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ORGANIC LIGHT EMITTING DIODE
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and the benefit of
Korean Patent Application No. 10-2008-0083913 filed in the
Korean Intellectual Property Office on Aug. 27, 2008, the
entire contents of which are incorporated herein by reference.

BACKGROUND

1. Field of the Invention

The present invention relates to an organic light emitting
diode (OLED) display. More particularly, it relates to an
OLED display having improved display characteristics.

2. Description of the Related Art

An OLED display includes a plurality of organic light
emitting diodes (OLEDs). OLEDs typically include hole
injection electrodes, an organic light emission layer, and elec-
tron injection electrodes. Light is emitted when excitons are
generated in the organic light emission layer. Excitons are
generated as electrons and holes are combined drop from an
excited state to a ground state. The OLED display displays an
image by using the light resulting from these excitons.

Accordingly, the OLED display has self-luminance char-
acteristics, and unlike a liquid crystal display (LCD), the
thickness and weight thereof can be reduced since a separate
light source is not required. Thus, OLED displays are used in
various applications, such as displays in mobile electronic
devices, because an OLED display has low power consump-
tion, high luminance, and high reaction speed.

Unfortunately, one of the electrodes and other metal wires
in the OLED display can reflect external light, such as ambi-
ent light. This reflected light can deteriorate the performance
of the OLED display, especially when the OLED display is
used in a bright setting. For example, the OLED display’s
expression of black color and contrast can be deteriorated due
to reflections of external light, thereby reducing visibility of
the OLED display.

One known technique for solving this problem is the use of
a polarizing plate and a phase delay plate. These plates are
arranged on an OLED for suppressing reflection of external
light. However, because light from the organic emission layer
must pass through them, the polarizing plate and phase delay
plate also reduce the light generated from the OLED and may
decrease the performance and visibility of the OLED display
device.

The above information disclosed in this Background sec-
tion is only for enhancement of understanding. 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

Embodiments of the present invention provide an organic
light emitting diode (OLED) display having advantages of
improving visibility by suppressing reflection of external
light and minimizing loss of light emitted from an organic
emission layer of the OLED display. In addition, embodi-
ments of the OLED display can reduce power consumption
and may have increased life-span.

An exemplary OLED display according to an embodiment
ofthe present invention includes an OLED formed by sequen-
tially stacking a first electrode, an organic emission layer, and
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a second electrode, a dual brightness enhancement film
(DBEF) formed on the OLED, a first polarizing plate formed
on the DBEF, a second polarizing plate formed on the first
polarizing plate, and a plurality of phase delay plates formed
between the first polarizing plate and the second polarizing
plate. The first polarizing plate and the DBEF may have the
same polarizing axis. An angle of intersection between the
polarizing axis of the first polarizing plate and a polarizing
axis of the second polarizing plate may be about 45 degrees.

In an embodiment, the plurality of phase delay plates may
include a first phase delay plate, a second phase delay plate,
and a third phase delay plate. The first phase delay plate can
be a V5 wavelength plate interposed between the first polar-
izing plate and the second polarizing plate. The second phase
delay plate may be a %4 wavelength plate interposed between
the first polarizing plate and the first phase delay plate. And,
the third phase delay plate may be a Y4 wavelength plate
interposed between the first polarizing plate and the second
phase delay plate.

An angle of intersection between the polarizing axis of the
second polarizing plate and a light axis of the first phase delay
plate may range from about 17.5 degrees to about 27.5
degrees.

An angle of intersection between the polarizing axis of the
first polarizing plate and the light axis of the first phase delay
plate may range from about 17.5 degrees to about 27.5
degrees.

An angle of intersection between the polarizing axis of the
second polarizing plate and the light axis of the second phase
delay plate may range from about 40 degrees to about 50
degrees.

An angle of intersection between the polarizing axis of the
first polarizing plate and the light axis of the second phase
delay plate may range from about 0 degrees to about 5
degrees.

An angle of intersection between the polarizing axis of the
second polarizing plate and a light axis of the third phase
delay plate may range from about 85 degrees to about 90
degrees.

