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(57)  An organic light-emitting display device and a
method of manufacturing the same, the organic light-
emitting display device including pixels (R,G,B) including
opposing first (131) and second electrodes (134), and an

FIG.

intermediate layer (142) disposed between the first (131)
and second electrodes (134). The pixels are divided into
red, green, and blue sub-pixels. The intermediate layer
(142) has a thickness that varies according to the sub-
pixels (R,G,B).
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] Aspects of the present invention relate to an
organic light-emitting display device and a method of
manufacturing the same, and more particularly, to an or-
ganic light-emitting display device including an easily and
precisely deposited intermediate layer, and a method of
manufacturing the same.

2. Description of the Related Art

[0002] Organic light-emitting display devices are con-
sidered to be the next-generation of display devices,
since they have a wide viewing angle, a high contrast,
and a quick response speed. In general, an organic light-
emitting display device has a stacked structure, in which
an emission layer is interposed between an anode and
a cathode. A color display can thereby be realized, based
on a principle that light is emitted, by reuniting holes in-
jected from the anode and electrons injected from the
cathode, on the emission layer. However, such a struc-
ture makes it difficult to achieve efficient light emission.
Thus, intermediate layers, such as an electron injection
layer, an electron transport layer, a hole transport layer,
and a hole injection layer, are selectively inserted be-
tween each of the electrodes and the emission layer.
[0003] However, it difficult to finely pattern a thin or-
ganiclayer, such as an emission layer, or an intermediate
layer, and the luminous efficiencies of red, green, and
blue sub-pixels depend on the organic layers being pre-
cisely patterned. Thus, a conventional organic light-emit-
ting display device should be improved, since itis difficult
to achieve a desirable driving voltage, current density,
brightness, color purity, luminous efficiency, and lifetime.
[0004] An organic light-emitting display device can al-
so be structured to include an emission layer and an in-
termediate layer, between a first electrode and a second
electrode. In this case, the first and second electrodes
and the intermediate layer may be fabricated in various
ways, e.g., by a deposition method. In order to manufac-
ture an organic light-emitting display device according to
the deposition method, a thin layer is formed in a prede-
termined pattern, by closely adhering a mask, having the
same pattern as the thin layer, to a plane on which the
thin layer is to be formed, and then depositing a material
for the thin layer, on the resultant structure.

[0005] FIG. 1Ais a plan view schematically illustrating
an emission layer/intermediate layer pattern of a conven-
tional organic light-emitting display device 10. FIG. 1B is
a plan view schematically illustrating a mask 10Bm for
depositing a blue emission layer of the conventional or-
ganic light-emitting display device 10. Referring to FIGS.
1A and 1B, pixels 11, 12, 13, and 14 of the conventional
organic light-emitting display device 10 respectively in-
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clude a plurality of emission layers 11 R, 12R, 13R, 14R,
11G, 12G, 13G, 14G, 11B, 12B, 13B, and 14B that emit
red, green, or blue light. Three sub-pixels respectively
emitting red, green, and blue light form one pixel.
[0006] As described above, the emission layers 11 R
through 14B of the pixels 11 through 14 are formed
through deposition, using a mask. For example, the emis-
sion layers of red sub-pixels are simultaneously formed
through deposition, the emission layers of green sub-
pixels are simultaneously formed through deposition,
and then the emission layers of blue sub-pixels are si-
multaneously formed through deposition.

Thus, the conventional mask 10Bm having a plurality of
openings 11 Bm, 12Bm, 13Bm, and 14Bm, as illustrated
in FIG. 1B, is used to obtain a blue emission layer pattern
of the conventional organic light-emitting display device
10, as illustrated in FIG. 1A. Also, a mask having a plu-
rality of openings formed at the same intervals as in the
conventional mask 10Bm needs to be used, in order to
form each red and green emission layer pattern of the
organic light-emitting display device 10.

[0007] Since the intermediate layer is also formed in
the same pattern as the emission layer, a mask having
a plurality of openings formed at the same intervals as
inthe conventional mask 10Bm needs to be used, in order
to obtain anintermediate layer pattern of the organic light-
emitting display device 10. However, as the distances
between sub-pixels become smaller, in order to manu-
facture high-definition display devices, the sizes of the
openings of the masks become smaller. That s, referring
to FIG. 1B, the widths €0 of the openings 11Bm through
14Bm become smaller. Thus, a mask having smaller
openings is used, in order to realize a high-definition or-
ganic light-emitting display device. However, there is a
limit as to how fine-pitched a mask can be.

[0008] Also,asamask patternbecomesfiner, itis more
difficult to pattern the mask and align the mask with re-
spectto aregion on which an emission layer/intermediate
layer is to be deposited. Even a slight error may cause
an emission layer to overlap an adjacent emission layer.
Furthermore, display devices, other than an organic light-
emitting display device, manufactured through such dep-
osition, also have the above-described disadvantages.

SUMMARY OF THE INVENTION

[0009] Aspects of the present invention provide a dis-
play device, in which an intermediate layer of each sub-
pixel can be easily and precisely deposited.

[0010] Accordingtoan aspectof the presentinvention,
there is provided an organic light-emitting display device
including a plurality of pixels. Each of the pixels compris-
esared, agreen, and ablue sub-pixel. The display device
includes an intermediate layer that is formed to different
thicknesses in the respective sub-pixels.

[0011] According to aspects of the present invention,
in each pixel, the red sub-pixel may be arranged between
the blue and green sub-pixels. The thickness of the in-
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termediate layer may be at a maximum in the red sub-
pixels.

[0012] According to aspects of the present invention,
the sum of the thickness of the intermediate layer of the
green sub-pixel and the thickness of the intermediate lay-
er of the blue sub-pixel may be substantially equal to the
thickness of the intermediate layer in the red sub-pixel.

[0013] According to aspects of the present invention,
an intermediate layer may be formed as one piece, within
each of the pixels.

[0014] According to aspects of the present invention,
each of the sub-pixels may further comprise: opposing
first and second electrodes; an intermediate layer dis-
posed between the electrodes; and red, green, and blue
emission layers disposed within the intermediate layer.
The thickness of the intermediate layer in a region having
the red emission layer is greater than of at least one of
a region having the green emission layer and a region
having the blue emission layer.

[0015] According to aspects of the present invention,
the sub-pixels included in the adjacent pixels may be
arranged such that the respective sub-pixels of a pixel
are symmetrical with respect to a boundary between the
adjacent pixels.

[0016] According to aspects of the present invention,
an intermediate layer may be formed as one piece, and
can extend across adjacent pixels.

[0017] According to aspects of the present invention,
the intermediate layer may comprise: a hole injection lay-
er formed within each of the pixels to a generally constant
thickness; and a hole transport layer formed on the hole
injection layer, having a thickness that varies according
to the respective sub-pixels.

