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An organic light emitting diode (OLED) display according to
(73) Assignee: SAMSUNG MOBILE DISPLAY CO., an exemplary embodiment of the invention includes: a dis-
LTD., Yongin-City (KR) play substrate including a plurality of pixel areas; a tilt layer
formed on the display substrate of each of the plurality of
(21) Appl. No.: 13/465,768 pixel areas, and having a tilt angle with respect to the display
substrate; a first electrode formed on the tilt layer; an organic
(22) Filed: May 7, 2012 emission layer formed on the first electrode; a second elec-
trode formed on the organic emission layer; an encapsulation
(30) Foreign Application Priority Data substrate disposed on the second electrode and in parallel
with the display substrate; and a prism sheet formed on the
Oct. 24,2011 (KR) .eovvevereivicne 10-2011-0108853 encapsulation substrate and having a plurality of prisms.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY

CLAIM OF PRIORITY

[0001] This application makes reference to, incorporates
the same herein, and claims all benefits accruing under 35
U.S.C. §119 from an application earlier filed in the Korean
Intellectual Property Office on the 24 Oct. 2011 and there
duly assigned Serial No. 10-2011-0108853.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates generally to an organic
light emitting diode (OLED) display. More particularly, the
present invention relates to an OLED display in which a color
shift problem is prevented.

[0004] 2. Description of the Related Art

[0005] Unlike the liquid crystal display (LCD), an organic
light emitting diode (OLED) display does not require a sepa-
rate light source, thereby making it possible for it to be imple-
mented as a slim and lightweight display. Furthermore, since
the organic light emitting diode display has high quality char-
acteristics such as lower power consumption, high luminance
and short response time, it has been spotlighted as a next
generation display device.

[0006] The OLED includes a plurality of light emitting
diodes, each having a hole injection electrode, an organic
emission layer, and an electron injection electrode. Electrons
and holes are combined with each other in an organic emis-
sive layer to thereby generate excitons. When the excitons
shift from the excited state to the ground state, energy is
generated so as to emit light, and images are displayed on the
basis of the emitted light.

[0007] Meanwhile, the OLED display can improve effi-
ciency of light emitted from the organic light emitting diode
using a microcavity structure to prevent a decrease in effi-
ciency due to total reflection between first and second elec-
trodes of the organic light emitting diode. The microcavity
structure can be maximized by controlling a distance between
the first and second electrodes of the organic light emitting
element.

[0008] However, whenthe OLED display has a microcavity
structure, light efficiency may be increased but a color shift
may occur.

[0009] The above information disclosed in this Back-
ground section is only for enhancement of an understanding
of the background of the described technology, and therefore
it may contain information that does not form the prior art that
is already known in this country to a person of ordinary skill
in the art.

SUMMARY OF THE INVENTION

[0010] The present invention has been developed in an
effort to provide an OLED display having improved image
quality by suppressing a color shift occurring due to a micro-
cavity structure of an organic light emitting diode.

[0011] An organic light emitting diode (OLED) display
according to an exemplary embodiment of the present inven-
tion includes: a display substrate including a plurality of pixel
areas; atiltlayer formed on the display substrate of each of the
plurality of pixel areas, and having a tilt angle with respect to
the display substrate; a first electrode formed on the tilt layer;
an organic emission layer formed on the first electrode; a
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second electrode formed on the organic emission layer; an
encapsulation substrate disposed on the second electrode and
in parallel with the display substrate; and a prism sheet
formed on the encapsulation substrate and having a plurality
of prisms.

[0012] The tilt layer may have a tilt angle in a range of 40
degrees to 80 degrees with respect to the display substrate.

[0013] An increase in the tilt angle of the tilt layer and an
increase in a tilt angle of each prism of the prism sheet may
have a constant correlation.

[0014] When the tilt angle of the tilt layer is 15 degrees, 19
degrees, 23 degrees, and 29 degrees, tilt angles of respectively
corresponding prisms of the prism sheet are 45 degrees, 55
degrees, 65 degrees, and 75 degrees, respectively, according
to the constant correlation, and a permissible error range of
the tilt angle may be 2 degrees or less.

[0015] The OLED display may further include a pixel
defining layer formed on the display substrate and having an
opening partially or wholly exposing the first electrode, and
the tilt layer may be disposed in the opening of the pixel
defining layer.