An angle of intersection between the polarizing axis of the
first polarizing plate and the light axis of the third phase delay
plate may range from about 40 degrees to about 50 degrees.

An angle of intersection between the light axis of the sec-
ond phase delay plate and the light axis of the third phase
delay plate may be about 45 degrees.

In another embodiment, the plurality of phase delay plates
may include a first phase delay and a second phase delay
plate. The first phase delay plate can be a Y2 wavelength plate
interposed between the first polarizing plate and the second
polarizing plate. The second phase delay plate can be a Y4
wavelength plate interposed between the first polarizing plate
and the first phase delay plate.

An angle of intersection between the polarizing axis of the
second polarizing plate and the light axis of the first phase
delay plate may range from about 10 degrees to about 20
degrees.

An angle of intersection between the polarizing axis of the
first polarizing plate and the light axis of the first phase delay
plate may range from about 25 degrees to about 35 degrees.

An angle of intersection between the polarizing axis of the
second polarizing plate and the light axis of the second phase
delay plate may range from about 70 degrees to about 80
degrees.

An angle of intersection between the polarizing axis of the
first polarizing plate and the light axis of the second phase
delay plate may range from about 25 degrees to about 35
degrees.
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In an embodiment, the OLED display may further include
anadditional phase delay plate interposed between the OLED
and the DBEF. An angle of intersection between a light axis of
the additional phase delay plate and the polarizing axis of the
DBEF may range from about 40 degrees to about 50 degrees.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a cross-sectional view of an organic light emitting
diode (OLED) display according to a first exemplary embodi-
ment of the present invention.

FIG. 2 is alayout view of a circuit layout of a driving circuit
and an OLED of the OLED display of FIG. 1.

FIG. 3 and FIG. 4 are a cross-sectional view and a configu-
ration diagram of a path for transmission of light from outside
into the OLED display of FIG. 1.

FIG. 5 and FIG. 6 are a cross-sectional view and a configu-
ration diagram of a path for emission of light generated from
an OLED of the OLED display of FIG. 1 to the outside.

FIG. 7 is a cross-sectional view of an OLED display
according to a second exemplary embodiment of the present
invention.

FIG. 8 and FIG. 9 are a cross-sectional view and a configu-
ration diagram of a path for transmission of light from outside
into the OLED display of FIG. 7.

FIG. 10 and FIG. 11 are a cross-sectional view and a
configuration diagram of a path for emission of light gener-
ated from an OLED of the OLED display of FIG. 7 to the
outside.

DETAILED DESCRIPTION OF SOME
EMBODIMENTS

The present invention will be described with reference to
the accompanying drawings, in which exemplary embodi-
ments of the invention are shown. As those skilled in the art
will realize, the described embodiments may be modified in
various different ways, all without departing from the spirit or
scope of the present invention. Constituent elements having
the same configuration are representatively described with
reference to one or more embodiments. Other exemplary
embodiments may then be described by referring to various
differences between the embodiments.

The drawings and description are to be regarded as illus-
trative in nature and not restrictive. Like reference numerals
designate like elements throughout the specification.

In the drawings, the thickness of layers, films, panels,
regions, etc., are exaggerated for clarity. For example, it
should be understood that when an element such as a layer,
film, region, or substrate is referred to as being “on” another
element, it can be directly on the other element or intervening
elements may also be present. When an element is referred to
as being “directly on” another element, there are no interven-
ing elements present. In addition, the size and thickness of
each element in the drawing are provided for better under-
standing and ease of description of various embodiments and
are not intended to limit the present invention.

Exemplary embodiments of the present invention will now
be described with reference to FIG. 1 and FIG. 2. Exemplary
embodiments of an OLED display 100 may have improved
visibility by efficiently suppressing the reflection of external
light and minimizing the loss of light emitted out from its
organic emission layer. In addition, the OLED display 100
can efficiently emit light generated from its organic emission
layer to thereby reduce power consumption and increase its
life-span. In some embodiments, the OLED display may
employ combinations of linear polarization, circular or ellip-
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tical polarization, and phase delay in order to suppress reflec-
tion from external light while minimizing the loss of emitted
light from the OLED display.

