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DEPOSITION APPARATUS, DEPOSITION
METHOD USING THE SAME, AND
MANUFACTURING METHOD OF ORGANIC
LIGHT-EMITTING DISPLAY APPARATUS

[0001] This application claims priority to Korean Patent
Application No. 10-2013-0093336, filedon Aug. 6,2013, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
content of which in its entirety is herein incorporated by
reference.

BACKGROUND

[0002] 1.Field

[0003] One or more exemplary embodiments of the inven-
tion relate to a deposition apparatus, a deposition method
using the deposition apparatus, and a manufacturing method
of an organic light-emitting display apparatus, and more par-
ticularly, to a deposition apparatus that performs accurate
deposition with reduced manufacturing costs, a deposition
method using the deposition apparatus, and a manufacturing
method of an organic light-emitting display apparatus.
[0004] 2. Description of the Related Art

[0005] Generally, when a display apparatus is manufac-
tured, various layers are deposited. For example, a semicon-
ductor layer, a variety of electrodes, a variety of insulating
layers, and the like are deposited to form a thin film transistor
(“TFT”) in each of pixels. Also, in a case where the display
apparatus is an organic light-emitting display apparatus, a
pixel electrode, an intermediate layer having a multilayer
structure including an emission layer, and an opposite elec-
trode are deposited to form an organic light-emitting device
(“OLED”)in each of pixels. In addition, a variety of passiva-
tion layers may be deposited to protect the OLED.

SUMMARY

[0006] When aconventional deposition apparatus is used to
deposit a variety of layers for a display apparatus with sub-
stantially high accuracy, the manufacturing cost of the display
apparatus may be increased.

[0007] One or more exemplary embodiments of the inven-
tion include a deposition apparatus that performs a substan-
tially accurate deposition while reducing manufacturing costs
and a deposition method using the deposition apparatus.
[0008] According to one or more exemplary embodiments
of the invention, a deposition apparatus includes: a first depo-
sition cluster including a plurality of first process chamber
and a first transfer chamber connected to each of the plurality
of first process chambers; a second deposition cluster includ-
ing a plurality of second process chamber and a second trans-
fer chamber connected to each of the plurality of second
process chambers; a connection chamber connected to each
of the first and second transfer chambers; a first gas supply
line connected to the connection chamber; a second gas sup-
ply line; and an exhaust line.

[0009] In an exemplary embodiment, a maximum gas sup-
ply rate into the connection chamber through the second gas
supply line may be less than a maximum gas supply rate into
the connection chamber through the first gas supply line.
[0010] In an exemplary embodiment, a minimum gas sup-
ply rate into the connection chamber through the first gas
supply line may be greater than the maximum gas supply rate
into the connection chamber through the second gas supply
line.
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[0011] In an exemplary embodiment, the first gas supply
line may supply a preset amount of gas into the connection
chamber to change an inside pressure of the connection
chamber into the atmospheric pressure.

[0012] Inanexemplary embodiment, the second gas supply
line may supply a preset amount of gas into the connection
chamber to change the inside pressure of the connection
chamber from a preset first pressure to a preset second pres-
sure, which is different from an atmospheric pressure.
[0013] Inanexemplary embodiment, a vacuum level within
each of the plurality of first process chambers during a depo-
sition performed therein may be greater than a vacuum level
within each of the plurality of second process chambers dur-
ing a deposition performed herein.

[0014] Inanexemplary embodiment, an organic layer may
be deposited on the substrate in the plurality of first process
chambers, and an inorganic layer may be deposition on the
substrate in the plurality of second process chambers. In such
an embodiment, the connection chamber may be a flip cham-
ber which flips the substrate disposed therein.

[0015] In an exemplary embodiment, the deposition appa-
ratus may further include a flow rate controller connected to
the second gas supply line to adjust a gas supply rate or an
amount of gas supplied into the connection chamber through
the second gas supply line.

[0016] In an exemplary embodiment, the deposition appa-
ratus may further include a filter unit which filters a gas
supplied into the connection chamber through the second gas
supply line.

[0017] In an exemplary embodiment, the deposition appa-
ratus may further include a plurality of nozzles disposed on an
end portion of the second gas supply within the connection
chamber to spray the gas supplied into the connection cham-
ber through the second gas supply line in a plurality of direc-
tions within the connection chamber.

[0018] According to one or more exemplary embodiments
of the invention, a deposition method using a deposition
apparatus includes: depositing a first deposition layer on a
plurality of substrates in a plurality of first process chambers
of a first deposition cluster of the deposition apparatus; trans-
ferring a substrate of the plurality of substrate, on which the
first deposition layer is deposited, in one of the plurality of
first process chambers into a first transfer chamber of the first
deposition cluster, where the first transfer chamber is con-
nected to each of the plurality of first process chambers;
transferring the substrate within the first transfer chamber of
the first deposition cluster into a connection chamber of the
deposition apparatus, where the connection chamber is con-
nected to the first transfer chamber, a first gas supply line and
a second gas supply line of the deposition apparatus; supply-
ing a gas into the connection chamber through the second gas
supply line to change an inside pressure of the connection
chamber from a preset first pressure into a preset second
pressure, where the preset second pressure is different from
the atmospheric pressure; and transferring the substrate
within the connection chamber into a second transfer cham-
ber of a second deposition cluster of the deposition apparatus.
[0019] Inanexemplary embodiment, the second gas supply
line may have a maximum gas supply rate less than a maxi-
mum gas supply rate of the first gas supply line.

[0020] Inanexemplary embodiment, the second gas supply
line may have a maximum gas supply rate less than a mini-
mum gas supply rate of the first gas supply line.
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[0021] 1In an exemplary embodiment, the first gas supply
line may be configured to supply a preset amount of gas into
the connection chamber to change the inside pressure of the
connection chamber into the atmospheric pressure.

