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A printing apparatus includes: a nozzle head including a
nozzle head main body and a plurality of linear nozzle units
for spraying a printing material, the linear nozzle units on one
side of the nozzle head main body and elongated in parallel in
a first direction; and a nozzle head driver connected to the
nozzle head main body and configured to move the nozzle
head in a second direction crossing the first direction. In such
a printing apparatus, a dry spot due to a printing time differ-
ence may be reduced or prevented, a uniform printing pattern
may be formed, printing quality may be improved, and defec-
tive products may be reduced. In addition, the effective spac-
ing between separate spray nozzles may be reduced or mini-
mized.
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PRINTING APPARATUS AND METHOD FOR
MANUFACTURING ORGANIC LIGHT
EMITTING DIODE DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0043914, filed in the
Korean Intellectual Property Office on Apr. 26, 2012, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] (a) Field

[0003] Aspects of embodiments of the present invention
relate to a printing apparatus and a manufacturing method of
an organic light emitting diode (OLED) display using the
printing apparatus.

[0004] (b) Description of the Related Art

[0005] Flat display devices such as organic light emitting
diode (OLED) displays and liquid crystal displays (LCDs)
commonly include a pixel pattern displaying an image. For
example, LCDs include various pixel layer patterns such as
thin film transistors, gate signal lines, data signal lines, pixel
electrodes, black matrix, color filters, and common elec-
trodes. Also, OLED displays include various pixel layer pat-
terns such as anodes, electron injection layers (EILs), hole
injection layers (HILs), cathodes, and organic layers.

[0006] Forhigh performance and low cost of the flat display
devices, research on screen printing, photosensitive pasting
by a photolithography process, and ink-jet printing as a part of
the manufacturing process have been actively developed.
Among them, the ink-jet printing as a method of depositing
ink in a desired pattern by spraying a printing material on a
corresponding substrate of a display device from a nozzle
under pressure has been recently spotlighted as a pattern
forming method for high performance and low cost.

[0007] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY

[0008] Aspects of embodiments of the present invention
relate to a printing apparatus and a manufacturing method of
an OLED display using the printing apparatus. In further
detail, aspects of embodiments of the present invention relate
to a printing apparatus with reduced effective spacing
between spray nozzles while also reducing or preventing
drying stains in printing patterns, and a corresponding manu-
facturing method of an OLED display.

[0009] Further embodiments of the present invention pro-
vide for a printing apparatus capable of preventing or reduc-
ing the occurrence of dry spots due to a printing time differ-
ence of different spray nozzles, and realizing a uniform
printing pattern, and a corresponding manufacturing method
of an OLED display. In addition, embodiments of the present
invention provide for a printing apparatus for reducing or
minimizing the effective spacing between adjacent spray
nozzles in a printing process, and a corresponding manufac-
turing method of an OLED display.

[0010] In an exemplary embodiment of the present inven-
tion, a printing apparatus is provided. The printing apparatus
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includes: a nozzle head including a nozzle head main body
and a plurality of linear nozzle units for spraying a printing
material, the linear nozzle units on one side of the nozzle head
main body and elongated in parallel with each other in a first
direction; and a nozzle head driver connected to the nozzle
head main body and configured to move the nozzle head in a
second direction crossing the first direction.

[0011] The second direction may be perpendicular to the
first direction.
[0012] Each of the plurality of linear nozzle units may

include a plurality of spray nozzles separated by a first inter-
val in the first direction. Corresponding adjacent said spray
nozzles from different ones of the plurality of linear nozzle
units may be separated by a second interval that is smaller
than the first interval in the first direction.

[0013] A number of the plurality of linear nozzle units may
be N. The second interval may be 1/N times the first interval
in the first direction.

[0014] The plurality of linear nozzle units may be movable
with respect to each other in the second direction.

[0015] The plurality of linear nozzle units may be movable
with respect to each other in the first direction.

