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Description

[0001] The presentinvention relates to an ink-jet print-
ing head and an ink-jet printing apparatus and method.
[0002] Ink-jet printing apparatuses, which eject ink
droplets from an ink-jet printing head to print an image,
can print an image with various gradations by varying the
size of the droplets.

[0003] A conventional ink-jet printing head, for exam-
ple, the one described in U.S. Patent No. 5,208,605, has
two nozzle lines formed therein parallel with each other
and extending in a direction crossing a scanning direc-
tion. One of the nozzle lines has a plurality of larger noz-
zles (larger ejection openings) arranged at equal inter-
vals and through which large ink-droplets are ejected. In
contrast, the other nozzle line has a plurality of smaller
nozzles (smaller ejection openings) arranged at equal
intervals and through which small ink-droplets are eject-
ed. The larger and smaller nozzles are communication
with a common ink supply port, and the same type of ink
is ejected through these nozzles.

[0004] A printing head constructed in this manner
ejects ink droplets through the larger and smaller nozzles
while moving in the scanning direction, to form large and
small ink dots on a printing medium.

[0005] Applicant of the present invention examined a
printed image printed by using the conventional printing
head. The printed image is obtained by high-density pix-
els and low-density pixels, high-density pixels corre-
sponding to the large ink dots are formed by large ink-
droplets ejected from the larger nozzles, and low-density
pixels corresponding to the small ink dots are ejected
from the smaller nozzles. Result of the examination, un-
wanted stripes and noticeable granularity are appeared
in printed images, thereby making it difficult to print pho-
tograph-grade images.

[0006] Applicantofthe presentinvention found outone
of the causes of the phenomenon. It is caused by the
arrangement in which the positions of the larger nozzles
deviate from the position of the smaller nozzles in the
direction of the nozzle lines. That is, in the conventional
printing head, the position of large dots formed by large
ink-dots ejected from the larger nozzles deviate from the
position of small dots formed by small ink-dots ejected
from the smaller nozzles, because the positions of the
larger nozzles deviate from the position of the smaller
nozzles in the direction of the nozzle lines. Therefore, if
the large dot is formed on a center of a pixel, the position
of the small dot deviate from a center of a low-density
pixel formed by one small dot. Thus, in a low-density pixel
in which a small dot is formed, a large and unwanted
stripe shape blank is created within the pixel, the blank
amounting to the deviation of the position of the small
dot from the center.

[0007] Further, when printing an image is performed
by using the conventional printing head, as shown in Fig.
20, the junction part between large dots D1 coincides
with the junction part between small dots D3 on a line L
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extending along the scanning direction of the printing
head. Accordingly, when the ejecting directions of the
large ink-droplets and small ink-droplets are deviated
each other, gap caused at the position corresponding to
the junction part between large dots D1 links with gap
caused at the position corresponding to the junction part
between small dots D3. The linking gaps are appeared
in the printed images, as the unwanted stripes.

[0008] Furthermore, as sown in Fig. 21, if the small
dots D3 will be formed at the portion adjoined large dots
D1, itis difficult to form the small dots D3 independently
without overlapping with the large dots D1. The large dots
D1 and the small dots D3 are into dots DO larger than
large dots D1. Therefore, noticeable granularity is ap-
peared in printed images due to the dots DO.

[0009] US-A-6 137 502 disloses an ink-jet printing
head according to the preamble of claim 1.

[0010] Itis anobject of the presentinvention to provide
an ink-jet printing head, and ink-jet printing apparatus
and method which enable high-gradation and high-qual-
ity images to be printed using dots of different sizes.
[0011] In afirst aspect of the present invention, there
is provided an ink-jet printing head having a plurality of
nozzles through which the printing head ejects ink drop-
lets of the same color while moving in a scanning direc-
tion, wherein

the nozzles include a plurality of first nozzles through
which a predetermined volume of ink droplets are ejected
and a plurality of second nozzles through which a pre-
determined volume of ink droplets less than that of ink
droplets ejected through the first nozzles are ejected,
the number of the plurality of second nozzles is larger
than the number of the plurality of first nozzles, and

at least one of the second nozzles has a center thereof
located on afirstimaginary line extending in the scanning
direction through a center of each of the first nozzles.
[0012] In a second aspect of the present invention,
there is provided an ink-jet printing method for printing
on a printing medium using an ink-jet printing head of the
present invention, wherein

dots of different sizes are formed on the printing medium
by ink droplets ejected through the first and second noz-
Zles.

[0013] In athird aspect of the present invention, there
is provided an ink-jet printing method for printing on a
printing medium using an ink-jet printing head of the
present invention, wherein

printing is carried out by alternately arranging, relative to
the scanning direction, at least one large dot formed on
the printing medium using an ink droplet ejected through
at least one of the first nozzles and a plurality of small
dots formed on the printed medium using a plurality of
ink droplets ejected through the second nozzles.

[0014] Inafourth aspectofthe presentinvention, there
is provided an ink-jet printing apparatus for printing on a
printing medium comprising an ink-jet printing head of
the present invention, and

movement means for moving the ink-jet printing head
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and the printing medium relatively to each other, wherein
dots of different sizes are formed on the printing medium
using ink droplets ejected through the first and second
nozzles.

[0015] According to a printing head of the present in-
vention, on an imaginary line extending in a main-scan-
ning direction of the printing head through the center of
a first nozzle (larger-diameter nozzle; larger-diameter
ejection opening), the center of at least one second noz-
zle (smaller-diameter nozzle; smaller-diameter ejection
opening) is arranged. Accordingly, when one dot is
formed within a print range on a printing medium, a blank
within the print range is uniformly distributed to the exte-
rior of the periphery of the small dot and is not noticeable.
Further, when printing is performed by forming the large
and small dots, the junction parts between the large dots
and between the small dots can be arranged to deviate
from each other so as not to lie on the same line along
the scanning direction of the printing head. This hinders
unwanted strips from appearing in printed images, there-
by enabling high-gradation and high-quality images to be
printed.

[0016] Further, the number of second nozzles (small-
er-diameter nozzles; smaller-diameter ejection open-
ings) is larger than that of first nozzles (larger-diameter
nozzles; larger-diameter ejection openings). According-
ly, high-definition images can be printed using more small
dots. Furthermore, the use frequency of the second noz-
zles can be distributed to improve their durability.
[0017] Moreover, the manner is set in which the first
nozzles (larger-diameter nozzles; larger-diameter ejec-
tion openings) and the second nozzles (smaller-diameter
nozzles; smaller-diameter ejection openings) are ar-
ranged. Then, a driving frequency used to eject ink drop-
lets through these nozzles is set at a fixed value in as-
sociation with the scanning speed of the printing head,
thereby allowing images to be printed at high speed. Fur-
ther, depending on the manner in which the first nozzles
(larger-diameter nozzles; larger-diameter ejection open-
ings) and the second nozzles (smaller-diameter nozzles;
smaller-diameter ejection openings) are arranged, large
and small dots formed using these nozzles can be arbi-
trarily combined together to print high-quality images.
[0018] The above and other objects, effects, features
and advantages of the present invention will become
more apparent from the following description of embod-
iments thereof taken in conjunction with the accompany-
ing drawings.

Fig. 1 is a partially cutaway perspective view of a
printing head to which the present invention is appli-
cable;

Fig. 2 is an enlarged sectional view taken along line
lI-1l'in Fig. 1;

Fig. 3 is a schematic perspective view of a printing
apparatus to which the present invention is applica-
ble;

Fig. 4 is a block diagram of a control system of the
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printing apparatus in Fig. 3;

Fig. 5 is a diagram illustrating how nozzles are ar-
ranged in a printing head according to a first embod-
iment of the present invention;

Fig. 6 is a diagram illustrating dots formed using the
printing head shown in Fig. 5;

Fig. 7 is a diagram illustrating the junction part be-
tween the large dots and the junction part between
the small dots, the large and small dots being formed
by using the printing head shown in Fig. 5;

Fig. 8 is a diagram illustrating the dot arrangement,
in which the small dots formed without overlapping
with the large dot, the large and small dots being
formed by using the printing head shown in Fig. 5;
Fig. 9 is a diagram illustrating how nozzles are ar-
ranged in another printing head according to a first
embodiment of the present invention;

Fig. 10 is a diagram illustrating an example of s com-
bination of large and small dots when the printing
head shown in Fig. 5 is used to carry out printing;
Fig. 11 is a diagram showing how nozzles are ar-
ranged in a printing head according to a second em-
bodiment of the present invention;

Fig. 12 is a plan view showing nozzles in the printing
head in Fig. 11;

Fig. 13 is a diagram illustrating dots that can be
formed using the printing head shown in Fig. 11;
Fig. 14 is a diagram showing how nozzles are ar-
ranged in a printing head according to a third em-
bodiment of the present invention;