[0022] In an exemplary embodiment, the deposition
method may further include: transferring the substrate from
the second transfer chamber of the second deposition cluster
into one of a the plurality of second process deposition cham-
bers of the second deposition cluster; and depositing a second
deposition layer on the substrate within the one of the plural-
ity of second process chambers.

[0023] Inanexemplary embodiment, a vacuum level within
each of the plurality of first process chambers in the deposit-
ing the first deposition layer may be greater than a vacuum
level within each of the plurality of second process chambers
in the depositing the second deposition layer.

[0024] In an exemplary embodiment, the depositing the
first deposition layer may include depositing an organic layer,
and the depositing the second deposition layer may include
depositing an inorganic layer.

[0025] In an exemplary embodiment, the deposition
method may further include flipping the substrate within the
connection chamber.

[0026] Inanexemplary embodiment, the supplying the gas
into the connection chamber through the second gas supply
line may include supplying a preset amount of the gas into the
connection chamber using a flow rate controller, which is
connected to the second gas supply line and adjusts a gas
supply rate or an amount of gas supplied into the connection
chamber through the second gas supply line.

[0027] According to one or more exemplary embodiments
of the invention, a manufacturing method of an organic light-
emitting display apparatus using a deposition apparatus
includes: providing a plurality of organic light-emitting
devices on a plurality of substrates, respectively; depositing a
first deposition layer on the plurality of substrates in a plural-
ity of first process chambers of a first deposition cluster of the
deposition apparatus; transferring a substrate of the plurality
of substrates, on which the first deposition layer is deposited,
in one of the plurality of first process chambers into a first
transfer chamber of the first deposition cluster, where the first
transfer chamber is connected to each of the plurality of first
process chambers; transferring the substrate within the first
transfer chamber of the first deposition cluster into a connec-
tion chamber of the deposition apparatus, where the connec-
tion chamber is connected to the first transfer chamber, a first
gas supply line and a second gas supply line of the deposition
apparatus; supplying a gas into the connection chamber
through the second gas supply line to change an inside pres-
sure of the connection chamber from a preset first pressure
into a preset second pressure, which is different from an
atmospheric pressure; and transferring the substrate within
the connection chamber into a second transfer chamber of a
second deposition cluster of the deposition apparatus.
[0028] Inanexemplary embodiment, the second gas supply
line may have a maximum gas supply rate that is less than a
maximum gas supply rate of the first gas supply line.

[0029] Inanexemplary embodiment, the second gas supply
line may have a maximum gas supply rate that is less than a
minimum gas supply rate of the first gas supply line.

[0030] In an exemplary embodiment, the first gas supply
line may be configured to supply a preset amount of gas into
the connection chamber to change the inside pressure of the
connection chamber into the atmospheric pressure.
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[0031] In an exemplary embodiment, the manufacturing
method may further include: transferring the substrate from
the second transfer chamber of the second deposition cluster
into one of a the plurality of second process deposition cham-
bers of the second deposition cluster; and depositing a second
deposition layer on the substrate within the one of the plural-
ity of second process chambers.

[0032] Inanexemplary embodiment, a vacuum level within
each of the plurality of first process chambers in the deposit-
ing the first deposition layer may be greater than a vacuum
level within each of the plurality of second process chambers
in the depositing the second deposition layer.

[0033] In an exemplary embodiment, the depositing the
first deposition layer may include depositing an organic layer,
and the depositing the second deposition layer may include
depositing an inorganic layer.

[0034] In an exemplary embodiment, the manufacturing
method may further include flipping the substrate within the
connection chamber.

[0035] Inan exemplary embodiment, the supplying the gas
into the connection chamber through the second gas supply
line may include supplying a preset amount of gas into the
connection chamber using a flow rate controller, which is
connected to the second gas supply line and adjusts a gas
supply rate into the connection chamber through the second
gas supply line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Theabove and/or other features of the invention will
become more apparent by describing in further detail exem-
plary embodiments thereof with reference to the accompany-
ing drawings, in which:

[0037] FIG. 1 is a schematic conceptual plan view of an
exemplary embodiment of a deposition apparatus, according
to the invention;

[0038] FIG. 2 is a schematic perspective view of an end
portion of an exemplary embodiment of a gas supply line in
the deposition apparatus of FIG. 1; and

[0039] FIG. 3 is a schematic cross-sectional view of an
exemplary embodiment of an organic light-emitting display
apparatus, which is manufactured using the deposition appa-
ratus of FIG. 1.

DETAILED DESCRIPTION

[0040] 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.
[0041] 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 present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present.

[0042] Itwill beunderstood that, although the terms “first,”
“second,” “third” etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
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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 termed a second element,
component, region, layer or section without departing from
the teachings herein.

[0043] 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 pres-
ence of stated features, regions, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, regions, inte-
gers, steps, operations, elements, components, and/or groups
thereof.

[0044] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top,” may be used herein to
describe one element’s relationship to another element 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 therefore, encom-
passes 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 ori-
ented “above” the other elements. The exemplary terms
“below” or “beneath” can, therefore, encompass both an ori-
entation of above and below.

[0045] “About” or “approximately” as used herein is inclu-
sive 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, consideting 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.

[0046] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
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 dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0047] 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
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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
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 present claims.

[0048] Hereinafter, exemplary embodiments of the inven-
tion will be described with reference to the accompanying
drawings.

[0049] FIG. 1 is a schematic conceptual plan view of an
exemplary embodiment of a deposition apparatus, according
to the invention. As shown in FIG. 1, an exemplary embodi-
ment of the deposition apparatus, according to the invention,
may include a first deposition cluster 100, a second deposition
cluster 200, a connection chamber 300, a first gas supply line
L1, a second gas supply line L2 and an exhaust line EL.
[0050] The first deposition cluster 100 may include a plu-
rality of first process chambers 121, 122, 123, 124 and 125
and a first transfer chamber 140 disposed substantially at a
center of the first deposition cluster 100 and connected to each
of the plurality of first process chambers 121, 122, 123, 124
and 125. The plurality of first process chambers 121, 122,
123, 124 and 125 may each be a deposition chamber, in which
adeposition process is performed on a substrate. In an exem-
plary embodiment, a same material may be deposited on a
substrate in each of the plurality of first process chambers
121, 122, 123, 124 and 125. In such an embodiment, the
deposition process is not performed several times on a single
substrate through the plurality of first process chambers 121,
122,123, 124 and 125, but is simultaneously performed on a
plurality of substrates in the plurality of first process cham-
bers 121, 122, 123, 124 and 125, respectively.