[0016] In another exemplary embodiment of the present
invention, a method of manufacturing an organic light emit-
ting diode (OLED) display with a printing apparatus includ-
ing a nozzle head having a nozzle head main body and a
plurality of linear nozzle units for spraying an organic mate-
rial is provided. The linear nozzle units are on one side of the
nozzle head main body and elongated in parallel with each
other in a first direction. The method includes forming an
organic layer by using the printing apparatus to spray the
organic material onto a substrate arranged opposite to the
linear nozzle units while moving the nozzle head in a second
direction crossing the first direction.

[0017] The second direction may be perpendicular to the
first direction.
[0018] Each of the plurality of linear nozzle units may

include a plurality of spray nozzles separated in the first
direction by a first interval. Corresponding adjacent said
spray nozzles from different ones of the plurality of linear
nozzle units may be separated by a second interval that is
smaller than the first interval in the first direction.

[0019] A number of the plurality of linear nozzle units may
be N. The second interval may be 1/N times the first interval
in the first direction.

[0020] The method may further include separating the plu-
rality of linear nozzle units in the first direction before moving
the nozzle head in the second direction such that an interval in
the first direction between the spray nozzles of different ones
of the linear nozzle units is controlled.

[0021] The forming of the organic layer may include:
spraying the organic material onto the substrate from only a
first one of the linear nozzle units while moving the nozzle
head in a first movement in the second direction; and spraying
the organic material onto the substrate from only a second one
of the linear nozzle units while moving the nozzle head in a
second movement in the second direction.

[0022] The first and second movements may be reciprocal
movements between one end and another end of the substrate.
[0023] The method may further include separating the plu-
rality of linear nozzle units in the second direction before
moving the nozzle head in the second direction such that an
interval in the second direction between the linear nozzle
units is widened.
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[0024] According to exemplary embodiments of the
present invention, a dry spot due to a printing time difference
may be reduced or prevented, a uniform printing pattern may
be formed, printing quality may be improved, and defective
products may be reduced. Inaddition, according to exemplary
embodiments of the present invention, the effective spacing
between adjacent spray nozzles of a corresponding printing
apparatus is reduced or minimized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 11is a schematic diagram of a printing appara-
tus according to an exemplary embodiment of the present
invention.

[0026] FIG. 2 is a schematic view of a nozzle head of the
printing apparatus of FIG. 1.

[0027] FIG. 3 is an enlarged view showing a portion of the
nozzle head of F1G. 2.

[0028] FIG.4, whichincludes FIG. 4(A) and FIG. 4(B), are
schematic views of a nozzle head of a printing apparatus
according to other exemplary embodiments of the present
invention.

[0029] FIG.5A to FIG. 5D are schematic diagrams sequen-
tially illustrating a manufacturing method of an OLED dis-
play according to an exemplary embodiment of the present
invention.

[0030] FIG. 6 is a schematic view of an organic layer for

pixels formed according to the manufacturing method of FIG.
5

DETAILED DESCRIPTION

[0031] A printing apparatus and a manufacturing method of
an OLED display according to exemplary embodiments of
the present invention will be described with reference to the
accompanying drawings. However, the present invention is
not limited to the exemplary embodiments disclosed herein-
after, but may be implemented in various different forms. The
exemplary embodiments described herein provide explana-
tion of the invention to a person of ordinary skill in the art.
Like reference numerals refer to like elements throughout.
[0032] In the drawings, the thickness of layers, films, pan-
els, regions, etc., may be exaggerated for clarity. Further, it
will be understood that when an element such as a layer, film,
region, or substrate is referred to as being “on” another ele-
ment, it can be directly on the other element or intervening
elements may also be present.

[0033] In addition, unless explicitly described to the con-
trary, the word “comprise” and variations such as “com-
prises” or “comprising” will be understood to imply theinclu-
sion of stated elements but not the exclusion of any other
elements. Further, throughout the specification, “on” implies
being positioned above orbelow a target element and does not
imply being necessarily positioned on top based on a gravity
direction.