[0016] The OLED display may further include a polariza-
tion member disposed between the second electrode and the
prism sheet.

[0017] The polarization member may include a ¥4 wave-
length plate and a polarizing plate.

[0018] The polarization member may be formed on the
encapsulation substrate, and the OLED display may further
include a diffusion sheet disposed between the polarization
member and the prism sheet.

[0019] Light emitted relatively close to a direction perpen-
dicular to a tilt surface of the tilt layer among light emitted
from the organic emission layer may be emitted to the outside
through the prisms of the prism sheet. In addition, light emit-
ted relatively close to a direction perpendicular to the encap-
sulation substrate among light emitted from the organic emis-
sion layer may be reflected by the prisms of the prism sheet
and then disappear in the polarization member through inter-
nal reflection.

[0020] According to the exemplary embodiments, a color
shift occurring due to a microcavity structure of the organic
light emitting diode can be suppressed, and thus image qual-
ity can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] A more complete appreciation of the invention, and
many of the attendant advantages thereof, will be readily
apparent as the same becomes better understood by reference
to the following detailed description when considered in con-
junction with the accompanying drawings, in which like ref-
erence symbols indicate the same or similar components,
wherein:

[0022] FIG. 1 is a cross-sectional view of an organic light
emitting diode (OLED) display according to a first exemplary
embodiment of the invention;

[0023] FIG. 2 shows a light path of the OLED display of
FIG. 1; and
[0024] FIG. 3is a cross-sectional view of an OLED display

according to a second exemplary embodiment of the inven-
tion.
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DETAILED DESCRIPTION OF THE INVENTION

[0025] Hereinafter, exemplary embodiments will be
described in detail with reference to the attached drawings so
that the present invention can be easily put into practice by
those skilled in the art. The present invention is not limited to
the exemplary embodiments, but may be embodied in various
forms.

[0026] Furthermore, in several exemplary embodiments,
like reference numerals designate like elements having the
same configuration, a first exemplary embodiment is repre-
sentatively described, and in other embodiments, only a con-
figuration that is different from that of the first exemplary
embodiment is described.

[0027] The drawings are schematic and not proportionally
scaled down. Relative scales and ratios in the drawings are
enlarged or reduced for the purpose of accuracy and conve-
nience, and the scales are random and not limited thereto. In
addition, like reference numerals designate like structures,
elements, or parts shown in two or more drawings. It will be
understood that, when an element is referred to as being “on”
another element, it can be directly on another element or
intervening elements may be present therebetween.

[0028] Views of exemplary embodiment represent ideal
exemplary embodiments in detail. Therefore, various modi-
fications of diagrams are expected. Accordingly, exemplary
embodiments are not limited to specific shapes of shown
regions, and for example, also include modifications of the
shape by manufacturing.

[0029] Hereinafter, an organic light emitting diode (OLED)
display according to a first exemplary embodiment will be
described with reference to FIG. 1.

[0030] FIG. 1 is a cross-sectional view of an organic light
emitting diode (OLED) display according to a first exemplary
embodiment of the invention.

[0031] As shown in FIG. 1, the OLED display 101 accord-
ing to the first exemplary embodiment includes a display
substrate 110, an organic light emitting element 70, a thin film
transistor 10, a tilt layer 800, an encapsulation substrate 210,
and a prism sheet 250.

[0032] The display substrate 110 includes a plurality of
pixel areas. A pixel area is a unit area where a pixel that is a
minimum unit for displaying an image is formed. The OLED
display 101 displays image emitted from the organic light
emitting element 70 formed in each pixel of the OLED dis-
play 101.

[0033] In addition, the display substrate 110 may be made
of various materials known to a person skilled in the art, and
the various materials include glass, quartz, and ceramic.
[0034] The thin film transistor 10 is formed on the display
substrate 110. The thin film transistor 10 includes an active
layer 130, a gate electrode 155, a source electrode 176, and a
drain electrode 177. In FIG. 1, the thin film transistor 10 has
a top gate structure in which the gate electrode 155 is formed
on the active layer 130, but the first exemplary embodiment is
not limited thereto. That is, the thin film transistor may have
various structures known to a person skilled in the art.
[0035] Furthermore, in FIG. 1, the active layer 130 is a
polysilicon layer formed by crystallizing an amorphous sili-
con layer using a laser. A crystallization method using a laser
may include various crystallization methods known to a per-
son skilled in the art, and the various crystallization methods
include an excimer laser annealing (ELA) method, and the
like. In addition, the active layer 130 may be formed of
amorphous silicon or an oxide semiconductor.