[0051] In an exemplary embodiment, as shown in FIG. 1,
the first deposition cluster 100 may further include a loadlock
chamber 110 or a first mask chamber 130. In such an embodi-
ment, gate valves 110" and 130" are disposed between the
loadlock chamber 110 and the first transfer chamber 140, and
between the first mask chamber 130 and the first transfer
chamber 140, respectively. The first deposition cluster 100
may further include a first transfer robot 150 including an end
effector to load/unload a substrate into/from the loadlock
chamber 110, the plurality of first process chambers 121, 122,
123, 124 and 125, the first mask chamber 130 and/or the first
transfer chamber 140.

[0052] The loadlock chamber 110 may be a chamber in
which a substrate is loaded from an external conveyor (not
shown). A plurality of slots (not shown) may be disposed
within the loadlock chamber 110 to load the plurality of
substrates into the loadlock chamber 110. When a substrate is
loaded into the loadlock chamber 110, the substrate may be
disposed in one of the slots within the loadlock chamber 110
after a door 110" is opened.

[0053] After the substrate is loaded into the loadlock cham-
ber 110, the door 110" is closed to block the inside of the
loadlock chamber 110 from the outside. The gate valve 110'
between the loadlock chamber 110 and the first transfer
chamber 140 may be in a closed state before the substrate is
loaded. Thereafter, a vacuum level of the loadlock chamber
110 may be substantially equal or similar to a vacuum level of
the first transfer chamber 140 through a pump (not shown)
connected to the loadlock chamber 110. When the vacuum
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level of the loadlock chamber 110 reaches the vacuum level of
the first transfer chamber 140, the gate valve 110' between the
loadlock chamber 110 and the first transfer chamber 140 is
opened to transfer the substrate from the loadlock chamber
110 to the first transfer chamber 140.

[0054] The substrate within the first transfer chamber 140
may be loaded into one of the plurality of first process cham-
bers 121, 122, 123, 124 and 125. In an exemplary embodi-
ment, the first deposition cluster 100 may include a pre-
processing chamber (not shown) such as a heating chamber.
In such an embodiment, the substrate may be loaded into the
pre-processing chamber to be pre-processed, and then the
substrate may be loaded into one of the plurality of first
process chambers 121, 122, 123, 124 and 125. In such an
embodiment, gate valves 121", 122", 123", 124" and 125' may
be disposed between the plurality of first process chambers
121, 122, 123, 124 and 125, and the first transfer chamber
140.

[0055] The second deposition cluster 200 may have a struc-
ture substantially similar to the structure of the first deposi-
tion cluster 100.

[0056] The second deposition cluster 200 may include a
plurality of second process chambers 221,222, 223, 224 and
225 and a second transfer chamber 240 disposed at an
approximate center of the second deposition cluster 200 and
connected to each of the plurality of second process chambers
221, 222, 223, 224 and 225. The plurality of second process
chambers 221, 222, 223, 224 and 225 are each a deposition
chamber in which a deposition process is performed on a
substrate. In an exemplary embodiment, a same material may
be deposited on the substrate disposed within each of the
plurality of second process chambers 221,222,223, 224 and
225. In such an embodiment, a plurality of substrates may be
simultaneously deposited within the plurality of second pro-
cess chambers 221, 222, 223, 224 and 225, respectively. In
such an embodiment, gate valves 221', 222', 223', 224' and
225' may be disposed between the plurality of second process
chambers 221, 222, 223, 224 and 225 and the second transfer
chamber 240.

[0057] Inanexemplary embodiment, the second deposition
cluster 200 may further include an unloading chamber 210 or
a second mask chamber 230, as the first cluster 100 shown in
FIG. 1. In such an embodiment, gate valves 210" and 230" are
disposed between the unloading chamber 210 and the second
transfer chamber 240, and between the second mask chamber
230 and the second transfer chamber 240, respectively. In
such an embodiment, the second deposition cluster 200 may
further include a second transfer robot 250 including an end
effector to load/unload a substrate into/from the unloading
chamber 210, the plurality of second process chambers 221,
222, 223, 224 and 225, the second mask chamber 230 and/or
the second transfer chamber 240.

[0058] The connection chamber 300 may be connected to
both of the first transfer chamber 140 of the first deposition
cluster 100 and the second transfer chamber 240 of the second
deposition cluster 200. Gate valves 300' and 300" may be
disposed between the connection chamber 300 and the first
transfer chamber 140 and between the connection chamber
300 and the second transfer chamber 240, respectively.
[0059] The substrate, on which the deposition process is
performed within the first process chambers 121, 122, 123,
124 and 125 of the first deposition cluster 100, may be trans-
ferred from the first process chambers 121,122, 123,124 and
125 tothe connection chamber 300 via the first transfer cham-
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ber 140 by the first transfer robot 150. Then, the substrate is
transferred from the connection chamber 300 to the second
transfer chamber 240 of the second deposition cluster 200 by
the second transfer robot 250. Thereafter, the substrate may
be transferred from the second transfer chamber 240 of the
second deposition cluster 200 into one of the plurality of
second process chambers 221, 222, 223, 224 and 225. In an
exemplary embodiment, the second deposition cluster 200
may include a pre-processing chamber (not shown) such as a
heating chamber. In such an embodiment, the substrate may
be loaded into the pre-processing chamber to be pre-pro-
cessed, and then the substrate may be loaded into one of the
plurality of second process chambers 221, 222, 223, 224 and
225,

