
medium, thus recording dots made of the ink droplet(s). In such an ink jet
printer according to the present invention, the recording head is driven so
that the heating elements are driven to modulate the diameter of a dot by
the number of ink droplets and so that each set of heating elements
simultaneously driven over the respective divided blocks is sequentially
driven in a tine-divisional manner. Brief Description of the Drawings Fig.
l schematically shows a nozzle arrangement in a line head provided in an
ink jet printer as an embodiment of the present invention, in which a
plurality of 



nozzles are sectioned by a predetermined number to constitute a block.
Fig.2 shows the basic operation of tine-division drive in the ink jet
printer, in which ink droplets are ejected from the nozzles for each phase.
Fig.3 is a partial cross-sectional perspective view showing the overall
structure of an ink jet printer as a first embodiment of the present
invention. Fig:4 is a cross-sectional side view showing the ink jet
printer. Fig:S is a block diagram showing the structure of a recording and
control system of an electric circuit unit in the ink jet printer. Fig.6 is
a block diagram showing the detailed structure of a head drive circuit
shown in Fig.S and a line head. Fig.7 illustrates PNM (pulse number
modulation) processing by the head drive   11 circuit shown in Fig.6, and
shows the relation between a pulse generated by a pulse generator provided
m the Bead drive circuit, record data stored in a memory provided in the
head drive circuit, and a signal outputted from a comparator provided in
the head drive circuit. . Fig.8 illustrates PNM processing by the head
drive circuit shown in Fig.6, and shows the operation at the comparator
provided in the head drive circuit 



Fig.9A is an outer side view for explaining the structure of the line head
for one color. Fig.9B is an outer bottom view for explaining the structure
of the line head for one color. Fig.10 illustrates the detailed structure
of a head chip. Fig. l lA is a side view showing a cross section along a
line A-A in the line head of Fig.9B. Fig.l 1B is a side view showing a
cross section along a line B-B in the line head of Fig.9B. Fig.12 is a
partial perspective view showing the line head of Figs.9A and 9B from the
bottom side. Fig.13 is a partial perspective view showing the detailed
structure near the nozzles in the line head of Figs.9A and 9B and showing
the line head from the head chip side. Fig.14 shows an arrangement of two
adjacent groups of nozzles in a   12 conventional line head. Fig. 15A shows
the state of groups of dots recorded by using the head chip of 



the arrangement shown in Fig.l3 and shows the state where a change point
(line) of the diameter of dot is generated on the boundary of groups of
dots recorded by using different groups of nozzles. Fig.15B shows the state
of groups of dots recorded by using the head chip of the arrangement shown
in Fig.l3 and shows the state where an overlap of dots is generated on the
boundary of groups of dots recorded by using different groups of nozzles:
Fig.15C shows the state of groups of dots recorded by using the head chip
of the arrangement shown in Fig.l3 and shows the state where a gap between
dots is generated on the boundary of groups of dots recorded by using
different groups of nozzles. Fig. l SD shows the state of groups of dots
recorded by using the head chip of the arrangement shown in Fig.l3 and
shows the state where a step between dots is generated on the boundary of
groups of dots recorded by using different groups of nozzles. Fig.16 shows
the arrangement of two adjacent groups of nozzles in the line head shown in
Figs.9A and 9B. Fig.17 shows the state of groups of dots recorded by using
the line head shown in Figs.9A and 9B.  



13 Fig.l8 is a conceptual view for explaining the principle of PNM. Fig.19
shows the relation between the quantity of ink droplets ejected from the
nozzles and the power applied to the heating elements or the pulse
duration. Fig.20A shows the relation between the gray scale level and the
quantity of ejection before the pulse number is corrected in accordance
with the quantity of ejection from the nozzles. Fig.20B shows the relation
between the gray scale level and the quantity of ejection after the pulse
number is corrected in accordance with the quantity of ejection from the
nozzles. Fig.21 is a block diagram showing the structure of an automatic
measuring device for measuring the diameter of a dot. Fig.22 shows the
state of dots formed in the case where the pulse number is increased with
reference to a given time point irrespective of the recording direction in
performing PNM. Fig.23A shows the state of each dot to be recorded on
paper, in which each dot is recorded so that the center of each dot is
located at a lattice point. Fig.23B shows the state of each dot to be
recorded on paper, in which a dot with a large diameter is recorded so that
the center of the dot with a large diameter is not 



located at a predetermined lattice point for recording. Fig.24 shows the
state of a dot formed in the case where recording is carried out by
generating a pulse to be an object of comparison with the record data from
the   14 comparator so that the resultant dot is equivalent to a dot formed
by distributing ink droplets in the paper feed direction symmetrically
about a lattice point as the center in performing PNM, and shows the case
where a dot having an ultimate diameter is formed with ink droplets of even
ordinal numbers. Fig.25A illustrates a specific example of recording by the
method shown in Fig.24, and shows the relation between a pulse generated by
the pulse generator provided in the head drive circuit, record data stored
in the memory provided in the head drive circuit, and a signal outputted
from the comparator provided in the head drive circuit, in the case where
data with respect to the heating elements has a value   2. Fig.25B
illustrates a specific example of recording by the method shown in Fig.24,
and shows the relation between a pulse generated by the pulse generator
provided in the head drive circuit, record data stored in the memory
provided in the head drive circuit, and a signal outputted from the
comparator provided in the head drive circuit, in the case where data with
respect to the heating elements has a value   6. Fig.26. shows the state of
a dot formed in the case where recording is carried out by generating. a
pulse to be an object of comparison with the record data from the
comparator so that the resultant dot is equivalent to a dot formed by
distributing ink droplets in the paper feed direction symmetrically about a
lattice point as the center in performing PNM, and shows the case where a
dot having an ultimate diameter is   15 foamed with ink droplets of odd
ordinal numbers. Fig.27A illustrates a specific example of recording by the
method shown in Fig.26, and shows the relation between a pulse generated by
the pulse generator provided in the head drive circuit, record data stored
in the memory provided in the 



head drive circuit, and a signal outputted from the comparator provided in
the head drive circuit, in. the case where data with respect to the heating
elements has a value   1. Fig.27B illustrates a specific example of
recording by the method shown in Fig.26, and shows the relation between a
pulse generated by the pulse generator provided in the head drive circuit,
record data stored in the memory provided in the head drive circuit, and a
signal outputted from the comparator provided in the head drive circuit, in
the case where data with respect to the heating elements has a value   3.
Fig:28 is a circuit diagram showing an exemplary electrical structure of
the head chip. Fig.29 is a chart showing the timing of output data
outputted from the comparator Fig.30 shows an exemplary arrangement of dots
to be recorded on the paper by using a method for driving a line head
provided in an ink jet printer as a second embodiment of the present
invention. Fig.31 is a plan view showing an exemplary structure of a line
head provided   16 



in an ink jet printer as a third embodiment of the present invention.
Fig.32 shows an exemplary arrangement of dots to be recorded on the paper
by using a method for driving the line head provided in the ink jet printer
of Fig.31. Fig.33 is a .chart showing exemplary timing of a phase signal
outputted from a time-division drive phase generating circuit in a line
dead provided in an ink jet printer as a fourth embodiment of the present
invention. Fig.34 is a circuit diagram showing an exemplary electrical
structure of a head chip in a line head provided in an ink jet printer as a
fifth embodiment of the present invention. Best Mode for Carrying Out the
Invention Preferred embodiments of the present invention will now be
described in detail with reference to the drawings. This embodiment is
applied to an ink jet printer which employs a thermal system for ejecting
ink droplets and which has, as a recording head, a line head having heating
elements as driving elements for ejecting ink droplets in which the
plurality of heating elements are arrayed in a direction substantially
perpendicular to the feed direction of paper as a recording medium. This
ink jet printer has the line head and thus can carry out recording by
scanning the same portion on the paper only once in one print. Moreover, in
this ink jet printer, the plurality of heating elements provided in the
line head are divided into a plurality of blocks, each block consisting of
a 



17 predetermined number of spatially arranged heating elements, and
time-division drive is carried out at the time of recording, in which each
set of heating elements simultaneously driven over the respective blocks is
sequentially driven in a timedivisional manner. Thus, it is possible to
reduce the positional shift of dots on the paper as a recording medium and
the instantaneous maximum dissipation power in tune-division drive. Prior
to explanation of the specific constitution of the ink jet printer, the
basic operation of time-division drive will be described by using a simple
example. As will be later described in detail, the ink jet printer has a
structure in which a line head for one color has a plurality of head chips
and each head chip has heating elements corresponding to a plurality of
nozzles for ejecting ink droplets arrayed substantially in a straight line.
Therefore, time-division drive is explained by showing the nozzles in place
of the heating elements. In the ink jet printer, as schematically shown in
Fig. l, a plurality of nozzles are arrayed substantially in a straight line
in the head chip, and the plurality of nozzles are sectioned by a
predetermined number and divided into a plurality of blocks. In Fig. l, the
blocks are denoted by B1, B2, ..., B11" from left and the nozzles in each
block are denoted by N,, N2, N3, :.., N",_,, N", from left. In the ink jet
printer, the respective nozzles (heating elements) in the respective blocks
are sequentially driven in a time divisional manner. In this case, in the
ink jet printer, the positions of the nozzles (heating elements) in the
respective blocks are considered as phases. The nozzles    18 (heating
elements) of the same phase are grouped as a set and ink droplets are
sequentially ejected by each set as a unit. In the description, a nozzle N;
in each block is referred to as a nozzle of the i-th phase, if necessary.
Specifically, in the ink jet printer, ejection of ink droplets is made
possible from the nozzles N, of the first phase in the respective blocks,
as shown in the top stage in Fig.2. In Fig.2, the nozzles allowed to eject
ink droplets are denoted by"~ .'' That is, in the ink jet printer, data for
the n nozzles N~ corresponding to the number of blocks are supplied to the
head chips and whether or not to drive the n heating elements corresponding
to the n nozzles N~ is determined. Thus, ink droplets are ejected or not
ejected from the respective nozzles N~. Subsequently, in the ink jet
printer, ejection of ink droplets is made possible 



from the nozzles NZ of the second phase in the respective blocks, as shown
in the second stage in Fig.2. That is, in the ink jet printer, data for the
n nozzles N2 are supplied to the head chips and whether or not to drive the
n heating elements corresponding to the n nozzles Nz is determined. Thus,
ink droplets are ejected or not ejected from the respective nozzles N2.
Next, in the ink jet printer, ejection of ink droplets is made possible
from the nozzles N~ of the third phase in the respective blocks, as shown
in the third stage in Fig.2. . That is, in the ink jet printer, data for
the n nozzles N3 are supplied to the head chips and whether or not to drive
the n heating elements corresponding to the n nozzles N3 is determined.
Thus, ink droplets are ejected or not ejected from the   19 respective
nozzles N3. Then, in the ink jet printer, the similar operation is
sequentially carried out and ejection of ink droplets is made possible from
the nozzles N", of the m-th phase in the respective blocks, as shown in the
bottom stage in Fig.2. That is, in the ink jet printer, data for the n
nozzles N", are supplied to the head chips and whether or not to drive the
n heating elements corresponding to the n nozzles N", is determined. Thus,
ink droplets are ejected or not ejected from the respective nozzles N",. In
this manner, in the ink jet printer, the plurality of heating elements
corresponding to the plurality of nozzles are divided into the plurality of
blocks and the heating elements of the same phase are sequentially driven,
thus realizing timedivision drive. By carrying out such processing, the ink
jet printer can realize timedivision drive of m divisions. For example, the
ink jet printer can carry out timedivision drive of 64~ divisions by
dividing the heating elements in one head. chip into 7 blocks, with one
block consisting of 64 heating elements corresponding to 64 nozzles. The
ink jet printer carries out such processing with respect to the plurality
of head chips in the line head in printing one line, and also with respect
to the line heads for a11 colors. . When carrying out PNM (pulse number
modulation), which will be later described, the ink jet printer
additionally carries out such processing by the number of ejection pulses
per pixel. In this description, the adjacent nozzles such as the nozzles N~
of the first phase, the nozzles NZ of the second phase, the nozzles N3 of
the third phase, ..., the   20 nozzles N", of the m-th phase are
sequentially driven, as a matter of convenience. However, in order to avoid
the influence of cross talk due to the driving of the adjacent heating
elements, the driving order may be changed so that the distant heating
elements are driven next. In this case, too, the ink jet printer drives the
nozzles of the same phase in the. respective blocks. 