[0018] According to aspects of the present invention,
the intermediate layer may comprise: a hole injection lay-
er having a thickness that varies according to the respec-
tive sub-pixels; and a hole transport layer formed on the
hole injection layer, having a uniform thickness.

[0019] According to aspects of the present invention,
the intermediate layer may comprise: a hole injection lay-
er having a thickness that varies according to the respec-
tive sub-pixels; and a hole transport layer formed on the
hole injection layer, having a thickness that varies ac-
cording to the respective sub-pixels.

[0020] According to aspects of the present invention,
the intermediate layer may comprise an electron trans-
port layer having a thickness that varies according to the
respective sub-pixels.

[0021] According to another aspect of the present in-
vention, there is provided a method of manufacturing an
organic light-emitting display device having a plurality of
pixels, each having red, green, and blue sub-pixels, the
method comprising: forming a plurality of first electrodes
on a surface of a substrate; forming an emission layer
and an intermediate layer on the first electrode, having
a thickness that varies according to the respective sub-
pixels; and forming a plurality of second electrodes on
the emission layer and the intermediate layer.
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[0022] According to aspects of the present invention,
the forming of the intermediate layer may comprise: de-
positing a first portion of the intermediate layer in a first
region; and depositing a second portion of the interme-
diate layer in a second region, which partly overlaps the
first region.

[0023] According to aspects of the present invention,
the forming of the emission layer may comprise forming
a red emission layer in a region where the first region
and the second region overlap each other.

[0024] According to aspects of the present invention,
the forming of the intermediate layer may comprise: form-
ing the intermediate layer, as one piece, in a region hav-
ing the red and green sub-pixels; and forming the inter-
mediate layer, as one piece, in a region having the red
and green sub-pixels.

[0025] According to aspects of the present invention,
the forming of the intermediate layer, as one piece, in the
region having the red and green sub-pixels, comprises
patterning the intermediate layer by using a first mask,
in which the region having the red and green sub-pixels
is formed as one opening.

[0026] According to aspects of the present invention,
the forming of the intermediate layer, as one piece, in the
region having the red and blue sub-pixels, may comprise
patterning the intermediate layer by using a second
mask, in which the region having the red and blue sub-
pixels is formed as one opening.

[0027] According to aspects of the present invention,
the forming of the intermediate layer may comprise form-
ing an intermediate layer, as one piece, within each of
the pixels.

[0028] According to aspects of the present invention,
the forming of the emission layer and the intermediate
layer may comprise: forming an intermediate layer on the
first electrode, such that the thickness of a part of the
intermediate layer varies according to sub-pixels; and
forming an emission layer on the intermediate layer.
[0029] According to aspects of the present invention,
the forming of the intermediate layer may comprises:
forming a hole injection layer on the first electrode to a
generally constant thickness; and forming a hole trans-
port layer on the hole injection layer, such that the thick-
ness of a part of the hole transport layer varies according
to sub-pixels.

[0030] According to aspects of the present invention,
the forming of the intermediate layer may comprise: form-
ing a hole injection layer on the first electrode, such that
the thickness of a part of the hole injection layer varies
according to sub-pixels.

[0031] According to aspects of the present invention,
the forming of the intermediate layer may comprises:
forming a hole injection layer on the first electrode, such
that the thickness of the hole injection layer varies ac-
cording to sub-pixels; and forming a hole transport layer
on the hole injection layer, such that the thickness of the
hole transport layer varies according to the sub-pixels.
[0032] According to aspects of the present invention,
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the forming of the emission layer and the intermediate
layer may comprise: forming an emission layer on the
first electrode; and forming an intermediate layer on the
emission layer, such that the thickness the intermediate
layer varies according to sub-pixels.

[0033] According to aspects of the present invention,
the forming of the intermediate layer may comprise form-
ing an electron transport layer on the emission layer, such
that the thickness of the electron transport layer varies
according to sub-pixels.

[0034] According to another aspect of the present in-
vention, there is provided an organic light-emitting dis-
play device comprising: a substrate; opposing first and
second electrodes disposed on the substrate; and an in-
termediate layer disposed between the electrodes; and
a plurality of emission layers disposed in the intermediate
layer. Ared emission layer is arranged between blue and
green emission layers at the center of one pixel. The
thickness of an intermediate layer is at a maximum ad-
jacent to the red emission layer.

[0035] According to aspects of the present invention,
the intermediate layer may comprise at least one of a
hole injectionlayer, a hole transport layer, and an electron
transport layer.

[0036] According to aspects of the present invention,
the intermediate layer may be formed as one piece within
each pixel.

[0037] According to aspects of the present invention,
the first electrode may be a reflective electrode, and the
second electrode may be a semi-transparent electrode,
or a transparent electrode.

[0038] According to aspects of the present invention,
a resonance may occur between the first electrode and
the second electrode, when the device is driven.

[0039] Additional aspects and/or advantages of the in-
vention will be set forth in part in the description which
follows and, in part, will be obvious from the description,
or may be learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] These and/or other aspects and advantages of
the invention will become apparent and more readily ap-
preciated from the following description of the embodi-
ments, taken in conjunction with the accompanying draw-
ings of which:

FIG. 1A is a plan view schematically illustrating an
emission layer/intermediate layer pattern of a con-
ventional organic light-emitting display device;

FIG. 1B is a plan view schematically illustrating a
conventional mask for depositing a blue emission
layer of the organic light-emitting display device of
FIG. 1A;

FIG. 2 is a cross-sectional view of an organic light-
emitting display device, according to a first embod-
iment of the present invention;

FIGS. 3A through 3E are cross-sectional views se-
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quentially illustrating a method of manufacturing the
organic light-emitting display device, according to
the first embodiment of the present invention;
FIGS. 4 and 5 are plan views schematically illustrat-
ing masks for depositing intermediate layers of an
organic light-emitting display device;

FIG. 6 is a cross-sectional view of an organic light-
emitting display device, according to a second em-
bodiment of the present invention;

FIGS. 7A through 7E are cross-sectional views se-
quentially illustrating a method of manufacturing the
organic light-emitting display device, according to
the second embodiment of the present invention;
FIG. 8 is a cross-sectional view of an organic light-
emitting display device, according to a third embod-
iment of the present invention;

FIGS. 9A through 9E are cross-sectional views se-
quentially illustrating a method of manufacturing the
organic light-emitting display device according to the
third embodiment of the present invention;

FIG. 10A is a plan view schematically illustrating an
intermediate layer pattern of an organic light-emitting
display device, according to a fourth embodiment of
the present invention;