[0060] The substrate, on which the deposition process is
performed within the plurality of second process chambers
221,222, 223,224 and 225, is unloaded from the plurality of
second process chambers 221, 222, 223, 224 and 225 by the
second transfer robot 250, and then the substrate is loaded
into the unloading chamber 210 via the second transfer cham-
ber 240. A plurality of slots (not shown) may be disposed
within the unloading chamber 210 to load a plurality of sub-
strates. When the substrates are loaded into the unloading
chamber 210, the substrates may be placed in the slots within
the unloading chamber 210 after the gate valve 210'is opened.
[0061] After the substrates are loaded into the unloading
chamber 210, the gate valve 210" is closed to block the inside
of theunloading chamber 210 from the second transfer cham-
ber 240 of the second deposition cluster 200. Then, the inside
of the unloading chamber 210 becomes substantially similar
to surroundings thereof, e.g., the outside of the second depo-
sition cluster 200, through a gas supply line (not shown)
connected to the unloading chamber 210. Then, a door 210"
may be opened to unload the substrates within the unloading
chamber 210 to the outside of the second deposition cluster
200.

[0062] Insuch an embodiment of the deposition apparatus
according to the invention, a material deposited on the sub-
strates in the first deposition cluster 100 may differ from a
material deposited on the substrates in the second deposition
cluster 200. In one exemplary embodiment, for example, an
organic layer may be deposited on the substrates within the
first process chambers 121, 122, 123, 124 and 125 of the first
deposition cluster 100, and an inorganic layer may be depos-
ited on the substrates within the plurality of second process
chambers 221, 222, 223, 224 and 225 of the second deposi-
tion cluster 200. In such an embodiment, a deposition envi-
ronment within the plurality of first process chambers 121,
122,123, 124 and 125 may differ from a deposition environ-
ment within the plurality of second process chambers 221,
222,223, 224 and 225.

[0063] In an exemplary embodiment, a layer deposited on
each of the substrates within the plurality of first process
chambers 121, 122, 123, 124 and 125 of the first deposition
cluster 100 may be provided, e.g., formed, substantially at a
vacuum level, in which each of the plurality of first process
chambers 121, 122, 123, 124 and 125 has an inner pressure of
about 1072 pascal (Pa). In suchan embodiment, a layer depos-
ited on each of the substrates within the plurality of second
process chambers 221, 222, 223, 224 and 225 of the second
deposition cluster 200 may be formed substantially at a
vacuum level, in which each ofthe plurality of second process
chambers 221,222,223, 224 and 225 has an inner pressure of
about 1 Pa. Herein, the vacuum level may refer to a residual
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pressure ina vacuum system. In such an embodiment, each of
the plurality of first process chambers 121, 122,123,124 and
125 of the first deposition cluster 100 and the first transfer
chamber 140 connected thereto may be maintained at a pres-
sure of about 10~ Pa without changing an inner pressure
thereof. In such an embodiment, each of the plurality of
second process chambers 221, 222, 223, 224 and 225 of the
second deposition cluster 200 and the second transfer cham-
ber 240 connected thereto may be maintained at a pressure of
about 1 Pa without changing an inner pressure thereof.
[0064] In an exemplary embodiment, as described above,
the first deposition cluster 100 is connected to the second
deposition cluster 200 by the connection chamber 300. Thus,
a substrate, on which a first deposition layer is deposited in
the first deposition cluster 100, is transferred into the second
deposition cluster 200 to deposit a second deposition layer.
Thus, in such an embodiment, the substrate may be trans-
ferred from the first deposition cluster 100 to the second
deposition cluster 200 through the connection chamber 300
while the first deposition cluster 100 is maintained at a pres-
sure of about 10~ Pa and the second deposition cluster 200 is
maintained at a pressure of about 1 Pa.

[0065] In such an embodiment, a vacuum level within the
connection chamber 300 and a vacuum level in the first depo-
sition cluster 100 may be substantially the same as each other.
Then, when a first deposition layer is deposited on a substrate
in the first deposition cluster 100, the gate valve 300" between
the first deposition cluster 100 and the connection chamber
300 is opened to transfer the substrate into the connection
chamber 300 by the first transfer robot 150. Then, when the
gate valve 300" is closed, a preset amount of gas may be
supplied into the connection chamber 300 through the second
gas supply line L2 connected to the connection chamber 300.
[0066] In an exemplary embodiment, the preset amount of
gas may be a sufficient amount of gas to change the vacuum
level within the connection chamber 300 from the vacuum
level within the first deposition cluster 100 into the vacuum
level within the second deposition cluster 200 when the preset
amount of gas is supplied into the connection chamber 300.
Accordingly, the vacuum level within the connection cham-
ber 300 may become about 1 Pa that corresponds to the
vacuum level within the second deposition cluster 200. Then,
the gate valve 300" between the second deposition cluster 200
and the connection chamber 300 is opened. Thus, in a state
where the vacuum level within the second deposition cluster
2001s not changed, the substrate within the connection cham-
ber 300 may be transferred into the second deposition cluster
200 by the second transfer robot 250. In such an embodiment,
the second gas supply line .2 allows only a preset amount of
gas to be supplied into the connection chamber 300, such that
an accurate amount of gas may be quickly supplied into the
connection chamber 300.

[0067] When the substrate within the connection chamber
300 is transferred into the second deposition cluster 200, the
gate valve 300" is closed to discharge a preset amount of gas
within the connection chamber 300 to the outside of the
connection chamber 300 through the exhaust line EL con-
nected to the connection chamber 300, such that the vacuum
level within the connection chamber 300 and the vacuum
level within the first deposition cluster 100 may become sub-
stantially the same as each other. Thus, the substrate may be
transferred from the first deposition cluster 100 to the con-
nection chamber 300 without changing the vacuum level
within the first deposition cluster 100.

