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INKJET PRINTING SYSTEM

[0001] This application claims priority to Korean Patent
Application No. 10-2019-0067322, filed on Jun. 7, 2019,
and all the benefits accruing therefrom under 35 USC § 119,
the content of which in its entirety is herein incorporated by
reference.

BACKGROUND

1. Field

[0002] Embodiments of the invention relate generally to
an inkjet printing system. More particularly, embodiments
relate to an inkjet printing system capable of correcting a
position where an ink is discharged on a pixel printing target
substrate.

2. Description of the Related Art

[0003] In general, an inkjet printing technology may be
used to form pixels on a substrate for manufacturing a
display device. An ink may be discharged to a pixel target
substrate so that the pixels may be printed on a surface of the
pixel printing target substrate. The inkjet printing technol-
ogy may be classified into various types according to the ink
discharging methods, and a piezoelectric inkjet printing
technology is widely used. In a piezoelectric inkjet printing,
a shape of a piezoelectric material is changed when an
electric signal is applied thereto. A piezoelectric element
including the piezoelectric material is used in the piezoelec-
tric inkjet printing technology. For example, the ink may be
discharged to the surface of the pixel printing target sub-
strate through a nozzle by varying the shape of the piezo-
electric element by applying the electric signal to the piezo-
electric element in the piezoelectric inkjet printing
technology.

SUMMARY

[0004] In a piezoelectric inkjet printing technology, a
position where an ink is actually discharged to a pixel
printing target substrate may be out of a target position by
various reasons (for example, if the shapes of the nozzles are
not uniform or the nozzles are not aligned properly), thus, a
distance difference between the position where the ink is
discharged and the target position may occur. To manufac-
ture a display device with a high resolution, such a distance
difference between the position where the ink is discharged
and the target position is desired be reduced, such that it is
desired to accurately control the position where the ink is
discharged. A transferring speed of the pixel target substrate
may be reduced to accurately control the position where the
ink is discharged. However, when the transferring speed of
the pixel target is reduced, a productivity of the display
device may be reduced.

[0005] Exemplary embodiments provide an inkjet printing
system capable of accurately control a position where an ink
is discharged while maintaining a high transferring speed of
a pixel printing target substrate in printing pixels on the
surface of the pixel printing target substrate by discharging
the ink to the pixel printing target substrate.

[0006] According to an exemplary embodiment, an inkjet
printing system includes: an inkjet head including first to
n-th nozzles disposed in a row in a first direction, where the
inkjet head discharges an ink onto a pixel printing target
substrate and n is an integer equal to or greater than two; a
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transfer part which transfers the pixel printing target sub-
strate toward the inkjet head in a second direction perpen-
dicular to the first direction; a discharge waveform signal
generator which generates a plurality of different discharge
waveform signals based on a pixel interval in the pixel
printing target substrate and a transferring speed of the pixel
printing target substrate; and a discharge waveform signal
selector which selects first to n-th discharge waveform
signals among the plurality of different discharge waveform
signals based on discharge position error data respectively
corresponding to the first to n-th nozzles such that the first
to n-th discharge waveform signals are selectively provided
to each of the first to n-th nozzles, where the first to n-th
discharge waveform signals control discharge operations of
the first to n-th nozzles.

[0007] In an exemplary embodiment, the discharge posi-
tion error data may represent a distance difference between
a test ink simultaneously discharged from the first to n-th
nozzles to a reference line extending in the first direction and
the reference line, in the second direction.

[0008] In an exemplary embodiment, the discharge posi-
tion error data may be a digital signal, a reference bit string
may be assigned to the reference line, and first to n-th bit
strings may be assigned to the first to n-th nozzles, respec-
tively, based on the distance difference.

[0009] In an exemplary embodiment, the reference line
may be set for the pixel interval.

[0010] In an exemplary embodiment, the reference line
may be set for each minimum discharge interval calculated
based on a discharge frequency of the inkjet head and the
transferring speed of the pixel printing target substrate.

[0011] In an exemplary embodiment, each of the plurality
of different discharge waveform signals may have an acti-
vating duration and stable duration, and when the stable
duration of a first discharge waveform signal finishes, the
activating duration of a second discharge waveform signal
may start.

[0012] In an exemplary embodiment, the discharge wave-
form signal selector may include first to n-th signal selection
units which select the first to n-th discharge waveform
signals.

[0013] In an exemplary embodiment, the discharge posi-
tion error data of the first to n-th nozzles may be respectively
applied to the first to n-th signal selection units.

[0014] In an exemplary embodiment, the inkjet head may
further include first to n-th piezoelectric elements disposed
corresponding to the first to n-th nozzles, respectively, and
shapes of the first to n-th piezoelectric elements may be
varied in response to the first to n-th discharge waveform
signals, respectively.

[0015] According to an exemplary embodiment, an inkjet
printing system includes: an inkjet head including first to
n-th nozzles disposed in a row in a first direction, where the
inkjet head discharges an ink onto a pixel printing target
substrate and n is an integer equal to or greater than two; a
transfer part which transfers the pixel printing target sub-
strate toward the inkjet head in a second direction perpen-
dicular to the first direction; and a discharge waveform
signal generator which generates first to n-th discharge
waveform signals based on a pixel interval in the pixel
printing target substrate, a transferring speed of the pixel
printing target substrate and discharge position error data
respectively corresponding to the first to n-th nozzles, such
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that the first to n-th discharge waveform signals are selec-
tively provided to each of the first to n-th nozzles.

[0016] In an exemplary embodiment, the discharge posi-
tion error data may represent a distance difference between
a test ink simultaneously discharged from the first to n-th
nozzles to a reference line extending in the first direction and
the reference line, in the second direction.

[0017] In an exemplary embodiment, the discharge posi-
tion error data may be a digital signal, a reference bit string
may be assigned to the reference line, and first to n-th bit
strings may be respectively assigned to the first to n-th
nozzles according to the distance difference.

[0018] In an exemplary embodiment, the reference line
may be set for the pixel interval.