Fig. 15 is a diagram illustrating dots that can be
formed using the printing head shown in Fig. 14;
Fig. 16A is a plan view showing an example of a
configuration of a printing head according to a fourth
embodiment of the present invention, and Fig. 16B
is a plan view showing another example of a config-
uration of the printing head according to the fourth
embodiment of the present invention

Fig. 17A is a diagram illustrating dots that can be
formed using the printing head shown in Fig. 16A,
and Fig. 17B is a diagram illustrating dots that can
be formed using the printing head shown in Fig. 16B;
Fig. 18 is a plan view showing an example of a con-
figuration of a printing head according to another em-
bodiment of the present invention;

Fig. 19 is a plan view showing another example of a
configuration of a printing head according to another
embodiment of the present invention;

Fig. 20 is a diagram illustrating the junction part be-
tween the large dots and the junction part between
the small dots, the large and small dots being formed
by using a conventional printing head;

Fig. 21 is a diagram illustrating the overlapping of
the large dots and small dots, the large and small
dots being formed by using a conventional printing
head;

Fig. 22 is a diagram illustrating the dots when small
dots are overlapped to form the middle-sized dot by
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using a conventional printing head; and

Fig. 23 is a diagram illustrating an example of s com-
bination of the large dots formed using the conven-
tional printing head.

[0019] First, basic configurations of a printing head and
a printing apparatus to which the present invention is
applicable will be described with reference to Figs. 1 to 4.

(Basic Configuration)

[0020] Fig. 1is a partially cutaway perspective view of
a printing head to which the present invention is applica-
ble. Fig. 2 is a sectional view taken along line ll-1l in Fig. 1.
[0021] A printing head 10 in this example comprises a
substrate 4 composed of glass, ceramics, plastic, metal,
or the like. Material for the substrate 4 is arbitrary and
has only to function as part of an ink channel constituting
member and as a support for material layers forming ther-
mal energy generating means, ink channels, and ink noz-
zles, described later. In this example, the substrate 4 is
a Si substrate (wafer). The substrate 4 comprises elec-
trothermal conversion elements 3 asthermal energy gen-
erating means, and an ink supply port 3. The electrother-
mal conversion elements 1 are arranged at each side of
the ink supply port 3 composed of a through-slot. In Figs.
1and 2, electric wires and the like which are used to drive
the electrothermal conversion elements 1 are not shown.
The substrate 4 is provided with ink channel walls 7 that
define ink channels. A nozzle plate 5 having nozzles 2
is provided on the ink channel walls 7. The ink channel
walls 7 in this example are each formed of a coating resin
layer 6 different from the member constituting the nozzle
plate 5. However, by forming the ink channel walls 7 on
the substrate 4 using a process such as spin coating, the
ink channel walls 7 and the nozzle plate 5 can be simul-
taneously formed using the same member.

[0022] Ink for image formation is supplied through the
ink supply port 3 and introduced into the ink channels
formed by the ink channel walls 7. Then, electricity is
conducted through the electrothermal conversion ele-
ments 1 viawires (not shown) to cause the electrothermal
conversion elements 1 to generate thermal energy. Then,
ink in the ink channels 7 is heated to generate bubbles
because of film boiling. The resulting bubbling energy
causes ink droplets to be ejected through the nozzles 2.
The nozzles 2 are densely arranged to constitute a print-
ing head 10 based on a multinozzle ink-jet method. In
this example, the electrothermal conversion element 1
and the nozzle 2 are disposed opposite each other for
each of the large number of ink channels formed by the
ink channel walls 7.

[0023] Fig. 3is a perspective view schematically illus-
trating the configuration of a printing apparatus to which
the present invention is applicable.

[0024] A printing apparatus 50 in this example is based
on a serial scan method. Guide shafts 51 and 52 guide
a carriage 53 so that the carriage 53 can be moved in a

10

15

20

25

30

35

40

45

50

55

main-scanning direction, shown by arrow X. The carriage
53 is reciprocated in the main scanning direction using
a carriage motor and driving force transmitting mecha-
nisms such as belts which transmit driving force from the
motor. The carriage 53 has the printing head 10 (not
shown in Fig. 2) mounted thereon and ink tanks 54 also
mounted thereon and from which ink is supplied to the
printing head 10. The printing head 10 and the ink tanks
54 may constitute an ink-jet cartridge. A sheet P as a
printing medium is inserted through an insertion port 55
formed at a front end of the apparatus, subsequently has
its transportation direction reversed, and is then trans-
ported by a feed roller 56 in a sub-scanning direction
shown by arrow Y. The printing apparatus 50 sequentially
prints an image on the sheet P by repeating a printing
operation and a transportation operation. In the printing
operation, ink is ejected to a print area of the sheet P on
a platen 5 while moving the printing head 10 in the main-
scanning direction. In the transportation operation, the
sheet P is transported in the sub-scanning direction a
distance corresponding to the print width of the sheet P.
[0025] In Fig. 3, a recovery unit (recovery process
means) 58 is located at the left end in a moving area of
the carriage 53. The recovery unitis opposite to a surface,
in which the nozzles 2 are formed, of the printing head
10 mounted on the carriage 53. The recovery unit 58
comprises a cap that can cap the nozzles 2 of the printing
head 10, a suction pump that can introduce negative
pressure into the cap, and others. The recovery unit 58
executes a recovery process (also referred to as a "suc-
tion recovery process") for introducing negative pressure
into the cap, covering the nozzles 2, to suck and dis-
charge ink through the nozzles 2 in order to maintain the
appropriate ink ejection state of the printing head 10. Al-
ternatively, in order to maintain the appropriate ink ejec-
tion state of the printing head 10, the recovery process
(also referred to as the "ejection recovery process") may
be executed by ejecting ink that does not contribute to
image formation, through the nozzles 2 toward the cap.
[0026] Fig. 4 is a schematic block diagram of a control
system of a printing apparatus to which the present in-
vention is applicable.

[0027] In Fig. 4, a CPU 100 executes processes of
controlling operations of the present printing apparatus,
data processing, and others. A ROM 101 stores pro-
grams for these process procedures and others, and a
RAM 102 is used as a work area or the like to execute
these processes. A head driver 10A is supplied driving
data (image data) for the electrothermal conversion ele-
ments 1 and driving control signals (heat pulse signals)
by the CPU 100, thereby, ink is ejected from the printing
head 10. The CPU 100 controls, via a motor driver 103A,
a carriage motor 103 for driving the carriage 53 in the
main-scanning direction, and controls, via a motor driver
104A, a P.F motor 104 for transporting the sheet P in the
sub-scanning direction.
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(First Embodiment)

[0028] Fig. 5 is a plan view of an essential part of a
printing head according to a first embodiment of the
present invention.

[0029] In this example, as shown in Fig. 5, a printing
head 10 has a plurality of nozzles (ejection openings)
formedonlines L1 and L2 arranged along the main-scan-
ning direction shown by an arrow X. Ink droplets of the
same color are ejected from the plurality of nozzles. The
line L1 has larger-diameter nozzles (larger-diameter
ejection openings) 21 formed thereon at equal intervals.
The distance between the larger-diameter nozzles 21
corresponds to a resolution of 600 DPI (Dot Per Inch).
The line L2 has smaller-diameter nozzles (smaller-diam-
eter ejection openings) 22 formed thereon at equal inter-
vals. The distance between the smaller-diameter nozzles
22 corresponds to a resolution of 1200 DPI. The center
of the larger-diameter nozzle 21 on the line L1 and the
center of a smaller-diameter nozzle 22A on the line L2
are located on an imaginary centerline LO extending
along the main-scanning direction, shown by the arrow
X. Further, on the line L2, a smaller-diameter nozzle 22B
is located midway between the adjacent smaller-diame-
ternozzles 22A. Inthis example, the larger-diameter noz-
zle line L1 deviates 10.7pm from the smaller-diameter
nozzle line L2. The printing head 10 performs a printing
operation while being moved in the direction of the arrow
X (main-scanning direction) at a speed of 10 inch/sec.
[0030] The printing head 10 has ink channels defined
by ink channel walls 7 and corresponding to the larger-
diameter nozzles 21 and smaller-diameter nozzles 22.
Each of the ink channels is provided with an electrother-
mal conversion element 1 located opposite the corre-
sponding larger-diameter nozzle 21 or smaller-diameter
nozzle 22. In this example, the amount of ink ejected
through the larger-diameter nozzle 21 is 10 pl (pico liter).
The larger-diameter nozzle 21 has a diameter of 23um.
The electrothermal conversion element 1 located oppo-
site the larger-diameter nozzle 21 has a size of 30 X
30pm. On the other hand, the amount of ink ejected
through the smaller-diameter nozzle 22is 2 pl. The small-
er-diameter nozzle 22 has a diameter of 11pum. Further,
channel height is 14pm, and nozzle plate thickness is
11lpm.