A specific ink jet printer using such time-division drive will now be
described in detail. Fig.3 shows the overall structure of an ink jet
printer 100 as a first embodiment. The ink jet printer 100 has a recording
head having a PNM function to modulate the diameter of a dot by the number
of ink droplets, using one or a plurality of ink droplets for forming one
dot. The ink jet printer l00 has a line head l20 having a recording range
of substantially the same dimension as the page width of the paper P, a
paper feed unit 130 for feeding the paper P into a predetermined direction,
a paper charge unit 140 for supplying the paper P to the line head 120, a
paper tray 150 for housing the paper P, and an electric circuit unit 160
for carrying out drive control of these units, which are provided inside a
casing 110 constituting the appearance of the ink jet printer 100, as shown
in Figs.3 and 4. The casing 110 is formed, for example, in the shape of a
rectangular parallelepiped. A paper discharge port 111 for discharging the
paper P is provided on one lateral side of the lateral sides of the casing
110, and a tray inlet/outlet 112 for   21 attaching/detaching the paper
tray 150 is provided on another lateral side that is opposite to the one
lateral side. The line heads 120 for four colors, for example, CMYK (cyan,
magenta, yellow and black), are provided. The line heads 120 are provided
in an upper space at the end on the side of the paper discharge port 111
inside the casing 110; with the nozzles facing downward, though not shown.
The paper feed unit 130 has the following constituent elements: a paper
feed guide 131 constituting a supply path in feeding the paper P; paper
feed rollers 132, 133 for catching the paper P between them and feeding the
paper P; a paper feed motor l34 as a driving source for rotationally
driving later-described pulleys 135, 13G; pulleys 135, 13G for rotationally
driving the rollers 132, l33; and belts 137, 138 for transmitting the
driving of the paper feed motor l34 to the pulleys 135, 136. The paper feed
unit 130 is provided in a lower space at the end on the side of the paper 



discharge port 1 l 1 inside the casing 110. The paper feed guide 13l is
formed in the shape of a flat plate and is provided at a predetermined
spacing below the line head 120. Each of the paper feed rollers l32, l33
consists of a pair of rollers contacting each other. The paper feed rollers
132, 133 are provided on both sides of the paper feed guide 13l, that is,
on the side of the tray inlet/outlet 112 and on the side of the paper
discharge port 111, respectively. The paper feed motor 134 is provided
below the paper feed guide 131 and is connected with the paper feed rollers
l32, 133 via the pulleys 135, 13G and the belts 137, 138.   22 The paper
charge unit 140 has a paper charge roller 14l for supplying the paper P to
the paper feed unit 130, a paper charge motor l42 as a driving source for
rotationally driving later-described gears 143, and gears l43 rotationally
driven by the paper charge motor 142a The paper charge unit 140 is provided
nearer to the tray inlet/outlet 112 than the paper feed unit 130 is. The
paper charge roller 141 is formed in a substantially semi-cylindrical shape
and is provided near the paper feed rollers 132 on the side of the tray
inlet/outlet 112. The paper charge motor 142 is provided above the paper
charge roller 141 and is connected with the paper charge roller 141 via the
gears 143. The paper tray 150 is formed in a box-like shape capable of
housing a plurality of stacked sheets of paper P of A4 size. The paper tray
150 has a paper support l 52 which is retained by a spring 151 at one end
portion on the bottom side thereof. The paper tray 150 is loaded in a space
ranging from below the paper charge unit 140 to the tray inlet/outlet 112.
The electric circuit unit 160 is a unit for controlling the driving of each
section and is provided above the paper tray l50. The ink jet printer 100
as described above carries out the printing operation in the following
manner. First, a user turns on the power of the ink jet printer l00, then
pulls out the 



paper tray 150 from the tray inlet/outlet 112 to put a predetermined number
of sheets of paper P therein, and pushes the paper tray 150 in the tray
inlet/outlet 112, thus   23 loading the paper tray 150. Then, in the ink
jet printer 100, the energizing force of the spring 151 causes the paper
support 152 to raise one end portion of the paper P, thus pushing the one
end portion of the paper P. against the paper charge roller 141. Then, in
the ink jet printer 100, the driving of the paper charge motor 142
rotationally drives the paper charge roller 141, thus feeding one sheet of
paper P from the paper tray 150 to the paper feed rollers l32.
Subsequently, in the ink jet printer 100, the driving of the paper feed
motor 134 rotationally drives the paper feed rollers 132, 133, and the pair
of paper feed rollers 132 catch the paper P fed from the paper tray l50,
thus feeding the paper to the paper feed guide 131. Then, in the ink jet
printer 100, the line head 120 operates at predetermined timing to eject
ink droplets from the nozzles and impact the ink droplets on the paper P,
thus recording information including a character and/or an image in the
form of dots on the paper P. Then, in the ink jet printer.100; the pair of
paper feed rollers 133 catch the paper P fed along the paper feed guide
131, thus discharging the paper P from the paper discharge port 111. The
ink jet printer 100 repeats such an operation to generate prints until the
recording is completed. The electric circuit unit 160 in the ink jet
printer 100 will. now be described. As shown in Fig.5, the electric circuit
unit 160 has the following constituent elements: a signal processing and
control circuit 16l for carrying out signal processing and control
processing based on software, for example, as the configuration of a CPU
24 (central processing unit) and a DSP (digital signal processor); a
correcting circuit 162 in which predetermined correction data is stored in
a so-called ROM (read only memory) map system; a head drive circuit 163 for
driving the line head 120; a various control circuit l64 for controlling
the driving of the paper feed motor 134 and the paper charge motor 142, and
other operations; a memory 165. such as a line buffer memory or a
one-screen memory; and a signal input section 166 to which signals of
recording data or the like are inputted. The signal processing and control
circuit 161 is connected with the correcting circuit 162, the head drive
circuit 163, the various control circuit 164 and the memory 165. In the
electric circuit unit l60, when signals of recording data or the like are
inputted to the signal processing and control circuit 161 via the signal
input section 166, these signals arranged in the recording order by the
signal processing and control circuit 161 and are supplied to the
con-ecting circuit 162: The con-ection circuit 162 carries out correction
processing such as so-called gamma correction, color correction, and
correction of nozzle dispersion. The signals of recording data or the like
after the con-ection are taken out by the signal processing and control
circuit 161 in accordance with external conditions such as nozzle number,
temperature, and input signals. Then, in the electric circuit unit 160, the
signals taken out by the signal processing and control circuit 161 are
supplied as drive signals to the head drive circuit 163. and the various
control circuit 164. The electric circuit unit 160 causes the head drive
circuit 163 to control the driving of the line head 120 in accordance with
the drive signal. The   25 electric circuit unit 160 causes the various
control circuit 164 to control the driving of 



the paper feed motor 134 and the paper charge motor 142 in accordance with
the drive sigal and also to control the driving in the cleaning processing
of the line head 120. In the electric circuit unit 160, when necessary, the
signals of recording data or the like are temporarily recorded in the
memory 165 and taken out by the signal processing and control circuit 161.
Fig.6 shows the details of the structures of the head drive circuit 163 and
the line head 120. As shown in Fig.6, the head drive circuit 163 has a
structure adapted for carrying out PNM and later-described time-division
drive, and a plurality of memories 163a1; ..., 163aN such as RAMS (random
access memories), a pulse generator 163b, and a plurality of comparators
163c1, ..., 163cN. The memories 163a1, ...,163aN of the same number as the
number ofhead chips 1211,...., 121N in the line head 120 are provided. Each
of the memories 163m, ..., 163aN stores record data after corrected based
on a drive signal supplied from the signal processing and control circuit
161. In this case, the record data is necessary data for forming one dot.
Since the ink j et printer 100 forms one dot using 8 ink droplets at. the
maximum, as will be described later, the record data is 4-bit data
presenting any value of 0 to 8 including the case of ejecting no ink
droplets. The memories 163a1, ..., 163m, supply the stored data to the
corresponding comparators 163c1, ..., 163cN, respectively.   26 The pulse
generator 163b generates a predetermined number of pulses for carrying out
PNM, at predetermined intervals, as shown in Fig.7. For example, the pulse
generator 163b constantly spontaneously generates eight pulses at
predetermined intervals. That is, the head drive circuit 163 determines the
number of inlc droplets to be ejected and determines the arrangement of
dots for each gray scale, on the basis of the pulses generated by the pulse
generator 163b. The pulse generator 163b supplies the generated pulses to
the comparators 163a, ..., 163cN. The comparators 163a, ..., 163cN receive
the record data stored by the memories 163m, ..., 163aN, respectively, and
also receive the pulse number generated by the pulse generator 163b. The
comparators 163a, :.., 163cN compare the data with the pulse number. If the
result of comparison shows that the data is not less than the pulse number,
the comparators 163c,, ..., 163cN supply a high signal "H" as output data
to the corresponding head chips 121 ~, ..., 121N in the line head 120, as
shown in Fig:7. If the data is less than the pulse number, the comparators
163a, ..., 163cN output a low signal "L" as output data to the
corresponding head chips 121 l, ..., 121N. In this case, the comparators
163a, ..., 163cN generate a high signal "H" or a low signal--"L" as
phase-corresponding data dl, d2, :.., dn, which are element drive signals
corresponding to the plurality of heating elements of the sane phases in
the above-described time-division drive, and handle the phase-corresponding
data d 1, d2, ..., do as a series of serial data, thus supplying output
data D1, ..., DN to the corresponding head chips 121 ~, ..., 121N, as shown
in Fig.B. For example, when data   27 



for a certain heating element is "5," the comparator 163a generates a high
signal "H" as phase-cowesponding data d with respect to the pulse numbers
"1 to 5" generated by the pulse generator 163b and generates a low signal
"L" as phase-corresponding data d with respect to the pulse number "6" and
larger pulse numbers, as shown in Fig.7. The comparator 163c, generates
phase-corresponding data d corresponding to the respective heating elements
of the same phase and . supplies the phasecorresponding data d as output
data D0. In this manner, the comparators 163a, ..., 163cN process, as a
series of serial data, the data of the heating elements simultaneously
driven by the number of time divisions of time=division drive within one
gray scale, and supply the data as output data D1, ..., DN to the
corresponding head chips l.211, ..., 121 N, respectively. Meanwhile, the
line head 120 has a plurality of head chips l211, ..., 121N, as shown in
Fig.6. In each head chip 121, a plurality of parts for constituting one
block in time-division drive are tiled. Specifically, the head chips l21 ~,
.-.., 121N have time division drive phase generating circuits 121a, gate
circuits 121b, switching elements 121 c and heating elements 121 d, which
are divided into a plurality of blocks in time division drive. The time
division. drive phase generating circuit 121 a has outputs of the sane
number as the total number of nozzles, which is equal to (total number of
phase m) X (number of blocks n). The time-division drive phase generating
circuit 121 a sequentially generates a phase signal, which is a division
drive signal, for each phase   28 to be driven, and supplies the phase
signal to the gate circuit 121b. 



The gate circuit 121b is a so-called AND gate, which takes the logical
product of the phase signal supplied from the time-division drive phase
generating circuit 121 a and the data supplied from the comparators 163c;,
..., .163cN, that is, the phasecorresponding data. If both the phase signal
supplied from the time-division drive phase generating circuit 121 a and
the phase-corresponding data supplied from the comparators 163c,, ...,
163cN are high signals "H,'.' the gate circuit 121b turns the switching
element 121c ON. The switching element 121 c is adapted for switching
whether to drive the heating elements 121d to eject ink droplets from the
nozzles. The. ON/OFF control of the switching element 121c is carried out
by the gate circuit 121b. The heating elements 121 d are driven to heat and
causes ejection of ink droplets from the corresponding nozzles, when the
switching element 121c is in the ON state. In the ink jet printer 100 of
the above-described structure, the comparators 163c,, ..., 163cN generate
the phase-corresponding data dl, d2, ..., do corresponding to the
respective blocks B,, B2, ..., B" in one head chip 121, for each pulse
generated by the pulse generator 163b, and handle the phase-corresponding
data dl, d2, ..., do as a series serial data, thus supplying the output
data D to the one head chip l20, as shown in Fig. 8. In the ink j et
printer 100, such output data D 1, ..., DN are supplied to the plurality of
head chips I21,, ..., 121N. In response to this, in the ink jet printer
100, the phase signals for respective   29 phases are sequentially
generated by the time-division drive phase generating circuit 121 a,
ejection or non-ejection of an ink droplet for 1 pulse, that is, one inc
droplet, is carried out with respect to all the nozzles N. In this case,
the time-division drive phase generating circuit 121 a sequentially
generates the phase signals for the respective phases so as to carry out
drive processing of the heating elements 12l d corresponding to the nozzles
N~ in the respective blocks B1, B2, ..., B" and then carry out driving
processing of the heating elements 121d corresponding to the nozzles .Nz in
the. respective blocks B,, Bz, ..., B". The ink jet printer 100 repeats
such an operation for each pulse generated by the pulse generator 163a,
thus forming one dot having a diameter corresponding to the pulse number. 