FIG. 10B is a plan view schematically illustrating a
mask for depositing red-green intermediate layers
of the organic light-emitting display device of FIG.
10A, according to an embodiment of the present in-
vention;

FIG. 10C is a plan view schematically illustrating a
mask for depositing red-blue intermediate layers of
the organic light-emitting display device of FIG. 10A,
according to an embodiment of the present inven-
tion;

FIG. 11 is a cross-sectional view of a passive matrix
(PM) light-emitting device, according to an embodi-
ment of the present invention; and

FIG. 12 is a cross-sectional view of an active matrix
(AM) light-emitting device, according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0041] Reference will now be made in detail to embod-
iments of the present invention, examples of which are
illustrated in the accompanying drawings, wherein like
reference numerals refer to the like elements throughout.
The embodiments are described below, in order to ex-
plain the aspects of the present invention, by referring to
the figures. As referred to herein, when a first element is
said to be disposed or formed "on", or "adjacent to", a
second element, the first element can directly contact the
second element, or can be separated from the second
element by one or more other elements can be located
therebetween. In contrast, when an element is referred
to as being disposed "directly on" another element, there
are no intervening elements present. As used herein, the
term "and/or" includes any and all combinations of one
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or more of the associated listed items.

[0042] FIG. 2 is a cross-sectional view of an organic
light-emitting display device, according to a first embod-
iment of the present invention. Referring to FIG. 2, the
organic light-emitting display device includes a substrate
102, first electrodes 131, an insulating layer 132, second
electrodes 134, emission layers (EML) 111R (red emis-
sion layer), 111G (green emission layer), and 111B (blue
emission layer), and an intermediate layer that is formed
on the top and/or bottom of the emission layers 111 R,
111G, and 111B. The intermediate layer includes a hole
injection layer (HIL) 141, a hole transport layer (HTL)
142, and an electron transport layer (ETL) 143 The emis-
sion layers 111R, 111G, 111B, and the HIL, HTL, and
ETL 141, 142, and 143 are formed between the first elec-
trodes 131 and the second electrodes 134. The emission
layers 111R, 111G, and 111B may emit red, green, or
blue light, according to a material thereof, respectively.
[0043] The first electrodes 131 are patterned on the
substrate 102. Then, the insulating layer 132 is formed
tofill gaps between the first electrodes 131, thus defining
pixel regions. The HIL 141, the HTL 142, the emission
layers 111R, 111G, and 111B, the ETL 143, and an elec-
tron injection layer (EIL) (not shown) are deposited on
the first electrodes 131, as a single or a composite struc-
ture. Then, the second electrodes 134 are formed on the
ETL 143.

[0044] One of the first electrodes 131 or the second
electrodes 134 are reflective electrodes and the others
are semi-transparent or transparent electrodes. Thus, a
resonance may occur between the first electrodes 131
and the second electrodes 134, when the organic light-
emitting display device is driven. Thus, light generated
by the emission layers 111R, 111G, and 111B, when the
organic light-emitting display device is driven, is emitted
outside the organic light-emitting display device, while
resonating between the first electrode 131 and the sec-
ond electrode 134. Accordingly, the brightness and effi-
ciency of light emission may be improved.

[0045] More specifically, the first electrodes 131 may
be formed on a surface of the substrate 102. In the
present embodiment, the first electrodes 131 may be re-
flective electrodes, and the second electrodes 134 may
be semi-transparent or transparent electrodes. Thus,
light generated by the emission layers 111R, 111G, and
111B may be emitted outside the organic light-emitting
display device (in the opposite direction of the
substrate102), via the second electrodes 134, while res-
onating between the first and second electrodes 131 and
134.

[0046] An intermediate layer of an organic light-emit-
ting display device, according to an embodiment of the
present invention, may include the HIL 141 or the HTL
142, or may include a single layer having hole injection
and transport characteristics.

[0047] The organic light-emitting display device, ac-
cording to the first embodiment, is manufactured in such
a manner that an intermediate layer including the HIL
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141 or the HTL 142 is deposited at different thicknesses
on different sub-pixels. More specifically, the HTL 142
may be formed to a thickness of 1600 A to 2200 A in a
red sub-pixel R. If the thickness of the HTL 142 is less
than 1600 A, or greater than 2200 A, the emission layer
111R may not have appropriate hole injection character-
istics and/or hole transport characteristics, so as to cause
the resonance, and thus, the degree of color purity and
the luminous efficiency may be degraded. If the thickness
of the HTL 142 is greater than 2200 A, a driving voltage
may increase.

[0048] In a green sub-pixel G, the HTL 142 may be
formed to a thickness of 1000 A to 1200 A. If the thickness
of the HTL 142 is less than 1000 A, or greater than 1200
A, the emission layer 111G may not have appropriate
hole injection characteristics and/or hole transport char-
acteristics, to cause the resonance, and thus, the degree
of color purity and the luminous efficiency may be de-
graded. If the thickness of the HTL 142 is greater than
1200 A, the driving voltage may increase.

[0049] In a blue sub-pixel B, the HTL 142 may be
formed to a thickness of 100 A to 500 A. If the thickness
of the HTL 142 is less than 100 A, or greater than 500
A, the emission layer 111B may not have appropriate
hole injection characteristics and/or hole transport char-
acteristics, to cause the resonance, and thus, the degree
of color purity and the luminous efficiency may be de-
graded. If the thickness of the HTL 142 is greater than
500 A, the driving voltage may increase.

[0050] In the present embodiment, the HTL 142 is
formed, as one piece, in the red sub-pixel Rand the green
red sub-pixel G, and then is formed again, as one piece,
in the red sub-pixel and a blue red sub-pixel B. That is,
the HTL 142 is deposited on the green and blue sub-
pixels G and B only once, but is deposited on the red
sub-pixel R twice. Thus, the thickness of the HTL 142 in
the red sub-pixel R is greater than in the green and blue
sub-pixels G and B. In other words, the thickness of the
HTL 142 in the red sub-pixel R is substantially equal to
the sum of the thickness of the HTL 142 in the green sub-
pixel G and the thickness of the HTL 142 in the blue sub-
pixel B. Also, the HTL 142 is formed as one piece within
one pixel.

[0051] Asdescribed above, in anorganic light-emitting
display device, according to an embodiment of the
present invention, resonance may occur between first
and second electrodes, when the organic light-emitting
display device is driven. In this case, the thickness of a
hole transport layer varies, according to the color of light
emitted from an emission layer, thereby achieving good
driving voltage, current density, brightness of light emis-
sion, degree of color purity, luminous efficiency, lifetime,
and so on.