[0031] Fig. 6is a diagram illustrating the arrangement
of ink dots formed on a sheet P as a printing medium
using the printing head 10.

[0032] Anink droplet ejected through the larger-diam-
eter nozzle 21 forms a large dot D1 in a unit print range
600 X 600 DPI on the sheet P. Further, an ink droplet
ejected through the smaller-diameter nozzle 22 forms a
small dot D3. In Fig. 6, a small dot D3(A) is formed by an
ink droplet ejected through the smaller-diameter nozzle
22A. Further, asmalldot D3(B) is formed by an ink droplet
ejected through the smaller-diameter nozzle 22B. Fur-
thermore, the ink droplets ejected through the two small-
er-diameter nozzles 22A and 22B form a middle-sized
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dot D2. That is, as shown in Fig. 6, the two small dots
D3(A) and D3(B) are overlapped and deviated each other
to form the middle-sized dot D2.

[0033] The center of the smaller-diameter nozzle 21A
and the center of the larger-diameter nozzle 22 are thus
arranged on the imaginary centerline LO extending along
the X direction (main-scanning direction). Accordingly, a
small dot D3 and a large dot D1 can each be formed in
the center of the print range (pixel) of 600 X 600 DPI.
Thus, when one small dot D3 is formed within the print
range, the blank within the print range can be uniformly
distributed to the exterior of the periphery of the small
dot D3. Consequently, the blank will be unnoticeable.
Further, if a combination of large dots D1 and small dots
D3 is printed, the junction part between the large dots
D1 and the junction part between the small dots D3 de-
viate from each other in the Y direction (sub-scanning
direction), as shown in Fig. 7. That is, the junction part
between the large dots D1 is located on a line LA extend-
ing along the scanning direction of the printing head 10.
The junction part between the small dots D3 is located
on a line LB extending along the scanning direction of
the printing head 10. These lines LA and LB deviate from
each other in the Y direction. As a result, unwanted
stripes are hindered from appearing on a printed image.
Especially, the center of the smaller-diameter nozzle 21B
is preferably arranged on the imaginary centerline LO’,
as shown in Fig. 5. The imaginary centerline LO' pass
through midway between the adjacent larger-diameter
nozzles 21 in the Y direction, and extends along the X
direction (main-scanning direction). Because, by such ar-
rangement of the smaller-diameter nozzle 21B, as shown
in Fig. 7, the small dot D3 formed by the ink droplet eject-
ed through the smaller-diameter nozzle 21B is positioned
on the line LA on which the junction part between the
large dots D1 is positioned. Therefore, unwanted stripes
are hindered more effectively from appearing on a printed
image. Further, by the printing head in this embodiment,
as shown in Fig. 8, the isolated small dot D3(A) can be
formed on the vicinity of the large dot D1 without over-
lapping with the large dot D1. Therefore, noticeable gran-
ularity is not appeared in printed images, high-gradation
image can be printed.

[0034] Furthermore, in this embodiment, a printing op-
eration can be performed by setting the main scanning
speed of the printing head 10 at 20 inch/sec and ejecting
ink through each of the larger- and smaller-diameter noz-
zles 21 and 22 at a driving frequency of 12 kHz. This
eliminates the need to increase the driving frequency for
the smaller-diameter nozzles 22 even when a middle-
sized dot D2 is to be formed. Further, two smaller-diam-
eter nozzles 22 are required to form one middle-sized
dots D2. Therefore, the smaller-diameter nozzles 22 be-
come as durable as the larger-diameter nozzles 21.
[0035] Furthermore, two smaller-diameter nozzles
22A and 22B located adjacent to each other in the sub-
scanning direction shown by the arrow Y can be used to
form a middle-sized dot D2 by two small dots D3(A) and
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D3(B) deviating from each other, as shown in Fig. 6.
Thus, a large middle-sized dot D2 can be formed com-
pared to a conventional example in which the conven-
tional printing head is used to place a small dot D3 on
another small dot D3 to form a middle-sized dot D2, as
shown in Fig. 22. A large middle-sized dot D2 can thus
be formed, thereby allowing ink to be reliably fixed to a
surface layer of the sheet P. Further, dot area can be
efficiently increased relative to the ejecting amount of ink.
Furthermore, even if there is a difference in ejecting
amount of ink between the smaller-diameter nozzles 22A
and 22B because of a manufacture variation in nozzle
area, adverse effects can be minimized. Thatis, a middle-
sized dot D2 can be formed to have a stable dot area
because it is formed using ink droplets ejected through
the two smaller-diameter nozzles 22A and 22B.

[0036] In this embodiment, images with photograph-
level quality can be formed by properly forming large dots
D1, middle-sized dots D2, and small dots D3 as described
above.

[0037] Furthermore, the printing head 10 of this em-
bodiment can alternately form a large dot D1 using 10 pl
of ink droplet ejected through the larger-diameter nozzle
21 and a small dot D3 using 2 pl of ink droplet ejected
through the smaller-diameter nozzle 22, in the main scan-
ning direction. By thus forming dots for printing, printing
speed can be increased as described below.

[0038] In the prior art, if a print surface on a printing
medium is filled with only large dots D1, the distance
between the large dots D1 in the main-scanning direction
corresponds to a resolution of 600 DPI as shown in Fig.
23. In this embodiment, as shown in Fig. 10, by placing
a small dot D3 between the large dots D1, the resolution
corresponding to the distance between the large dots D1
in the main-scanning direction can be reduced by the
resolution of the small dot D3, 1200 DPI, down to 400
DPI. The resolution of the small dot D3, which determines
the resolution between the large dots D1, corresponds
to the volume of ink droplets ejected to form a small dot
group.

[0039] In short, it is hecessary to equal an amount of
ink to be applied in a unit area on the printing medium,
in a part on which large dots D1 are formed and a part
on which small dots D3 are formed, for equal the density
of ink applied on each parts. In this embodiment, the vol-
ume of ink droplet used to form a small dot D3 is 2 pl.
The small dot group, constituted by two small dots D2,
is formed by 4 pl of ink droplets. The volume of the small
dot group, 4 pl, is about half the volume (10 pl) of ink
droplets used to form a large dot D1. Consequently, in
this embodiment, the resolution of the small dot D3, 1200
DPI, is double the resolution of the large dot D1, 600 DPI.
[0040] Thus, when the resolution is 400 DPI in the
main-scanning direction, printing speed is three-fourths
(=600/400 DPI) as high as that obtained when the reso-
lution is 600 DPI even if the printing head 10 uses the
same driving frequency. Further, as shown in Fig. 10, a
large dot D1 and a small dot group composed of a plurality
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of small dots D3 can be alternately formed in the sub-
scanning direction (crossing the main-scanning direc-
tion). Higher-quality images are obtained by thus distrib-
uting large dots D1 and small dots D3.

[0041] In this embodiment, it is sufficient to arrange
the center of the smaller-diameter nozzle 22A on the im-
aginary centerline LO. The imaginary centerline LO pass
through the center of the larger-diameter nozzle 21 and
extends along the X direction (main-scanning direction).
Therefore, the structure of the printing head is not limited
to that of the printing head, as shown in Fig. 5, larger-
diameter nozzle 21 and smaller-diameter nozzle 22 are
formed on the different lines L1, L2 respectively. For ex-
ample, the printing head as shown in Fig. 9 can be struc-
tured, the similar effects are obtained. In Fig.9, the plu-
rality of smaller-diameter nozzles 22 is arranged between
the larger-diameter nozzles 21. The printing head shown
in Fig. 9 has, as a whole, the plurality of larger-diameter
nozzles 21 arranged along the Y direction (sub-scanning
direction) at equal intervals and a plurality of the smaller-
diameter nozzles 22 arranged along the Y direction (sub-
scanning direction) at equal intervals, as is the printing
head shown in Fig. 5.

[0042] Further, in the ink supply form as shown in Fig.
1 and 2, ink is supplied from the ink supply port 3 formed
on the middle of the substrate to the ink channels formed
on both sides of the ink supply port 3. The ink supply form
which is applicable to this embodiment is not limited the
form as shown in Fig. 1 and 2. For example, if same color
ink is supplied to the ink channels communicated with
the larger-diameter nozzles and smaller-diameter noz-
zles, ink may be supplied from two locations, i.e. the op-
posite ends of the substrate 4. Furthermore, the ink sup-
ply port for supplying ink to ink channel communicated
with the larger-diameter nozzles and the ink supply port
for supplying ink to ink channel communicated with the
smaller-diameter nozzles can be formed separately on
the substrate.