By doing so, the ink jet printer 100 can simultaneously realize PNM and
time division drive. The PNM operation in the ink jet printer 100 will be
later described further in detail. The structure of the line head l20 in
the ink jet printer 100 will now be described in detail. Figs.9A to 13 show
the structure of the line head 120 for one color in the ink jet printer
100. . Fig.9A is a side view showing the appearance of the line head 120.
Fig.9B is a bottom view showing the appearance of the line head l20. Fig.10
shows the detailed structure of the head chip 121. Fig. l l A is a side
view showing the cross section along the line A-A in the line head 120
shown in Fig.9B. Fig.l 1B is a side   30 view showing the cross section
along the line B-B iii the line head shown in Fig.9B, Fig.12 is a partial
perspective view of the line head 120 shown in Figs.9A and 9B, as viewed
from the bottom side. Fig.13 is a partial perspective view of the line head
120 as viewed from the side of the head chip 121, in order to show the
detailed structure near the nozzles in the line head 120 shown in Figs.9A
and 9B. The line head 120 is covered by an outer casing 126b constituting a
laterdescribed ink tank 126, and the lower part of the line head 120 is
covered by a laterdescribed electric wiring 127, as shown in Fig.9A. In the
line head 120, a slit-shaped ink supply hole 122a is opened in a central
portion of a linear head frame 122, as shown in Fig.9B. A plurality of head
chips 121 made of Si substrates are provided on one surface of the head
frame 122. The head chips 121 are arrayed in a zigzag manner on both sides
of the ink supply hole 122a opened in the head frame 122; in order to make
the head long. Each of the head chips 121 is constituted by arranging the
above-described plurality of heating elements 121 d in a line on the side
of the ink supply hole 122a and arranging connecting terminals 121 a in a
line corresponding to the heating elements 121 d, on the side opposite to
the ink supply hole 122a, that is, on the side of the outer casing 126b, as
shown in Figs.9B and 10. In the example of Fig.10, the heating elements 121
a are arrayed at 600 dpi (dots per inch). Moreover, in the head chip 121,
the gate circuit 121 b and the switching element 121 c for the head chip
121 (heating elements 121 d) to cant' out time-division   31 drive are
provided between the heating elements 121 d and the connecting terminals
121e. Below the head chips 121 is a nozzle plate 124 having a plurality of
nozzles 124a, with a member 123 provided between the head chips 12l and the
nozzle plate 124, as shown in Figs. l l A and 13. The member 123 is
provided to form a plurality of liquid chambers 123a for storing ink and a
plurality of flow paths 123b for causing the ink to flow to the liquid
chambers 123a. The member 123 is made of a photosensitive resin such as a
so-called dry film photoresist and is provided so that the heating elements
121 d provided on the head chip 121 are correspondingly situated above the
liquid chambers 123a, shown in detail in Fig.13. Moreover., the member 123
is formed so that the flow paths 123b extend from the liquid chambers 123a
to the end portions of the head chips 121, that is, to the end portions on
the side of the central part of the line head 120, as shown in Fig.11B. 



The nozzle plate 124 is formed by electroforming nickel and is
anticorrosive plated with gold or palladium for preventing corrosion due to
ink. The nozzle plate l24 is formed to close the ink supply hole 122a,
which is a space formed by the head chip l21, the head frame l22; the
member 123 and a later-described filter 125, as shown in Figs.11A, 11B and
12. Moreover, the nozzle plate 124 is formed so that the nozzles 124a
correspond to the heating elements 121 d one to one via the respective
liquid chambers 123a, as shown in detail in Fig.13. That is, each liquid
chamber 123a is communicated with the flow path 123b formed in the member
123 and with the   32 nozzle 124a formed in the nozzle plate 124. On the
other side of the head frame l22, the ink tank 126 is provided with a
filter 125 arranged between the head frame 122 and the ink tank 126, as
shown in Figs. l l A and 11B. The filter 125 is provided to close the ink
supply hole 122a and serves to prevent dust and flocculated ink ingredients
from entering the nozzle 124a from the ink tank 126. The ink tank 126 has a
dual structure made up of a bag 126a and an outer casing 126b, as shown in
Fig. l l B. A spring member 126c for energizing the bag 126a to expand
outward is provided between the bag 126a and the outer casing I 26b. Thus,
in the line head 120a a negative pressure is applied on the ink. in the ink
tank 126 and spontaneous leakage of the. ink from the nozzle 124a can be
prevented. In the line head 120, since the negative pressure is set to be
smaller than the capillary force of the nozzle 124a, the ink can be
prevented from being drawn into the nozzle 124a. Moreover, in the line head
120, an area including a part of the end surfaces of the head chips 121,
the outer circumferential surface of the head frame l22 and the outer
circumferential surface of the ink tank 126 is covered by the electric
wiring 127 made of a so-called FPC (flexible printed board). The electric
wiring 127 is provided for supplying electric power and electric signals to
the head chips 121 and is connected to the connecting terminals 121 a of
the head chips 12 I . In the ink jet printer 100 having the line head 120
as described above, ink is supplied from the ink tank l26 to the ink supply
hole 122a, then passes through the   33 



flow paths 123b, and is supplied to the liquid chambers 123a. Each of the
nozzles 124a has such a cross section that the circular distal end of a
cone is cut off on a plane parallel to the bottom surface, as shown in
Fig.13, and a so-called meniscus of the ink surface with its central
portion recessed by the negative pressure on the ink is formed . at the
distal end of the nozzle 124a. In the ink jet printer 100, when a driving
voltage is supplied to the heating elements 121 d and bubbles are generated
on the surfaces of the heating elements 121d, ink particles are ejected
from the nozzles 124a. In the ink jet printer 100, since the head chips 121
are arranged in a zigzag manner as described above, the plurality of
nozzles 124a (hereinafter referred to as nozzle group) corresponding to a
single head chip 121 are similarly arranged in a zigzag manner. Although
there are conventional head chips arranged in a zigzag manner, these head
chips are simply shifted from each other in parallel and therefore two
adjacent nozzle groups NGA, NGD are simply shifted from each other in
parallel, as shown in Fig. l4. In the ink jet printer using this
arrangement, unevenness in the quantity of ejection of ink among the head
chips and errors of impact positions on the paper may take place because of
unevenness in the characteristics of the head chips and positioning errors.
In the ink jet printer, if recording is made on the paper when there is
unevenness in the quantity of ejection of ink, a change point (line) of the
quantity of ejection, that is, of the diameter (print density) of dots, is
generated in an area on the paper   34 corresponding to the joint of the
head chips. Specifically, if the ink jet printer uses head chips in which a
nozzle group consisting of nozzles with a large quantity of ejection and a
nozzle group consisting of nozzles with a small quantity of ejection are
adjacent to each other, a change point (line) V of the diameter of dots is
generated on the boundary between a dot group DGA recorded by the nozzle
group consisting of the nozzles with a large quantity of ejection and a dot
group DGD recorded by the nozzle group consisting of the nozzles with a
small quantity ejection, as shown in Fig.15A. Such a change point (line) of
the dots causes a longitudinal stripe in the paper feed direction, that is,
a so-called banding noise. On the other hand, in the ink jet printer, if
recording is made on the paper when there is an error of the impact
position on the paper, an overlap of dots, a gap between dots, or a step
between dots is generated in an area on the paper corresponding to the
joint of the head chips. Specifically, an overlap O of dots as shown in
Fig. l S,B, a gap C between dots as shown in Fig.15C, or a step L between
dots as shown in Fig. l SD is generated on the boundary between a dot group
DGA recorded by one nozzle group and a dot group DGB recorded by another
nozzle group. These overlap of dots, gap between dots;. and step between
dots also cause a longitudinal stripe in the paper feed direction. Thus, in
the ink jet printer 100, an overlap part 124 is provided at the joint
between a nozzle group 124A and a nozzle group 124B corresponding to the
adjacent . head chips 121, both nozzle groups consisting of a plurality of
nozzles 124a, as shown   



35 in Fig.16. That is, in the ink jet printer 100, of the nozzle groups
corresponding to the adjacent head chips 121 arranged in a zigzag manner, a
predetermined number of nozzles from right in the nozzle group 124A on the
left side and the same number of nozzles from left in the nozzle group 124n
on the right side are arranged so that their centerlines coincide with each
other, and this portion of overlapping nozzles is provided as the overlap
part 124. In the overlap part 124a the nozzles 124a constituting the one
nozzle group 124A and the nozzles 124a constituting the other nozzle group
124n are used to alternately eject ink, for example, both in the lateral
direction and in the longitudinal direction. Thus, a dot groups DG~
corresponding to the overlap part 124 can be formed on the boundary between
the dot group DGA recorded by the one nozzle group 124A, indicated by white
circles, and the dot groups DGB recorded by the other nozzle group 124a
indicated by block circles, as shown in Fig.17. In the dot group DGc, the
dots recorded by the nozzle group 124A and the dots recorded by the other
nozzle group 124 are alternately arranged. Therefore, in the ink j et
printer 100, the generation of the above-described longitudinal stripe,
that is, the banding noise, can be reduced or moderated. The PNM operation
in the ink jet printer 100 will now be described in detail. PNM is a
technique for modulating the diameter of dots by the number of ink droplets
continuously ejected in one pixel (pulse number), thus carrying out gray
scale printing. This technique is advantageous in the case of digitally
expressing the gray   36 scale. Fig.18 shows a conceptual view for
explaining the principle of PNM. In carrying out PNM, the ink jet printer
100 ejects one or a plurality of ink droplets I from the nozzles 124a onto
paper P, thus recording a dot D thereon. When ejecting a plurality of ink
droplets I, the ink jet printer 100 modulates the diameter of the dot D by
impacting the next ink droplet I onto the paper P before the first ink
droplet I impacted on the paper P is dried. That is, the ink jet printer
100 modulates the diameter of the dot D, utilizing the spread of dots d,
formed by the respective ink droplets I impacted on the paper P
correspondingly to each pulse, in a11 the directions of 360 as indicated by
arrows S,, S2, S3, S4, S5, S~.in Fig.l8 before drying. In this example, the
ink jet printer 100 impacts the next ink droplet I on the paper P before
the first dot d~ impacted on the paper P is dried, and thus recording dots
d2, d3, d~, .... In this case, the drying of the ink means that the spread
of the .ink does not exceed an allowable range.. The vik jet printer 100
modulates the diameter of the dot D in the state where the plurality of ink
droplets I spread in a united manner. In this case, since the paper P
continuously moves in a direction indicated by an arrow SD in Fig. l8
relatively to the line head 120, the dots d,, d2, d3, d4, ... recorded on
the paper P are slightly shifted in the opposite direction of the feed
direction of the paper P. If the impacting.period of the ink droplet I onto
the paper P is shorter than a predetermined period, the ink isotropically
spreads and therefore the dot D presents a shape similar to a true circle.
If the impacting period of the ink droplet I onto the   37 paper P is
longer, the dot D presents a substantially elliptic shape which is long in
the feed direction of the paper P. The relation between the impacting
period of the ink droplet I onto the paper P and the aspect ratio of the
diameter of the dot D changes, depending on the properties of the ink and
the paper P such as the absorption of the ink to the paper P. The ink jet
printer 100 determines the impacting period of the ink droplet I onto the
paper P on the basis of experimental values and in accordance with desired
use conditions, for example, to expand the period for sufficiently
increasing the diameter of the dot D. The ink jet printer 100 employs, for
example, approximately 100 milliseconds or less as the impacting period of
the ink droplet I onto the paper P. 