[0052] FIGS. 3A through 3E are cross-sectional views
schematically and sequentially illustrating a method of
manufacturing the organic light-emitting display device,
according to the first embodiment of the present inven-
tion. Referring to FIGS. 3A through 3E, the method in-
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cludes forming the first electrodes 131 on the surface of
the substrate 102, forming the HTL 142 on the first elec-
trodes 131, so that the thickness of a part of the HTL 142
is greater than that of the remaining part thereof, forming
the emission layers 111G, 111R, and 111B on the HTL
142, and forming second electrodes 134 on the emission
layers 111G, 111R, and 111B.

[0053] More specifically, as illustrated in FIG. 3A, the
first electrodes 131 are formed on the substrate 102. The
substrate 102 can be any substrate used in the field of
general organic light-emitting devices. For example, var-
ious types of substrates, such as a glass substrate, or a
plastic substrate, can be used, in consideration of trans-
parency, smoothness, tractability, water-resistance, and
SO on.

[0054] The first electrodes 131 may be reflective elec-
trodes, semi-transparent electrodes, or transparent elec-
trodes formed using a conductive metal material selected
from the group consisting of lithium (Li), magnesium
(Mg), aluminum (Al), an aluminum-lithium alloy (Al-Li),
calcium (Ca), a magnesium-indium alloy (Mg-In), a mag-
nesium-silver alloy (Mg-Ag), and a calcium-aluminum al-
loy (Ca-Al), or a metal oxide material selected from the
group consisting of an indium tin oxide (ITO), an indium
zinc oxide (1Z0), and anindium oxide (IN,O3). Otherwise,
the first electrodes 131 may be formed using a combina-
tion of two or more materials selected from the conductive
metals and the metal oxides.

[0055] The insulating layer 132 is formed in a region
in which an organic layer is to be formed. The insulating
layer 132 can be formed in various ways, including a
deposition method or a coating method, using an inor-
ganic substance, such as a silicon oxide and a nitride, or
an insulating organic substance.

[0056] As illustrated in FIG. 3B, the HIL 141 is formed
on the first electrodes 131 and the insulating layer 132,
toapredetermined thickness. The HIL 141 can be formed
by various known methods, including a vacuum deposi-
tion method, a spin-coating method, a casting method,
or a Langmuir-Blodget (LB) method.

[0057] As illustrated in FIG. 3C, a first HTL 142a is
formed on the HIL 141, as one piece, in the red sub-pixel
R and the green sub-pixel G. Then, as illustrated in FIG.
3D, asecond HTL 142b is formed on the HIL 141, as one
piece, in the red sub-pixel R and the blue sub-pixel B.
[0058] In detail, as the distances between sub-pixels
become smaller, in order to manufacture high-definition
display devices, the sizes of openings of a mask for de-
positing emission layers/intermediate layers of the sub-
pixels also becomes smaller. Thus, a fine-pitch mask
having smaller openingsis used in order to realize a high-
definition organic light-emitting display. However there
is a limit of the pitch of the mask.

[0059] In order to solve the above problem, according
to an embodiment of the present invention, an interme-
diate layer is deposited, as one piece, in two adjacent
sub-pixel regions, i.e., in the red sub-pixel R and the
green sub-pixel G, and on the red sub-pixel R, and the
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blue sub-pixel B.

[0060] The optimal thickness of an intermediate layer
varies according to the type of emission layer. The inter-
mediate layer is the thickest at the red sub-pixel R. The
green sub-pixel G and the blue sub-pixel B are arranged
on either side of the red sub-pixel R. Then, an interme-
diate layer is formed, as one piece, in the red sub-pixel
R and the green sub-pixel G, and then is formed again,
as one piece, in the red sub-pixel R and the blue sub-
pixel B. That is, the intermediate layer is formed only
once in the green sub-pixel G and the blue sub-pixel B,
but is formed twice in the red sub-pixel R. Accordingly,
the thickness of the intermediate layer in the red sub-
pixel R is greater than in the green and blue sub-pixels
G and B. In other words, the thickness of the red sub-
pixel R is substantially equal to the sum of the thickness
of the intermediate layer in the green sub-pixel G and the
thickness of the intermediate layer in the blue sub-pixel B.
[0061] In the method of manufacturing the organic
light-emitting display device, according to the first exem-
plary embodiment, masks 110RGm and 110RBm, as il-
lustrated in FIGS. 4 and 5, are used. When the masks
110RGm and 110RBm are used, the width €1, of each
of a plurality of openings 111RGm and 112RGm in the
mask 110RGm and a plurality of openings 111RBm and
112RBm in the mask 110RBm, is approximately double
the width €0 of each of the openings 11Bm and 12Bm of
the conventional mask 10Bm, illustrated in FIG. 1B. Ac-
cordingly, it is possible to lessen difficulties in manufac-
turing and alignment processes of a mask, thereby, in-
creasing the yield and reducing costs in manufacturing
a high-quality and high-definition display device.

[0062] As illustrated in FIG. 3E, the emission layers
111R, 111G, and 111B are formed on the HTL 142. A
material of the emission layers 111R, 111G, and 111B
is not particularly limited. Then, the ETL 143 is formed
by vacuum-depositing or spin-coating an electron trans-
port material on the emission layers 111R, 111G, and
111B. The electron transport material is not particularly
limited and may be Alg3. Then, the second electrodes
134 are formed by depositing a material for a second
electrode onthe ETL 143. The material for a second elec-
trode may be a conductive, transparent, metal oxide se-
lected from the group consisting of indium tin oxide (ITO),
indium zinc oxide (1ZO), tin oxide (SnO,), and a zinc oxide
(Zn0O). Otherwise, the ETL 143 may be formed as a re-
flective electrode, a semi-transparent electrode, or a
transparent electrode, by depositing a thin film using a
metallic material selected from the group consisting of
lithium (Li), magnesium (Mg), aluminum (Al), an alumi-
num-lithium alloy (Al-Li), calcium (Ca), a magnesium-in-
dium alloy (Mg-In), a magnesium-silver alloy (Mg-Ag),
and a calcium-aluminum alloy (Ca-Al). However, the ma-
terial for a second electrode is not limited to the described
materials. The first electrodes 131 and the second elec-
trodes 134 may respectively function as an anode and a
cathode, and vice versa.

[0063] As described above, according to an embodi-
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ment of the present invention, a fine-pitch mask for form-
ing intermediate layers can be easily manufactured,
since the sizes of openings of the mask may be relatively
large. Thus, a high-definition display device can be man-
ufactured using the mask.

[0064] FIG. 6 is a cross-sectional view of an organic
light-emitting display device, according to a second em-
bodiment of the present invention. FIGS. 7A through 7E
are cross-sectional views schematically and sequentially
illustrating a method of manufacturing the organic light-
emitting display device.