(Second Embodiment)

[0043] Inthis embodiment, larger-diameter nozzles 21
and smaller-diameter nozzles 22 are formed as shown
inFig. 11. The distance between the larger-diameter noz-
zles 21 corresponds to a resolution of 600 DPI. The dis-
tance between the smaller-diameter nozzles 22 also cor-
responds to a resolution of 600 DPI. On each of the lines
L1 and L2, one larger-diameter nozzle 21 alternates with
one smaller-diameter nozzle 22. Furthermore, a smaller-
diameter nozzle 22A is formed at a position deviating
from the smaller-diameter nozzle 22B on the line L1 by
a predetermined amount in a -X direction. Moreover, a
smaller-diameter nozzle 22C is formed at a position de-
viating from the smaller-diameter nozzle 22B on the line
L2 by a predetermined amount in a +X direction. The
center of the larger-diameter nozzle 21 and smaller-di-
ameter nozzles 22 located adjacent to each other in the
direction of an arrow X are located on an imaginary cen-
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terline LO. That is, one larger-diameter nozzle 21 on the
line L1 or L2 and two smaller-diameter nozzles 22 on the
line L2 or L1 lie on the same imaginary centerline LO.
[0044] Fig. 12 shows the structure of ink channels in
the printing head 10 of this example.

[0045] OneachofthelinesLland L2, the two smaller-
diameter nozzles 22 arranged adjacent to each other in
the direction of the arrow X are in communication with a
common ink channel. The common ink channel is pro-
vided with the electrothermal conversion elements 1 cor-
responding to the two smaller-diameter nozzles 22, re-
spectively. Accordingly, one common ink channel 7 is
provided with two smaller-diameter nozzles 22 and two
electrothermal conversion elements 1.

[0046] Withthe printing head 10 of this example, within
a unit print area of 600 X 600 DPI, a large dot D1 is
formed by an ink droplet ejected through the larger-di-
ameter nozzle 21, and a small dot D3 is formed by an
ink droplet ejected through the smaller-diameter nozzle
22, as shownin Fig. 13. In Fig. 13, D3(A) denotes a small
dot formed by an ink droplet ejected through the smaller-
diameter nozzle 22A. D3(B) denotes a small dot formed
by an ink droplet ejected through the smaller-diameter
nozzle 22B. Further, a middle-sized dot D2 is formed by
ink droplets ejected through two smaller-diameter noz-
zles 22 located on each of the lines L1 and L2 adjacent
to each other in the direction of the arrow X. That is, the
middle-sized dot D2 is formed by two small dots D3. The
middle-sized dot D2 in Fig. 13 is formed by the small dots
D3(A) and D3(B).

[0047] Thus, inthis embodiment, as in the first embod-
iment, the center of the smaller-diameter nozzle 21A is
located on the imaginary centerline LO, which extends
along the X direction (main-scanning direction) through
the center of the larger-diameter nozzle 22. Accordingly,
a small dot D3 and a large dot D1 can each be formed
in the center of a print range (pixel) of 600 X 600 DPI.
Thus, when one small dot D3 is formed within the print
range, the blank within the print range can be uniformly
distributed to the exterior of the periphery of the small
dot D3. Consequently, the blank will be unnoticeable.
Further, if a combination of large dots D1 and small dots
D3 is printed, the junction part between the large dots
D1 and the junction part between the small dots D3 de-
viate from each other in the Y direction (sub-scanning
direction). As a result, unwanted stripes are hindered
from appearing on a printed image. Further, a middle-
sized dot D2 can be formed by placing ink droplets eject-
ed through a plurality of smaller-diameter nozzles 22, on
each other so that the ink droplets deviate from each
other.

[0048] A method of forming a large dot D1, a middle-
sized dot D2, or a small dot D3 is similar to the one de-
scribed in the first embodiment. In this embodiment, the
printing resolution of the large dot D1 can be increased
in the direction of the arrow Y (sub-scanning direction).
Therefore, images can be printed with an increased def-
inition.
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[0049] The printing head 10 is filled with ink from an
ink storage section including ink tanks 54, through afilling
operation based on ink suction or pressurization carried
out by the ink-jet printing apparatus. The ink is then filled
into the nozzles 21 and 22 via the ink supply port 3. When
ineach ofthe lines L1 and L2, one larger-diameter nozzle
21 alternates with two smaller-diameter nozzles 22, as
in this example, ink has an equal viscous resistance in
both nozzle line L1 and nozzle line L2. Accordingly, in
this embodiment, through the filling operation based on
ink suction or pressurization carried out by the ink-jet
printing apparatus, the nozzles 21 and 22 can be reliably
filled with ink without causing bubbles to remain in the
ink supply port 3 or the like. Further, instead of the ink
supply formin which inkis supplied through the ink supply
port 3, formed in the center of the substrate 4, as shown
in Figs. 1 and 2, ink may be supplied from two locations,
i.e. the opposite ends of the substrate 4. Both supply
forms produce similar effects.

(Third Embodiment)

[0050] Fig. 14 shows how nozzles are arranged in an
ink-jet printing head according to a third embodiment of
the presentinvention. Further, Fig. 15 shows the arrange-
ment of dots that can be formed using this printing head.
[0051] In this embodiment, as shown in Fig. 14, the
three smaller-diameter nozzles 22 (22A, 22B, and 22C)
are arranged on the centerline LO of the larger-diameter
nozzle extending along the main-scanning direction.
[0052] The distance between the larger-diameter noz-
zles 21 corresponds to a resolution of 600 DPI. The dis-
tance between the smaller-diameter nozzles 22 corre-
sponds to a resolution of 600 DPI. The volume of ink
droplets ejected through the larger-diameter nozzle 21
is 6 pl. The volume of ink droplets ejected through the
smaller-diameter nozzle 22 is 2 pl. Both the resolution of
the larger-diameter nozzle 21 on the lines L1 and L2 and
the resolution of the smaller-diameter nozzle 22 on the
lines L1 and L2 are 1200 DPI. The center of the larger-
diameter nozzle 21 coincides with the smaller-diameter
nozzles 22B on each of the lines L1 and L2. Further, the
center of the larger-diameter nozzle 21 on the line L1 or
L2 and the center of the smaller-diameter nozzles 22
(22A, 22B, and 22C) on the line L2 or L1 are located on
the same imaginary line LO.

[0053] Withthe printing head 10 of this example, within
a unit print area of 600 X 600 DPI, alarge dot D1 middle-
sized dots D2’ and D2", and a small dot D3 can be formed
as shown in Fig. 15. The large dot D1 is formed by ink
droplets ejected through the larger-diameter nozzle 21
and two smaller-diameter nozzles 22A and 22C. The
larger-diameter nozzle 21 is located on the line L1 or L2,
whereas the smaller-diameter nozzles 22A and 22C are
located on the line L2 or L1, respectively, and on the
same raster with that of the larger-diameter nozzle 21.
Further, a small dot D3 is formed by an ink droplet ejected
through the smaller-diameter nozzle 22B. Two forms of
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middle-sized dots are formed. One of them, the middle-
sized dot D2’ is formed by ink droplets ejected through
the three smaller-diameter nozzles 22A. 22B, and 22C.
The other form, the middle-sized dot D2" is formed by an
ink droplet ejected through the larger-diameter nozzle 21.
[0054] The printing head 10 is filled with ink from an
ink storage section including the ink tanks 54 and others,
through a filling operation based on ink suction or pres-
surization carried out by the ink-jet printing apparatus.
The ink is then filled into the nozzles 21 and 22 via the
ink supply port 3. When in each of the lines L1 and L2,
one larger-diameter nozzle 21 alternates with three
smaller-diameter nozzles 22, ink has an equal viscous
resistance in both nozzle line L1 and nozzle line L2. Ac-
cordingly, in this embodiment, through the filling opera-
tion based on ink suction or pressurization carried out by
the ink-jet printing apparatus, the nozzles 21 and 22 can
be reliably filled with ink without causing bubbles to re-
main in the ink supply port 3 or the like. Further, instead
of the ink supply form in which ink is supplied through
the ink supply port 3, formed in the center of the substrate
4, as shown in Figs. 1 and 2, ink may be supplied from
two locations, i.e. the opposite ends of the substrate 4.
Both supply forms produce similar effects.

[0055] Inthis manner, in this embodiment, the number
of smaller-diameter nozzles 22 is three times as large as
that of larger-diameter nozzles 21. Further, the center of
the larger-diameter nozzle 21 on the line L1 or L2 coin-
cides with the center of the three smaller-diameter noz-
zles 22A, 22B, and 22C on the line L2 or L1, respectively
(centerline LO). This serves to increase the resolution of
the larger-diameter nozzle 21 in the X direction (main-
scanning direction) to allow images to be printed with a
higher definition.