[0019] In an exemplary embodiment, the reference line
may be set for each minimum discharge interval calculated
based on a discharge frequency of the inkjet head and the
transferring speed of the pixel printing target substrate.
[0020] In an exemplary embodiment, each of the first to
n-th discharge waveform signals may have an activating
duration and stable duration, and when the stable duration of
the first discharge waveform signal finishes, the activating
duration of the second discharge waveform signal may start.
[0021] In an exemplary embodiment, the inkjet head may
further include first to n-th piezoelectric elements disposed
corresponding to the first to n-th nozzles, respectively, and
shapes of the first to n-th piezoelectric elements may be
varied in response to the first to n-th discharge waveform
signals, respectively.

[0022] Inembodiments of the invention, an inkjet printing
system may selectively provide the first to n-th discharge
waveform signals to each of the first to n-th nozzles in
response to the discharge position error data of the ink
respectively discharged from the first to n-th nozzles of the
inkjet head, such that the first to n-th nozzles may respec-
tively discharge the ink at a controlled time interval, and the
inkjet printing system may accurately control a position
where the ink is discharged while maintaining high trans-
ferring speed of the pixel printing target substrate in printing
pixels on the surface of the pixel printing target substrate.
[0023] Therefore, an inkjet printing system may selec-
tively provide the first to n-th discharge waveform signals to
each of the first to n-th nozzles in response to the discharge
position error data of the ink respectively discharged from
the first to n-th nozzles of the inkjet head, such that the first
to n-th nozzles may respectively discharge the ink at a
controlled time interval, and the inkjet printing system may
accurately control a position where the ink is discharged
while maintaining high transferring speed of the pixel print-
ing target substrate in printing pixels on the surface of the
pixel printing target substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Illustrative, non-limiting exemplary embodiments
of the invention will be more clearly understood from the
following detailed description in conjunction with the
accompanying drawings, in which:

[0025] FIG. 1A and FIG. 1B are diagrams illustrating an
inkjet printing system according to an exemplary embodi-
ment;

[0026] FIG. 2 is a diagram illustrating an exemplary
embodiment of an inkjet head included in the inkjet printing
system of FIG. 1A and FIG. 1B;
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[0027] FIG. 3 is a waveform diagram illustrating an exem-
plary embodiment of a plurality of discharge waveform
signals generated by a discharge waveform signal generator
included in the inkjet printing system of FIG. 1A and FIG.
1B;

[0028] FIG. 4 is a diagram illustrating an exemplary
embodiment of positions where test inks are discharged in
the inkjet printing system of FIG. 1A and FIG. 1B;

[0029] FIG. 5 is a diagram illustrating an exemplary
embodiment of discharge position error data received by a
discharge waveform signal selector included in the inkjet
printing system of FIG. 1A and FIG. 1B;

[0030] FIG. 6 is a diagram illustrating positions where
actual inks are discharged in an exemplary embodiment of
the inkjet printing system of FIG. 1A and FIG. 1B;

[0031] FIG. 7 is a waveform diagram illustrating an exem-
plary embodiment of a plurality of discharge waveform
signals generated by the discharge waveform signal genera-
tor included in the inkjet printing system of FIG. 1A and
FIG. 1B;

[0032] FIG. 8 is a diagram illustrating an exemplary
embodiment of positions where test inks are discharged in
the inkjet printing system of FIG. 1A and FIG. 1B;

[0033] FIG. 9 is a diagram illustrating an exemplary
embodiment of discharge position error data received by a
discharge waveform signal selector included in the inkjet
printing system of FIG. 1A and FIG. 1B;

[0034] FIG. 10 is a diagram illustrating positions where
actual inks are discharged in an exemplary embodiment of
the inkjet printing system of FIG. 1A and FIG. 1B;

[0035] FIG. 11A and FIG. 11B are diagrams illustrating an
inkjet printing system according to an exemplary embodi-
ment; and

[0036] FIG. 12 is a waveform diagram illustrating an
exemplary embodiment of a plurality of discharge waveform
signals generated by a discharge waveform signal generator
included in the inkjet printing system of FIG. 11A and FIG.
11B.

DETAILED DESCRIPTION

[0037] The invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which various embodiments are shown. This invention may,
however, be embodied in many different forms, and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.
[0038] It will be understood that when an element is
referred to as being “on” another element, it can be directly
on the other element or intervening elements may be ther-
ebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present.

[0039] It will be understood that, although the terms
“first,” “second,” “third” etc. may be used herein to describe
various elements, components, regions, layers and/or sec-
tions, these elements, components, regions, layers and/or
sections should not be limited by these terms. These terms
are only used to distinguish one element, component, region,
layer or section from another element, component, region,
layer or section. Thus, “a first element,” “component,”
“region,” “layer” or “section” discussed below could be
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termed a second element, component, region, layer or sec-
tion without departing from the teachings herein.

[0040] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” are intended to include the plural forms, including
“at least one,” unless the content clearly indicates otherwise.
“Or” means “and/or.” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will be further understood that the
terms “comprises” and/or “comprising,” or “includes” and/
or “including” when used in this specification, specify the
presence of stated features, regions, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, regions,
integers, steps, operations, elements, components, and/or
groups thereof.

[0041] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another elements as
illustrated in the Figures. It will be understood that relative
terms are intended to encompass different orientations of the
device in addition to the orientation depicted in the Figures.
For example, if the device in one of the figures is turned
over, elements described as being on the “lower” side of
other elements would then be oriented on “upper” sides of
the other elements. The exemplary term “lower,” can there-
fore, encompasses both an orientation of “lower” and
“upper,” depending on the particular orientation of the
figure. Similarly, if the device in one of the figures is turned
over, elements described as “below” or “beneath” other
elements would then be oriented “above” the other elements.
The exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

[0042] “About” or “approximately” as used herein is
inclusive of the stated value and means within an acceptable
range of deviation for the particular value as determined by
one of ordinary skill in the art, considering the measurement
in question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within £30%, 20%, 10%, 5% of the
stated value.