Feb. 12, 2015

[0068] In an exemplary embodiment, as described above,
the second gas supply line L.2 may be configured to supply an
amount of gas that corresponds to a difference between the
vacuum levels of the first and second deposition clusters 100
and 200 into the connection chamber 300. In such an embodi-
ment, when the vacuum level within the connection chamber
300 is changed into the atmospheric pressure to maintain and
repair the connection chamber 300, the gas may be supplied
into the connection chamber 300 through the first gas supply
line L1, but may not be supplied through the second gas
supply line L.2.

[0069] In an alternative exemplary embodiment, only the
first gas supply line L1 may be mounted on the connection
chamber 300 and the second gas supply line L2 may be
omitted. However, in such an embodiment, an amount of gas
corresponding to the difference between the vacuum levels of
the first deposition cluster 100 and the second deposition
cluster 200 may not be substantially accurately and quickly
supplied through the first gas supply line L1. In an exemplary
embodiment, where an amount of gas for changing the
vacuum level of the connection chamber 300 into the atmo-
spheric pressure to maintain and repair the connection cham-
ber 300 is supplied through the first gas supply line L1, and an
amount of gas corresponding to the difference between the
vacuum levels of the first deposition cluster 100 and the
second deposition cluster 200 is supplied through the first gas
supply line L1, an accurate amount of gas may not be sub-
stantially quickly supplied when the amount of gas corre-
sponding to the vacuum level difference is supplied.

[0070] Inoneexemplary embodiment, for example, the gas
supplied through the first gas supply line L1 and the second
gas supply line [.2 may be nitrogen (N2) or a gas of substan-
tially the same type as N2. In such an embodiment, the first
gas supply line L1 and the second gas supply line L.2 may be
branched from a same supply line SL. Valves, e.g., first to
third valves V1 to V3, may be disposed in the first gas supply
line L1, the second gas supply line 1.2 and the exhaust line EL,
respectively. In an exemplary embodiment, a pump (not
shown) may be provided in the first gas supply line L1, the
second gas supply line 1.2 or the exhaust line EL.

[0071] In an exemplary embodiment, as described above,
the first gas supply line L1 supplies the gas when the inside
pressure of the connection chamber 300 is changed into the
atmospheric pressure to maintain or repair the connection
chamber 300. The second gas supply line L2 accurately sup-
plies the amount (relatively less amount) of gas correspond-
ing to the difference between the vacuum levels of the first
deposition cluster 100 and the second deposition cluster 200
into the connection chamber 300. Thus, an amount of gas
supplied through the first gas supply line L1 per unit time may
be greater than an amount of gas supplied through the second
gas supply line L2 per unit time.

[0072] In anexemplary embodiment, a maximum gas sup-
ply rate into the connection chamber 300 through the second
gas supply line L2 may be less than a maximum gas supply
rate into the connection chamber 300 through the first gas
supply line L1. In such an embodiment, a minimum gas
supply rate into the connection chamber 300 through the first
gas supply line L1 may be greater than the maximum gas
supply rate into the connection chamber 300 through the
second gas supply line L2. In an exemplary embodiment,
where the amount of gas supplied through the first gas supply
line L1 per unit time may be greater than the amount of gas
supplied through the second gas supply line L2 per unit time,
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the inside pressure of the connection chamber 300 may be
quickly changed into the atmospheric pressure when the
inside pressure of the connection chamber 300 is changed
into the atmospheric pressure to maintain and repair the con-
nection chamber 300.

[0073] As described above, in an exemplary embodiment,
the first deposition cluster 100 has an inside pressure of about
107 Pa and the second deposition cluster 200 has an inside
pressure of about 1 Pa, but not being limited thereto. In an
alternative exemplary embodiment, the inside of the first
deposition cluster 100 may have a first pressure, which is
different from the pressure of about 107> Pa, and the inside of
the second deposition cluster 200 may have a second pres-
sure, which is different from the pressure of about 1 Pa.
[0074] In an exemplary embodiment, when a material
deposited on a substrate in the first deposition cluster 100
differs from a material deposited on a substrate in the second
deposition cluster 200, a deposition direction may vary. In
one exemplary embodiment, for example, when an organic
layer is deposited on a substrate within the plurality of first
process chambers 121, 122, 123, 124 and 125 of the first
deposition cluster 100, a deposition surface of the substrate,
on which an organic material is deposited, may face up. In
such an embodiment, when an inorganic layer is deposited on
a substrate within the plurality of second process chambers
221, 222, 223, 224 and 225 of the second deposition cluster
200, a deposition surface of the substrate, on which an inor-
ganic material is deposited, may face down. In such an
embodiment, the connection chamber 300 connecting the
first deposition cluster 100 to the second deposition cluster
200 may be a flip chamber, in which a substrate may be
flipped or moved upside down. In such an embodiment, when
the substrate is flipped, the first deposition cluster 100 and the
second deposition cluster 200 may be connected to each other
through one connection chamber, such that an overall con-
figuration of the deposition apparatus may be simplified.
[0075] As described above, the first gas supply line L1 may
be configured to supply a gas into the connection chamber
300 when the connection chamber 300 is maintained and
repaired. In such an embodiment, the second gas supply line
L2 is not used when the connection chamber 300 is main-
tained or repaired, and the second gas supply line 1.2 is
configured to supply a gas into the connection chamber 300
when the deposition process is performed on a substrate by
using the first deposition cluster 100 and the second deposi-
tion cluster 200. As a result, the deposition apparatus may
effectively prevent impurities from being mixed into the sup-
plied gas. In an exemplary embodiment, the deposition appa-
ratus may further include a filter unit (not shown) for filtering
the gas supplied into the connection chamber 300 through the
second gas supply line L.2. In one exemplary embodiment, for
example, the filter unit may be directly installed in the second
gas supply line L2.