[0065] Referring to FIGS. 6 and 7, the organic light-
emitting display device includes a substrate 202, a plu-
rality of first electrodes 231, an insulating layer 232, a
plurality of second electrodes 234, a plurality of emission
layers 211R (red emission layer), 211G (green emission
layer), and 211B (blue emission layer), and an interme-
diate layer formed on the top and/or bottom of the emis-
sion layers 211R, 211G, and 211B. The intermediate lay-
er includes a hole injection layer 241, a hole transport
layer 242, and an electron transport layer 243. The emis-
sion layers 211R, 211G, and 211B and the hole injection,
hole transport, and electron transport layers 241, 242,
and 243 are formed between the first electrodes 231 and
the second electrodes 234. The emission layers 211R,
211G, and 211B may respectively emit red, green, or
blue light depending on a material thereof.

[0066] The second embodiment is differs from the first
embodiment in that the hole injection layer 241 is formed
to different thicknesses for different sub-pixels. In detail,
the hole injection layer 241 is formed, as one piece, in a
red sub-pixel R and a green sub-pixel G, and is formed
again, as one piece, in the red sub-pixel R and a blue
sub-pixel B. That is, the hole injection layer 241 is de-
posited only once in the green sub-pixel G and the blue
sub-pixel B, but is deposited twice in the red sub-pixel R.
Thus, the thickness of the hole injection layer 241 in the
red sub-pixel R is greater than in the green and blue sub-
pixels G and B. In other words, the thickness of the hole
injection layer 241 in the red sub-pixel R is substantially
equal to the sum of the thickness of the hole injection
layer 241 in the green sub-pixel G and the thickness of
the hole injection layer 241 in the blue sub-pixel B. The
hole injection layer 241 is formed as one piece within one
pixel. To this end, as illustrated in FIG. 7A, the first elec-
trodes 231 and an insulating layer 232 are formed on the
substrate 202.

[0067] Then, as illustrated in FIG. 7B, a hole injection
layer 241 ais formed, as one piece, on the first electrodes
231 and the insulating layer 232, in both the red sub-pixel
R and the green sub-pixel G. Then, as illustrated in FIG.
7C, a hole injection layer 241 b is formed, as one piece,
on the first electrodes 231 and the insulating layer 232,
in both the red sub-pixel R, and the blue sub-pixel B.
[0068] AsillustratedinFIG. 7D, the hole transport layer
242 is formed on the hole injection layer 241. Lastly, as
illustrated in FIG. 7E, the emission layers 211R, 211G,
and 211B, the electron transport layer 243, and the sec-
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ond electrodes 234 are sequentially formed. As de-
scribed above, a fine-pitch mask for forming intermediate
layers can be easily made, since the sizes of openings
can be relatively large, and a high-definition display de-
vice can be manufactured using the mask.

[0069] In the first embodiment, a hole injection layer is
formed to a predetermined thickness for one pixel, and
ahole transport layer is formed on the hole injection layer.
The thickness of the hole transport layer can vary at dif-
ferent sub-pixels. In the second embodiment, a hole in-
jection layer is formed to different thicknesses in different
sub-pixels, and a hole transport layer is formed on the
hole injection layer. However, the present invention is
not limited thereto. That is, it is possible to derive from
the first and second embodiments an organic light-emit-
ting display device, including a hole injection layer formed
to different thicknesses, and a hole transport layer that
is formed on the hole injection layer, such that the thick-
ness of the hole transport layer varies in different sub-
pixels. FIG. 8 is a cross-sectional view of an organic light-
emitting display device, according to a third embodiment
of the present invention. FIGS. 9A through 9E are cross-
sectional views sequentially illustrating a method of man-
ufacturing the organic light-emitting display device.
[0070] Referring to FIGS. 8 and 9A through 9E, the
organic light-emitting display device includes a substrate
302, a plurality of first electrodes 331, an insulating layer
332, a plurality of second electrodes 334, a plurality of
emission layers 311R, 311G, and 311B, and an interme-
diate layer. The intermediate layer can comprise a hole
injection layer 341, a hole transport layer 342, and an
electron transport layer 343. The emission layers 311R,
311G, and 311B can be formed within the intermediate
layer. The emission layers 311R, 311G, and 311B and
the hole injection, hole transport, and electron transport
layers 341, 342, and 343 are formed between the first
electrodes 331 and the second electrodes 334. The emis-
sion layers 311R, 311G, and 311B can respectively emit
red, green, or blue light, depending on a material thereof.
[0071] The third embodiment is differentiated from the
first and second embodiments, in that the electron trans-
port layer 343 is formed to different thicknesses for dif-
ferent sub-pixels. In detail, the electron transport layer
343 is deposited, as one piece, in both a red sub-pixel R
and a green sub-pixel G, and then, is deposited, as one
piece, in both the red sub-pixel R and a blue sub-pixel
B. That is, the electron transport layer 343 is deposited
only once in the green and blue sub-pixels G and B, but
is deposited twice in the red sub-pixel R. Thus, the thick-
ness of the electron transport layer 343 in the red sub-
pixel R is greater than in the green and blue sub-pixels
G and B. In other words, the thickness of the electron
transport layer 343 in the red sub-pixel R is substantially
equal to the sum of the thickness of the electron transport
layer 343 in the green sub-pixel G and the thickness of
the electron transport layer 343 in the blue sub-pixel B.
The electron transport layer 343 is formed as one piece
within one pixel.
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[0072] Asillustratedin FIG. 9A, the first electrodes 331
and the insulating layer 332 are formed on the substrate
302. Then, as illustrated in FIG. 9B, the hole injection
layer 341 and the hole transport layer 342 are formed on
the first electrodes 331 and the insulating layer 332. The
emission layers 311R, 311G, and 311B are formed on
the hole transport layer 342. Then, as illustrated in FIG.
9C, an electron transport layer 343a is formed, as one
piece, in the red sub-pixel R and the green sub-pixel G.
[0073] As illustrated in FIG. 9D, an electron transport
layer 343b is formed, as one piece, in the red sub-pixel
R and the blue sub-pixel B. Then, as illustrated in FIG.
9E, the second electrodes 334 are formed on the electron
transport layer 343.

[0074] As described above, according to an embodi-
ment of the present invention, a fine-pitch mask for form-
ing intermediate layers can be easily made, since the
sizes of openings can be relatively large, and a high-
definition display device can be manufactured using the
mask.

[0075] FIG. 10Ais a plan view of an intermediate layer
pattern of an organic light-emitting display device, ac-
cording to a fourth embodiment of the present invention.
FIG. 10B is a plan view schematically illustrating a mask
for depositing red-green intermediate layers of the or-
ganic light-emitting display device of FIG. 10A. FIG. 10C
is a plan view schematically illustrating a mask for de-
positing red-blue intermediate layers of the organic light-
emitting display device of FIG. 10A. As described above,
FIG. 10A schematically illustrates the intermediate layer
pattern of the organic light-emitting display device, but
may be considered to represent a plurality of sub-pixels,
for convenience of explanation.