[0056] Further, in this embodiment, as in the first em-
bodiment described previously, a small dot D3 and a
large dot D1 can each be formed in the center of a print
range (pixel) of 600 X 600 DPI. Thus, when one small
dot D3 is formed within the print range, the blank within
the print range can be uniformly distributed to the exterior
of the periphery of the small dot D3. Consequently, the
blank will be unnoticeable. Further, the junction part be-
tween the large dots D1 and the junction part between
the small dots D3 deviate from each other in the Y direc-
tion (sub-scanning direction). As a result, unwanted
stripes are hindered from appearing on a printed image.
[0057] Furthermore, the amount of ink ejected through
the one larger-diameter nozzle 21 equals the sum of the
amounts of ink ejected through the three smaller-diam-
eter nozzles 22A, 22B, and 22C. Thus, a driving frequen-
cy used to form a large dot may be the same as that used
to form a middle-sized dot D2" using only an ink droplet
ejected through the larger-diameter nozzle 21. This elim-
inates the need to increase the driving frequency for the
smaller-diameter nozzles 22 even when a large dot is to
be formed. Furthermore, a driving frequency used to form
a middle-sized dot D2’ using three ink droplets ejected
through the three smaller-diameter nozzles 22A, 22B,
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and 22C may be the same as that used to form a middle-
sized dot D2" using only an ink droplet ejected through
the larger-diameter nozzle 21. This enables images to
be printed at high speed without increasing the driving
frequency for the smaller-diameter nozzles 22.

(Fourth Embodiment)

[0058] In this embodiment, the larger-diameter noz-
zles and the smaller-diameter nozzles are formed on the
same line. On this line, three smaller-diameter nozzles
are arranged between two larger-diameter nozzles.
These nozzles may be arranged as shown in FIG. 16A
or 16B. Figs. 16A and 16B are plan views of an essential
part of an ink-jet printing head according to this embod-
iment.

[0059] InFigs. 16A and 16B, the distance between the
larger-diameter nozzle 21 on the line L1 and the larger-
diameter nozzle 21 on the line L2 corresponds to a res-
olution of 600 DPI. Further, in each of the lines L1 and
L2, the distance between two larger-diameter nozzles 21
corresponds to a resolution of 300 DPI. The center of the
larger-diameter nozzle 21 on the line L1 or L2 coincides
with the center of the smaller-diameter nozzle 22B on
the line L2 or L1, respectively (centerline LO).

[0060] Further, in Fig. 16A, the distance between two
ofthe three smaller-diameter nozzles 22A, 22B, and 22C,
located between two larger-diameter nozzles 21, corre-
sponds to a resolution of 1200 DPI. In FIG. 16B, the dis-
tance between the smaller-diameter nozzle 22A on the
line L1 or L2 and the smaller-diameter nozzle 22B on the
line L2 and L1, respectively, corresponds to a resolution
of 1200 DPI. The smaller-diameter nozzle 22C is ar-
ranged at the intermediate position between these small-
er-diameter nozzles 22A and 22B in the Y direction.
[0061] Also in this embodiment, as in the first embod-
iment described previously, the center of the smaller-di-
ameter nozzle 22(22B) is located on the imaginary cen-
terline LO extending along the X direction (main-scanning
direction) through the center of the larger-diameter noz-
zle 21. Accordingly, a small dot D3 and a large dot D1
can each be formed inthe center of the print range (pixel).
Thus, when one small dot D3 is formed within the print
range, the blank within the print range can be uniformly
distributed to the exterior of the periphery of the small
dot D3. Consequently, the blank will be unnoticeable.
Further, if a combination of large dots D1 and small dots
D3 is printed, the junction part between the large dots
D1 and the junction part between the small dots D3 de-
viate from each other in the Y direction (sub-scanning
direction). As a result, unwanted stripes are hindered
from appearing on a printed image.

[0062] In the ink-jet printing head shown in Figs. 16A
and 16B, ink from the ink storage section (not shown) is
filled into the nozzles via the ink supply port through a
sucking or pressurizing operation performed by the ink-
jet printing apparatus, as in the embodiments described
previously.



15 EP 1270230 B1 16

[0063] Inthisembodiment, one larger-diameter nozzle
21 alternates with three smaller-diameter nozzles 22A,
22B, and 22C on the same line. Accordingly, ink can be
filled into the nozzles through a sucking or pressurizing
operation performed by the ink-jet printing apparatus,
while preventing bubbles from remaining in the ink supply
port or in other areas. Further, in this embodiment, the
ink supply port is formed in the center of the substrate.
However, similar effects are produced if ink is supplied
fromtwo locations, i.e. the opposite ends of the substrate.
Furthermore, in thisembodiment, the ink-jet printing head
Figs. 16A and 16B performs a printing operation while
scanning a printing medium a speed of 20 inch/sec in the
direction of the arrow X (main-scanning direction). The
volume of ink ejected through the larger-diameter nozzle
21is 10 pl. The volume of ink ejected through the smaller-
diameter nozzle 22 (22A, 22B, or 22C) is 2 pl.

[0064] Fig. 17A is a diagram illustrating the arrange-
ment of dots formed using the printing head shown in
Fig. 16A. Fig. 17B is a diagram illustrating the arrange-
ment of dots formed using the printing head shown in
Fig. 16B. Within a unit print area of 600 X 600 DPI, a
large dot D1 is formed by an ink droplet ejected through
the larger-diameter nozzle 21, and a small dot D3 is
formed by an ink droplet ejected through the smaller-
diameter nozzle 22 (22A, 22B, or 22C). Further, amiddle-
sized dot D2 is formed by ink droplets ejected through
the three smaller-diameter nozzles 22A, 22B, and 22C.
In Figs. 17A and 17B, small dots D3(A), D3(B), and D3
(C) are formed by ink droplets ejected through the three
smaller-diameter nozzles 22A, 22B, and 22C, respec-
tively. The middle-sized dot D2 is formed by these three
dots D3(A), D3(B), and D3(C). In this case, a printing
operation can be performed by causing the printing head
to perform a main-scanning operation at a speed of 20
inch/sec and ejecting ink through each of the larger-di-
ameter nozzles 21 and smaller-diameter nozzles 22
(22A, 22B, and 22C) with a driving frequency of 12 kHz.
This eliminates the need to increase the driving frequen-
cy for the smaller-diameter nozzles 22 even when the
middle-sized dot D2 is to be formed.

[0065] Further, the middle-sized dot D2 is formed as
shown in Fig. 17B when the smaller-diameter nozzles
22B and 22C deviate by half the resolution of the smaller-
diameter nozzles 22 as shown in Fig. 16B. When the
middle-sized dot D2 is formed in this manner, both un-
wanted stripes in a printed image and the nonuniform
density thereof are avoided even if ink droplets forming
these small dots D3 imprecisely land on the printing me-
dium in the Y direction. Furthermore, large middle-sized
dots D2 are stably obtained, and high-grade images can
be printed. In this embodiment, the number of smaller-
diameter nozzles 22 is three times as large as that of
larger-diameter nozzles 21. Accordingly, throughput is
prevented from decreasing even if a photograph-grade
image is to be printed.
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(Other Embodiments)

[0066] Inthe ink-jet printing head of the present inven-
tion, the larger- and smaller-diameter nozzles 21 and 22
have only to be arranged so that at least one smaller-
diameter nozzle 22 has its center located on the imagi-
nary centerline LO extending in the main-scanning direc-
tion through the center of the larger-diameter nozzle 21.
Accordingly, the nozzles 21 and 22 may be arranged as
shown in Figs. 18 and 19. In Fig. 18, the center position
of the smaller-diameter nozzle 22B deviates from both
imaginary line LO and line L2. Further, in Fig. 19, a plu-
rality of larger-diameter nozzles 21 alternate with a plu-
rality of smaller-diameter nozzles 22 on each of the lines
L1 and L2.

[0067] With a printing head with the nozzles arranged
as shown in Fig. 18 or 19, when one small dot is formed
within a print range, the blank within the print range can
be uniformly distributed to the exterior of the periphery
of the small dot D3. Consequently, the blank will be un-
noticeable. Further, if a combination of large dots D1 and
small dots D3 is printed, the junction part between the
large dots D1 and the junction part between the small
dots D3 deviate from each other in the Y direction (sub-
scanning direction). As a result, unwanted stripes are
hindered from appearing on a printed image. Therefore,
these printing heads also enable photograph-grade im-
ages to be printed.