Apr. 25,2013

[0036] The gate electrode 155 is disposed on one area of the
active layer 130, and a gate insulation layer 140 is disposed
between the gate electrode 155 and the active layer 130. The
gate electrode 155 may be formed of various conductive
materials known to a person skilled in the art. The gate insu-
lation layer 140 may be formed of at least one of tetra ethyl
ortho silicate (TEOS), silicon nitride (SiN, ), and silicon oxide
(Si0,). For example, the gate insulation layer 140 may have
a double-layered structure in which a silicon nitride layer
having a thickness of 40 nm and a TEOS layer having a
thickness of 80 nm are sequentially layered. However, the
structure of the gate insulation layer 140 is not limited to the
above-described structure in the first exemplary embodiment.
[0037] The source electrode 176 and the drain electrode
177 respectively contact the active layer 130. The source
electrode 176 and the drain electrode 177 may also be formed
of various conductive materials known to a person skilled in
the art. The source electrode 176 and the drain electrode 177
are separated from each other, and are insulated from the gate
electrode 155 by an interlayer insulation layer 160 which may
be disposed between the source electrode 176 and the drain
electrode 177. The interlayer insulation layer 160 may be
formed of various insulation materials known to a person
skilled in the art.

[0038] In addition, the OLED display 101 may further
include a barrier layer 120 disposed between the thin film
transistor 10 and the display substrate 110. In further detail,
the barrier layer 120 may be disposed between the active layer
130 and the display substrate 110. For example, the barrier
layer 120 may have a single layer of silicon nitride (SiN,) or
a double-layered structure in which silicon nitride (SiN,,) and
silicon oxide (SiO,) are layered. The barrier layer 120 has a
role of preventing unneeded components like impure ele-
ments or moisture from intruding into the target, while flat-
tening the surface thereof. However, the barrier layer 120 may
be omitted depending upon the kind and processing condi-
tions of the display substrate 110.

[0039] The OLED display 101 may further include an
upper insulation layer 180 disposed between the source elec-
trode 176 and the organic light emitting element 70. The
upper insulation layer 180 may have a planarization charac-
teristic

[0040] The tilt layer 800 is formed on the display substrate
110 for each of the plurality of pixel areas. In further detail,
the tilt layer 800 is formed on the upper insulation layer 180.
However, the first exemplary embodiment is not limited
thereto, and the tilt layer 800 may be integrally formed with
the upper insulation layer 180. In this case, the upper insula-
tion layer 180 and the tilt layer 800 may be formed through an
exposure process using a half-tone mask.

[0041] The tilt layer 800 has a tilt angle 01 with respect to
the upper insulation layer 180 and the display substrate 110.
The tilt layer 800 has a triangle-shaped cross-section, and
may be formed in various shapes, such as triangular pyramid,
quadrangular pyramid, prism, and the like.

[0042] In addition, in the first exemplary embodiment, the
tilt layer 800 has a tilt angle 61 in a range of 40 degrees to 80
degrees with respect to the display substrate 110.

[0043] Thetilt layer 800 may be formed of various organic
or inorganic materials known to a person skilled in the art. For
example, the tilt layer 800 may be formed of a polymer-based
material. In this regard, the polymer-based material includes
acryl-based resin, epoxy-based resin, polyimide-based resin,
polyethylene, and the like.
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[0044] Inthe first exemplary embodiment, the organic light
emitting element 70 is formed on a tilt surface of the tilt layer
800. The organic light emitting element 70 includes a first
electrode 710 formed on the tilt layer 800 and connected to
the drain electrode 177 of the thin film transistor 10, an
organic emission layer 720 formed on the first electrode 710,
and a second electrode 730 formed on the organic emission
layer 720. In FIG. 1, the first electrode 710 becomes an anode
and the second electrode 730 becomes a cathode. However,
the first exemplary embodiment is not limited thereto, and the
first electrode 710 may be a cathode and the second electrode
730 may be an anode according to the driving method.