[0076] The organic light-emitting display device in-
cludes a plurality of pixels, each including red, green, and
blue sub-pixels sequentially arranged in one direction,
e.g., in the x-axis direction, as indicated in FIG. 10A. The
sub-pixels are arranged such that the colors of the light
emitted from the respective sub-pixels of a first pixel are
symmetrical with the colors emitted from corresponding
sub-pixels of a second pixel facing the first pixel in the x-
axis direction, about the boundary between the first and
second pixels. That is, for example, the sub-pixels of the
pixels in the x-axis direction are arranged in the order of
green, red, blue, blue, red, green, green, red, blue, blue,
red, green, etc.

[0077] The organic light-emitting display device ac-
cording to the fourth embodiment is different from the
first and second embodiments, in terms of an intermedi-
ate layer shape. Each of the sub-pixels includes a first
electrode and a second electrode that face each other
and an intermediate layer interposed between the first
and second electrodes. In the organic light-emitting dis-
play device, according to the fourth embodiment, an in-
termediate layer is formed as one piece, across two sub-
pixels that are adjacent in the x-axis direction. More spe-
cifically, in the intermediate layer pattern (sub-pixel pat-
tern) illustrated in FIG. 10A, if the plurality of pixels in the
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uppermost row are a first pixel 311, a second pixel 312,
a third pixel 313, and a fourth pixel 314 in the x-axis di-
rection, the first pixel 311 includes a sub-pixel 311G
(green sub-pixel), a sub-pixel 311R (red sub-pixel), and
a sub-pixel 311B (blue sub-pixel).

[0078] A plurality of sub-pixels 312B, 312R, and 312G
of the second pixel 312, which is adjacent to the first pixel
311, are arranged to be symmetrical with respect to the
sub-pixels 311 G, 311R, and 311B of the first pixel 311,
along the boundary between the first and second pixels
311 and 312. Thus, the second pixel 312 includes the
sub-pixel 312B, the sub-pixel 312R, and the sub-pixel
312G.

[0079] In the above intermediate layer pattern, an in-
termediate layer is formed as one piece, in sub-pixels
adjacent at the boundary between the first and second
pixels 311 and 312. That s, an intermediate layer 311RB
is formed as one piece across red and blue sub-pixels
311R and 311 B of the first pixel 311. An intermediate
layer 312RB is formed as one piece across red and blue
sub-pixels 312R and 312B of the second pixel 312. Sim-
ilarly, anintermediate layer is formed as one piece across
sub-pixels adjacent to the boundary between the second
pixel 312 and the third pixel 313. That is, an intermediate
layer 312RG is formed as one piece for red and green
sub-pixels. An intermediate layer 313RG is formed as
one piece across red and green sub-pixels in the third
pixel 313. Similarly, the other pixels in the x-axis direction
also have the above-described pattern.

[0080] In this case, a mask 310RGmiillustrated in FIG.
10B is used to form an intermediate layer for red and
green sub-pixels. Amask 310RBmiillustrated in FIG. 10C
is used to form an intermediate layer for red and blue
sub-pixels. Referring to FIGS. 10B and 10C, the sizes of
openings in the masks 310RGm and 310RBm are rela-
tively large.

[0081] The mask 310RGm illustrated in FIG. 10B is
used to deposit an intermediate layer according to the
arrangement of sub-pixels in the organic light-emitting
display device. The area of each of the openings in the
mask 310RGm is approximately four times larger than
the openings in the conventional mask 10Bm illustrated
in FIG. 1B. Accordingly, a high-definition organic light-
emitting display device can be realized.

[0082] The construction of a light-emitting device hav-
ing the above intermediate layers, which can be included
in the organic light-emitting display devices according to
the above embodiments, will now be briefly described
with reference to FIGS. 11 and 12. A light-emitting device
that can be included in the organic light-emitting display
devices is formed on a substrate 602. The substrate 602
is manufactured using a transparent glass material, but
may be manufactured using various plastic materials,
such as acryl, polyimide, polycarbonate, polyester, and
MYLAR.

[0083] The light-emitting device may have various
shapes. For example, the light-emitting device may be a
passive matrix (PM) light-emitting device, or may be an
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active matrix (AM) light-emitting device that has a thin
transistor.

[0084] FIG. 11 is a cross-sectional view of a PM light-
emitting device 603, according to an embodiment of the
present invention. Referring to FIG. 6, a buffer layer 621
(SiO, layer) is formed on the substrate 602. A plurality
of first electrodes 631 are formed in a predetermined pat-
tern on the buffer layer 621. Then, an emission layer 633
and a plurality of second electrodes 634 are sequentially
formed on the first electrodes 631. An insulating layer
632 may be interposed between lines of the first elec-
trodes 631. The second electrodes 634 may be formed
in a pattern orthogonal to the pattern of the first electrodes
631. Although not shown in the drawings, an additional
insulating layer may further be included as a pattern or-
thogonal to the first electrodes 631, in order to obtain the
pattern of the second electrodes 634.

[0085] The emission layer 633 may be formed of an
organic material or an inorganic material. When the emis-
sion layer 633 is formed of an organic material, a small
molecule organic material, or a polymer organic material,
may be used. If a small molecule organic material is used,
a hole injection layer (HIL), a hole transport layer (HTL),
an organic emission layer (EML), an electron transport
layer (ETL), and an electron injection layer (EIL) may be
stacked in a single or composite structure.

Various organic materials, such as copper phthalocya-
nine (CuPc), N,N’-Di(naphthalene-1-yl)-N,N’-diphenyl-
benzidine (NPB), and tris-8-hydroxyquinoline aluminum
(Alg3), can be used. The emission layer 633 is obtained
by patterning one of the above small molecule organic
materials, and vacuum-depositing the resultant structure
using one of the above masks.

[0086] In general, if the emission layer 633 is formed
of a polymer organic material, it includes the hole trans-
port layer and the emission layer. In this case, the hole
transport layer is formed of Poly(3,4-ethylenedioxythi-
ophene) poly(styrenesulfonate) (PEDOT), and the emis-
sion layer is formed of a Poly-Phenylenevinylene (PPV)
/ Polyfluorene-based polymer organic material.