[0043] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure belongs. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and the disclosure, and will not be interpreted in
an idealized or overly formal sense unless expressly so
defined herein.

[0044] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example,
of manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not
be construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
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are illustrated may be rounded. Thus, the regions illustrated
in the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are
not intended to limit the scope of the claims.

[0045] Hereinafter, embodiments of the invention will be
described in detail with reference to the accompanying
drawings.

[0046] FIG. 1A and FIG. 1B are diagrams illustrating an
inkjet printing system according to an exemplary embodi-
ment. FIG. 2 is a diagram illustrating an exemplary embodi-
ment of an inkjet head included in the inkjet printing system
of FIG. 1A and FIG. 1B.

[0047] Referring to FIG. 1A, FIG. 1B and FIG. 2, an
exemplary embodiment of the inkjet printing system 10 may
include an inkjet head 100, a transfer part 200, a discharge
waveform signal generator 300, and a discharge waveform
signal selector 400.

[0048] In an exemplary embodiment, the inkjet head 100
may include first to third nozzles 101, 102 and 103, an ink
110, first to third piezoelectric elements 121, 122 and 123,
and an pressure chamber 131. The first to third nozzles 101,
102 and 103 may be disposed in a row in a first direction D1,
and the first to third nozzles 101, 102 and 103 may discharge
the ink 110 in the form of droplets onto a pixel printing target
substrate 210.

[0049] The ink 110 may be a liquid including various
materials. In an exemplary embodiment, the ink 110 may be
an organic light emitting ink for forming a pixel included in
an organic light emitting display device. In one exemplary
embodiment, for example, the organic light emitting ink
may include an organic light emitting material and a solvent
which are mixed with each other. In such an embodiment,
the organic light emitting material may be a red organic light
emitting material, a green organic light emitting material, or
a blue organic light emitting material. The organic light
emitting material may receive a voltage to emit light having
a color (e.g., red, green or blue). The solvent may be easily
mixed with the organic light emitting material such that the
organic light emitting material may be dissolved into the
solvent to be in a liquid state.

[0050] The first to third piezoelectric elements 121, 122
and 123 may be disposed corresponding to the first to third
nozzles 101, 102 and 103, respectively, and may be disposed
above the pressure chamber 131. The first to third piezo-
electric elements 121, 122 and 123 may include piezoelec-
tric bodies. The shapes of the first to third piezoelectric
elements 121, 122 and 123 are changed in response to
provided discharge waveform signals, respectively.

[0051] The pressure chamber 131 may store the ink 110 to
be discharged from the first to third nozzles 101, 102 and
103, and may be connected to outside through the first to
third nozzles 101, 102 and 103. A diaphragm (not shown)
may be disposed between each of the first to third piezo-
electric elements 121, 122 and 123 and the pressure chamber
131, and may transmit vibration to the pressure chamber 131
in response to change of shape of each of the first to third
piezoelectric elements 121, 122 and 123.

[0052] Insuchanembodiment, when the shapes of the first
to third piezoelectric elements 121, 122 and 123 are respec-
tively changed in response to the discharge waveform sig-
nals, a volume of the pressure chamber 131 may be reduced.
When the volume of the pressure chamber 131 is reduced,
the inkjet head 100 may discharge the ink 110 through the
first to third nozzles 101, 102 and 103. Accordingly, the first
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to third nozzles 101, 102 and 103 of the inkjet head 100 may
discharge the ink 110 to the outside in response to the
discharge waveform signals, respectively.

[0053] FIGS. 1A, 1B and 2 show an exemplary embodi-
ment where the inkjet head 100 includes the first to third
nozzles 101, 102 and 1032, but the invention is not limited
thereto. In one alternative exemplary embodiment, for
example, the inkjet head 100 may include a plurality of
nozzles addition to the first to third nozzles 101, 102 and
103.

[0054] The frequency at which the inkjet head 100 dis-
charges the ink 110 to the outside (hereinafter, referred to a
discharge frequency) may depend on the characteristics of
the inkjet head 100. That is, the discharge frequency of the
inkjet head 100 may not be arbitrary adjusted. In addition,
the time for a current droplet to be discharged after a
previous one to be discharged from a nozzle may be deter-
mined based on the discharge frequency of the inkjet head
100. According to an exemplary embodiment, the discharge
frequency of the inkjet head 100 may be about 30 kilohertz
(kHz), for example. In such an embodiment, each of the first
to third nozzles 101, 102 and 103 may discharge the ink 110
about 30,000 times per second. In such an embodiment, each
of the first to third nozzles 101, 102 and 103 may spend at
least about 33.3 microseconds (us) for discharging one
droplet after discharging the previous one.

[0055] The transfer part 200 may transfer the pixel print-
ing target substrate 210 in a second direction D2 perpen-
dicular to the first direction D1. The pixel printing target
substrate 210 may be disposed below the inkjet head 100 by
the transfer part 200, and the ink 110 may be discharged onto
the pixel printing target substrate 210 by the first to third
nozzles 101, 102 and 103 of the inkjet head 100.

[0056] The pixel printing target substrate 210 may be a test
substrate for determining a position where the ink 110 is
discharged or a substrate for manufacturing the organic light
emitting display device. In an exemplary embodiment where
the pixel printing target substrate 210 is the substrate for
manufacturing the organic light emitting display device, the
ink 110 may be the organic light emitting ink as described
above, and the pixel printing target substrate may include a
plurality of banks for defining a region where sub-pixels are
formed. The organic light emitting ink may form the sub-
pixels by being discharged between adjacent banks. In one
exemplary embodiment, for example, the sub-pixels may
include a red sub-pixel, a green sub-pixel, and a blue
sub-pixel. The sub-pixels may be formed at a uniform
interval in the second direction D2 (hereinafter, referred to
a pixel interval) of the pixel printing target substrate 210. In
one exemplary embodiment, for example, one red sub-pixel
may be formed to be spaced apart from an adjacent red
sub-pixel by about 75 micrometers (um) in the second
direction D2.