As shown in FIG. 1, an organic light emitting diode
(OLED) display 100 includes a first substrate 51, a second
substrate 52, and an optical member 58. The first and second
substrates 51 and 52 are bonded to each other.

The first substrate 51 includes a substrate member 511, a
driving circuit unit DC formed on the substrate member 511,
and an OLED L1 formed on the driving circuit unit DC. The
driving circuit unit DC is shown and described further with
reference to FIG. 2.

In the driving circuit unit DC, the driving transistor T2
includes a gate electrode 531, a drain electrode 532, and a
source electrode 533. The driving transistor T2 supplies an
output current I, ., that is proportional to the square of a
voltage difference between the voltage stored in the storage
capacitor C1 (shown in FIG. 2) and a threshold voltage to the
OLED L1. The OLED L1 then emits light based on the output
current I 5., .

The OLED L1 includes a first electrode 544, an organic
emission layer 545 formed on the first electrode 544, and a
second electrode 546 formed on the organic emission layer
545. The OLED L1 emits light toward the second electrode
546 from the organic emission layer 545, and the OLED
display 100 displays an image based on this light. For pur-
poses of illustration, the OLED display 100 is shown as a top
light emitting type. However, other embodiments of the
OLED display 100 may employ other emitting types.

In general, the first electrode 544 may serve as an anode
and the second electrode 546 may serve as a cathode. How-
ever, other embodiments may use different configurations,
For example, the first electrode 544 may serve as the cathode
and the second electrode 546 may serve as the anode. The first
electrode 544 of the OLED L1 is connected to the drain
electrode 532 of the driving transistor T2. At least one of the
first and second electrodes 544 and 546 is made to be trans-
flective or reflective, and thus, reflects light.

The second substrate 52 covers the first substrate 51 on
which the OLED L1 and the driving circuit unit DC are
formed. For example, the second substrate 52 can be disposed
facing the first substrate 51 and cover or protect the compo-
nents of driving circuit unit DC (e.g., thin film transistors T1
and T2, and the capacitor C1), and the OLED L1 from the
external environment.

The second substrate 52 can be bonded to the first substrate
110 by a sealing material (not shown). This sealing material
may be formed along an edge of the second substrate 52 to
seal a space between the substrates 51 and 52. The second
substrate 52 may also cover the optical member 58 formed on
the OLED L1.

However, the present invention is not limited to these con-
figurations. For example, the optical member 58 can be
formed on the second substrate 52. Thus, the optical member
58 can be disposed outside the sealed space between the first
and second substrates 51 and 52. One skilled in the art will
recognize that the location of the optical member 58 can be
any location on the OLED L1.

The optical member 58 improves visibility of the OLED
display 100 by suppressing reflection of external light and
minimizes loss of light emitted out from the OLED L1. The
optical member 58 includes a DBEF 586, a first polarizing
plate 585, a second polarizing plate 581, and a plurality of
phase delay plates 582, 583, and 584.
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The DBEF 586 is disposed on the OLED L1. The first
polarizing plate 585 is disposed on the DBEF 586, and the
second polarizing plate 581 is disposed on the first polarizing
plate 585.

The plurality of delay plates 582, 583, and 584 are inter-
posed between the first polarizing plate 585 and the second
polarizing plate 581. In some embodiments, phase delay
plates 582, 583, and 584 are sequentially stacked on the first
polarizing plate 585. For example, the first phase delay plate
582 can be interposed between the first polarizing plate 585
and the second polarizing plate 581. The second phase delay
plate 583 can be interposed between the first polarizing plate
585 and the first phase delay plate 582. The third phase delay
plate 584 can be interposed between the first polarizing plate
585 and the second phase delay plate 583.

The optical member 58 can further include an additional
phase delay plate 587 disposed between the DBEF 586 and
the OLED L1. Hereinafter, the additional phase delay plate
587 may be referred to as a fourth phase delay plate 587.
However, the embodiments can employ any number of phase
delay plates. Thus, the fourth phase delay plate 587 can be
omitted if desired.