[0034] In the ink-jet printing of an OLED display, to form
the printing pattern on the substrate ofa large size at one time,
the printing material (for example, an organic material) may
be sprayed onto the substrate through multiple nozzles that
are arranged linearly. However, although the size of the sub-
strate may increase to produce larger OLED displays, the
pattern printed on the substrate may decrease to increase
resolution. In particular, for OLED displays having high reso-
lution, subpixels—for example, subpixels of R (red), G
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(green), and B (blue)—within the organic layer of the pixels
may be arranged with a very small pitch between the subpix-
els.

[0035] Accordingly, it may be difficult when using the mul-
tiple nozzles that are linearly arranged to reduce the interval
between the nozzles. That is, it may be difficult for the nozzle
interval to correspond to the subpixel interval. Embodiments
of the present invention provide for a printing apparatus with
decreased effective nozzle intervals, and a method for manu-
facturing an OLED display using the printing apparatus.
[0036] FIG. 11is a schematic diagram of a printing appara-
tus according to an exemplary embodiment of the present
invention. FIG. 2 is a schematic view of a nozzle head 1 of the
printing apparatus of FIG. 1. FIG. 3 is an enlarged view
showing a portion of the nozzle head 1 of FIG. 2.

[0037] Referring to FIG. 1to FIG. 3, the printing apparatus
includes the nozzle head 1 having a nozzle head main body 10
and a plurality of linear nozzle units including first linear
nozzle unit 20, second linear nozzle unit 30, and third linear
nozzle unit 40. In addition, the printing apparatus includes a
driver 60 for moving the nozzle head 1, and further includes
a printing material supply unit 50 having printing material M
to be printed.

[0038] The nozzle head 1 performs a function of receiving
the printing material M supplied from the printing material
supply unit 50 and discharging the printing material M on a
target object S. The linear nozzle units 20, 30, and 40 of the
nozzle head 1 include corresponding spray nozzles 22, 32,
and 42 for spraying the printing material M on the target
object S. The nozzle head main body 10 supports the plurality
of linear nozzle units 20, 30, and 40.

[0039] The nozzle head 1 may be driven by one of various
driving methods known to those of ordinary skill in the art
according to a discharging mechanism of the printing mate-
rial. Such driving methods may include, for example, a ther-
mal driving method for discharging the ink by expanding and
generating a bubble by using a heat source, and a piezoelectric
driving method for discharging the ink by using pressure
applied to the ink by deformation of a piezoelectric member.
As such, for ease of description, further detailed description
of the driving apparatus realizing this driving method may be
omitted.

[0040] Thenozzle head mainbody 10 supports the plurality
of linear nozzle units 20, 30, and 40 to correspond to the target
object S. The nozzle head main body 10 receives the printing
material M from the printing material supply unit 50 and
distributes the printing material M to each of the linear nozzle
units 20, 30, and 40. A nozzle head driver 60 for moving the
nozzle head 1 is installed in the nozzle head main body 10.
[0041] The linear nozzle units 20, 30, and 40 are arranged
on one side of the nozzle head main body 10, thereby being
supported by the nozzle head main body 10. The plurality of
linear nozzle units 20, 30, and 40 are extended in a set direc-
tion (for example, a predetermined first direction, such as an
x-axis direction or length direction), and are arranged in
parallel in this length direction. The exemplary embodiment
of FIG. 1 to FIG. 3 includes the three linear nozzle units
including the first linear nozzle unit 20, the second linear
nozzle unit 30, and the third linear nozzle unit 40, however the
number of linear nozzle units is not limited thereto and is at
least two in other embodiments.

[0042] The plurality of linear nozzle units 20, 30, and 40
may respectively spray different printing materials or the
same printing material M, and may be changed according to
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a printing process such as the kind of target object S. For
example, in the OLED display, when printing the subpixels of
R (red), G (green). and B (blue) in the organic emission layer
of the pixels, the plurality of linear nozzle units 20, 30, and 40
may respectively spray the organic materials corresponding
to the three types of subpixels.