[0076] In such an embodiment, the second gas supply line
L2 may supply an amount of gas corresponding to a differ-
ence between inner pressures of the first deposition cluster
100 and the second deposition cluster 200 into the connection
chamber 300. In an exemplary embodiment, a flow rate con-
troller (not shown), which is connected to the second gas
supply line [.2 to accurately adjust an amount of gas supplied
into the connection chamber 300, may be further disposed to
accurately adjust a pressure.

[0077] FIG. 2 is a schematic perspective view of an end
portion of an exemplary embodiment of a gas supply line in
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the deposition apparatus of FIG. 1. FIG. 2 shows an end
portion of the second gas supply line L.2. As shown in FIG. 2,
aplurality of nozzles 1.21,1.22,1.23 and I.24 may be disposed
on an end portion of the second gas supply line L.2, which is
disposed in the connection chamber 300, such that the gas
supplied into the connection chamber 300 through the second
gas supply line 1.2 is sprayed and supplied in a plurality of
directions within the connection chamber 300.

[0078] As described above, the first gas supply line L1 is
configured to supply a gas into the connection chamber 300
when the connection chamber 300 is maintained and repaired.
In such an embodiment, the second gas supply line L2 is
configured to supply a gas into the connection chamber 300
when a deposition process is performed on a substrate by the
first deposition cluster 100 and the second deposition cluster
200. In such an embodiment, when the gas is supplied into the
connection chamber 300 through the second gas supply line
L2, the substrate may be damaged by the gas supplied to the
connection chamber 300. If gas stream is significantly
changed within the connection chamber 300 when the gas is
supplied into the connection chamber 300 through the second
gas supply line L2, impurities such as dust, which may exist
on an inner wall or floor of the connection chamber 300, may
move on the substrate, and thus, substrate defects may occur.

[0079] In an exemplary embodiment of the deposition
apparatus according to the invention, where the plurality of
nozzles .21, 1.22, 1.23 and 1.24 are disposed on the end
portion of the second gas supply line .2 within the connection
chamber 300 as shown in FIG. 2, the gas supplied into the
connection chamber 300 through the second gas supply line
L2 may be sprayed and supplied in a plurality of directions
within the connection chamber 300. Thus, the gas stream
within the connection chamber 300 may be substantially
reduced when compared to a case in which a gas is supplied
in a single direction through a single nozzle.

[0080] Inan exemplary embodiment, where the deposition
apparatus includes the first deposition cluster 100 and the
second deposition cluster 200 as shown in FIG. 1, the depo-
sition apparatus may further include an additional deposition
cluster. In such an embodiment, the second deposition cluster
200 may not include the unloading chamber 210, and an
additional connection chamber similar to the connection
chamber 300 may be disposed between the second deposition
cluster 200 and the additional deposition cluster. In such an
embodiment, components similar to the first gas supply line
L1, the second gas supply line L.2 and the exhaust line EL may
be connected to the additional connection chamber.

[0081] Hereinafter, an exemplary embodiment of a deposi-
tion method according to the invention will be described.

[0082] In an exemplary embodiment of a deposition
method, according to the invention, a process of depositing a
first deposition layer on a plurality of substrates within a
plurality of first process chambers 121, 122, 123, 124 and 125
of a first deposition cluster 100 is performed. In such an
embodiment, a process of transferring a substrate, on which a
first deposition layer is deposited within one of the plurality of
first process chambers 121, 122, 123, 124 and 125, into a first
transfer chamber 140 of the first deposition cluster 100 con-
nected to each of the plurality of first process chambers 121,
122, 123, 124 and 125 is performed. Then, a process of
transferring the substrate within the first transfer chamber 140
of the first deposition cluster 100 into a connection chamber
300 connected to the first transfer chamber 140 is performed.
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[0083] When the substrate is transferred into the connec-
tion chamber 300, a gas may be supplied into the connection
chamber 300 through a second gas supply line 1.2 of gas
supply lines, e.g., a first gas supply line L1 and the second gas
supply line 1.2, which are connected to the connection cham-
ber 300, to change the inside pressure of the connection
chamber 300 from a preset first pressure that is equal or
similar to a pressure within the first deposition cluster 100 to
a preset second pressure that is substantially equal or similar
to a pressure within a second deposition cluster 200, which is
different from the atmospheric pressure. Thereafter, the sub-
strate within the connection chamber 300 may be transferred
into a second transfer chamber 240 of the second deposition
cluster 200.

[0084] In such an embodiment of the deposition method,
when a pressure within the connection chamber 300 is
changed from the first pressure to the second pressure, only
the second gas supply line [.2 that supplies a sufficient
amount of gas to change the inside pressure of the connection
chamber 300 from the first pressure to the second pressure
operates. Thus, the pressure within the connection chamber
300 may be substantially quickly and accurately changed
from the first pressure to the second pressure. In one exem-
plary embodiment, for example, the first pressure may be
about 10 Pa, and the second pressure may be about 1 Pa.

[0085] The process of changing the inside pressure of the
connection chamber 300 from the first pressure to the second
pressure may include a process of supplying a gas into the
connection chamber 300 through the second gas supply line
L2 having a maximum gas supply rate that is less than a
maximum gas supply rate of the first gas supply line L1 to the
connection chamber 300. In such an embodiment, the first gas
supply line L1 is used for supplying the gas to the connection
chamber 300 to change a pressure within the connection
chamber 300 into the atmospheric pressure to maintain and
repair the connection chamber 300. Accordingly, the process
of changing the inside pressure of the connection chamber
300 from the first pressure to the second pressure may include
a process of supplying a gas into the connection chamber 300
through the second gas supply line L.2 having a maximum gas
supply rate that is less than a minimum gas supply rate in the
connection chamber 300 through the first gas supply line L1.

[0086] After the substrate within the connection chamber
300 is transferred into the second transfer chamber 240 of the
second deposition cluster 200, the substrate may be trans-
ferred into one of the plurality of second process chambers
221, 222, 223, 224 and 225 of the second deposition cluster
200 from the second transfer chamber 240 of the second
deposition cluster 200. Then, a second deposition layer may
be deposited on the substrate within at least one of the plu-
rality of second process chambers 221, 222, 223,224 and 225.