[0045] The organic light emitting element 70 according to
the first exemplary embodiment has a microcavity structure.
The microcavity structure can improve light efficiency of the
OLED display 101 by preventing decrease in light efficiency
due to total reflection between the first electrode 710 and the
second electrode 730. The microcavity structure can maxi-
mize light efficiency by controlling a distance between the
firstelectrode 710 and the second electrode 730 of the organic
light emitting element 70, and may have various structures
known to a person skilled in the art.

[0046] Furthermore, the OLED display 101 may further
include a pixel defining layer 190 formed on the display
substrate 110 and having an opening 195 partially or entirely
exposing the first electrode 710 of each pixel area. In this case,
the tilt layer 800 is disposed in the opening 195 of the pixel
defining layer 190. In addition, the organic light emitting
element 70 is formed in the opening 195 of the pixel defining
layer 190. That is, the opening 195 of the pixel defining layer
190 defines a light emission area.

[0047] The encapsulation substrate 210 protects the
organic light emitting element 70 by covering the same. The
encapsulation substrate 210 is sealed with the display sub-
strate 110 to prevent permeation of moisture or oxygen into
the organic light emitting element 70.

[0048] The encapsulation substrate 210 may be formed of a
glass-based material. However, the first exemplary embodi-
ment is not limited thereto, and the encapsulation substrate
210 may be formed of various materials known to a person
skilled in the art.

[0049] A prism sheet 250 is formed on the encapsulation
substrate 210. The prism sheet 250 includes a plurality of
prisms. In addition, a tilt angle 62 of the prism of the prism
sheet 250 and the tilt angle 01 of the tilt layer 800 have a
constant correlation.

[0050] FIG. 2 shows a light path of the OLED display of
FIG. 1.
[0051] Referring to FIG. 2, in the first exemplary embodi-

ment, when tilt angle 01 of the tilt layer 800 is 15 degrees, 19
degrees, 23 degrees, and 29 degrees, the tilt angles 62 of the
respectively corresponding prisms are set to 45 degrees, 55
degrees, 65 degrees, and 75 degrees, respectively. In this case,
a permissible error range of the tilt angles 61 and 62 is 2
degrees or less.

[0052] Meanwhile, light passing through the above-stated
process among light generated from the organic light emitting
element 70 is emitted to the outside of the encapsulation
substrate 210 with an angle 63 of 43 degrees. Light having a
light emission angle 63 which exceeds 43 degrees cannot be
emitted to the outside of the encapsulation substrate 210, and
is thus reflected to the interior of the encapsulation substrate
210.
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[0053] Referring back to FIG. 1, the OLED display 101
according to the first exemplary embodiment further includes
a polarization member 230 disposed between the encapsula-
tion substrate 210 and the prism sheet 250. In this case, the
polarization member 230 may be disposed between the prism
sheet 250 and the second electrode 730 of the organic light
emitting element 70.

[0054] Further referring to FIG. 1, the polarization member
230 absorbs light entering from the outside through the
encapsulation substrate 210 so as to suppress reflection of
external light. The polarization member 230 includes a polar-
izing plate 231 and a %4 wavelength plate 232, and external
light absorption theory of the polarization member 230 is a
known method.

[0055] In addition, the OLED display 101 according to the
first exemplary embodiment further includes a capping layer
(CPL) 220 disposed between the encapsulation substrate 210
and the organic light emitting element 70. The capping layer
220 protects the organic light emitting element 70, and
reduces a reflective index difference with an air layer by
filling a space between the organic light emitting element 70
and the encapsulation substrate 210.

[0056] With such a configuration, the OLED display 101
according to the first exemplary embodiment can improve
image quality by suppressing a color shift occurring due to the
microcavity structure of the organic light emitting element
70.

[0057] In the OLED display 101 according to the first
exemplary embodiment, light .1 emitted relatively close to a
direction perpendicular to a tilt surface of the tilt layer 800
among light emitted from the organic emission layer 720 is
emitted to the outside through the prisms of the prism sheet
250, and light .2 emitted relatively close to a direction per-
pendicular to the encapsulation substrate 210 among light
emitted from the organic emission layer 70 is reflected by the
prisms of the prism sheet 250, and then disappears in the
polarization member 230 through internal reflection.

[0058] Hereinafter, an OLED display 102 according to a
second exemplary embodiment will be described with refer-
ence to FIG. 3.

[0059] FIG. 3is a cross-sectional view of an OLED display
according to a second exemplary embodiment of the inven-
tion.