The line head 120 in the ink jet printer 100 has four colors such as CMYK
as described above. When mixing ink droplets of a plurality of colors, the
ink jet printer 100 impacts an ink droplet of one color on the paper P and
then impacts the next ink droplet of a different color after the first
impacted and recorded dot is dried. If the time until impacting the next
ink droplet of the different color is short, the spread of the ink called
color bleed occurs, causing deterioration of the picture duality. In this
case, the ink jet printer l00 preferably impacts an ink droplet of black
(K) on the paper P lastly. This is because the black ink usually does not
dry fast. The ink jet printer 100 can provide a sharp recorded image by
lastly impacting the black ink on the paper P. Moreover, the ink jet
printer 100 can provide a more natural image by first impacting a yellow
(Y) ink, which is bright in contrast to the black ink, on the paper   38 P.
An ordinary serial head, which does not carry out the one-path recording,
can increase the number of gray scales by overprinting a plurality of times
at the same position in .scanning back and forth on the paper, but has a
problem of a long recording time corresponding to the number of times of
overprinting. On the other hand, a line head can complete recording by
scanning once and therefore can reduce the recording time remarkably. If
recording is carried out using the line head with a resolution of 600 dpi
and a pixel (line) recording frequency of 10 kHz, the tine required for
scanning the longitudinal direction of paper of A4 size is approximately
0.7 second per color in the case where one ink droplet is ejected. However,
in consideration of the ink drying time, a recording tune of approximately
10 seconds is considered appropriate with the line head. In this case, the
pixel (line) recording frequencies for resolutions of 300 dpi, 600 dpi, and
l.200 dpi are approximately 350 Hz, 700 Hz, and 1.4 kHz, respectively.
Therefore, an ink jet printer using a line head can carry out PNM within
the pixel (line) recording frequency, unlike an ink jet printer using an
ordinary serial head. Thus, PNM is considered as a gray scale expressing
method suitable for the line. head. The quality of a recorded image printed
by the ink j et printer 100 using PNM will now be described. To improve
.the picture quality, the resolution of the recorded image should be raised
for printing. However, it is desired to minimize the number of nozzles in
view   39 of the manufacturing cost and reliability, thus raising a problem
of designing that the resolution of the recorded image cannot be raised. 



Thus, by using PNM for printing, the ink jet printer 100 can express gray
scales within a pixel and can provide a recorded image of high definition
with less rough or granular appearance- even when a lower resolution is set
than in binary recording. Moreover, the ink jet printer 100 supplements the
number of gray scales based on PNM determined by the maximum pulse number
in forming one dot and therefore can combine PNM with so-called dot density
modulation. In this case, since multi-level recording within a pixel can be
realized by using PNM, the ink jet printer 100 can carry out not only
binary but also multi-level dither processing and error diffusion
processing, and can carry out smoother gray scale printing of high
definition. The measures to cope with an error in the impact position on
the paper and unevenness in the quantity of ejection of ink among the
nozzles in the ink jet printer 100.using PNM will now be described. In the
following description, the ink jet printer 100 of design specifications
shown in Table 1 is used. Table l Maximuin recording width8.5
inchesResolution600 dpiNumber of nozzles per color5100Target quantity of
ejection of each nozzle per pulse3 pl   40 Maximum pulse number8
pulsesNumber of levels9 levelsEjection frequency4.8 kHzLine recording
frequencyG00 Hz With these, design specifications, the ink jet printer 100
ejects ink droplets for 8 pulses at the maximum to pixels of 600 dpi. One
pulse is equivalent to ink droplets 



for 3 pl and ink droplets for 24 pl at the maximum are ejected for one
pixel. The diameter of a dot in this case is approximately 40 ~,m for one
pulse on ink jet glossy paper on the market, used for evaluation. The ideal
dot diameter is ~2 tunes the obtained value, that. is, approximately 60
~,m. The ink jet printer 100 assumes a position for forming one dot by one
ink droplet on the paper as a virtual lattice point on the paper, and
ideally, the ink jet printer 100 forms dots at and around the lattice
points. The ink jet printer 100 provides a dot deviation margin of 20
~.,~,ln on the paper as an allowable range of deviation of dots from the
lattice points. With this margin, the ink jet printer 100 copes with the
problem of an error of the impact position on the paper. To provide a
recorded image of high definition, the unevenness in the characteristics of
the nozzles must be minimized. As a method for reducing the unevenness in
the quantity of ejection among the nozzles, that is, the unevenness in the
print density, it is considered to change the electric power applied to
heating   41 element and the pulse width, for each nozzle. However, the
quantity of ejection S of ink droplets .from the nozzles usually does not
monotonously increase along with the increase in the power V applied to the
heating elements, but tends to suddenly increase when the power exceeds a
predetermined power value, as indicated by a solid line in Fig. l9. The
quantity of ejection S of ink droplets in relation to the pulse width W
usually presents the same tendency, as indicated by a broken line in
Fig.19. That is, in the ink jet printer, it is difficult to control the
quantity of ejection of ink droplets by the power applied to the heating
elements and the pulse width. 



Thus, the ink jet printer 100 carries out correction of unevenness in the
print density, .using PNM. Specifically, when producing a recorded image
having predetermined gray scales by using a plurality of nozzles with
different quantities of ejection, the ink jet printer 100 changes the pulse
number by using PNM, thus controlling the quantity of ejection of ink
droplets from the nozzles and correcting the unevenness in the quantity of
ejection among the nozzles. For example, a nozzle which ejects 3 pl of ink
droplets, the target quantity of . ejection for each nozzle per pulse, and
a nozzle which can only eject 2.5 pl of ink droplets per pulse, are
considered. Since ink droplets for 8 pulses at the maximum are used for
recording one pixel, the quantity of ejection should be 3 pl, 6 pl, 9 pl,
12 pl, 15 pl, 18 pl, 21 pl and 24 pl, respectively, for eight levels.
However, with the nozzle having the quantity of ejection of 2.5 pl per
pulse, only 2.5 pl, 5 pl, 7.5 pl, 10 pl, 12.5   42 pl, 15 pl, 17.5 pl and
20 pl of ink droplets are ejected, respectively. Therefore, the difference
in the quantity of ejection is -0.5 pl, -1 pl, -1.5 pl, -2 pl, -2.5 pl, -3
pl, -3.5 pl and -4 pl for the respective levels. When ink droplets are to
be ejected from the nozzle having the quantity of ejection of 2.5 pl per
pulse, the quantity of ejection is caused to be 2.5 pl, 5 pl, 10 pl, 12.5
pl, 15. pl, 17.5 pl, 20 pl and 25 pl by generating 1 pulse; 2 pulses; 4
pulses, 5 pulses, 6 pulses; 7 pulses; 8 pulses and .10 pulses. Therefore,
the difference in the quantity of ejection between the nozzle of 2.5 pl per
pulse and the nozzle of 3 pl per pulse is -0.5 pl, -1 pl, +1 pl, +0.5 pl, 0
pl, -0.5 pl, -1 pl and +1 pl. The difference in the quantity of ejection
can be restrained to 1 pl at the maximum. Meanwhile, a nozzle with the
quantity of ejection of 3.5 pl per pulse is considered. The quantity of
ejection 3.5 pl, 7 pl, 10.5 pl, 14 pl, l7.5 pl, 21 pl, 24.5 pl and 28 pl,
respectively, for eight levels. Therefore,.the difference in the quantity
of ejection between this nozzle and the nozzle of 3 pl per pulse is +0.5
pl, +1 pl, +1.5 pl, +2 pl, +2.5 pl, +3 pl, +3.5 pl and +4 pl for the
respective levels. When ink droplets are to be ejected form the nozzle
having the quantity of ejection of 3.5 pl per pulse, the quantity of
ejection is caused to be 3.5 pl, 7 pl, 10:5 pl, .10.S pl, 14 pl, 17.5 p1,
21 pl and 24.5 pl by generating 1. pulse, 2 pulses, 3 pulses, 3 pulses, 4
pulses; 5 pulses, 6 pulses and 7 pulses. Therefore, the difference in the
quantity of ejection between this nozzle and the nozzle of 3 pl per pulse
is.+0.5. pl, +1 pl, +1.5 pl, -1.5 pl, -1 pl, -0.5 pl, 0 pl and +0.5 pl for
the respective levels. The   43 difference in the quantity of ejection can
be restrained to 1.5 pl at the maximum. In this manner, when producing a
recorded image having predetermined gray scales by using a plurality of
nozzles with different quantities of ejection, the ink jet printer 100
changes the number of ink droplets to be ejected from each nozzle and
corrects the unevenness in the quantity of ejection among the nozzles.
Thus, the ink jet printer 100 can control the quantity of ejection of ink
droplets from the nozzles and can restrain the difference in the quantity
of ejection per pixel. Fig.20A shows the relation between the gray scale
level and the quantity of 



ejection before the pulse number is corrected in accordance with the
quantity of ejection from the nozzles. Fig.20B shows the relation between
the gray scale level and the quantity of ejection after the pulse number is
corrected in accordance with the quantity of ejection from the nozzles. As
can be seen from Figs.19A and 19B, if the pulse number is not corrected in
accordance with the quantity of ejection from the nozzles, the quantity of
ejection necessary for expressing the same gray .scale level differs among
the nozzles. On the other hand, if the pulse number is corrected in
accordance with the quantity of ejection from the nozzles, the quantity of
ejection necessary for expressing the same gray scale level is
substantially the sane among the respective nozzles. An ejection test is
carried out for a11 the nozzles and the quantity of ejection from each
nozzle is measured on the basis of the diameter of each dot recorded on the
paper. The relation between the quantity of ejection and the diameter of
the dot is   44 found in a measurement graph, which is prepared separately.
The diameter of the dot is measured by an automatic measuring device 200
having at least a microscope 202 and an image processor 203, as shown in
Fig.21. Specifically, in the automatic measuring device 200, a dot recorded
on the paper P on an automatic stage 20l is read by the image processor 203
using the microscope 202, and the quantity of ejection is calculated by a
computer 204 on the basis of the diameter of the dot. The automatic
measuring device 200 carries out such an operation for all the nozzles and
prepares a correction table relating to the pulse number corresponding to
each nozzle. In the ink jet printer 100, the correction table thus prepared
is stored in the correcting circuit 162 as the correction data. At the time
of recording, the ink jet printer 100 determines the pulse number for each
nozzle on the basis of the correction data and controls. the quantity of
ejection of ink droplets so as to carry out recording. The pulse number
thus corrected sometimes exceeds 8, which is presented as the standard
maximum pulse number in Table 1. Therefore, the ink jet printer 100 needs
to preset a slightly large value for the maximum pulse number for
recording, and determines the maximum pulse number in accordance with the
unevenness in the quantity of ejection. If the unevenness is within the
range of 30.5 pl as in the abovedescribed example, since the minium
quantity of ejection is 2.5 pl, the maximum pulse number may be 10. In this
case, the ejection frequency must be 6 kHz (or higher) to meet the line
recording frequency of 600 Hz.   45 In this manner, when producing a
recorded image having predetermined gray scales by using a plurality of
nozzles with different quantities of ejection, the ink jet printer l00
changes the pulse number by using PNM. Thus, the ink jet printer 100 can
control the quantity of ejection of ink droplets from the nozzles and can
correct the unevenness in the duantity of ejection among the nozzles. By
thus correcting the unevenness in the print density, the ink jet printer
100 can provide a smoother recorded image of high definition. The method
for ejecting ink droplets by the ink jet printer 100 will now be described.
In.the. ink jet printer, the paper moves relatively to the line head as
described above. Therefore; in carrying out PNM, when the pulse number is
increased from a reference time point as shown in Fig.22, the tendency
becomes noticeable such that the center. of a dot D, formed by dots d based
on respective ink droplets on the paper correspondingly to each pulse,
shifts rearward with respect to the paper feed direction. 