[0043] Inthe exemplary embodiment of FIG.1to FIG. 3, to
coat the printing material M on the target object S, for con-
venience of description, the linear nozzle units 20, 30, and 40
spray the printing material M downward while the target
object S is disposed under the linear nozzle units 20, 30, and
40. However, the present invention is not limited thereto, and
in other embodiments, the linear nozzle units 20, 30, and 40
may be variously disposed while corresponding to the target
object S.

[0044] Ineach of the linear nozzle units 20, 30, and 40, the
respective plurality of spray nozzles 22, 32, and 42 are formed
at set intervals (for example, at predetermined intervals)
according to the first direction (e.g., length direction), to
thereby spray the printing material M at the target object S. As
shown in FIG. 3, the separate spray nozzles in each of the
plurality of spray nozzles 22, 32, and 42 may be arranged with
a first interval d1 between them in the first direction.

[0045] By an opening and closing of the spray nozzle, a
supply amount of the printing material M coated on the target
object S and a spray position are controlled. The linear nozzle
units 20, 30, and 40 are arranged corresponding to the posi-
tion of the target object S on which the printing material M
will be printed, as shown in FIG. 2. In this arrangement, the
printing material M is discharged on the target object S from
the spray nozzles 22, 32, and 42 disposed in the respective
linear nozzle units 20, 30, and 40.

[0046] Asshown in FIG. 3, the spray nozzles 22, 32, and 42
of the respective linear nozzle units 20, 30, and 40 may be
arranged to not be overlapped in a second direction (for
example, a y-axis direction or width direction) crossing the
first direction (e.g., length direction) of the linear nozzle units
20,30, and 40. For example, if the spray nozzles 22 of the first
linear nozzle unit 20 have the first interval d1 as arranged on
the first linear nozzle unit 20, the spray nozzles 32 of the
second linear nozzle unit 30 also have the first interval d1 as
arranged on the second linear nozzle unit 30. However, the
spray nozzles 32 of the second linear nozzle unit 30 are
adjacent to and offset from the spray nozzles 22 of the first
linear nozzle unit 20 in the first direction by a second interval
d2 that is smaller than the first interval d1.

[0047] For example, for three linear nozzle units, such as
the exemplary embodiment of FIG. 1 to FIG. 3, the second
interval d2 may be one-third (or less) of the first interval d1,
while for N linear nozzle units (N>1), the second interval d2
may be 1/N (or less) of the first interval d1. As a result, the
spray nozzles 22 of'the first linear nozzle unit 20 and the spray
nozzles 32 of the second linear nozzle unit 30 are arranged to
not overlap from the viewpoint of the second direction. In a
similar fashion, the spray nozzles 42 of the third linear nozzle
unit 40 are arranged to not overlap (from the viewpoint of the
second direction) the spray nozzles 22 and 32 of the respec-
tive other linear nozzle units 20 and 30 by this method, and to
be adjacent to and offset from the spray nozzles 32 of the
second linear nozzle unit 30 in the first direction by the second
interval d2.

[0048] Thenozzle head driver 60 is disposed on one side of
the nozzle head main body 10, as shown in FIG. 1, and may
move the nozzle head 11in the second direction—for example,

Oct. 31,2013

the y-axis direction, that is, a crossing direction (e.g., perpen-
dicular) to the length direction of the linear nozzle units 20,
30, and 40. The nozzle head driver 60 may have the function
of linearly moving the nozzle head 1 in the y-axis direction,
and the function may correspond to the constitution for driv-
ing the nozzle head 1 as would be known to one of ordinary
skill in the art. Accordingly, for ease of description, further
detailed description may be omitted.

[0049] While the nozzle head 1 is moved in the second
direction, the spray nozzles 22, 32, and 42 of each of the
respective linear nozzle units 20, 30, and 40 are arranged in
the second direction to not overlap the spray nozzles arranged
in the other linear nozzle units. Accordingly, corresponding
printing patterns 24, 34, and 44 discharged on the target
object S by the spray nozzles 22, 32, and 42 of the respective
linear nozzle units 20, 30, and 40 may be printed to not
overlap each other.