[0068] The present invention provides an ink-jet print-
ing head, and an ink-jet printing apparatus and method
which enable high-gradation and high-quality images to
be printed using dots of different sizes. In an ink-jet print-
ing head according to the present invention, at least one
second nozzle (22, 22A, 22B, 22C) has its center ar-
ranged on an imaginary line (LO) extending in a main-
scanning direction of the printing head (10) through the
center of a first nozzle (21). The volume of an ink droplet
ejected through the second nozzle (22, 22A, 22B, 22C)
is smaller than that of an ink droplet ejected through the
first nozzle (21). Further, the number of second nozzles
(22,22A, 22B, 22C)is largerthanthat of first nozzles (21).

Claims

1. Anink-jet printing head (10) having a plurality of noz-
zles (2) through which the printing head ejects ink
droplets of the same color while moving in ascanning
direction, wherein
said nozzles (2) include a plurality of first nozzles
(21) through which a predetermined volume of ink
droplets are ejected and a plurality of second nozzles
(22) through which a predetermined volume of ink
droplets less than that of ink droplets ejected through
said first nozzles (21) are ejected,
and
at least one of said second nozzles has a center
thereof located on a first imaginary line extending in



17

said scanning direction through a center of each of
said first nozzles, characterized in that :

the number of said plurality of second nozzles
(22) is larger than the number of said plurality
of first nozzles (21).

An ink-jet printing head as claimed in claim 1,
characterized by comprising:

a first nozzle line on which said first nozzles are
arranged in a direction crossing said scanning
direction; and

a second nozzle line on which said second noz-
zles are arranged in a direction crossing said
scanning direction.

An ink-jet printing head as claimed in claim 1,
characterized in that

said second nozzles located within a predetermined
range including said first imaginary line constitute
one group, and

said second nozzles constituting said group is locat-
ed between first nozzles.

An ink-jet printing head as claimed in claim 3,
characterized in that each of said second nozzles
constituting said group have a center thereof located
on said first imaginary line.

An ink-jet printing head as claimed in claim 1,
characterized in that

at least one of said second nozzles has a center
thereoflocated on a second imaginary line extending
in said scanning direction through midway between
the adjacent said first nozzles in said direction cross-
ing said scanning direction.

An ink-jet printing head as claimed in claim 1,
characterized in that

the total amount of ink droplets ejected through a
plurality of said second nozzles located on said first
imaginary line is equal to or smaller than the amount
of ink droplets ejected through one of said first noz-
zZles located on said first imaginary line.

An ink-jet printing head as claimed in claim 1,
characterized in that

said second nozzles located within a predetermined
range including said first imaginary line constitute
one group, and

a printing resolution of ink droplets ejected through
a plurality of said second nozzles constituting said
group is the same as a printing resolution of ink drop-
lets ejected through said first nozzles located on said
first imaginary line.

An ink-jet printing head as claimed in claim 1.
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characterized in that

said second nozzles located within a predetermined
range including said first imaginary line constitute
one group, and

said second nozzles constituting said group are ar-
ranged so that small dots formed on a printing me-
dium using respective ink droplets ejected through
said second nozzles partially overlap each other.

An ink-jet printing head as claimed in claim 1,
characterized in that

said second nozzles located within a predetermined
range including said first imaginary line constitute
one group, and

at least one of said second nozzles constituting the
group has a center thereof deviating from said first
imaginary line and also from a second imaginary line
extending in a direction in which a plurality of said
groups are arranged, through centers of said second
nozzles arranged on said first imaginary line.

An ink-jet printing head as claimed in claim 1,
characterized by comprising:

a plurality of first ink channels that are in com-
munication with said plurality of first nozzles;

a plurality of second ink channels that are in
communication with said plurality of second noz-
Zles;

a plurality of first ejection energy generating
means provided in each of said firstink channels
to cause ejection energy for ejecting ink droplets
through said first nozzles; and

a plurality of second ejection energy generating
means provided in each of said second ink chan-
nels to cause ejection energy for ejecting ink
droplets through said second nozzles.

An ink-jet printing head as claimed in claim 10.
characterized in that said second nozzles located
on said firstimaginary line are in communication with
one of said second ink channels.

An ink-jet printing head as claimed in claim 10,
characterized in that

said second nozzles located within a predetermined
range including said first imaginary line constitute
one group, and

said second nozzles constituting the group are in
communication with one of said second ink chan-
nels.

An ink-jet printing head as claimed in claim 10,
characterized in that said first and second ejection
energy generating means comprise electrothermal
converters each applying thermal energy to ink in
said first and second ink channels, respectively.
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An ink-jet printing method for printing on a printing
medium using an ink-jet printing head as defined in
claim 1, characterized in that

dots of different sizes are formed on said printing
medium by ink droplets ejected through said first and
second nozzles.

An ink-jet printing method for printing on a printing
medium using an ink-jet printing head as defined in
claim 8, characterized in that

printing is carried out so that small dots formed on
said printing medium by respective ink droplets eject-
ed through said second nozzles constituting said
group partially overlap each other.

An ink-jet printing method as claimed in claim 15,
characterized in that

a large dot is formed using an ink droplet ejected
through said first nozzle,

a middle-sized dot is formed using a plurality of ink
droplets ejected from a plurality of said second noz-
zles, and

a small dot is formed using an ink droplet ejected
through one of said second nozzles.

An ink-jet printing method claimed in claim 15,
characterized in that

printing is carried out using a middle-sized dot
formed using an ink droplet ejected through said first
nozzle and a middle-sized dot formed using a plu-
rality ofink droplets ejected through said second noz-
zles constituting said group.

An ink-jet printing method for printing on a printing
medium using an ink-jet printing head as defined in
claim 1, characterized in that

printing is carried out by alternately arranging, rela-
tive to said scanning direction, at least one large dot
formed on the printing medium using an ink droplet
ejected through at least one of said first nozzles and
aplurality of small dots formed on the printed medium
using a plurality of ink droplets ejected through said
second nozzles.

An ink-jet printing method as claimed in claim 18,
characterized in that

printing is carried out by alternately arranging said
at least one large dot and said plurality of small dots
relative to a direction crossing said scanning direc-
tion.

An ink-jet printing apparatus for printing on a printing
medium comprising an ink-jet printing head as de-
fined in claim 1, and

movement means for moving said ink-jet printing
head and said printing medium relatively to each oth-
er, wherein

dots of different sizes are formed on said printing
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medium using ink droplets ejected through said first
and second nozzles.

Patentanspriiche

1.

Tintenstrahldruckkopf (10) mit einer Vielzahl Disen
(2) durch welche der Druckkopf Tintentrépfchen der
gleichen Farbe ausstoRt, wahrend er sich in einer
Abtastrichtung bewegt, wobei

die Dlsen (2) eine Vielzahl erster Diisen (21), durch
welche ein vorbestimmtes Volumen Tintentrépfchen
ausgestofl3en wird, und eine Vielzahl zweiter Disen
(22), durch welche ein vorbestimmtes Volumen Tin-
tentrépfchen weniger ausgestoRen wird als das der
Tintentropfchen, die durch die ersten Diisen (21)
ausgestofRen werden, umfassen, und

mindestens eine der zweiten Disen mit ihrer Mitte
auf einer ersten imaginéren Linie, die sich in der Ab-
tastrichtung mitten durch jede der ersten Diisen er-
streckt, positioniert ist, dadurch gekennzeichnet,
dass

die Zahl der Vielzahl zweiter Dlsen (22) groRer als
die Zahl der Vielzahl erster Disen (21) ist.

Tintenstrahldruckkopf gemaf Anspruch 1, dadurch
gekennzeichnet, dass er aufweist:

eine erste Disenlinie, aufwelcher die ersten DU-
sen in einer Richtung angeordnet sind, die die
Abtastrichtung kreuzt; und
eine zweite Dlsenlinie, auf welcher die zweiten
Dusen in einer Richtung angeordnet sind, die
die Abtastrichtung kreuzt.

Tintenstrahldruckkopf gemaf Anspruch 1, dadurch
gekennzeichnet, dass

die zweiten Diisen, die innerhalb eines vorbestimm-
ten Bereichs, der die erste imagindren Linie ein-
schlief3t, positioniert sind, eine Gruppe bilden, und

die zweiten Dusen, die die Gruppe bilden, zwischen
den ersten Diisen positioniert sind.

Tintenstrahldruckkopf gemaf Anspruch 3, dadurch
gekennzeichnet, dass jede der zweiten Dusen, die
die Gruppe bilden, mit ihrem Mittelpunkt auf der er-
sten imaginaren Linie positioniert ist.

Tintenstrahldruckkopf gemaf Anspruch 1, dadurch
gekennzeichnet, dass

mindesten eine der zweiten Dlsen mit inrem Mittel-
punkt auf einer zweiten imaginéren Linie positioniert
ist, die sich in der Abtastrichtung mitten zwischen
den angrenzenden ersten Disen in der Richtung,
die die Abtastrichtung kreuzt, erstreckt.