[0057] The transfer part 200 may transfer the pixel print-
ing target substrate 210 toward the inkjet head 100, and the
speed of an inkjet printing process may be determined
according to the transferring speed of the pixel printing
target substrate 210. In one exemplary embodiment, for
example, the transferring speed of the pixel printing target
substrate 210 may be about 450 millimeters per second
(mm/s). The speed of the inkjet printing process having the
transferring speed of the pixel printing substrate 210 of
about 450 mny/s may be about 3 times faster than the speed
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of an inkjet printing process having the transferring speed of
the pixel printing substrate 210 of about 150 mm/s.

[0058] A minimum discharge interval (d) may be calcu-
lated by dividing the transferring speed (v) by the discharge
frequency (f) of the inkjet head 100 (i.e., d=v/f). In one
exemplary embodiment, for example, the minimum dis-
charge interval may be about 15 um when the discharge
frequency of the inkjet head 100 is about 30 kHz and the
transferring speed of the pixel printing target substrate 210
is about 450 mnvs.

[0059] FIG. 3 is a waveform diagram illustrating an exem-
plary embodiment of a plurality of discharge waveform
signals generated by a discharge waveform signal generator
included in the inkjet printing system of FIG. 1A and FIG.
1B.

[0060] Referring to FIG. 1A, FIG. 1B and FIG. 3, an
exemplary embodiment of the discharge waveform signal
generator 300 may generate a plurality of different discharge
waveform signals 30 based on the pixel interval in the pixel
printing target substrate 210 and the transferring speed of the
pixel printing target substrate 210. In one exemplary
embodiment, for example, the discharge waveform signal
generator 300 may generate the different discharge wave-
form signals 30 by dividing one discharge waveform signal,
which is applied for a time interval for one droplet to be
discharged after the previous droplet discharged from one
nozzle, into a plurality of discharge waveform signals.

[0061] Each of the different discharge waveform signals
30 may have an activating duration P1 and a stable duration
P2 following the activating duration P1. The activating
duration P1 may include a rising portion, a holding portion,
and a falling portion. The ink 110 may be discharged from
the nozzle based on the discharge waveform signal. The
stable duration P2 may be a time duration between an end of
the activating duration P1 of a first discharge waveform
signal and a start of the activating duration P1 of a second
discharge waveform signal. That is, the activating duration
P1 of one discharge waveform signal of the different dis-
charge waveform signals 30 may start after the stable
duration P2 of the other discharge waveform signal finishes.

[0062] In an exemplary embodiment, the discharge wave-
form signal generator 300 may generate the different dis-
charge waveform signals 30 based on the pixel interval (e.g.
about 75 um) and the transferring speed (e.g. about 450
mm/s). In one exemplary embodiment, for example, the
discharge waveform signal generator 300 may generate
three different discharge waveform signals 30 by dividing
one discharge waveform signal applied for 33.3 us, which is
the time spent for one droplet to be discharged after the
previous droplet discharged from one nozzle, into three
discharge waveform signals. In an exemplary embodiment,
as shown in FIG. 3, each of the different discharge waveform
signals 30 may start the activating duration P1 every 166.7
us, and may have the activating duration P1 and the stable
duration P2 for 11.1 us.

[0063] In an exemplary embodiment, as shown in FIG. 3,
the discharge waveform signal generator 300 generates the
first to third discharge waveform signals 31, 32 and 33, but
the invention is not limited thereto. Alternatively, the dis-
charge waveform signal generator 300 may generate four or
more discharge waveform signals 30 in consideration of the
characteristic of the ink 110. In an exemplary embodiment,
the length of the activating duration P1 and/or the stable
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duration P2 shown in FIG. 3 may be variously controlled or
modified, e.g., shortened or extended from those shown in
FIG. 3.

[0064] FIG. 4 is a diagram illustrating an exemplary
embodiment of positions where test inks are discharged in
the inkjet printing system of FIG. 1A and FIG. 1B. FIG. 5
is a diagram illustrating an exemplary embodiment of dis-
charge position error data received by a discharge waveform
signal selector included in the inkjet printing system of FIG.
1A and FIG. 1B. FIG. 6 is a diagram illustrating positions
where actual inks are discharged in an exemplary embodi-
ment of the inkjet printing system of FIG. 1A and FIG. 1B.

[0065] Referring to FIG. 1A, FIG. 1B, FIG. 4 and FIG. 6,
in an exemplary embodiment, the pixel printing target
substrate 210 may be a test substrate 211, and the test
substrate 211 may be provided with a first reference line
STL1 and a second reference line STL2. Each of the first
reference line STL.1 and the second reference line STL.2 may
extend in the first direction D1, and may be arranged with
regular intervals in the second direction D2. In an exemplary
embodiment, the first and second reference lines STL1 and
STL2 may be set for each the pixel interval in the pixel
printing target substrate 210. The pixel interval may be
predetermined, for example, to be about 75 um.

[0066] The first to third nozzles 101, 102 and 103 may
simultaneously discharge first to third test inks 111-1, 112-1
and 113-1 toward the first reference line STL1. Next, the first
to third nozzles 101, 102 and 103 may simultaneously
discharge test inks toward the second reference line STL.2.
However, the positions where the first to third test inks
111-1, 112-1 and 113-1 are discharged to the test substrate
211 may be out of the first and second reference lines STL.1
and STL2 by a variety of reasons (for example, when the
shapes of the first to third nozzles 101, 102 and 103 are
different or the first to third nozzles 101, 102 and 103 are not
aligned properly).