[0050] As depicted in FIG. 2, the printing patterns 24, 34,
and 44 discharged on the target object S are separated by the
second interval d2 shown in FIG. 3. The interval between
adjacent spray nozzles for each of the pluralities of spray
nozzles 22, 32, and 42 of the respective linear nozzle units 20,
30, and 40 is uniformly the first interval d1 as shown in FIG.
3. Further, the interval in the length direction between adja-
cent spray nozzles of the spray nozzles of the other linear
nozzle units is uniformly the second interval d2. Thus, the
effective interval d2 between the spray nozzles of the linear
nozzle units 20,30, and 40 is uniform, and the second interval
d2 is smaller than the first interval d1 (that is, the actual
interval between adjacent spray nozzles of the same linear
nozzle unit). Thus, although the interval of the spray nozzles
arranged on each of the linear nozzle units is the first interval
dl, the printing patterns may be formed with the second
interval d2 (that is, the effective interval) that is smaller than
the first interval d1.

[0051] Also, if the nozzle head 1 is moved in the second
direction of the linear nozzle units 20, 30, and 40, all the spray
nozzles arranged on one linear nozzle unit may concurrently
(forexample, simultaneously) discharge the printing material
M on the target object S such that a dry spot is not generated
and the printing material sprayed from one linear nozzle unit
may be uniformly dried. This is contrast to comparable
embodiments where the linear nozzle unit is obliquely dis-
posed with a predetermined angle to the printing direction.
[0052] FIG. 4, whichincludes FIG. 4(A) and F1G. 4(B), are
schematic views of a nozzle head 1 of a printing apparatus
according to other exemplary embodiments of the present
invention.

[0053] AsshowninFIG. 4(A), the plurality of linear nozzle
units 20, 30, and 40 may be moved in the second direction to
be separated from each other. This may be used, for example,
to generate a printing time difference between the linear
nozzle units 20, 30, and 40 by widening the interval between
the linear nozzle units 20, 30, and 40 in the moving direction,
thereby obtaining a drying time of the printing pattern that is
firstly printed. In addition, as shown in FIG. 4(B), the plural-
ity of linear nozzle units 20, 30, and 40 may be moved in the
first direction, thereby increasing or decreasing the second
interval d2 in the first direction between the spray nozzles of
the other linear nozzle units.

[0054] Next, an operation of the printing apparatus and a
manufacturing method of an OLED display according to an
exemplary embodiment of the present invention will be
described.
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[0055] First, a target object S on which the printing material
Mwill be printed is arranged for the linear nozzle units 20, 30,
and 40 to correspond downward, and the target object S is
aligned corresponding to the position of the linear nozzle
units 20, 30, and 40 (referring to FIG. 1). That is, the target
object S is aligned for the printing direction to be, for
example, perpendicular to the length direction of the linear
nozzle units 20, 30, and 40. Here, the target object S may be
a substrate for an OLED display, and the printing material M
may be, for example, an organic material of an organic emis-
sion layer for the OLED display.

[0056] While the nozzle head 1 is moved in the direction
crossing (for example, the direction perpendicular to) the
length direction of the linear nozzle units 20, 30, and 40, the
printing material M is sprayed through the spray nozzles 22,
32, and 42 of the respective linear nozzle units 20, 30, and 40
to form the corresponding printing patterns 24, 34, and 44 on
the target object S. Here, the printing patterns 24, 34, and 44
may be, for example, anodes, EILs, HILs, cathodes, organic
emission layers, or other organic layers of the OLED display.
[0057] The spray nozzles 22, 32, and 42 of each of the
respective linear nozzle units 20, 30, and 40 are arranged to
not overlap each other in the second direction. Accordingly,
the corresponding printing patterns 24, 34, and 44 discharged
on the target object S by the spray nozzles 22, 32, and 42 of
respective linear nozzle units 20, 30, and 40 may be printed to
not overlap each other. For example, when the nozzle head 1
is moved in the second direction (for example, the direction
perpendicular to the length direction of the linear nozzle units
20, 30, and 40), the nozzle head 1 may be moved a plurality of
times on the target object S for printing, with a different one
of the plurality of linear nozzle units selectively spraying the
printing material M on the target object S for each such
movement.