[0087] The first electrodes 631 can be anode elec-
trodes, and the second electrodes 634 can be cathode
electrodes, and vice versa. The first electrodes 631 may
be transparent electrodes or reflective electrodes. If the
first electrodes 631 are transparent electrodes, ITO, 1ZO,
ZnO, or In,03 may be used. If the first electrodes 631
are reflective electrodes, first electrodes 631 are ob-
tained by forming a reflective layer, by using Ag, Mg, Al,
Pt, Pd, Au, Ni, Nd, Ir, Cr, or a compound thereof and then
depositing a layer made of ITO, 1ZO, ZnO, or In,O5 on
the resultant structure.

[0088] The second electrodes 634 may also be trans-
parent electrodes or reflective electrodes. If the second
electrodes 634 are transparent electrodes, the second
electrodes 634 can be used as cathode electrodes. Thus,
the second electrodes 634 may be obtained by deposit-
ing a metal material having a small work function, such
as Li, Ca, LiF/Ca, LiF/Al, Al, Mg, or a compound thereof
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on the emission layer 633, which is an organic layer. Aux-
iliary electrodes or a butt electrode lines can be then
formed by using a material, such as ITO, 120, ZnO, or
In,O5. If the second electrodes 634 are reflective elec-
trodes, they can be formed by depositing Li, Ca, LiF/Ca,
LiF/Al, Al, Mg, or a compound thereof.

[0089] FIG. 12is a cross-sectional view of an AM light-
emitting device 603, according to an embodiment of the
present invention. In the AM light-emitting device 603,
each sub-pixel includes at least one thin film transistor
(TFT), as illustrated in FIG. 12. The construction of the
TFT is not limited to the one illustrated in FIG. 12, and a
total number and construction of thin transistors TFT can
vary.

[0090] Asillustratedin FIG. 12, a bufferlayer 621 made
of SiO, is formed on a glass substrate 602, and the TFT
is formed on the buffer layer 621. The TFT includes an
active layer 622 on the buffer layer 621, a gate insulating
layer 623 on the active layer 622 and the buffer layer
621, and a gate electrode 624 on the gate insulating layer
623. The gate electrode 624 is formed at a predetermined
location, on the gate insulating layer 623, and is connect-
ed to a gate line that transfers an on/off signal of the TFT.
The predetermined location on which the gate electrode
624 is formed corresponds to a channel region in the
active layer 622.

[0091] An inter-insulator 625 is formed on the gate
electrode 624. A source electrode 626 and a drain elec-
trode 627 are formed to respectively contact a source
region and a drain region of the active layer 622, via a
contact hole.

[0092] A passivation layer 628 made of SiO, is formed
on the source electrode 626 and the drain electrode 627.
A pixel defining layer 629 made of acryl or polyimide is
formed on the passivation layer 628, and can protect the
TFT, and also can planarize an upper surface of the TFT.
[0093] Although not shown in the drawings, at least
one capacitor is connected to the TFT. A circuit having
suchthe TFT is notlimited to the one illustrated in FIG. 12.
[0094] The AM light-emitting device 603 is connected
to the drain electrode 627 of the TFT. A first electrode
631 of the AM light-emitting device is formed on the pas-
sivation layer 628, and the pixel defining layer 629 is
formed on the first electrode 631. An emission layer 633
is formed in an opening of the pixel defining layer 629.
FIG. 12illustrates thatthe emission layer 633 is patterned
to correspond to only one sub-pixel, in order to explain
the construction of each of the sub-pixels, for conven-
ience, but the emission layer 633 may extend to an ad-
jacent sub-pixel.

[0095] Materials of the first electrode 631 a second
electrode 634, the emission layer 633, and intermediate
layers (not shown) formed on the top and bottom of the
emission layer 633 may be the same as in the PM light-
emitting device 603. The AM light-emitting device 603 is
sealed on the substrate 602 an opposite unit (not shown).
The opposite unit may include a glass or plastic material,
or may be formed as a metal cap.
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[0096] In a light-emitting display device having such
light-emitting devices, intermediate layers are construct-
ed as described above, and thus, pattern precision can
be improved, while easily depositing an intermediate lay-
er in each sub-pixel, thereby increasing the resolution of
the light-emitting display device.

[0097] The above embodiments of the present inven-
tion have been described with respect to a light-emitting
display device, but aspects of the present invention can
also be applied to any type of a display device, in which
each sub-pixel is formed through deposition. A display
device according to the above embodiments of the
present invention has the following advantages.

[0098] First, it is possible to lessen difficulties in man-
ufacturing and alignment processes of a mask. Thus, it
is possible to prevent the yield from decreasing, due to
a reduction in the distances between sub-pixels. In is
also possible to reduce manufacturing costs when man-
ufacturing a high-quality and high definition display de-
vice. Second, itis possible to increases the sizes of open-
ings in a mask for forming intermediate layers. Third, it
is possible to easily make a fine-pitch mask, and manu-
facture a high-definition display device by using the
mask.

[0099] Although a few embodiments of the present in-
vention have been shown and described, it would be ap-
preciated by those skilled in the art that changes may be
made in this embodiment without departing from the prin-
ciples of the invention, the scope of which is defined in
the claims and their equivalents.

Claims
1. Anorganic light-emitting display device comprising:

pixels to emit light in a first direction, comprising
a first electrode, a second electrode, and an in-
termediate layer disposed between the first and
second electrodes, wherein,

each pixel is divided into red, green, and blue
sub-pixels, and

the thickness of the intermediate layer varies ac-
cording to the sub-pixels.

2. A device according to claim 1, wherein:

in each of the pixels the red sub-pixel is disposed
between the green and blue sub-pixels; and
the thickness of the intermediate layer is at a
maximum in the red sub-pixel.

3. A device according to claim 2, wherein the sum of
the thicknesses of the intermediate layer in the blue
and green sub-pixels is substantially equal to the
thickness of the intermediate layer in the red sub-
pixel.
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A device according to any preceding claim, wherein
in each of the pixels the intermediate layer is formed
as one piece.

A device according to any preceding claim, wherein
thered, green, and blue sub pixels respectively com-
prise red, green, and blue emission layers disposed
in the intermediate layer,

wherein the thickness of the intermediate layer is at
a maximum in the red sub-pixels.

A device according to any preceding claim, wherein
the sub-pixels of adjacent pixels are symmetrically
disposed according to color, about a boundary be-
tween the adjacent pixels.

A device according to claim 6, wherein the interme-
diate layer is formed as one or more pieces that each
extends across the boundary, so as to be disposed
at least two of the adjacent pixels.

A device according to any preceding claim, wherein
the intermediate layer comprises:

hole transport layers having thicknesses that
vary according to the sub-pixels.

A device according to any preceding claim, wherein
the intermediate layer comprises:

hole injection layers disposed on the first elec-
trode in each pixel, having thicknesses that vary
according to the sub-pixels.