The first polarizing plate 585 and the second polarizing
plate 581 respectively have a polarizing axis and linearly
polarize light toward their polarization axis. The first polar-
izing plate 585 and the second polarizing plate 581 transmit
light that matches the polarizing axis of each of the first and
second polarizing plates 585 and 581, and absorbs light that
does not match the polarizing axes. Thus, light passed
through the first polarizing plate 585 and the second polariz-
ing plate 581 are linearly-polarized along their polarizing axis
directions.

The DBEF 586 also transmits light matching the polarizing
axes and reflects light that significantly mismatches the polar-
izing axes. Therefore, the first polarizing plate 585 and the
second polarizing plate 581 are different from the DBEF 586,
because the first polarizing plate 585 and the second polariz-
ing plate 581 absorb light that mismatches their polarizing
axes.

In some embodiments, the DBEF 586 and the first polar-
izing plate 585 have polarization axes in the same direction.
For example, the angle of intersection between the polariza-
tion axis of the first polarizing plate 585 and the polarization
axis of the second polarizing plate 581 may be about 45
degrees.

The first phase delay plate 582 is a /> wavelength plate, and
the first phase delay plate 582 has a light axis that is turned by
an angle ranging from about 17.5 degrees to about 27.5
degrees from the polarizing axis of the second polarizing
plate 581. That is, an angle of intersection between the light
axis of the first phase delay plate 582 and the polarizing axis
ofthe second polarizing plate 581 may range from about 17.5
degrees to about 27.5 degrees. In addition, the angle of inter-
section between the light axis of the first phase delay plate 582
and the polarizing axis of the first polarizing plate 585 may
range from about 17.5 degrees to about 27.5 degrees.

The second phase delay plate 583 is a 4 wavelength plate,
and has a light axis that is turned by an angle ranging from
about 40 degrees to about 50 degrees from the polarizing axis
of the second polarizing plate 581. That is, the angle of
intersection between the light axis of the second phase delay
plate 583 and the polarizing axis of the second polarizing
plate 581 may range from about 40 degrees to about 50
degrees. In addition, an angle of intersection between the light
axis of the second phase delay plate 583 and the polarizing
axis of the first polarizing plate 585 may range from about 0
degrees to about 5 degrees.
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The third phase delay plate 584 is a Y4 wavelength plate,
and has a light axis that is turned by an angle ranging from
about 85 degrees to about 95 degrees from the polarizing axis
of the second polarizing plate 581. That is, an angle of inter-
section between the light axis of the third phase delay plate
584 and the polarizing axis of the second polarizing plate 581
may range from about 85 degrees to about 95 degrees. In
addition, an angle of intersection between the light axis of the
third phase delay plate 584 and the polarizing axis of the first
polarizing plate 585 may range from about 40 degrees to
about 50 degrees.

The fourth phase delay plate 587 is a Y4 wavelength plate,
and has a light axis that is turned by an angle ranging from
about 40 degrees to about 50 degrees from the polarizing axis
of the DBEF 586.

Referring now to FIG. 2, a driving circuit unit DC may
include two or more thin film transistors T1 and T2 and at
least one storage capacitor C1. Configurations of the driving
circuit unit DC and the OLED L1 are not limited to the
described embodiments. One skilled in the art will recognize
that the embodiments can be variously modified.

As shown, the driving circuit unit DC may include a
switching transistor T1 and a driving transistor T2. The
switching transistor T1 is connected to a scan line SL1 and a
data line DLL The switching transistor T1 transmits a data
voltage input from the data line DL1 according to a switching
voltage input to the scan line SL1 to the driving transistor T2.

The storage capacitor C1 is connected to the switching
transistor T1 and a power source line VDD. The capacitor C1
stores a voltage corresponding to a voltage difference of a
voltage transmitted from the switching transistor T1 and a
voltage supplied to the power source line VDD.

Referring now to FIG. 3 to FIG. 6, the manner in which the
optical member 58 efficiently suppresses reflection of exter-
nal light and minimizes loss of light emitted to the outside will
be further described. The manner in which visible light passes
through the optical member 58 will now be described.