[0067] In an exemplary embodiment, as shown in FIG. 4,
the first test ink 111-1 discharged from the first nozzle 101
may be discharged spaced apart from the first reference line
STL1 about 7 um in a direction opposite to the second
direction D2. The second test ink 112-1 discharged from the
second nozzle 102 may be discharged spaced apart from the
first reference line STL1 about 1.5 um in the second direc-
tion D2. The third test ink 113-1 discharged from the third
nozzle 103 may be discharged spaced apart from the first
reference line STL1 about 6 um in the second direction D2.
This may be the same at the second reference line STL.2.
Hereinafter, the first to third test inks 111-1, 112-1 and 113-1
discharged toward the first reference line STL1 will be
mainly described.

[0068] To manufacture a display device having high reso-
Iution, the ink 110 may be discharged within a predeter-
mined margin of error in the first reference line STL1. In one
exemplary embodiment, for example, the margin of error
may be about +2.5 um of the first reference line STL1.

[0069] Discharge position error data 420-1 may indicate a
distance difference between the first to third test inks 111-1,
112-1 and 113-1 and the first reference line STL1 in the
second direction D2, and may respectively correspond to the
first to third nozzles 101, 102 and 103. In an exemplary
embodiment, the discharge position error data 420-1 may be
a digital signal, and a reference bit string may be assigned
to the first reference line STL1. First to third bit string 421-1,

Dec. 10, 2020

422-1 and 423-1 may be assigned to the first to third nozzles
101, 102 and 103 according to the distance difference.

[0070] As shown in FIG. 5, the positions where the first to
third test inks 111-1, 112-1 and 113-1 are discharged onto the
test substrate 211 may be converted into the discharge
position error 420-1. The reference bit string and the first to
third bit string 421-1, 422-1 and 423-1 of the discharge
position error data 420-1 may be represented by two binary
digits, respectively. In an exemplary embodiment, the ref-
erence bit string may be assigned to the first reference line
STL1. In one exemplary embodiment, for example, the
reference bit string may be ‘10’ In such an embodiment, the
first bit string 421-1 of ‘11’ may be assigned to the first
nozzle 101 which discharges the first test ink 111-1, the
second bit string 422-1 of ‘10’ may be assigned to the second
nozzle 102 which discharges the second test ink 112-1, and
the third bit string 423-1 of ‘01 may be assigned to the third
nozzle 103 which discharges the third test ink 113-1.

[0071] The discharge waveform signal selector 400 may
select first to third discharge waveform signals 31, 32 and 33
for controlling discharge operations of the first to third
nozzles 101, 102 and 103 based on the discharge position
error data 420-1 respectively corresponding to the first to
third nozzles 101, 102 and 103 among the different dis-
charge waveform signals 30, and the discharge waveform
signal selector 400 may provide the first to third discharge
waveform signals 31, 32 and 33 to the first to third nozzles
101, 102 and 103. In an exemplary embodiment, the dis-
charge waveform signal selector 400 may include first to
third signal selection units 411, 412 and 413. Each of the first
to third signal selection units 411, 412 and 413 may be a
multiplexer which is inputted a plurality of signals and
outputs one of the signals. The first to third signal selection
units 411, 412 and 413 may receive the discharge position
error data 420-1 respectively corresponding to the first to
third nozzles 101, 102 and 103, and may select the first to
third discharge waveform signals 31, 32 and 33 for control-
ling discharge operations of the first to third nozzles 101,
102 and 103 among the different discharge waveform sig-
nals 30. Next, the first to third signal selection units 411, 412
and 413 may respectively provide the first to third discharge
waveform signals 31, 32 and 33 to the first to third nozzles
101, 102 and 103.

[0072] Inan exemplary embodiment, as shown in FIG. 1B
and FIG. 6, the discharge waveform signal selector 400 may
select the first discharge waveform signal 31, and may
provide the first discharge waveform signal 31 to the first
nozzle 101 based on the first bit string 421-1. First ink 114-1
may be discharged to a position adjusted to be about 5 um
in the second direction D2 from the position where the first
test ink 111-1 is discharged by discharging the first ink 114-1
from the first nozzle 101 provided with the first discharge
waveform signal 31. such an embodiment, the first ink 114-1
may be discharged at a position spaced apart about 2 um
from the first reference line STL1 in the second direction
D2. In such an embodiment, the discharge waveform signal
selector 400 may select the second discharge waveform
signal 32, and may provide the second discharge waveform
signal 32 to the second nozzle 102 based on the second bit
string 422-1. The second nozzle 102 provided with the
second discharge waveform signal 32 may discharge second
ink 115-1. In such an embodiment, the second ink 115-1 may
be discharged at a position spaced apart about 1.5 um from
the first reference line STL1 in the direction opposite to the
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second direction D2. In such an embodiment, the discharge
waveform signal selector 400 may select the third discharge
waveform signal 33, and may provide the third discharge
waveform signal 33 to the third nozzle 103 based on the
third bit string 423-1. Third ink 116-1 may be discharged to
a position adjusted about 5 um in the direction opposite to
the second direction D2 from the position where the third
test ink 113-1 is discharged by discharging the third ink
116-1 from the third nozzle 103 provided with the third
discharge waveform signal 33. That is, the third ink 116-1
may be discharged at a position spaced apart about 1 um
from the first reference line STL1 in the second direction
D2. Accordingly, all of the first to third ink 114-1, 115-1,
116-1 may be discharged within +2.5 um of the first refer-
ence line STL1, and the inkjet printing system 10 may
accurately control a position where the first to third ink
114-1, 115-1, 116-1 are discharged while maintaining the
high transferring speed by controlling each of the first to
third nozzles 101, 102 and 103 to discharge the first to third
ink 114-1, 115-1, 116-1 at predetermined time interval.
[0073] In an alternative exemplary embodiment, the inkjet
printing system 10 may generate the discharge position error
data 420-1 in various different ways. In an exemplary
embodiment of the inkjet printing system 10, as described
above with reference to FIG. 1 to FIG. 6, the discharge
frequency of the inkjet head 100 may be 30 kHz and the
transferring speed of the pixel printing target substrate 210
may be 450 mm/s, but the invention is not limited thereto.
Alternatively, the inkjet printing system 10 may have a
discharge frequency among various discharge frequencies
and a transferring speed among various transferring speeds
according to desired conditions.