Tintenstrahldruckkopf gemaf Anspruch 1, dadurch
gekennzeichnet, dass
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die gesamte Menge Tintentrdpfchen, die durch eine
Vielzahl der zweiten Disen, die auf einer erstenima-
ginéren Linie positioniert sind, ausgestof3en wird,
gleich der Menge Tintentrdpfchen ist, die durch eine
der ersten Duisen, die auf der erstenimaginaren Linie
positioniert sind, ausgestofRen wird oder kleiner als
sie ist.

Tintenstrahldruckkopf gemaf Anspruch 1, dadurch
gekennzeichnet, dass

die zweiten Diisen, die innerhalb eines vorbestimm-
ten Bereichs, der die erste imagindre Linie ein-
schlief3t, positioniert sind, eine Gruppe bilden, und

eine Druckauflésung von Tintentrépfchen, die durch
eine Vielzahl der zweiten Dusen ausgestof3en wird,
die die Gruppe bilden, die gleiche wie eine Druck-
auflésung von Tintentrépfchen ist, die durch die er-
sten Dusen, die auf der ersten imaginéaren Linie po-
sitioniert sind.

Tintenstrahldruckkopf gemaf Anspruch 1, dadurch
gekennzeichnet, dass

die zweiten Diisen, die innerhalb eines vorbestimm-
ten Bereichs, der die erste imagindre Linie ein-
schlief3t, positioniert sind, eine Gruppe bilden, und
die zweiten Dusen, die die Gruppe bilden, so ange-
ordnet sind, dass kleine Punkte, die auf einem
Druckmedium unter Verwendung entsprechender
Tintentropfchen, die durch die zweiten Diisen aus-
gestolRen werden, gebildet werden, sich teilweise
gegenseitig Uberlappen.

Tintenstrahldruckkopf gemaf Anspruch 1, dadurch
gekennzeichnet dass

die zweiten Diisen, die innerhalb eines vorbestimm-
ten Bereichs, der die erste imagindre Linie ein-
schlieR3t, positioniert sind, eine Gruppe bilden und
mindestens eine der zweiten Dusen, die die Gruppe
bilden, eine Mitte aufweist, die von der ersten ima-
ginaren Linie und auch von einer zweiten imaginaren
Linie, die sich in einer Richtung, in der eine Vielzahl
der Gruppen angeordnet ist, durch die Mittelpunkte
der zweiten Dlsen, die auf der ersten imaginaren
Linie angeordnet sind, erstreckt, abweicht.

Tintenstrahldruckkopf geméaf Anspruch 1, dadurch
gekennzeichnet, dass er aufweist:

eine Vielzahl erster Tintenkandle, die in Verbin-
dung mit der Vielzahl erster Diisen steht;

eine Vielzahl zweiter Tintenkandle, die in Ver-
bindung mit der Vielzahl zweiter Dlsen steht;
eine Vielzahl erster Vorrichtungen zur Erzeu-
gung von AusstoRRenergie, die in jedem der er-
sten Tintenkanale bereitgestellt sind, um Aus-
stoBenergie zum Ausstof3en von Tintentrépf-
chen durch die ersten Diisen hervorzubringen;
und
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eine Vielzahl zweiter Vorrichtungen zur Erzeu-
gung von AusstolRenergie, die in jedem der
zweiten Tintenkanale bereitgestellt sind, um
Ausstof3energie zum AusstoRen von Tinten-
tropfchen durch die zweiten Disen hervorzu-
bringen.

Tintenstrahldruckkopf gemaf Anspruch 10, da-
durch gekennzeichnet, dass die zweiten Diisen,
die auf der ersten imaginéren Linie positioniert sind,
in Verbindung mit einem der zweiten Tintenkanéle
stehen.

Tintenstrahldruckkopf gemaf Anspruch 10, da-
durch gekennzeichnet, dass

die zweiten Diisen, die innerhalb eines vorbestimm-
ten Bereichs, der die erste imaginaren Line ein-
schlief3t, positioniert sind, eine Gruppe bilden, und
die zweiten Disen, die die Gruppe bilden, mit einem
der zweiten Tintenkanéle in Verbindung stehen.

Tintenstrahldruckkopf gemaf Anspruch 10, da-
durch gekennzeichnet, dass die ersten und zwei-
ten Vorrichtungen zur Erzeugung einer Ausstol3en-
ergie Elektro-Warme-Umwandler aufweisen, die je-
weils thermische Energie auf die Tinte in den ersten
bzw. zweiten Tintenkanélen aufbringen.

Tintenstrahldruckverfahren zum Drucken auf einem
Druckmedium unter Verwendung eines Tinten-
strahldruckkopfs, wie in Anspruch 1 definiert, da-
durch gekennzeichnet, dass

Punkte unterschiedlicher Gré3e durch Tintentrépf-
chen, die durch die ersten und zweiten Diisen aus-
gestolRen werden, auf dem Druckmedium gebildet
werden.

Tintenstrahldruckverfahren zum Drucken auf einem
Druckmedium unter Verwendung eines Tinten-
strahldruckkopfs, wie in Anspruch 8 definiert, da-
durch gekennzeichnet, dass

ein Drucken so ausgefiihrt wird, dass kleine Punkte,
die auf dem Druckmedium durch entsprechende Tin-
tentrépfchen, die durch die zweiten Diisen, die die
Gruppe bilden, ausgestol3en werden, sich teilweise
gegenseitig Uberlappen.

Tintenstrahldruckverfahren gemaf Anspruch 15,
dadurch gekennzeichnet, dass

ein grofl3er Punkt unter Verwendung eines durch die
erste Duse ausgestol3enen Tintentropfchens gebil-
det wird,

ein mittelgrof3er Punkt unter Verwendung einer aus
einer Vielzahl zweiter Diisen ausgesto3ener Viel-
zahl Tintentrépfchen gebildet wird und

einkleiner Punktunter Verwendung eines durch eine
der zweiten Dlsen ausgestoRenen Tintentropf-
chens gebildet wird.
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Tintenstrahldruckverfahren gemafl Anspruch 15,
dadurch gekennzeichnet, dass

ein Drucken unter Verwendung eines mittelgrof3en
Punkts, der unter Verwendung eines durch die erste
Diise ausgestoRenen Tintentropfchens gebildet
wird, und eines mittelgro3en Punkts, der unter Ver-
wendung einer Vielzahl durch die zweiten Dusen,
die die Gruppe bilden, ausgestoRener Tintentropf-
chen gebildet wird, ausgefuhrt wird.

Tintenstrahldruckverfahren zum Drucken auf einem
Druckmedium unter Verwendung eines Tinten-
strahldruckkopfs, wie in Anspruch 1 definiert, da-
durch gekennzeichnet, dass

ein Drucken ausgefihrt wird, indem abwechselnd im
Verhaltnis zur Abtastrichtung mindestens ein groRer
Punkt, der auf dem Druckmedium unter Verwendung
eines Tintentrépfchens, das durch mindestens eine
der ersten Duse ausgestofRen wird, gebildet wird,
und eine Vielzahl kleiner Punkte, die auf dem Druck-
medium unter Verwendung einer Vielzahl Tinten-
tropfchen, die durch die zweiten Diisen ausgestofRen
werden, gebildet werden, angeordnet werden.

Tintenstrahldruckverfahren gemaR Anspruch 18,
dadurch gekennzeichnet, dass

ein Drucken dadurch ausgefiihrt wird, dass minde-
stens ein grofl3er Punkt und die Vielzahl kleiner Punk-
te abwechselnd hinsichtlich einer Richtung, die die
Abtastrichtung kreuzt, angeordnet werden.

Tintenstrahldruckvorrichtung zum Drucken auf ei-
nem Druckmedium, das aufweist:

einen Tintenstrahldruckkopf, wie in Anspruch 1
definiert, und

eine Bewegungsvorrichtung zum Bewegen des
Tintenstrahldruckkopfs und des Druckmediums
im Verhaltnis zueinander, wobei

Punkte unterschiedlicher Grof3e unter Verwen-
dung von Tintentrépfchen, die durch die ersten
und zweiten Diisen ausgestof3en werden, auf
dem Druckmedium gebildet werden.