For example, it is assumed that recording should be carried out so that the
centers of .dots are situated on respective lattice points on the paper, as
shown in Fig:23A. In Fig.23A, a dot D1 with a large diameter and a dot D2
with a small diameter are shown. Since these dots D1, DZ are recorded on
predetermined lattice points G~, G2 where these dots should be recorded,
the dots D,, DZ dot not overlap each other. However, in. carrying out PNM,
if the pulse number is increased from a reference time point without
considering the recording direction (opposite of the paper   4G feed
direction) indicated by an arrow R in Fig.23A, the center of the dot D~
with a large diameter is not recorded on the predetermined lattice point G,
where it should be recorded, as shown in Fig.23B. That is, the dot D1 is
shifted in the.direction of the arrow R in Fig.22B. As a result, the dot D,
is recorded, overlapping the next recorded dot D2. As described above, in
carrying out PNM in the ink jet printer, if the pulse number is increased
from a reference time point without considering the recording direction,
the center of a dot with a large diameter is shifted from the lattice point
where the dot should be formed, and this causes failure in recording such
that a straight line to be recorded is actually recorded as a curved line.
Therefore, accurate recording cannot be carried out. Thus, in order to
avoid such a problem in carrying out PNM, the ink jet printer 100
distributes ink droplets in the paper feed direction from the lattice point
as the center, thus carrying out recording. . For example, when forming a
dot D having an ultimate diameter with ink droplets of even ordinal
numbers, as shown in Fig.24, the ink jet printer 100 causes the pulse
generator 163b to generate a pulse to be an object of comparison with the
record data from the comparators 163c in accordance with the order
described in the left end part of Fig.24, so that the resultant dot is
equivalent to a dot formed by distributing ink droplets of odd ordinal
numbers and ink droplets of even ordinal numbers in the paper feed
direction symmetrically about a lattice point as the center indicated by a
chain 



47 dotted line in Fig.24, in which an arrow R represents the recording
direction (reverse of the paper feed direction). Specifically, in the ink
jet printer 100, if data for a certain heating element is . "2," the
comparators 163c generate a low signal "L" as phase-corresponding data d
with respect to pulse numbers "7, 5, 3" generated by the pulse generator
163b, then . . generate a high signal "H" as phase-corresponding data d
only when the pulse number is "1, 2," and generate a low signal "L" as
phase-corresponding data d with respect to pulse numbers "4, 6, 8," as
shown in Fig.25A. Therefore, in the ink jet printer 100, during the periods
when the pulse number is "7, S, 3, 4, 6, 8" and the comparators 163c
generate a low. signal "L" as phase-corresponding data d, the paper is
carried without driving the heating element, and only during .the periods
when the pulse number is "1, 2" and the comparators l63 generate a high
sigmal "H," the target heating element is driven to eject ink droplets from
the nozzle. By doing so, the ink jet printer 100 can form a dot equivalent
to a dot shown in Fig.24 as a dot in the case where the pulse number is
"2." Similarly, in the ink jet printer 100, if data for a certain heating
element is "6," the comparators 163c generate a low signal "L" as
phase-corresponding data d with respect to a pulse number "7" generated by
the pulse generator 163b, then generate a high signal "H" as
phase-corresponding data d only when the pulse number is "5, 3, l, 2, 4, 6"
.and generate a low signal "L" as phase-corresponding data d with respect
to a pulse number "8," as shown in Fig.25B. Therefore, in the ink jet
printer 100,   48 during the periods when the pulse number is "7, 8" and
the comparators 163c generate a low signal "L" as phase-corresponding data
d, the paper is carried without driving the heating element, and only
during the periods when the pulse number is "5, 3, 1, 2; 4, 6" and the
comparators 163 generate a high signal "H," the target heating element is
driven to eject ink droplets from the nozzle. By doing so, the ink jet
printer 100 can form a dot equivalent to a dot shown in Fig.24 as a dot in
the case where the pulse number is "6.". On the other hand, when forming a
dot D having an ultimate diameter with ink droplets of odd ordinal numbers,
as shown in Fig.26, in which an arrow R represents the recording direction
(reverse of the paper feed direction), the. ink jet printer l00 causes the
pulse generator 163b to generate a pulse to be an object of comparison with
the record data from the comparators 163c in accordance with the order
described in the left end part of Fig.26, so that the resultant dot is
equivalent to a dot formed by impacting the first ink droplet on a lattice
point indicated by a chain-dotted line in Fig.26 and then distributing ink
droplets of odd ordinal numbers and ink droplets of even ordinal numbers in
the paper feed direction symmetrically about the lattice point as the
center: Specifically, in the ink jet printer l00, if data for a certain
heating element is "1," the comparators 163c generate a low signal "L" as
phase-corresponding data d with respect to pulse numbers "5, 3" generated
by the pulse generator 163b, then generate a high signal "H" as
phase-corresponding data d only when the pulse number  



49 is "1," and generate a low signal "L" as phase-corresponding data d with
respect to pulse numbers ``2, 4," as shown in Fig.27A. Therefore, in the
ink jet printer l00, during the periods when the pulse number is "5, 3, 2,
4" and the comparators 163c generate a low signal "L" as
phase-corresponding data d, the paper is carried without driving the
heating element, and only during the periods when the pulse number is "1"
and the comparators l63 generate a high signal "H," the target heating
eleyent is driven to eject ink droplets from the nozzle. By doing so, the
ink jet printer l00 can form a dot equivalent to a dot shown in Fig.26 as a
dot in the case where the pulse number is "1." Similarly, in the ink jet
printer 100, if data for a certain heating element is "3," the comparators
163c generate a low signal "L" as phase-corresponding data d with respect
to a pulse number "5" generated by the pulse generator 163b, then generate
a high signal "H" as phase-corresponding data d only when the pulse number
is "3, 1, 2," and generate a low signal "L" as phase-corresponding data d
with respect to a pulse number "4," as shown in Fig.27B. Therefore, in the
ink jet printer 100, during the periods when the pulse number is "5, 4" and
the comparators 163c generate a low signal "L" as phase-corresponding data
d, the paper is carried without driving the heating element, and only
during the periods when the pulse number is "3, 1, 2" and the comparators
163 generate a high signal "H," the target heating element is driven to
eject ink droplets from the nozzle. By doing so,. the ink jet printer.100
can form a dot equivalent to a dot shown in Fig.26 as a dot in the case
where the pulse number is   50   3. In this manner, the ink jet printer 100
carries out recording while changing the ink droplet impact position on the
paper in accordance with the pulse number so as to form a dot equivalent to
a dot formed in the case where ink droplets are distributed in the paper
feed direction from the lattice point as the center. In this case, when
forming a dot D with ink droplets of even ordinal numbers, the ink jet
printer .100 determines the order of pulses to be generated so that the
resultant dot is equivalent to a dot formed by distributing ink droplets of
odd ordinal numbers and ink droplets of even ordinal numbers in the paper
feed direction symmetrically about the lattice point as the center. When
forming a dot D with ink droplets of odd ordinal numbers, the ink jet
printer 100 determines the order of pulses to be generated so that the
resultant dot is equivalent to a dot formed by impacting the first ink
droplet on the lattice point and then distributing ink droplets of odd
ordinal numbers and ink droplets of even ordinal numbers in the paper feed
direction symmetrically about the lattice point as the center. Thus, the
ink jet printer 100 can minimize the deviation of the formed dot from the
lattice point and can prevent curving of a straight line and unwanted
overlapping of dots: An exemplary electrical structure of the head chip I
21 will now be described. A heater unit 250 is provided in the head chip
121, as partly shown in the circuit diagram of Fig.28. The heater unit 250
has combinations of the switching element 121 c and the heating element 121
d of the same number as the number of nozzles 124a.   51 These switching
elements 121c and heating elements l21 d are driven in a matrix by the gate
circuit 121b. The gate circuit 121b is constituted as an AND gate for
taking a logical product of a phase signal supplied from the time-division
drive phase generating circuit 121 a and output data supplied from the
comparators 163c, that is, phase-corresponding data, as described above.
When both the phase signal as a division drive signal and the
phase-corresponding data as an element drive signal are high signals "H,"
the head chip 121 turns the switching elements 121 c ON and drives the
heating elements 121 d to eject ink droplets from the nozzles 124a. In this
case, the phase signal as a division drive signal is indicated by symbols
PH 1, ..., PHm provided for the number of time divisions, that is, the
number of nozzles m per block, and the phase-corresponding data as an
element drive signal is indicated by dl, ..., do provided for the number of
simultaneously driven nozzles n. The phasecorresponding data dl., .:., do
as element drive signals are data for driving the nozzles 124a when forming
a pixel on the paper P, that is, necessary data for forming one dot. For
example, when both the phase signal PH 1, ..., PHm and the
phase-corresponding data dl, .:., do of a combination are high signals "H,"
the head chip 12l causes the gate circuit 121b to turn the corresponding
switching element 121c ON. Thus, in the head chip 121, the heating elements
121d heats to eject imk droplets from the nozzle 124a, thus forming a pixel
on the paper P. Fig.29 is a chart showing the timing of output data D
outputted from the comparator 163c. Fig.29 also shows an exemplary driving
method in carrying out   



52 time-division drive in the line head 120. The number of time divisions
and the number of simultaneously driven nozzles at that time are defined by
the following relational expressions. For example, when the time period
(line period) for printing a head width in one row by the line head 120 for
one color capable of color printing is denoted by T and the pulse number in
PNM at the time of multi-value recording is denoted by P, the maximum
ejection frequency t",ux is expressed by the following equation ( 1 ).
t",n,; = T/P ... ( 1 ) When the total number of nozzles is N, the ejection
drive pulse width is 't, and the ejection frequency is t (t s t",~x), the
maximum number of time divisions A is expressed by the following equation
(2). A = t/~ ... (2) Therefore, the number of time divisions m may be not
more than the maximum number of time divisions A. A decimal point of the
maximum number of time divisions A calculated by the equation (2) is
rounded out. The number of simultaneously driven nozzles n in this case is
expressed by the following equation (3). n = N/A ... (3) A decimal point of
the number of simultaneously driven nozzles n calculated by the equation
(~) is rounded out, thus holding the relation of (number of time divisions
m) X (number of simultaneously driven nozzles n) <_ A. For example, when
the nozzle pitch is G00 dpi, the number of nozzles is 5100, the line
recording frequency is 600 Hz, the pulse number in PNM is 8 and the   



53 instantaneous maximum dissipation power is 0.74 W, the dissipation power
is calculated as shown in the following Table 2 based on the equations ( 1
), (2) and (3).   54 Table 2 Ejection driveNumber ofNumber
ofDissipationDissipationpulse widthnozzles persimultaneous-power perpower
for~(~,s)block inly drivencolor (W)four colornozzles
n(W)1.513837271101.02042519741.8255201559 The plurality of nozzles 124a
eject ink droplets when the phase signals PH 1, ..., PHm with their phases
shifted within the range of the ejection period.t are inputted for each
block. Thus, in the line head 120, since the number of simultaneously
driven nozzles is reduced, the maximum dissipation power . in driving can
be lowered. Meanwhile, the number of simultaneously driven nozzles is
changed by setting the (ejection drive pulse width ~) X (number of time
divisions m) to be substantially constant in consideration of the ejection
period t. Thus, the dissipation power in the case of using ink of one color
or four colors, too, is lowered by the reduction in the number of
simultaneously driven nozzles. As described above, in the ink jet printer
100 as the first embodiment, since matrix drive is carried out in the head
chip 121 by the circuit structure shown in Fig. l 8, the number of wirings
can be reduced. Moreover, the ink jet printer 100 can 



55 reduce the positional shift of dots for forming pixels on the paper P
and carries out time-division drive by minimizing the number of
simultaneously driven nozzles. Therefore, the instantaneous maximum
dissipation power can be reduced. Furthermore, since the multi-level
recording within a pixel is made possible by carrying out PNM, the ink jet
printer l00 can provide a recorded image of high definition with less rough
or granular appearance can be provided at a high speed,in comparison with
to conventional ink jet printer. By combining PNM with dot density
modulation, the ink jet printer l00 can carry out not only binary but also
multi-level dot density modulation and can carry out smoother gray scale
printing of high definition. As a result, the ink jet printer 100 can
realize high definition even with a small number of nozzles and therefore
can reduce the number of nozzles and the work and assembly cost. Moreover,
by setting the recording time in consideration of the ink drying time and.
then carrying out time-division drive of multiple divisions which fully
uses the recording time, the ink jet printer 100 can reduce the dissipation
power. The ink jet printer 100 can also carry out correction of the
quantity of ejection, that is, correction of the print density, using PNM,
and thus can provide a smoother recorded image of high definition. In
addition, by carrying out recording while changing the ink droplet impact
position on the paper in accordance with the pulse number so that the
resultant dot is equivalent to a dot formed by distributing ink droplets in
the paper feed direction from   56 the lattice point as the center, the in
jet printer 100 can provide a more accurate recorded image of high
definition. Moreover, by arranging the plurality of head chips 121 in a
zigzag manner and providing the overlap part 124a the ink jet printer 100
can restrain the banding noise generated at the joint of the head chips
121, that is, at the joint of the nozzle groups. Thus,. the ink jet printer
100 is well balanced as a whole with respect to the picture quality, the
speed and the dissipation power, and provides convenience for users. 