[0074] FIG. 7 is a waveform diagram illustrating an exem-
plary embodiment of a plurality of discharge waveform
signals generated by the discharge waveform signal genera-
tor included in the inkjet printing system of FIG. 1A and
FIG. 1B. FIG. 8 is a diagram illustrating an exemplary
embodiment of positions where test inks are discharged in
the inkjet printing system of FIG. 1A and FIG. 1B. FIG. 9
is a diagram illustrating an exemplary embodiment of dis-
charge position error data received by a discharge waveform
signal selector included in the inkjet printing system of FIG.
1A and FIG. 1B. FIG. 10 is a diagram illustrating position
where actual inks are discharged in an exemplary embodi-
ment of the inkjet printing system of FIG 1A and FIG. 1B.
[0075] Referring to FIG. 1A, FIG. 1B, FIG. 7, FIG. 8, FIG.
9, and FIG. 10, in an exemplary embodiment, the pixel
printing target substrate 210 may be the test substrate 211,
and the test substrate 211 may be provided with first to sixth
reference lines STL1, STL2, STL3, STL4, STLS and STL6.
Each of the first to sixth reference lines STL1, STL2, STL3,
STL4, STLS and STL6 may extend in the first direction D1,
and may be arranged with regular intervals in the second
direction D2. In an exemplary embodiment, the first to sixth
reference lines STL1, STL2, STL3, STL4, STLS and STL6
may be set for each minimum discharge interval. The
minimum discharge interval may be calculated based on the
discharge frequency of the inkjet head 100 and the trans-
ferring speed of the pixel printing target substrate 210. In
one exemplary embodiment, for example, the minimum
discharge interval may be about 15 um.

[0076] The first to third nozzles 101, 102 and 103 may
simultaneously discharge first to third test inks 111-2, 112-2
and 113-2 toward the first reference line STL1. Next, the first
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to third nozzles 101, 102 and 103 may simultaneously
discharge test inks toward the sixth reference line STL6.
However, the positions where the first to third test inks
111-2, 112-2 and 113-2 are discharged to the test substrate
211 may be out of the first and sixth reference lines STL.1
and STL6 by a variety reasons (for example, when the
shapes of the first to third nozzles 101, 102 and 103 are
different or the first to third nozzles 101, 102 and 103 are not
aligned properly).

[0077] In an exemplary embodiment, as shown in FIG. 8,
the first test ink 111-2 discharged from the first nozzle 101
may be discharged spaced apart from the second reference
line STL.2 about 7 um in a direction opposite to the second
direction D2. The second test ink 112-2 discharged from the
second nozzle 102 may be discharged spaced apart from the
first reference line STL1 about 1.5 um in the second direc-
tion D2. The third test ink 113-2 discharged from the third
nozzle 103 may be discharged spaced apart from the first
reference line STL1 about 6 um in the second direction D2.
This may be the same at the sixth reference line STL6.
Hereinafter, the first to third test inks 111-2, 112-2 and 113-2
discharged toward the first reference line STL1 will be
mainly described.

[0078] To manufacture a display device having high reso-
Iution, the ink 110 may be discharged within a predeter-
mined margin of error in the first reference line STL1. In one
exemplary embodiment, for example, the margin of error
may be about +2.5 um of the first reference line STL1.
[0079] Discharge position error data 420-2 may indicate a
distance difference between the first to third test inks 111-2,
112-2 and 113-2 and each of the first to fifth reference lines
STL1, STL2, STL3, STL4, STLS in the second direction
D2, and may respectively correspond to the first to third
nozzles 101, 102 and 103. In an exemplary embodiment, the
discharge position error data 420-2 may be a digital signal,
and a reference bit string may be assigned to the first
reference line STL1, and first to third bit string 421-2, 422-2
and 423-2 may be assigned to the first to third nozzles 101,
102 and 103 according to the distance difference.

[0080] In an exemplary embodiment, as shown in FIG. 9,
the position where the first to third test inks 111-2, 112-2 and
113-2 are discharged onto the test substrate 211 may be
converted into the discharge position error 420-2. The
reference bit string and the first to third bit string 421-2,
422-2 and 423-2 of the discharge position error data 420-2
may be represented by two binary digits, respectively. In one
exemplary embodiment, for example, the first bit string
421-2 of “00°, <117, “00°, “00’, 00’ corresponding to each of
the first to fifth reference lines STL1, STL2, STL3, STL4
and STLS may be assigned to the first nozzle 101 which
discharges the first test ink 111-2, the second bit string 422-2
of “10°, “00’, <00°, <00, ‘00’ corresponding to each of the
first to fifth reference lines STL1, STL2, STL3, STL4 and
STLS may be assigned to the second nozzle 102 which
discharges the second test ink 112-2, and the third bit string
423-2 of 017, “00’, “00°, <00’, ‘00’ corresponding to each of
the first to fifth reference lines STL1, STL2, STL3, STL4
and STLS may be assigned to the third nozzle 103 which
discharges the third test ink 113-2.

[0081] The discharge waveform signal selector 400 may
select first to third discharge waveform signals 34, 35 and 36
for controlling discharge operations of the first to third
nozzles 101, 102 and 103 based on the discharge position
error data 420-2 respectively corresponding to the first to
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third nozzles 101, 102 and 103 among the different dis-
charge waveform signals 30, and the discharge waveform
signal selector 400 may provide the first to third discharge
waveform signals 34, 35 and 36 to the first to third nozzles
101, 102 and 103. In an exemplary embodiment, the dis-
charge waveform signal selector 400 may include first to
third signal selection units 411, 412 and 413. Each of the first
to third signal selection units 411, 412 and 413 may be a
multiplexer which is inputted a plurality of signals and
outputs one of them. The first to third signal selection units
411, 412 and 413 may receive the discharge position error
data 420-2 respectively corresponding to the first to third
nozzles 101, 102 and 103, and may select the first to third
discharge waveform signals 34, 35 and 36 for controlling
discharge operations of the first to third nozzles 101, 102 and
103 among the different discharge waveform signals 30.
Next, the first to third signal selection units 411, 412 and 413
may selectively provide the first to third discharge waveform
signals 31, 32 and 33 to the first to third nozzles 101, 102 and
103.