[0087] In an exemplary embodiment, as described above,
when the substrate is transferred between the first and second
deposition clusters 100 and 200, in which different materials
are deposited, a pressure within the connection chamber 300
may be accurately and quickly adjusted to substantially
reduce deposition defects and manufacturing costs, thereby
effectively realizing accurate deposition. In one exemplary
embodiment, for example, the process of depositing the first
deposition layer may include a process of depositing an
organic layer, and the process of depositing the second depo-
sition layer may include a process of depositing an inorganic
layer. When the substrate faces different directions during the
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depositions within the first and second deposition clusters
100 and 200, a process of flipping the substrate may be
performed.

[0088] The process of changing the inner pressure of the
connection chamber 300 from the first pressure to the second
pressure may include a process of supplying a preset amount
of gas into the connection chamber using a flow rate control-
ler that is connected to the second gas supply line L2 to adjust
a gas supply rate or an amount of gas supplied into the con-
nection chamber 300. In such an embodiment, a plurality of
nozzles .21, .22, 1.23 and [.24 may be disposed on an end
portion of the second gas supply line [.2 within the connection
chamber 300 such that the gas supplied into the connection
chamber 300 through the second gas supply line [.2 may be
spread and supplied in a plurality of directions within the
connection chamber 300 to reduce a change of gas stream
within the connection chamber 300.

[0089] FIG. 3 is a schematic cross-sectional view of an
exemplary embodiment of an organic light-emitting display
apparatus, which is manufactured using the deposition appa-
ratus of FIG. 1.

[0090] Referring to FIG. 3, a variety of components of the
organic light-emitting display apparatus is provided, e.g.,
formed, on a substrate 50. The substrate 50 may include a
transparent material, e.g., a glass material, a plastic material
or a metallic material.

[0091] A common layer, such as a buffer layer 51, a gate
insulating layer 53 and an interlayer insulating layer 55, may
be provided on substantially an entire surface of the substrate
50. Also, a patterned semiconductor layer 52, including a
channel region 52a, a source contact region 526 and a drain
contact region 52¢, may be provided on the substrate 50. Also,
agateelectrode 54, asource electrode 56 and a drain electrode
57, which constitute a thin film transistor (“TFT”) together
with the patterned semiconductor 52, may be provided on the
substrate 50.

[0092] Also, a passivation layer 58 that covers the TFT and
may be provided on substantially the entire surface of the
substrate 50, and a planarization layer 59 having a substan-
tially flat top surface is provided on the passivation layer 58.
An organic light-emitting device (“OLED”), including a pat-
terned pixel electrode 61, an opposite electrode 63 corre-
sponding to substantially the entire surface of the substrate
50, and a multilayered intermediate layer 62 provided
between the pixel electrode 61 and the opposite electrode 63
and including an emission layer, may be provided on the
planarization layer 59. In an alternative exemplary embodi-
ment, a portion of the intermediate layer 62 may be a common
layer corresponding to substantially the entire surface of the
substrate 50, and the other portion of the intermediate layer 62
may be a pattern layer patterned to correspond to a pixel
electrode 61. The pixel electrode 61 may be electrically con-
nected to the TFT through a via hole, which is formed through
the passivation layer 58 and the planarization layer 59. A
pixel-defining layer 60, which covers an edge of the pixel
electrode 61 and in which an opening for defining each of
pixel regions is formed, may be provided on the planarization
layer 59 to correspond to substantially the entire surface of the
substrate 50.

[0093] In an exemplary embodiment, as shown in FIG. 3,
organic layers 71 and 73 and inorganic layers 72 and 74 are
alternately provided on the OLED to define an encapsulating
layer, such that the OLED is effectively protected from impu-
rities such as external oxygen and moisture, for example.
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[0094] 1In the organic light-emitting display apparatus, the
encapsulating layer may be provided using an exemplary
embodiment of the deposition apparatus or a deposition
method, according to the invention. In an exemplary embodi-
ment, the organic layers may be deposited in the first depo-
sition cluster 100, and the inorganic layers may be deposited
in the second deposition cluster 200. In such an embodiment,
an additional organic layer deposition cluster and an addi-
tional inorganic layer deposition cluster may be provided to
quickly and accurately form the encapsulating layer as shown
in FIG. 3.
[0095] As described above, according to the exemplary
embodiments of the invention described herein, the deposi-
tion apparatus performs a substantially accurate deposition,
while substantially reducing manufacturing costs, and the
deposition method may be performed using the deposition
apparatus. However, 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 present invention to those skilled in
the art.
[0096] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments 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
present invention as defined by the following claims.
What is claimed is:
1. A deposition method using a deposition apparatus, the
deposition method comprising:
depositing a first deposition layer on a plurality of sub-
strates in a plurality of first process chambers of a first
deposition cluster of the deposition apparatus;

transferring a substrate of the plurality of substrates, on
which the first deposition layer is deposited, in one of the
plurality of first process chambers, into a first transfer
chamber of the first deposition cluster, where the first
transfer chamber is connected to each of the plurality of
first process chambers;
transferring the substrate within the first transfer chamber
of the first deposition cluster into a connection chamber
of the deposition apparatus, wherein the connection
chamber is connected to the first transfer chamber, a first
gas supply line and a second gas supply line of the
deposition apparatus;
supplying a gas into the connection chamber through the
second gas supply line, to change an inside pressure of
the connection chamber from a preset first pressure into
apreset second pressure, wherein the preset second pres-
sure is different from an atmospheric pressure; and

transferring the substrate within the connection chamber
into a second transfer chamber of a second deposition
cluster of the deposition apparatus.

2. The deposition method of claim 1, wherein the second
gas supply line has a maximum gas supply rate less than a
maximum gas supply rate of the first gas supply line.

3. The deposition method of claim 1, wherein the second
gas supply line has a maximum gas supply rate less than a
minimum gas supply rate of the first gas supply line.