A device according to any preceding claim, wherein
the intermediate layer comprises:

hole injection layers having thicknesses that
vary according to the sub-pixels; and

hole transportlayers formed on the hole injection
layers, having thicknesses that vary according
to the sub-pixels.

A device according to any preceding claim, wherein
the intermediate layer comprises electron transport
layers having thicknesses that vary according to the
sub-pixels.

A method of manufacturing an organic light-emitting
display device having a plurality of pixels that are
each divided into red, green, and blue sub-pixels,
the method comprising:

forming first electrodes on a surface of a sub-
strate;

forming emission layers and an intermediate
layer on the first electrodes, such that the thick-
ness of the intermediate layer varies according
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to the sub-pixels; and
forming a second electrode on the intermediate
layer.

A method according to claim 12, wherein the forming
of the intermediate layer comprises:

forming a first portion of the intermediate layer
in a first region; and

forming a second portion of the intermediate lay-
er in a second region that overlaps the first re-
gion.

A method according to Claim 13, wherein the forming
of the emission layer comprises forming a red emis-
sion layer where the first region and the second re-
gion overlap.

A method according to one of Claims 12to 14, where-
in the forming of the intermediate layer comprises:

forming first portions of the intermediate layer
across adjacent red and green sub-pixels; and
forming second portions of the intermediate lay-
er across adjacent blue and red sub-pixels, such
that the first and second portions are joined to-
gether.

Amethod according to Claim 15, wherein the forming
of first portions of the intermediate layer comprises:
using a first mask having openings that correspond
to each of the first portions, to pattern the first por-
tions.

Amethod according to Claim 16, wherein the forming
of the second portions of the intermediate layer com-
prises using a second mask having openings that
correspond to each of the second portions, to pattern
the second portions.

Amethod according to one of Claims 12t0 17, where-
in the forming of the intermediate layer comprises,
in each of the pixels, forming the intermediate layer
as one piece.

Amethod according to one of Claims 12to 18, where-
in the forming of the emission layers and the inter-
mediate layer comprises forming the emission layers
within the intermediate layer.

Amethod according to one of Claims 12to 19, where-
in the forming of the intermediate layer comprises:

forming a hole injection layer on the first elec-
trodes; and

forming hole transport layers on the hole injec-
tion layer, such that the thicknesses of the hole
transport layers vary according to the sub-pix-
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els.

21. Amethodaccording to one of Claims 12t0 20, where-

in the forming of the intermediate layer comprises:

forming hole injection layers on the first elec-
trode, such that the thicknesses of the hole in-
jection layers of vary according to the sub-pixels;
and

forming a hole transport layer on the hole injec-
tion layers.

22. Amethodaccordingtooneof Claims 12to21, where-

in the forming of the intermediate layer comprises:

forming hole injection layers on the first elec-
trodes, such that the thicknesses of the hole in-
jection layers vary according to the sub-pixels;
and

forming hole transport layers on the hole injec-
tion layers, such that the thicknesses of the hole
transport layers vary according to the sub-pix-
els.

23. A method according to Claims 12 to 22, wherein the

forming of the emission layer and the intermediate
layer comprises:

forming a first portion of the intermediate layer
on the first electrodes;

forming the emission layers on the first portion;
forming a second portion of the intermediate lay-
er on the emission layers, such that the thick-
ness of the second portion varies according to
the sub-pixels.

24. Amethod according to Claim 23, wherein the second

portion is an electron transport layer.

25. Adevice according to one of Claims 1 to 11, wherein

the green or blue sub-pixels of adjacent pixels are
disposed at a boundary between the adjacent pixels.

26. A device according to one of Claims 1to 11 or Claim

25, wherein the thickness of the intermediate layer
increases from the blue sub-pixel, to the green sub-
pixel, to the red sub-pixel.



FIG. 1A (PRIOR ART)

§:10

12 13 14

11R 11G 11B 12R 12G 12B 13R 13G 13B 14R 14G 14B

11

|

{

[

{

({

/

|

EP 2 101 356 A1

—_I_.

>

Y
N

N
\\ N
NN

A N
AR i) NON f)
N N\
&\ N &\ AN

NN

NNNY

N XD

NN

NN

W

A XN

SN N

N\
\\ O\
AN\

NN

Y

NN

AN

NANENNN

W

%
Z

SN
NN

WA

\
\\ O\N
A\ M

{

SN\

NNV

NN

[

NN

QAN

{

- \\\ N
O\ M\\M

N
\\ S\
\

BN\

BNNNY

RN

W

SO\ S\
RSN AN\

N
A\

—ANN

NNN

RN

NN

SO N\
O\ S\ N

N
N

AN

NN

/ 787207 % 787 N7 X7 ¥
0000090000

NANENNN

7

W

280008000008067

2

W




FIG. 1B (PRIOR ART)

EP 2 101 356 A1

) CoC)

10Bm
S

) COC)C

+— O COCOCOCD

14Bm

13Bm
!

- ) O COCOCD

12Bm
[

< ) C O C O COCo

£0

) CoC

11Bm
[
+

13



EP 2 101 356 A1

FIG. 2

111R
111G
1
( 111B
\\,\
/\\ //,’ ////

\\\ """"" 134
=< 143
\Q\/ . 14
N 132
| \ \ 102

| )
142 131
G R B

FIG. 3A

17\

—102

14

131



EP 2 101 356 A1

FIG. 3B

///I///I///III/

I///I///I<I/' \"‘MII 0

\e 77 £ N O/,

}\ d
| \ +—102
131
FIG. 3C
111RGm
, ( | |
7 ' AL IS,
142a
20— L L7 SRR P77 B 141
\7 >
/ 132

+—102

— A

15



EP 2 101 356 A1

FIG. 3D
111RBm
\ ,
e 4 ’ v/
142a
a2
B\ OO\ -\\\v’/‘ /142b
N /
"7»7‘/\ 141
k\\ 77 132
| \ +—102
I ‘ 131 l
G R B
FIG. 3E
111R
111G
( 111B
"""""" 134
IS 143
e 24 141
\R\\\// 132
\ \ +—102
i ENEN
142 131
G R B

16



Juuuy

el UUU




HoUUUu

U

G "Old




EP 2 101 356 A1

FIG. 6

211R
211G
FEEET, o 21
‘mm \“\\\ NS /\\a\{ (
Q 7/’/’///’/ ’//’//ﬁ ’\ /’/’Ml/
e RSy
\ /\/\ \/II
j/ %»%? —23
'§\'—‘\\\\ = 3 N
N 3
IL\\\ v /l/ '/ / i 232
g \ \ 202
/ ]
241 231
| G R ' B

FIG. 7A

N\5)\ U\ A7

231

19



EP 2 101 356 A1
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