[0082] In such an embodiment, as shown in FIG. 10, the
discharge waveform signal selector 400 may select the first
discharge waveform signal 31, and may provide the first
discharge waveform signal 34 to the first nozzle 101 based
on the first bit string 421-2. First ink 114-2 may be dis-
charged to a position adjusted about 20 um in the second
direction D2 from the position where the first test ink 111-2
is discharged by discharging the first ink 114-2 from the first
nozzle 101 provided with the first discharge waveform
signal 34. That is, the first ink 114-2 may be discharged at
a position spaced apart about 2 um from the first reference
line STL1 in the second direction D2. In such an embodi-
ment, the discharge waveform signal selector 400 may select
the second discharge waveform signal 35 and may provide
the second discharge waveform signal 35 to the second
nozzle 102 based on the second bit string 422-2. The second
nozzle 102 provided with the second discharge waveform
signal 35 may discharge second ink 115-2. That is, the
second ink 115-2 may be discharged at a position spaced
apart about 1.5 um from the first reference line STL1 in the
direction opposite to the second direction D2. In such an
embodiment, the discharge waveform signal selector 400
may select the third discharge waveform signal 36, and may
provide the third discharge waveform signal 36 to the third
nozzle 103 based on the third bit string 423-2. Third ink
116-2 may be discharged to a position adjusted about 5 um
in the direction opposite to the second direction D2 from the
position where the third test ink 113-2 is discharged by
discharging the third ink 116-2 from the third nozzle 103
provided with the third discharge waveform signal 36. That
is, the third ink 116-2 may be discharged at a position spaced
apart about 1 um from the first reference line STL1 in the
second direction D2. Accordingly, all of the first to third ink
114-2, 115-2, 116-2 may be discharged within +2.5 um of the
first reference line STL1. In such an embodiment, although
the first test ink 111-2 is discharged spaced apart from the
first reference line STL1 about 22 um which is longer than
7.5 um in a direction opposite to the second direction D2, the
first ink 114-2 may be discharged within 2.5 um of the first
reference line STL1. That is, the inkjet printing system 10
may discharge the first to third inks 114-2, 115-2, 116-2
within the margin of error in the first reference line STL1
because the discharge position error data 420-2 is effectively
converted even if the first to third test inks 111-2, 112-2 and
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113-2 are discharged at any position of the test substrate 211,
by providing with reference lines at each minimum dis-
charge interval.

[0083] However, the above description is merely exem-
plary, and reference lines in the inkjet printing system 10
may be variously set according to the desired conditions.
[0084] FIG. 11A and FIG. 11B are diagrams illustrating an
inkjet printing system according to an exemplary embodi-
ment. FIG. 12 is a waveform diagram illustrating an exem-
plary embodiment of a plurality of discharge waveform
signals generated by a discharge waveform signal generator
included in the inkjet printing system of FIG. 11A and FIG.
11B.

[0085] Referring to FIG. 11A, FIG. 11B and FIG. 12, the
inkjet printing system 20 may include an inkjet head 100, a
transfer part 200, and a discharge waveform signal generator
500. In FIGS. 11A and 11B, the inkjet printing system 20 is
substantially the same as the inkjet printing system 10
shown in FIGS. 1A and 1B except for the discharge wave-
form signal generator 500, and any repetitive detailed
description of the same or like elements will hereinafter be
omitted or simplified.

[0086] The discharge waveform signal generator 500 may
generate first to third discharge waveform signals 51, 52 and
53 based on the pixel interval in the pixel printing target
substrate 210, a transferring speed of the pixel printing target
substrate 210, and discharge position error data 420-1
respectively corresponding to the first to third nozzles 101,
102 and 103. In one exemplary embodiment, for example,
the discharge waveform signal generator 500 may generate
the first to third discharge waveform signals 51, 52 and 53
by dividing one discharge waveform signal, which is applied
for the time spent for one droplet to be discharged after the
previous droplet discharged from one nozzle, into a plurality
of discharge waveform signals.

[0087] Each of the first to third discharge waveform sig-
nals 51, 52 and 53 may have an activating duration P1 and
a stable duration P2 following the activating duration P1.
The activating duration P1 may include a rising portion, a
holding portion, and a falling portion. The ink 110 may be
discharged from the nozzle receiving the discharge wave-
form signal. The stable duration P2 may be a time duration
between an end of the activating duration P1 of a first
discharge waveform signal and a start of the activating
duration P1 of a second discharge waveform signal. That is,
the activating duration P1 of one discharge waveform signal
of'the first to third discharge waveform signals 51, 52 and 53
may start after the stable duration P2 of the other discharge
waveform signal finishes.

[0088] In an exemplary embodiment, the discharge wave-
form signal generator 500 may generate the first to third
discharge waveform signals 51, 52 and 53 based on the pixel
interval (e.g., about 75 um) and the transferring speed (e.g.,
about 450 mm/s). For example, the discharge waveform
signal generator 500 may generate the first to third discharge
waveform signals 51, 52 and 53 by dividing one discharge
waveform signal applied for 33.3 us, which is the time
required for one droplet to be discharged after the previous
one to be discharged from one nozzle, into three discharge
waveform signals. That is, as shown in FIG. 12, each of the
first to third discharge waveform signals 51, 52 and 53 may
start the activating duration P1 every 166.7 us, and may have
the activating duration P1 and the stable duration P2 for 11.1
us.
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[0089] In an exemplary embodiment, as shown in FIG. 12,
the discharge waveform signal generator 500 generates the
first to third discharge waveform signals, but the invention
is not limited thereto. Alternatively, the discharge waveform
signal generator 500 may generate four or more discharge
waveform signals in consideration of the characteristic of
the ink 110. In an exemplary embodiment, the length of the
activating duration P1 and/or the stable duration P2 may be
variously modified or controlled, e.g., to be shortened or
extended from those shown in FIG. 12.