[0058] FIG.5Ato FIG. 5D are schematic diagrams sequen-
tially illustrating a manufacturing method of an OLED dis-
play according to an exemplary embodiment of the present
invention.

[0059] Referring to FIG. 5A, the nozzle head 1 is aligned
such that the printing direction to be printed on the target
object S crosses (for example, is perpendicular to) the length
direction of the linear nozzle units 20, 30, and 40. Next, the
nozzle head 1 is moved with respect to the target object S in
the printing direction (e.g., a direction perpendicular to the
length direction of the linear nozzle units 20, 30, and 40), and
at this time, the spray nozzles 22, 32, and 42 of a respective
one of the linear nozzle units 20, 30, and 40 is selected and
only the spray nozzles corresponding thereto discharge the
printing material M.

[0060] Forexample, as shown in FIG. 5B, when the nozzle
head 1 is moved down with respect to the target object S, only
the spray nozzles 42 of the third linear nozzle unit 40 dis-
charge the printing material M to form the printing pattern 44.
Next, when the nozzle head 1 is moved up in the second
direction with respect to the target object S, as shown in FIG.
5C, only the spray nozzles 32 of the second linear nozzle unit
30 discharge the printing material M to form the printing
pattern 34. Finally, when the nozzle head 1 is again moved
down with respect to the target object S, as shown in FIG. 5D,
only the spray nozzles 22 of the first linear nozzle unit 20
discharge the printing material M to form the printing pattern
24.

[0061] The plurality of movements, for example, may be
reciprocal movements between one end and the other end of
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the target object S, as shown in FIG. 5A to FIG. 5D. That is,
adirection that the nozzle head 1 is moved on the target object
S in odd-numbered movements is opposite to a direction that
the nozzle head 1 is moved on the target object S in even-
numbered movements. As described, the different printing
patterns 24, 34, and 44 are formed with a time separation for
each one by being divided into a corresponding plurality of
steps such that the time for drying each printing pattern may
be obtained, thereby preventing a mixture between the print-
ing patterns.

[0062] In other embodiments, before the nozzle head 1 is
moved with respect to the target object S for printing, the
plurality of linear nozzle units 20, 30, and 40 are separated
from each other in the direction perpendicular to the length
direction of the linear nozzle units 20, 30, and 40 such thatthe
interval in the second direction between the spray nozzles 22,
32, and 44 of the respective linear nozzle units 20, 30, and 40
may be widened. In still other embodiments, before the
nozzle head 1 is moved with respect to the target object S for
printing, the plurality of linear nozzle units 20, 30, and 40 are
moved in the length direction to control the second interval d2
in the second direction between the spray nozzles of different
linear nozzle units such that the interval between the printing
patterns may be desirably changed.

[0063] In some of the above exemplary embodiments, the
organic emission layer pattern is printed in the manufacturing
of the OLED display. However, these exemplary embodi-
ments may be equally applied when printing a pattern of an
organic semiconductor material in the manufacture of organic
thin film transistors (OTFTs). However, this is just illustrative
and the invention is not limited thereto, and various modifi-
cations are possible as would be apparent to one of ordinary
skill in the art. That is, embodiments of the present invention
may be applied to all printing work repeatedly forming the
same printing patterns by discharging, for example, ink drops
of a set quantity (for example, a predetermined quantity) from
the nozzles of the ink-jet head at set positions (for example,
predetermined positions) of the printing media.

[0064] For example, when forming the organic emission
layer of the OLED display according to the exemplary
embodiment of FIG. 5A to 5D, the target object S is the
substrate of the OLED display and the printing material M is
the organic material used in forming the organic emission
layer of the OLED display. The organic material includes
three organic materials for respectively forming the subpixels
of R (red), G (green), and B (blue), and each organic material
may be sprayed through the respective first to third linear
nozzle units 20, 30, and 40.