An ink jet printer as a second embodiment will now be described. This ink
jet printer has a basic structure similar to that of the ink jet printer
100 of the first embodiment, and is characterized by its ink droplet
impacting method as a driving method based on the PNM system. Therefore,
the same numerals and symbols as in the ink jet printer 100 are used in the
following description. Fig.30 shows an exemplary arrangement of dots to be
recorded on the paper P by a method for driving the line head 120 provided
in the ink jet printer 100 as the second embodiment. "PIT" in Fig.30
represents the diameter of the dot D previously shown in Fig.18 and is
referred to as "pixel pitch" in this embodiment. Symbols "o" in Fig.30
correspond to the record data after correction and numbers provided in "o"
indicate the arrangement order of pulses to be objects of comparison with
the record data from the cornparators 163c. The positions of "o"
corresponding to the record data in Fig.30 are coincident with the
positions of dots within a pixel in printing, that   57 is, the positions
of the dots d formed by the respective ink droplets I shown in Fig.18. In
the line head 120, the arrangement of the record data relative to the
center of image IC is changed depending on the pulse number is an even
number or an odd number, in forming one dot in accordance with the PNM
system-. Specifically, when printing an image in accordance with the PNM
system, the line head 120 sequentially distributes record data outward from
a position C (hereinafter referred to as start point of pixel) indicating
the first record data in image processing of ink droplets to be impacted,
which is identical with the above-described lattice point. Moreover, the
line head l20 is driven to impact ink droplets on the paper P by
time-division drive based on the distributed record data, thus printing an
image. In this case, the record data is set so that the dots to be printed
fall within the range of the pixel pitch PIT. Since the paper P is carried
into the predetermined paper feed direction, the dots are actually formed
obliquely, not in a straight line indicating the start point of pixel C
shown in Fig.30. In this manner, the ink jet printer 100 as the second
embodiment can reduce the positional shift of dots on one line and can
carry out matrix drive of the plurality of nozzles. Therefore, the number
of wirings can be reduced. The ink jet printer 100 al so can minimize the
number of simultaneously driven nozzles and can reduce the dissipation
power in driving. An ink jet printer as a third embodiment will now be
described. This ink jet printer has a basic structure similar to that of
the ink jet printer 100 of the first   58 embodiment, and is characterized
by its ink droplet impacting method as a driving method based on the PNM
system. Therefore, the same numerals and symbols as in the ink jet printer
100 are used in the following description. Fig.31 is a plan view showing an
exemplary structure of the line head 120. The head chips are not shown in
Fig.31. In the line head 120, a plurality of nozzles 124a arrayed
substantially in a straight line (or in a zigzag manner) are divided into
sets of nozzles, with each set consisting of a predetermined number of
nozzles. The sets of nozzles are obtained by dividing the line head l20 in
the real space and include, for example, a first nozzle set 260a, a second
nozzle set 260b, a third nozzle set 260c, a fourth .nozzle set 260d, a
fifth nozzle set 260e and a sixth nozzle set 260f shown in Fig.31. In the
line head 120, the plurality of nozzles 124a in the respective nozzles sets
are driven in a timedi:,risional manner by block. The ejection period t in
this case is the time required for ejecting one ink droplet each from all
the nozzles 124a included in the respective nozzle. sets. Fig.32 shows an
exemplary arrangement of dots to be recorded on the paper P by the method
for driving the line head 120. Symbols PH 1, ..., PHm appended above the
dots in Fig.32 indicate that the respective dots are printed- on the basis
of the above-described phase signals PH 1, ..., PHm. Symbols "o" in Fig.32,
similar to those shown in Fig.30, correspond to the record data after
correction and numbers provided in "o" indicate the arrangement order of
pulses, that is, the arrangement order of 



59 pulses to be objects of comparison with the record data from the
comparators 163c. The positions of"o" corresponding to the record data in
Fig.32 are coincident with the positions of dots within a pixel in
printing, that is, the positions. of the dots d forced by the respective
ink droplets 1 shown in Fig.18. Fig.32 shows exemplary recording data
showing the exemplary arrangement of dots for dot impact up to four pulses
in accordance with the PNM system. In the line. head 120, the record data
in image processing for ejecting ink droplets from the nozzles 124a
included in one nozzle set is temporally divided into two, that is, the
former half record data FD and 1 atter half record data LD. In the line
head l20, in printing an image by using the PNM system, for example, the
former half record data FD i.s sequentially distributed outward from a
start point of pixel C and the latter half record data LD is sequentially
distributed outward from the start point of pixel C so that the record data
based on the pulses of odd ordinal numbers and the record data based on
the. pulses of even ordinal numbers are arranged on the opposite sides of
the start point of pixel C to those of the former half record data FD, as
shown in Fig.32. Other distribution methods may also be used as long as the
latter half record data LD is distributed differently from the former half
record data FD. Therefore, in this record data distribution method, at
least the way of distributing former half record data FD need to be held
and any distribution manner may be used for the latter half record data LD.
Of course, the former half record data and the latter half record data may
be distributed similarly.   60 By carrying out time-division driving in
accordance with the record data thus distributed, the line head 120 impacts
ink droplets on the paper P. Since the paper P is .carried.into the
predetermined paper feed direction, the dots are actually formed obliquely,
not in a straight line indicating the start point of pixel C shown in
Fig.32. With respect to the record data based on the pulses of even ordinal
numbers, the former half record data FD and the latter half record data LD
are slightly shifted from each other. Therefore, in the line head 120, by
preparing the record data in consideration of the paper feed direction of
the paper P, the positional shift of the dots impacted on the paper P can
be made less visually recognizable. The ink jet printer 100 as the third
embodiment, similar to the ink jet printer 100 of the second embodiment,
can reduce the positional shift of dots on one line and can cant' out
matrix drive of the plurality of nozzles, thus reducing the number of
wirings. The ink jet printer 100 can also minimize the number of
simultaneously driven nozzles and can reduce the dissipation power in
driving. In addition, since the ink jet printer 100 prints, for example,
one line with dots by further dividing the plurality of nozzles 124a in the
line head 120 into smaller units, the ink jet printer l 00 can further
reduce the positional shift of dots on one line. 



An ink jet printer as a fourth embodiment will now be described. This ink
jet printer has a basic structure similar to that of the ink jet printer
100 of the first embodiment, and is characterized by its ink droplet
impacting method as a driving method based on the PNM system. Therefore,
the same numerals and symbols as in   61 the ink jet printer 100 are used
in the following description. Fig.33 is a chart showing exemplary timing of
a phase signal outputted from the time-division drive phase generating
circuit 121 a shown in Fig.6. The time-division drive phase generating
circuit 121 a outputs a pul se-like phase signal PH in a line period T. The
phase signal PH is a pulse-like signal generated every ejection period t,
which is a period for ejecting an ink droplet from the nozzle 121 a. The
phase signal PH is outputted during the entire line period. T. The line
period T is expressed by (pulse number P) X (ejection period t) for forming
one pixel on the paper P. The respective phase signal PH of the line period
T is provided for each block. The line head 120 prints one dot by using one
nozzle and is driven to sequentially print one dot each by the second
nozzle, the third nozzle, ..., the m-th nozzle, as shown in Fig.33. In the
line head 120, when the line period is T, the ejection period is t and the
pulse number for one pixel in accordance with PNM is P, the number of time
divisions m is expressed by the following equation (4). m = T/(tXP) ... (4)
A decimal point of the number of time divisions m calculated by the
equation (4) is rounded out. In this case, the number of simultaneously
driven nozzles n is expressed by the following equation (5), where the
total number of nozzles is N. n=N/m ... (5) A decimal point of the number
of simultaneously driven nozzles n calculated   62 by the equation (5) is
rounded out. 



The ink jet printer 100 as the fourth embodiment, similar to the ink jet
printer 100 of the first embodiment, can reduce the positional shift of
dots on one line and can carry out matrix drive of the plurality of
nozzles, thus reducing the number of wirings. The ink jet printer 100 can
also minimize the number of simultaneously driven nozzles and can reduce
the dissipation power in driving. An ink jet printer as a fifth embodiment
will now be described. This inlc jet printer has a basic structure similar
to that of the ink jet printer l00 of the first embodiment, and is
characterized in that phase signals, which are division drive signals in
carrying out tine-division drive, are generated corresponding to the number
of tine divisions, by multi-dimensional input signals. Therefore, the same
portions as those of the above-described ink jet printer 100 are denoted by
the same numerals and symbols. In the ink jet printer 100, for example,
when the time period (line period) for printing a head width in one row
with the line head 120 for one color is denoted by T and the pulse number
in PNM at the time of multi-value recording is denoted by P, the maximum
ejection frequency t",;,x is expressed by the following equation (6),
similar to the equation ( 1 ). t",."; - T/P ... (6) When the total number
of nozzles is N, the ejection drive pulse width is ~, and the ejection
frequency is t (t <_ t",~a), the maximum number of time divisions A is   63
expressed by the following equation (7), similar to the equation (2). A =
t/~ ... (7) Therefore, the number of time divisions m may be not more than
the maximum number of time divisions A. A decimal point of the maximum
number of time divisions A calculated by the equation (7) is rounded out.
The number of simultaneously driven nozzles n in this case is expressed by
the following equation (8), similar to the equation (3). n = N/A ... (8) A
decimal point of the number of simultaneously driven nozzles n calculated
by the equation (8) is rounded out, thus holding the relation of (number of
time 



divisions m) X (number of simultaneously driven nozzles n) <_ A. In the
line head 120, the maximum number of time divisions A is further divided
into two dimensions as expressed by the following equation (9); thus
carrying out driving. A = m~ X m2 ... (9) In the equation (9), m,
represents A1, ..., Ai in Fig.34 and m2 represents AA1, ...,. AAj in
Fig.34, as will be described later. The schematic circuit of the heater
unit 250 in this time-division drive is shown in Fig.34. In the head chip
120, an input circuit 251 is provided in addition to the heat unit 250
shown in Fig.28, as partly shown in the circuit diagram of Fig.34 The input
circuit 251 is adapted for generating phase signals PH 1, ..., PHm to   64
be supplied to the heater unit 250 and has a matrix processing circuit 252.
First input signals A1, ..., Ai and second input signals AA1, ..., AAj are
inputted to the input circuit 251. The input circuit 251 generates phase
signals PH 1, ..., PHm on the basis of the first input signals A1, ..., Ai
and the second input signals AA1; ..., AAj. The matrix processing circuit
252 forms a matrix on the basis of the first input signals Al, ..., Ai and
the second input signals AA1, ..., AAj. The matrix processing circuit 252
is constituted so that when one of the first input signals A1, ..., Ai and
one of the second input signals AA1, ..., AAj are high signals "H," one or
a combination of the corresponding phase signals PH1, ..., PHm becomes a
high signal "H." Therefore, the number of signals of the first input
signals Al, :.., Ai and the second input signals AA1, ..., AAj may be
smaller tan the number of signals of the phase signals PH1, ..., PHm. In
the line head 120 having the head chip 121 as described above, matrix drive
can be carried out by using the three-dimensional data groups of the first
input signals A1, ..., Ai, the second input signals AA1, ..., AAj, and the
phase-corresponding data dl, ..., do as element drive signals. As described
above, the ink jet printer 100 as the fifth embodiment, similar to the ink
jet printer 100 of the first embodiment, can reduce the positional shift of
dots on one line and can carry out matrix drive of the plurality of
nozzles, thus reducing the number of wirings. The ink jet printer 100 can
also minimize the number of simultaneously driven nozzles and can reduce
the dissipation power in driving. In 