4. The deposition method of claim 1, wherein the first gas
supply line is configured to supply a preset amount of gas into
the connection chamber to change the inside pressure of the
connection chamber into the atmospheric pressure.
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5. The deposition method of claim 1, further comprising:

transferring the substrate from the second transfer chamber

of the second deposition cluster into one of a plurality of
second process chambers of the second deposition clus-
ter; and

depositing a second deposition layer on the substrate

within the one of the plurality of second process cham-
bers.

6. The deposition method of claim 5, wherein a vacuum
level within each of the plurality of first process chambers in
the depositing the first deposition layer is greater than a
vacuum level within each of the plurality of second process
chambers in the depositing the second deposition layer.

7. The deposition method of claim 6, wherein

the depositing the first deposition layer comprises depos-

iting an organic layer, and

the depositing the second deposition layer comprises

depositing an inorganic layer.

8. The deposition method of claim 7, further comprising:

flipping the substrate within the connection chamber.

9. The deposition method of claim 1, wherein the supplying
the gas into the connection chamber through the second gas
supply line comprises supplying a preset amount of the gas
into the connection chamber using a flow rate controller,
which is connected to the second gas supply line and adjusts
a gas supply rate into the connection chamber through the
second gas supply line.

10. A manufacturing method of an organic light-emitting
display apparatus using a deposition apparatus, the method
comprising:

providing a plurality of organic light-emitting devices on a

plurality of substrates, respectively;
depositing a first deposition layer on the plurality of sub-
strates in a plurality of first process chambers of a first
deposition cluster of the deposition apparatus;

transferring a substrate of the plurality of substrates, on
which the first deposition layer is deposited in one of the
plurality of first process chambers, into a first transfer
chamber of the first deposition cluster, wherein the first
transfer chamber is connected to each of the plurality of
first process chambers;
transferring the substrate within the first transfer chamber
of the first deposition cluster into a connection chamber
of the deposition apparatus, wherein the connection
chamber is connected to the first transfer chamber, a first
gas supply line and a second gas supply line of the
deposition apparatus;
supplying a gas into the connection chamber through the
second gas supply line to change an inside pressure of
the connection chamber from a preset first pressure into
apreset second pressure, wherein the preset second pres-
sure is different from an atmospheric pressure; and

transferring the substrate within the connection chamber
into a second transfer chamber of a second deposition
cluster of the deposition apparatus.

11. The manufacturing method of claim 10, wherein the
second gas supply line has a maximum gas supply rate less
than a maximum gas supply rate of the first gas supply line.

12. The manufacturing method of claim 10, wherein the
second gas supply line has a maximum gas supply rate less
than a minimum gas supply rate of the first gas supply line.

13. The manufacturing method of claim 10, wherein the
first gas supply line is configured to supply a preset amount of
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gas into the connection chamber to change the inside pressure
of the connection chamber into the atmospheric pressure.

14. The manufacturing method of claim 10, further com-
prising:

transferring the substrate from the second transfer chamber

of the second deposition cluster into one of a plurality of
second process chambers of the second deposition clus-
ter; and

depositing a second deposition layer on the substrate

within the one of the plurality of second process cham-
bers.

15. The manufacturing method of claim 14, wherein a
vacuum level within each of the plurality of first process
chambers in the depositing the first deposition layer is greater
than a vacuum level within each of the plurality of second
process chambers in the depositing the second deposition
layer.
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16. The manufacturing method of claim 15, wherein

the depositing the first deposition layer comprises depos-

iting an organic layer, and

the depositing the second deposition layer comprises

depositing an inorganic layer.

17. The manufacturing method of claim 16, further com-
prising:

flipping the substrate within the connection chamber.

18. The manufacturing method of claim 10, wherein the
supplying the gas into the connection chamber through the
second gas supply line comprises supplying a preset amount
of gas into the connection chamber using a flow rate control-
ler, which is connected to the second gas supply line and
adjusts a gas supply rate into the connection chamber through
the second gas supply line.

* #* * #* #®



THMBW(EF)

[ i (S RIR) A ()

RF(EFR)AGE)

HAT R E (TR AGE)

#RI&ZBAA
4PN

IPCH %5
CPCH %5
11 AR

H A2 FF 30k
ShEREESE

BEG®F)

TNRRE , ERAEMIR

US20150044800A1

US14/202672

ZEERAERLNA

=EDISPLAY CO.,

=EDISPLAY CO. ,

LIM JEA ROUNG

LIM, JEA-ROUNG

HO1L51/56

&

LTD.

LTD.

, ARBENRKEE RREHHIES E

HO1L51/56 C23C14/54 C23C14/568 HO1L27/3244 HO1L51/5256

1020130093336 2013-08-06 KR

US9525156

Espacenet

USPTO

FERANARRZIIRGEZSE  £EF - IIRENFE - LEEPHNERL

MRB-NREFE-LEE 2 —PHERNEREB N E IR

123

B—ERER , FAREERIBNE QBT FE-IIRANE -
BEERNEREEINERED , ERZERIF—LEXENE-—NE

TREMHNLBYE - SAHRNELREHEIERED | SURERE
ENNBEIMNTENE-—EHLRBAMRNE—ED , ZE-EHF ‘)
BT ARED FEZENNEREBIFE NRBRNE_LRAEF, X

122'

128

124

124'

122

121"

=1

150 |

N

125'
130'

130

2015-02-12

2014-03-10

100

121

V3

300"
/

3? 300°

200

223

224"

Vi[v2

8}

SL

L2

patsnap

‘, 222

221

223' 240

221"
210

1

Y
210'

225

230’ 225



https://share-analytics.zhihuiya.com/view/51724892-a1f6-4e6e-a29b-64d37d854ecf
https://worldwide.espacenet.com/patent/search/family/052448992/publication/US2015044800A1?q=US2015044800A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150044800%22.PGNR.&OS=DN/20150044800&RS=DN/20150044800