Revendications

Téte d’impression (10) a jet d’encre ayant une plu-
ralité de gicleurs (2) au moyen desquels la téte d'im-
pression éjecte des gouttelettes d’encre de la méme
couleur tout en se déplagant dans une direction de
balayage, dans laquelle

lesdits gicleurs (2) comprennent une pluralité de pre-
miers gicleurs (21) au moyen desquels un volume
prédéterminé de gouttelettes d'encre est éjecté et
une pluralité de seconds gicleurs (22) au moyen des-
quels un volume prédéterminé de gouttelettes d’en-
cre, inférieur a celui des gouttelettes éjectées par
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lesdits premiers gicleurs (21), est éjecté,

au moins I'un desdits seconds gicleurs ayant son
centre situé sur une premiére ligne imaginaire
s'étendant dans ladite direction de balayage et pas-
sant par le centre de chacun desdits premiers gi-
cleurs, caractérisée en ce que

le nombre de ladite pluralité de seconds gicleurs
(22) est supérieur au nombre de ladite pluralité
de premiers gicleurs (21).

Téte d'impression a jet d’encre selon la revendica-
tion 1, caractérisée en ce qu’ elle comporte :

une premiere ligne de gicleurs sur laquelle les-
dits premiers gicleurs sont agencés suivant une
direction croisant ladite direction de balayage ;
et

une seconde ligne de gicleurs sur laquelle les-
dits seconds gicleurs sont agencés suivant une
direction croisant ladite direction de balayage.

Téte d'impression a jet d'encre selon la revendica-
tion 1, caractérisée en ce que

lesdits seconds gicleurs situés dans une plage pré-
déterminée comprenant ladite premiére ligne imagi-
naire constituent un groupe, et

lesdits seconds gicleurs constituant ledit groupe sont
situés entre les premiers gicleurs.

Téte d'impression a jet d’encre selon la revendica-
tion 3, caractérisée en ce que chacun desdits se-
conds gicleurs constituant ledit groupe a son centre
situé sur ladite premiére ligne imaginaire.

Téte d'impression a jet d'encre selon la revendica-
tion 1, caractérisée en ce que

au moins I'un desdits seconds gicleurs a son
centre situé sur une seconde ligne imaginaire
s’étendant dans ladite direction de balayage et
passant par le milieu entre lesdits premiers gi-
cleurs adjacents dans ladite direction coupant
ladite direction de balayage.

Téte d'impression a jet d'encre selon la revendica-
tion 1, caractérisée en ce que

la quantité totale de gouttelettes d’encre éjectée par
une pluralité desdits seconds gicleurs situés sur la-
dite premiére ligne imaginaire est égale ou inférieure
a la quantité de gouttelettes d’encre éjectée par I'un
desdits premiers gicleurs situés sur ladite premiére
ligne imaginaire.

Téte d'impression a jet d’encre selon la revendica-
tion 1, caractérisée en ce que

lesdits seconds gicleurs situés dans une plage pré-
déterminée comprenant ladite premiére ligne imagi-
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naire constituent un groupe, et

une résolution d'impression des gouttelettes d’encre
éjectées par une pluralité desdits seconds gicleurs
constituant ledit groupe est identique a une résolu-
tion d’'impression de gouttelettes d’encre éjectées
par lesdits premiers gicleurs situés sur ladite premie-
re ligne imaginaire.

Téte d'impression a jet d’encre selon la revendica-
tion 1, caractérisée en ce que

lesdits seconds gicleurs situés dans une plage pré-
déterminée comprenant ladite premiére ligne imagi-
naire constituent un groupe, et

lesdits seconds gicleurs constituant ledit groupe sont
agencés de fagon que des petits points formés sur
un support d'impression en utilisant des gouttelettes
d’encre respectives éjectées par lesdits seconds gi-
cleurs se chevauchent partiellement.

Téte d'impression a jet d’encre selon la revendica-
tion 1, caractérisée en ce que

lesdits seconds gicleurs situés dans une plage pré-
déterminée comprenant ladite premiére ligne imagi-
naire constituent un groupe, et

au moins 'un desdits seconds gicleurs constituant
le groupe a son centre s’écartant de ladite premiére
ligne imaginaire et, aussi, d'une seconde ligne ima-
ginaire s'étendant dans une direction dans laquelle
plusieurs desdits groupes sont agencés, passant par
des centres desdits seconds gicleurs agencés sur
ladite premiére ligne imaginaire.

Téte d'impression a jet d’encre selon la revendica-
tion 1, caractérisée en ce qu’ elle comporte :

une pluralité de premiers canaux a encre qui
sont en communication avec ladite pluralité de
premiers gicleurs ;

une pluralité de seconds canaux a encre qui sont
en communication avec ladite pluralité de se-
conds gicleurs ;

une pluralité de premiers moyens de génération
d’énergie d'éjection situés dans chacun desdits
premiers canaux a encre pour générer I'énergie
d’éjection destinée a éjecter des gouttelettes
d’encre a travers lesdits premiers gicleurs ; et
une pluralité de seconds moyens de génération
d’énergie d’'éjection situés dans chacun desdits
seconds canaux a encre pour générer I'énergie
d’éjection destinée a éjecter des gouttelettes
d’encre a travers lesdits seconds gicleurs.

Téte d’'impression a jet d’encre selon la revendica-
tion 10, caractérisée en ce que lesdits seconds gi-
cleurs situés sur ladite premiére ligne imaginaire
sont en communication avec I'un desdits seconds
canaux a encre.
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Téte d’'impression & jet d’encre selon la revendica-
tion 10, caractérisée en ce que

lesdits seconds gicleurs situés dans une plage pré-
déterminée comprenant ladite premiére ligne imagi-
naire constituent un groupe, et

lesdits seconds gicleurs constituant le groupe sont
en communication avec I'un desdits seconds canaux
a encre.

Téte d'impression a jet d’encre selon la revendica-
tion 10, caractérisée en ce que lesdits premiers et
seconds moyens de génération d’énergie d’éjection
comprennent des convertisseurs électrothermiques
appliquant chacun de I'énergie thermique a I'encre
dans lesdits premiers et seconds canaux a encre,
respectivement.

Procédé d'impression a jet d’encre pour imprimer
sur un support d’'impression en utilisant une téte
d’'impression a jet d’encre comme définie dans la
revendication 1, caractérisé en ce que

des points de différentes tailles sont formés sur ledit
support d’impression par des gouttelettes d’encre
éjectées par lesdits premiers et seconds gicleurs.

Procédé d'impression a jet d’encre pour imprimer
sur un support d’'impression en utilisant une téte
d’'impression & jet d’encre comme définie dans la
revendication 8, caractérisé en ce que

une impression est exécutée de fagon que des petits
points formés sur ledit support d'impression par des
gouttelettes d’encre respectives éjectées par lesdits
seconds gicleurs constituant ledit groupe se chevau-
chent partiellement.

Procédé d'impression a jet d’encre selon la reven-
dication 15, caractérisé en ce que

un gros point est formé en utilisant une gouttelette
d’encre éjectée par ledit premier gicleur ;

un point de taille moyenne est formé en utilisant plu-
sieurs gouttelettes d’encre éjectées depuis une plu-
ralité desdits seconds gicleurs, et

un petit point est formé en utilisant une gouttelette
d’encre éjectée par I'un desdits seconds gicleurs.

Procédé d'impression a jet d’encre selon la reven-
dication 15, caractérisé en ce que

une impression est effectuée en utilisant un point de
taille moyenne formé en utilisant une gouttelette
d’encre éjectée par ledit premier gicleur et un point
de taille moyenne formé en utilisant plusieurs gout-
telettes d’encre éjectées par lesdits seconds gicleurs
constituant ledit groupe.

Procédé d'impression a jet d’encre pour imprimer
sur un support d’'impression en utilisant une téte
d’'impression a jet d’encre comme définie dans la
revendication 1, caractérisé en ce que
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une impression est effectuée en agencgant de fagcon
alternée, par rapport a ladite direction de balayage,
au moins un gros point formé sur le support d'im-
pression en utilisant une gouttelette d’encre éjectée
par au moins I'un desdits premiers gicleurs et plu-
sieurs petits points formés sur le support d’impres-
sion en utilisant plusieurs gouttelettes d’encre éjec-
tées par lesdits seconds gicleurs.

Procédé d'impression a jet d’encre selon la reven-
dication 18, caractérisé en ce que

une impression est effectuée en agencgant de fagcon
alternée ledit, au moins un, gros point et ladite plu-
ralité de petits points par rapport a une direction croi-
sant ladite direction de balayage.

Appareil d'impression a jet d’encre destiné a impri-
mer sur un support d’'impression, comportant une
téte d'impression a jet d’encre comme définie dans
la revendication 1, et

un moyen de déplacement destiné a déplacer ladite
téte d'impression a jet d’encre et ledit support d'im-
pression I'un par rapport a l'autre, dans lequel

des points de différentes tailles sont formés sur ledit
support d'impression en utilisant des gouttelettes
d’encre éjectées par lesdits premiers et seconds gi-
cleurs.
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