GS addition, the ink jet printer 100 can carry out three-dimensional matrix
drive of the plurality of nozzles 124a and can. further reduce the. number
of wirings for signal lines to control the input to the head chips 121.
Thus, the electrical structure of the head chips 121 can be further
simplified. The present invention is not limited the above-described
embodiments. For example, though the head chips are arranged in ~ a zigzag
manner in the abovedescribed embodiments, the present invention can also be
applied to a line head in which head chips are arranged substantially in a
straight line. The present invention may also be applied to the method for
driving a line head of the fourth embodiment combined with the method for
processing record data described in the second embodiment. In this case,
similar to the second embodiment, the ink jet printer can reduce the
positional shift of dots on one line and can reduce the number of wirings
by carrying out matrix drive of a plurality of nozzles. Moreover, the ink
jet printer can minimize the number of simultaneously driven nozzles and
can also reduce the dissipation power in driving. Furthermore, the present
invention may also be applied to the method for driving a line head of the
fourth embodiment combined with the method for processing record data
described in the third embodiment. In this case, similar to the second
embodiment, the ink jet printer can reduce the positional shift of dots on
one line and can reduce the number of wirings by carrying out matrix drive
of a plurality of nozzles. Moreover, the ink j et printer can minimize the
number of simultaneously driven   66 nozzles and can also reduce the
dissipation power in driving. In addition, since the ink jet printer
prints, for example, one line with dots by further dividing the plurality
of nozzles .in the line head into smaller units, the ink jet printer can
further reduce the positional shift of dots on one line. Moreover, the line
head of the fifth embodiment may also be driven by the method for
processing record data or time-division drive described in the second to
fourth embodiments. The ink jet printer having such a line head can realize
the same effects as in the ink jet printers of the second to fourth
embodiment as well as in the ink jet printer of the fifth embodiment.
Similarly, the line lead of the fifth embodiment may also be adapted for
the method for driving a line head of the fourth embodiment combined with
the method for processing record data of the second embodiment, or may also
be adapted for the method for driving a line head of the fourth embodiment
combined with the method for processing record data of the third
embodiment. Although the line heads for a plurality of colors are assumed
in the above described embodiments, the present invention may also be
applied to a line head for 



one color. Thus, various modifications and changes may be effected without
departing from the scope of the present invention. Industrial Applicability
67 As is described above in detail, the method for driving a recording head
according to the present invention is a method for driving a recording head
having a plurality of heating elements as driving elements for ejecting ink
droplets from a plurality of nozzles, the plurality of heating elements
being arranged in a direction substantially perpendicular to the direction
of carrying a carried recording medium, the method comprising: a
time-division driving step of dividing the plurality of heating elements
into a plurality of blocks, each block consisting of a predetermined number
of spatially arranged heating elements of the plurality of heating elements
corresponding to the plurality of nozzles, and sequentially driving each
set of heating elements simultaneously driven over the respective blocks,
in a time-divisional manner; and a recording step of ejecting ink droplets
from the nozzles corresponding to the driven heating elements and impacting
the ink droplets on the recording medium, thus recording dots made of the
ink droplets. Therefore, in the method for driving a recording head
according to the present invention, since the heating elements are
sequentially driven iii a time-divisional manner by each set of heating
elements simultaneously driven over the respective divided blocks, the
positional shift of dots on the recording medium can be reduced and the
instantaneous maximum dissipation power in time-division drive can be
reduced. The recording head according to the present invention is a
recording head: having a plurality of heating elements as driving elements
for ejecting ink droplets   68 from a plurality of nozzles, the plurality
of heating elements being arranged in a direction substantially
perpendicular to the direction of canying a carried recording medium, the
recording head comprising: time-division driving means for dividing the
plurality of heating elements into a plurality of blocks, each block
consisting of a predetermined number of spatially arranged heating elements
of the plurality of heating elements corresponding to the plurality of
nozzles, and sequentially driving each set of heating elements
simultaneously driven over the respective blocks, in a time-divisional
manner; and recording means for ejecting ink droplets from the nozzles
corresponding to the driven heating elements and impacting the ink droplets
on the recording medium, thus recording dots made of the ink droplets:
Therefore, in the recording head according to the present invention, since
the heating elements are sequentially driven in a time-divisional manner by
each set of heating elements simultaneously driven over the respective
divided blocks, the positional shift of dots on the recording medium can be
reduced and the instantaneous maximum dissipation power in time-division
drive can be reduced. The ink jet printer according to the present
invention is an ink jet printer having a recording head having a plurality
of heating elements as driving elements for ejecting ink droplets from a
plurality of nozzles, the plurality of heating elements being arranged in a
direction substantially perpendicular to the direction of carrying a
carried recording medium, the ink jet printer being adapted for recording
information including a character and/or an image in the form of dots made
of ink droplets, the ink  



69 jet printer comprising: time-division driving means for dividing the
plurality of heating elements into a plurality of blocks, each block
consisting of a predeternined number of spatially arranged heating elements
of the plurality of heating elements corresponding to the plurality of
nozzles, and sequentially driving each set of heating elements
simultaneously .driven over the respective blocks; in a time-divisional
manner; and recording means for ejecting ink droplets from the nozzles
corresponding to the driven ~ heating elements and impacting the ink
droplets on the recording medium, thus recording dots made of the ink
droplets. Therefore, in the ink jet printer according to the present
invention, since the heating elements are sequentially driven in a
time-divisional manner by each set of heating elements simultaneously
driven over the respective divided blocks, the positional shift of dots on
the recording medium can be reduced and the instantaneous maximum
dissipation power in time-division drive can be reduced. Moreover; the
method for driving a recording head according to the present invention is a
method for driving a recording head having a plurality of heating elements
as .driving elements for ejecting ink droplets from a plurality of nozzles;
the plurality of heating elements being arranged in a direction
substantially perpendicular to the direction of carrying a carried
recording medium, the method comprising: a drive signal generating step of
generating an element drive signal made of necessary data for forming one
dot so as to modulate the diameter of a dot by the number of ink droplets,
using one or a plurality of ink droplets for forming one dot; a
time-division   ~o driving step of dividing the plurality of heating
elements into a plurality of blocks, each block consisting of a
predetermined number of spatially arranged heating elements of the
plurality of heating elements corresponding to the plurality of nozzles;
and sequentially driving each set of heating elements simultaneously driven
over the respective blocks, in a time-divisional manner; and a recording
step of ejecting one or a plurality of ink droplets from the nozzles
-corresponding to the driven. heating elements and impacting the ink
droplets) on the recording medium, thus recording dots made of the ink
droplet(s). Therefore, in the method for driving a recording head according
to the present invention, since the heating elements are driven so as to
modulate the diameter of a dot by the number of ink droplets and the
heating elements are sequentially driven in a time-divisional manner by
each set of heating elements simultaneously driven over the respective
divided blocks, the positional shift of dots. on the recording medium can
be reduced and the instantaneous maximum dissipation power in time-division
drive can be reduced. Moreover, gray scales can be expressed within a pixel
and a recorded .image of high definition with less rough or granular
appearance can be provided at a high speed. . The recording head according
to the present invention is a recording head having a plurality of heating
elements as driving elements for ejecting ink droplets from a plurality of
nozzles, the plurality of heating elements being arranged in a direction
substantially perpendicular to the direction of carrying a carried
recording   



m medium, the recording head comprising: drive signal generating means for
generating an element drive signal made of necessary data for forming one
dot so as to modulate the diameter of a dot by the number of ink droplets,
using one or a plurality of ink droplets for forming one dot; time-division
driving means for dividing the plurality of . heating elements into a
plurality of blocks, each block consisting of a predetermined number of
spatially. arranged heating elements of the plurality of heating elements
corresponding to the plurality of nozzles, and sequentially driving each
set of heating elements simultaneously driven over the respective blocks,
in a tune-divisional manner; and recording means for ejecting one or a
plurality of ink droplets from the nozzles corresponding to the driven
heating elements and impacting the ink droplets) on the recording medium,
thus recording dots made of the ink droplet(s). Therefore, in the recording
head according to the present invention, since the heating elements are
driven so as to modulate the diameter of a dot by the number of ink
droplets and the heating elements are sequentially driven in a
time-divisional manner by each set of heating elements simultaneously
driven over the respective divided blocks, the positional shift of dots on
the recording medium can be reduced and the instantaneous maximum
dissipation power in time-division drive can be reduced. Moreover, gray
scales can be expressed within a pixel and a recorded image of high
definition with less rough or granular appearance can be provided at a high
speed. The ink jet printer according to the present invention is an ink jet
printer having   72 a recording head having a plurality of heating elements
as driving elements for ejecting ink. droplets from a plurality of nozzles,
the plurality of heating elements being arranged in a direction
substantially perpendicular to the direction of carrying a carried
recording medium, the ink jet printer being adapted for recording
information including a character and/or an image in the form of dots made
of ink droplets, the ink jet printer comprising: drive signal generating
means for generating an element drive signal made of necessary data for
forming one dot so as to modulate the diameter of a dot by the number of
ink droplets, using one or a plurality of ink droplets for forming one dot;
time-division driving means for dividing the plurality of heating elements
into a plurality of blocks, each block consisting of a predetermined number
of spatially arranged heating elements of the plurality of heating elements
corresponding to the plurality of nozzles, and sequentially driving each
set of heating elements simultaneously driven over the respective blocks,
in a time-divisional manner; and recording means of ejecting one or a
plurality of ink droplets from the . nozzles corresponding to the driven
heating elements and impacting the ink droplets) on the recording medium,
thus recording dots made of the ink droplet(s). Therefore, in the ink jet
printer according to the present invention, since the heating elements are
driven so as to modulate the diameter of a dot by the number of ink
droplets and the heating elements are sequentially driven in a
time-divisional manner by each set of heating elements simultaneously
driven over the respective divided blocks, the positional shift of dots on
the recording medium can be reduced   73 and the instantaneous maximum
dissipation power in time-division drive can be reduced. Moreover, gray
scales can be expressed within a pixel and a recorded image of high
definition with less rough or granular appearance can be provided at a high
speed.  



74 CLAIMS 1. A method for driving a recording head having a plurality of
heating elements as driving elements for ejecting ink droplets from a
plurality of nozzles, the plurality of heating elements being arranged in a
direction substantially perpendicular to the direction of carrying a
carried recording medium, the method comprising: a tine-division driving
step of dividing the plurality of heating elements into a plurality of
blocks,-each block consisting of a predetermined number of spatially
arranged heating elements of the plurality of heating elements
corresponding to the plurality of nozzles, and sequentially driving each
set of heating elements simultaneously driven over the respective blocks,
in a time-divisional manner; and a recording step of ejecting ink droplets
from the nozzles corresponding to the driven heating elements and impacting
the ink droplets on the recording medium, thus recording dots made of the
ink droplets. 2. The method for driving a recording head as claimed in
claim 1, wherein at the time-division driving step, the heating elements
are driven on the basis of a division dive signal generated for said each
set and an element drive signal, which is a signal for driving the heating
elements and is made up of necessary data for forming one dot. 3. The
method for driving a recording head as claimed in claim 2, wherein at the
time-division driving step, the division drive signals corresponding to the
number of time divisions are generated by mufti-dimensional input signals.
75 4. A recording head having a plurality of heating elements as driving
elements for ejecting ink droplets from a plurality of nozzles, the
plurality of heating elements being arranged in a direction substantially
perpendicular to the direction of carrying a carried recording medium, the
recording head comprising: time-division driving means for dividing the
plurality of heating elements into a plurality of blocks, each block
consisting of a predetermined number of spatially arranged heating elements
of the plurality of heating elements corresponding to the plurality of
nozzles, and sequentially driving each set of heating elements
simultaneously driven over the respective blocks, in a time-divisional
manner; and recording means for ejecting ink droplets from the nozzles
corresponding to the . driven heating elements and impacting the ink
droplets on the recording medium, thus recording dots made of the ink
droplets. 5. ~ The recording head .as claimed in claim 4, wherein the
time-division driving means drives the heating elements on the basis of a
division dive signal generated for said each set and an element drive
signal, which is a signal for driving the heating elements and is made up
of necessary data for forming one dot. 6. The recording head as: claimed in
claim 5, wherein he time-division driving means generates the division
drive signals corresponding to the number of .time divisions by
multi-dimensional input signals. 7. An ink jet printer having a recording
head having a plurality of heating elements as driving elements for
ejecting ink droplets from a plurality of nozzles, the plurality 