[0060] As shown in FIG. 3, the OLED display 102 accord-
ing to the second exemplary embodiment further includes a
diffusion sheet 240 disposed between a polarization member
230 and a prism sheet 250.

[0061] The prism sheet 250 diffuses light having reinforced
straightness while passing through the prism sheet 250,
thereby improving image quality of the OLED display 102.

[0062] With such a configuration, the OLED display 102
according to the second exemplary embodiment can improve
image quality by further effectively suppressing a color shift
occurring due to a microcavity structure of the organic light
emitting element 70.

[0063] While the invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments but, on the contrary,
is intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.
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What is claimed is:

1. An organic light emitting diode (OLED) display, com-
prising:

a display substrate including a plurality of pixel areas;

a tilt layer formed on the display substrate of each of the
plurality of pixel areas, and having a tilt angle with
respect to the display substrate;

a first electrode formed on the tilt layer;

an organic emission layer formed on the first electrode;

a second electrode formed on the organic emission layer;

an encapsulation substrate disposed on the second elec-
trode and in parallel with the display substrate; and

a prism sheet formed on the encapsulation substrate and
having a plurality of prisms.

2. The OLED display of claim 1, wherein the tilt layer has

a tilt angle in a range of 40 degrees to 80 degrees with respect
to the display substrate.

3. The OLED display of claim 2, wherein an increase in the
tilt angle of the tilt layer and an increase in a tilt angle of each
prism of the prism sheet have a constant correlation.

4. The OLED display of claim 3, wherein, when the tilt
angle of the tilt layer is 15 degrees, 19 degrees, 23 degrees,
and 29 degrees, tilt angles of corresponding prisms of the
prism sheet are 45 degrees, 55 degrees, 65 degrees, and 75
degrees, respectively, according to the constant correlation,
and a permissible error range of the tilt angle is not greater
than 2 degrees.

5. The OLED display of claim 1, further comprising a pixel
defining layer formed on the display substrate and having an
opening at least partially exposing the first electrode;

wherein the tilt layer is disposed in the opening of the pixel
defining layer.

6. The OLED display of claim 1, further comprising a
polarization member disposed between the second electrode
and the prism sheet.

7. The OLED display of claim 6, wherein the polarization
member comprises a % wavelength plate and a polarizing
plate.

8. The OLED display of claim 6, wherein the polarization
member is formed on the encapsulation substrate, and the
OLED display further comprises a diffusion sheet disposed
between the polarization member and the prism sheet.

9. The OLED display of claim 6, wherein light emitted
relatively close to a direction perpendicular to a tilt surface of
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the tilt layer among light emitted from the organic emission
layer is emitted to an outside through the prisms of the prism
sheet, and light emitted relatively close to a direction perpen-
dicular to the encapsulation substrate among light emitted
from the organic emission layer is reflected by the prisms of
the prism sheet and then disappears in the polarization mem-
ber through internal reflection.

10. The OLED display of claim 1, further comprising a
capping layer disposed between the second electrode and the
encapsulation substrate.

11. The OLED display of claim 1, further comprising a thin
film transistor (TFT) disposed on the display substrate.

12. The OLED display of claim 11, further comprising a
barrier layer disposed between the display substrate and the
TFT.

13. The OLED display of claim 12, further comprising an
upper insulation layer disposed between the TF'T, on one side,
and thetilt layer, the first electrode, the organic emission layer
and the second electrode, on another side.

14. The OLED display of claim 13, further comprising a
pixel defining layer disposed between the upper insulation
layer and the second electrode.

15. The OLED display of claim 11, wherein the TFT com-
prises an active layer, a gate insulation layer disposed on the
active layer, and a gate electrode disposed on the gate insu-
lation layer.

16. The OLED display of claim 15, further comprising an
interlayer insulation layer disposed on the gate insulation
layer and the gate electrode.

17. The OLED display of claim 16, further comprising an
upper insulation layer disposed on the interlayer insulation
layer.

18. The OLED display of claim 16, wherein the TFT fur-
ther comprises a source electrode and a drain electrode, each
of which extends through the interlayer insulation layer and
the gate insulation layer so as to be connected to the active
layer.

19. The OLED display of claim 18, further comprising an
upper insulation layer disposed on the interlayer insulation
layer, wherein the first electrode extends through the upper
insulation layer so as to be connected to the drain electrode.

* * #* ok %
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