[0090] The discharge waveform signal generator 500 may
provide the first to third discharge waveform signals 51, 52
and 53 to the first to third nozzles 101, 102 and 103. In such
an embodiment, the discharge waveform signal generator
500 is substantially the same as that described above, and
any repetitive detailed description thereof will be omitted.
[0091] The invention should not be construed as being
limited to the exemplary embodiments set forth herein.
Rather, these exemplary embodiments are provided so that
this disclosure will be thorough and complete and will fully
convey the concept of the invention to those skilled in the
art. The exemplary embodiments of the inkjet printing
system 10 and 20 may be used in manufacturing process of
hole transport layer and/or hole injection layer, and may be
used in manufacturing process of liquid crystal and/or color
filter of liquid crystal display device.

[0092] The exemplary embodiments of the inkjet printing
system 10 and 20 according to the invention may be applied
to an display device or an electronic device including the
display device, for example, a cellular phone, a smart phone,
a video phone, a smart pad, a smart watch, a tablet personal
computer (“PC”), a car navigation system, a television, a
computer monitor, a laptop computer, a head mounted
display device or an MP3 player.

[0093] While the invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit or scope of the
invention as defined by the following claims.

What is claimed is:

1. An inkjet printing system comprising:

an inkjet head comprising first to n-th nozzles disposed in
a row in a first direction, wherein the inkjet head
discharges an ink onto a pixel printing target substrate,
and n is an integer equal to or greater than two;

a transfer part which transfers the pixel printing target
substrate toward the inkjet head in a second direction
perpendicular to the first direction;

a discharge waveform signal generator which generates a
plurality of different discharge waveform signals based
on a pixel interval in the pixel printing target substrate
and a transferring speed of the pixel printing target
substrate; and

a discharge waveform signal selector which selects first to
n-th discharge waveform signals among the plurality of
different discharge waveform signals based on dis-
charge position error data respectively corresponding
to the first to n-th nozzles, such that the first to n-th
discharge waveform signals are selectively provided to
each of the first to n-th nozzles, wherein the first to n-th
discharge waveform signals control discharge opera-
tions of the first to n-th nozzles.

2. The inkjet printing system of claim 1,
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wherein the discharge position error data represent a
distance difference between a test ink simultaneously
discharged from the first to n-th nozzles toward a
reference line extending in the first direction and the
reference line, in the second direction.

3. The inkjet printing system of claim 2,

wherein the discharge position error data is a digital
signal,

wherein a reference bit string is assigned to the reference
line, and

wherein first to n-th bit strings are assigned to the first to
n-th nozzles, respectively, based on the distance differ-
ence.

4. The inkjet printing system of claim 2, wherein the

reference line is set for the pixel interval.

5. The inkjet printing system of claim 2, wherein the
reference line is set for each minimum discharge interval
calculated based on a discharge frequency of the inkjet head
and the transferring speed of the pixel printing target sub-
strate.

6. The inkjet printing system of claim 1,

wherein each of the plurality of different discharge wave-
form signals has an activating duration and a stable
duration following the activating duration; and

wherein when the stable duration of a first discharge
waveform signal finishes, the activating duration of a
second discharge waveform signal starts.

7. The inkjet printing system of claim 1,

wherein the discharge waveform signal selector com-
prises first to n-th signal selection units which select the
first to n-th discharge waveform signals.

8. The inkjet printing system of claim 7,

wherein the discharge position error data of the first to
n-th nozzles are respectively applied to the first to n-th
signal selection units.

9. The inkjet printing system of claim 1,

wherein the inkjet head further comprises first to n-th
piezoelectric elements disposed corresponding to the
first to n-th nozzles, respectively; and

wherein shapes of the first to n-th piezoelectric elements
are varied in response to the first to n-th discharge
waveform signals, respectively.

10. An inkjet printing system comprising:

an inkjet head comprising first to n-th nozzles disposed in
a row in a first direction, wherein the inkjet head
discharges an ink onto a pixel printing target substrate,
and n is an integer equal to or greater than two;

a transfer part which transfers the pixel printing target
substrate toward the inkjet head in a second direction
perpendicular to the first direction; and

a discharge waveform signal generator which generates
first to n-th discharge waveform signals based on a
pixel interval in the pixel printing target substrate, a
transferring speed of the pixel printing target substrate
and discharge position error data respectively corre-
sponding to the first to n-th nozzles, such that the first
to n-th discharge waveform signals are selectively
provided to each of the first to n-th nozzles.

11. The inkjet printing system of claim 10,

wherein the discharge position error data represent a
distance difference between a test ink simultaneously
discharged to a reference line extending in the first
direction from the first to n-th nozzles and the reference
line, in the second direction.



US 2020/0384761 Al

12. The inkjet printing system of claim 11,

wherein the discharge position error data is a digital

signal,

wherein a reference bit string is assigned to the reference

line, and

wherein first to n-th bit strings are respectively assigned

to the first to n-th nozzles based on the distance
difference.

13. The inkjet printing system of claim 11, wherein the
reference line is set for the pixel interval.

14. The inkjet printing system of claim 11, wherein the
reference line is set for each minimum discharge interval
calculated based on a discharge frequency of the inkjet head
and the transferring speed of the pixel printing target sub-
strate.

15. The inkjet printing system of claim 10,

wherein each of the first to n-th discharge waveform

signals has an activating duration and a stable duration
following the activating duration; and

wherein when the stable duration of the first discharge

waveform signal finishes, the activating duration of the
second discharge waveform signal starts.

16. The inkjet printing system of claim 10,

wherein the inkjet head further comprises first to n-th

piezoelectric elements disposed corresponding to the
first to n-th nozzles, respectively; and

wherein shapes of the first to n-th piezoelectric elements

are varied in response to the first to n-th discharge
waveform signals, respectively.
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