76 of heating elements being arranged in a direction substantially
perpendicular to the direction of carrying a carried recording medium, the
ink jet printer being adapted for recording information including a
character and/or an image in the form of dots made of ink droplets, the ink
jet printer comprising: time-division driving means for dividing the
plurality of heating elements into a plurality of blocks, each block
consisting of a predetermined number of spatially arranged heating elements
of the plurality of heating elements corresponding to the plurality of
nozzles, and sequentially driving each set of heating elements
simultaneously driven over the respective blocks, in a time-divisional
manner; and recording means for ejecting ink droplets from the nozzles
corresponding to the driven heating elements and impacting the ink droplets
on the recording medium, thus recording dots made of the ink droplets. 8. .
The ink jet printer as claimed in claim 7, wherein the time-division
driving means drives the heating elements on the basis of a division dive
signal generated for said each set and an element drive signal, which is a
signal for driving the heating elements and is made up of necessary data
for forming one dot. 9. The ink jet printer as claimed in claim 8, wherein
the tine-division driving means generates the .division drive signals
corresponding to the number of time divisions by mufti-dvnensional input
signals. 10.A method for driving a recording head having a plurality of
heating elements as driving elements for ejecting ink droplets from a
plurality of nozzles, the plurality    of heating elements being arranged
in a direction substantially perpendicular to the direction of carrying a
carried recording medium, the method comprising; a drive signal generating
step of generating an element drive signal made of necessary data for
forming one dot so as to modulate the diameter. of a dot by the number of
ink droplets, using one or a plurality of ink droplets for. forming one
dot; 



a time-division driving step of dividing the plurality of heating elements
into a plurality of blocks, . each block consisting of a predetermined
number of spatially arranged heating elements of the plurality of heating
elements corresponding to the plurality of nozzles, and sequentially
driving each set of heating elements simultaneously driven over the
respective blocks, in a time-divisional manner; and a recording step of
ejecting one or a plurality of ink droplets from the nozzles corresponding
to the driven heating elements and impacting the ink droplets) on the
recording medium, thus recording dots made of the ink droplet(s). 11. The
method for driving a recording head as claimed in claim 10, wherein at the
time-division driving step, the heating elements are driven on the basis of
a division dive signal generated for said each set and an element drive
signal generated at the drive signal generating step for driving the
heating elements belonging to said set designated by the division drive
signal. 12. The method for driving a recording head as claimed in claim 10,
wherein at the drive signal generating step, record data made up of
necessary data for forming one dot is compared with the number of pulses
generated for determining the number of   ~s said ink droplets to be
ejected from the nozzles, and the result of comparisoni is outputted as the
element drive signal. 13. The method for driving a recording head as
claimed in claim 12, wherein at the drive signal generating step, the order
of the pulses to be objects of comparison with the .record data is
determined so that a dot to be formed on the recording medium is equivalent
to a dot .formed by distributing the ink droplets in the direction of
carrying the recording medium from a lattice point as the center, which is
the position on the recording medium in forming one dot with one said ink
droplet. 14. The method for driving a recording head as claimed in claim
13, wherein at the drive signal generating step, in the case of forming one
dot with the ink droplets of even ordinal numbers, the order of the pulses
to be objects of comparison with the record data is determined so that the
resultant dot is equivalent to a dot formed by distributing the ink
droplets of odd. ordinal numbers and the ink droplets of even ordinal
numbers in the direction of carrying the recording medium symmetrically
about the lattice point as the center, and in the case of forming one dot
with the ink droplets of odd ordinal numbers, the order of the pulses to be
objects of comparison with the record data is determined so that the
resultant dot is equivalent to a dot formed by impacting the first ink
droplet on the lattice point and then distributing the ink droplets of odd
ordinal numbers and the ink droplets of even ordinal numbers in the
direction of carrying the recording 



79 medium symmetrically about the lattice point as the center. 15. The
method for driving a recording head as claimed in claim 13, wherein at the
recording step, recording is carried out while the position on the
recording medium where the ink droplet should be impacted is changed in
accordance with the number of pulses generated at the drive signal
generating step. 16. . . The method for driving a recording head as claimed
in claim 12, wherein at the drive signal generating step, the record data
is temporally divided into two, and the order of the pulses to be objects
of comparison with the former half record data of the record data divided
into two is determined so that a dot to be formed on the recording medium
is equivalent to a dot formed by distributing the ink droplets in the
direction of carrying the recording medium from a lattice point as the
center, which is the position on the recording medium in forming one dot
with one said ink droplet. 17. The method for driving a recording head as
claimed in claim 1-6, wherein at the drive signal generating.step, the
order of the pulses to be objects of comparison with the latter half record
data is determined so that record data based on the pulses of odd ordinal
numbers and record data based the pulses of even ordinal numbers are
arranged on the opposite sides of the lattice point to the former half
record data. 18. The method for driving a recording head as claimed in
claim 11, wherein at the time-division driving step, the division drive
signals corresponding to the number of . ;time divisions. are generated by
multi-dimensional input signals. 19. A recording head having a plurality of
heating elements as driving elements for    80 ejecting ink droplets from a
plurality of nozzles, the plurality of heating elements being arranged in a
direction substantially perpendicular to the direction of carrying a
carried recording medium, the recording head comprising: drive signal
generating means for generating an element drive signal made of necessary
data for forming one dot so as to modulate the diameter of a. dot by the
number of ink droplets, using one or a plurality of ink droplets. for
forming one dot; time-division driving means for dividing the plurality of
heating elements into a plurality of blocks, each block consisting of a
predetermined number of spatially arranged heating elements of the
plurality of heating elements corresponding to the plurality of nozzles,
and sequentially driving each set of heating elements simultaneously driven
over the respective blocks, in a time-divisional manner; and 



recording means for ejecting one or a plurality of ink droplets from the
nozzles corresponding to the driven heating elements and impacting the ink
droplets) on the recording medium; thus recording dots made of the ink
droplet(s). 20. The recording head as claimed in claim 19, wherein the
time-division driving means drives the heating elements on the basis of a
division dive signal generated for said each set and an element drive
signal generated by the drive signal 'generating means for driving the
heating elements belonging to said set designated by the division drive
signal. 21. The recording head as claimed in claim 19, wherein the drive
signal generating means has:   81 storage means for storing record data
made up of necessary data for forming one dot; pulse generating means for
generating pulses for determining the number of said . ink droplets to be
ejected from the nozzles; and comparing means for comparing the record data
stored in the storage means with the number of pulses generated by the
pulse generating means; the drive signal generating means outputting the
result of comparison made by the comparing means as the element drive
signal. 22. The recording head as claimed in claim 21, wherein the drive
signal generating means determines the order of the pulses to be objects of
comparison with the record data so .that a dot to be formed on the
recording medium is equivalent to a dot formed by distributing the ink
droplets in the direction of carrying the recording medium from a lattice
point as the center, which is the position on the recording medium in
forming one dot with one said ink droplet. 23. The recording head as
claimed in claim 22, wherein in the case of forming one dot with the W lc
droplets of even ordinal numbers, the drive signal generating means
determines the order of the pulses to be objects of comparison with the
record data so that the resultant dot .is equivalent to a dot formed by
distributing the ink droplets of odd ordinal numbers and the ink droplets
of even ordinal numbers in the direction of carrying the recording medium
symmetrically about the lattice point as the center, and 



82 in the case of forming one dot with the ink droplets of odd ordinal
numbers, the drive signal generating means determines the order of the
pulses to be objects of comparison with the record data so that the
resultant dot is equivalent to a dot formed by impacting the first ink
droplet on the lattice point and then distributing the ink droplets of odd
ordinal numbers and the ink droplets of even ordinal numbers in the
direction of carrying the recording medium symmetrically about the lattice
point as the center. 24. The recording head as claimed in claim 22, wherein
the recording means carries out recording while changing the position on
the recording medium where the ink droplet should be impacted, in
accordance with the number of pulses generated by the drive signal
generating means. 25. The recording head as claimed in claim 21, wherein
the drive signal generating means temporally divides the record data is
temporally divided into two and determines the order of the pulses to be
objects of comparison with the former half record data of the record data
divided into two so that a dot to be formed on the recording medium is
equivalent to a dot formed by distributing the ink droplets in the
direction of carrying the recording medium from a lattice point as the
center, which is the position on the recording medium in forming one dot
with one said ink droplet. 26. The recording head as claimed in claim 25,
wherein the drive signal generating means determines the order of the
pulses to be objects of comparison with the latter half record data so that
record data based on the pulses of odd ordinal numbers and   83 record data
based the pulses of even ordinal numbers are arranged on the opposite sides
of the lattice point to the former half record data. 27. The recording head
as claimed in claim 20, wherein the time-division driving means generates
the division drive signals corresponding to the number of time divisions by
mufti-dimensional input signals. 28.`An ink jet printer having a recording
head having a plurality of heating elements as driving elements for
ejecting ink droplets from a plurality of nozzles, the plurality of heating
elements being arranged in a direction substantially perpendicular to the
direction of carrying a carried recording medium, the ink jet printer being
adapted for recording information including a character and/or an image in
the form of dots made of ink droplets, the ink jet printer comprising:
drive signal generating means for generating an element drive signal made
of necessary -data for forming one dot so as to modulate the diameter of a
dot by the __ --~~y __ _ _ ------ ~ number of ink droplets, using one or a
plurality of ink droplets for forming one dot; tine-division driving means
for dividing the plurality of heating elements into a plurality of blocks,
each block consisting of a predetermined number of spatially arranged
heating elements of the plurality of heating elements corresponding to the:
. plurality of nozzles, and sequentially driving each set of heating
elements . simultaneously driven over the respective blocks, in a
time-divisional manner; and 



recording means of ejecting one or a plurality of ink droplets from the
nozzles corresponding to the driven heating elements and impacting the ink
droplets) on the   84 recording medium, thus recording dots made of the ink
droplet(s). 29. The ink jet printer as claimed in claim 28, wherein the
time-division driving means drives the heating elements on the basis of a
division dive signal generated for said each set and an element drive
signal generated by the drive signal generating means for driving the
heating elements belonging to said set designated by the division drive
signal. 30. The ink jet printer as claimed in claim 28, wherein the drive
signal generating means has: storage means for storing record data made up
of necessary data for forming one dot; pulse generating means for
generating pulses for determining the number of said ink droplets to be
ejected from the nozzles; and comparing means for comparing the record data
stored in the storage means with the number of pulses generated by the
pulse generating means; the drive signal generating means outputting the
result of comparison made by the comparing means as the element drive
signal. 31. The ink jet printer as claimed in claim 30, wherein the drive
signal generating means determines the order of the pulses to be objects of
comparison with the record . data so that a dot to be formed on the
recording medium is equivalent to a dot formed by distributing the ink
droplets in the direction of carrying the recording medium from a lattice
point as the center, which is the position on the recording medium in
forming  



85 one dot with one said ink droplet. 32. The ink jet printer as claimed in
claim 31, wherein in the case of forming one dot with the ink droplets of
even ordinal numbers, the drive signal generating means determines the
order of the pulses to be objects of comparison with the record data so
that the resultant dot is equivalent to a dot formed by distributing the
ink droplets of odd ordinal numbers and the ink droplets of even ordinal
numbers in the direction of carrying the recording medium symmetrically
about the lattice point as the center, and in the case of forming one dot
with the ink droplets of odd ordinal numbers, the drive signal generating
means determines the order of the pulses to be objects of comparison with
the record data so that the resultant dot is equivalent to a dot formed by
impacting the first ink droplet on the lattice point and then distributing
the ink droplets of odd ordinal numbers and the ink droplets of even
ordinal numbers in the direction of carrying the recording medium
symmetrically about the lattice point as the center. 33. The ink jet
printer as claimed in claim 31, wherein the recording means carries out
recording .while changing the position on the recording medium where the
ink droplet should be impacted, in accordance with the number of pulses
generated by the drive signal generating means. 34. The ink jet printer as
claimed in claim 30, wherein the drive signal generating means temporally
divides the record data is temporally divided into two and    86 determines
the order of the pulses to be objects of comparison with the former half
record data of the record data divided into two so that a dot to be formed
on the recording medium is equivalent to a dot formed by distributing the
ink droplets in the direction of carrying the recording medium from a
lattice point as the center, which is the position on the recording medium
in forming one dot with one said ink droplet. 35. The ink jet printer as
claimed in claim 34, wherein the drive signal generating means determines
the order of the pulses to be objects of comparison with the latter half
record data so that record data based on the pulses of odd ordinal numbers
and record data based the pulses of even ordinal numbers are arranged on
the opposite sides of the lattice. point to the former half record data.:
36. The ink jet printer as claimed in claim 29, wherein the time-division
driving means generates the division drive signals corresponding to the
number of time divisions by multi-dimensional input signals. .
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