[0065] In addition, when the nozzle head is first moved
from one end of the substrate to the other end, the organic
material for the R subpixels is sprayed. When the nozzle is
next moved from the other end of the substrate back to the one
end, the organic material for the G subpixels is sprayed.
Finally, when the nozzle is again moved from the one end of
the substrate to the other end, the organic material for the B
subpixels is sprayed.

[0066] FIG. 6 is a schematic view of an organic layer for
pixels formed according to the manufacturing method of FIG.
5.

[0067] As described above, if each organic material is
sprayed through the first to third linear nozzle units 20, 30,
and 40, as shown in FIG. 6, R subpixels 44, G subpixels 34q,
and B subpixels 24a may be formed with a set interval (for
example, a predetermined interval).
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[0068] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims, and equivalents thereof.

DESCRIPTION OF SOME SYMBOLS

[0069] 1: nozzle head

[0070] 10: nozzle head main body
[0071] 20: first linear nozzle unit
[0072] 30: second linear nozzle unit
[0073] 40: third linear nozzle unit
[0074] 50: printing material supply unit
[0075] 60: nozzle head driver

What is claimed is:

1. A printing apparatus comptrising;

anozzle head comprising a nozzle head main body and a

plurality of linear nozzle units for spraying a printing
material, the linear nozzle units on one side of the nozzle
head main body and elongated in parallel with each
other in a first direction; and

a nozzle head driver connected to the nozzle head main

body and configured to move the nozzle head in a second
direction crossing the first direction.

2. The printing apparatus of claim 1, wherein the second
direction is perpendicular to the first direction.

3. The printing apparatus of claim 1, wherein

each of the plurality of linear nozzle units comprises a

plurality of spray nozzles separated by a first interval in
the first direction, and

corresponding adjacent said spray nozzles from different

ones of the plurality of linear nozzle units are separated
by a second interval that is smaller than the first interval
in the first direction.

4. The printing apparatus of claim 3, wherein

anumber of the plurality of linear nozzle units is N, and

the second interval is 1/N times the first interval in the first

direction.

5. The printing apparatus of claim 1, wherein the plurality
of linear nozzle units are movable with respect to each other
in the second direction.

6. The printing apparatus of claim 1, wherein the plurality
of linear nozzle units are movable with respect to each other
in the first direction.

7. A method of manufacturing an organic light emitting
diode (OLED) display with a printing apparatus comprising a
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nozzle head comprising a nozzle head main body and a plu-
rality of linear nozzle units for spraying an organic material,
the linear nozzle units on one side of the nozzle head main
body and elongated in parallel with each other in a first
direction, the method comprising:

forming an organic layer by using the printing apparatus to

spray the organic material onto a substrate arranged
opposite to the linear nozzle units while moving the
nozzle head in a second direction crossing the first direc-
tion.

8. The method of claim 7, wherein the second direction is
perpendicular to the first direction.

9. The method of claim 7, wherein

each of the plurality of linear nozzle units comprises a

plurality of spray nozzles separated in the first direction
by a first interval, and

corresponding adjacent said spray nozzles from different

ones of the plurality of linear nozzle units are separated
by a second interval that is smaller than the first interval
in the first direction.

10. The method of claim 9, wherein

a number of the plurality of linear nozzle units is N, and

the second interval is 1/N times the first interval in the first

direction.

11. The method of claim 9, further comprising:

separating the plurality of linear nozzle units in the first

direction before moving the nozzle head in the second
direction such that an interval in the first direction
between the spray nozzles of different ones of the linear
nozzle units is controlled.

12. The method of claim 7, wherein the forming of the
organic layer comprises:

spraying the organic material onto the substrate from only

a first one of the linear nozzle units while moving the
nozzle head in a first movement in the second direction;
and

spraying the organic material onto the substrate from only

asecond one of the linear nozzle units while moving the
nozzle head in a second movement in the second direc-
tion.

13. The method of claim 12, wherein the first and second
movements are reciprocal movements between one end and
another end of the substrate.

14. The method of claim 7, further comprising:

separating the plurality of linear nozzle units in the second

direction before moving the nozzle head in the second
direction such that an interval in the second direction
between the linear nozzle units is widened.
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