As is well known, visible light can be classified according
to wavelength bands or colors. For example, blue light has a
wavelength range of approximately 420 nm to 480 nm. Green
light has a wavelength range of about 550 nm, and red light
has a wavelength of about 650 nm.

Since each color has a different wavelength, variations
occur when the visible light passes through the optical mem-
ber 58. Accordingly, the various light axes of the optical
member 58 are set to have appropriate angles to compensate
for colors included in the external light. This allows the opti-
cal member 58 to efficiently suppress reflection based on the
conditions of light emitted from the OLED L1.

For illustrative purposes, an exemplary optical member 58
that is arranged to emit light generated from the OLED L1
with a minimum loss of blue light will now be discussed. Such
an embodiment of the optical member 58 can be appropriate
when luminance of blue light emitted from the OLED L1 is
relatively low.

In general, the various colors or wavelengths of visible
light will not behave substantially differently when passing
through the optical member 58. Thus, the discussion of the
behavior of blue light as an example can be generally illus-
trative of the embodiments. However, slight variations for the
different wavelengths of light may be exhibited. For example,
transmittance of the different wavelengths may vary when
passing through the optical member 58.

Reference will now be made to FIG. 3 and FIG. 4 to
describe the inbound path of light transmitted into the optical
member 58 from outside. External light initially includes a
mixture of phases. However, most of the inbound light pass-
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ing through the optical member 58 is absorbed or extin-
guished. Therefore, the OLED display 100 can efficiently
suppress reflection of the external light and thereby improv-
ing visibility of the display.

As shown in FIG. 3, external inbound light passes through
the second polarizing plate 581. As it passes through the
second polarizing plate 581, the light is linearly polarized
along the polarizing axis direction of the polarizing plate 581.

This linearly-polarized light then passes through the first
phase delay plate 582. The first phase delay plate is the 4
wavelength plate. Relative to the second polarizing plate 581,
the light axis of the first phase delay plate 582 is rotated by
about 45 degrees. The first phase delay plate 582 also main-
tains the linearly-polarized state of the light passing through.
The axis of light passing through the first phase delay plate
582 is turned by about 22.5 degrees from the polarizing axis
of the second polarizing plate 581. That is, the angle of
intersection between the light axis of the first phase delay
plate 582 and the polarizing axis of the second polarizing
plate 581 is about 22.5 degrees.

The inbound light next passes through the second phase
delay plate 583. The second phase delay plate 583 is the Y4
wavelength plate. Relative to the second polarizing plate 581,
the light axis of the second phase delay plate 583 is turned by
about 45 degrees. Thus, the angle of intersection of the second
phase delay plate 583 and the polarizing axis of the second
polarizing plate 581 is about 45 degrees.

Since the light was rotated by about 45 degrees and was
linearly-polarized after passing through the first phase delay
plate 582, the inbound light is substantially equivalent to the
light axis direction of the second phase delay plate 583.
Accordingly, this light can pass through the second phase
delay plate 583 without substantial loss. Here, the substantial
equivalence implies that the visible light has several wave-
lengths for respective colors, and therefore, light axis direc-
tions of the entire light passed through the first phase delay
plate 582 are not completely equivalent to each other.

The light that has passed through the second phase delay
plate 583 is now rotated 45 degrees and is linearly polarized.
Some of this light next passes through the third phase delay
plate 584. Relative to the polarizing axis of the second polar-
izing plate 581, the light axis of the third phase delay plate 584
is turned by about 90 degrees. That is, the angle of intersection
between the light axis of the third phase delay plate 584 and
the polarizing axis of the second polarizing plate 581 is now
about 90 degrees.

Since the angle of intersection between the axis direction
of the 45-degree rotated and linearly-polarized light and the
light axis direction of the third phase delay plate 584 is about
45 degrees, the light passing through the third phase delay
plate 584 is circularly polarized. However, this light is also
linearly-polarized along the polarizing axis direction of the
first polarizing plate 585.

Light that passes through the first polarizing plate 585 is
light that matches the polarizing axis of the first polarizing
plate 585. But, light that does not match the polarizing axis of
the first polarizing plate 585 is absorbed. Thus, some the
circularly-polarized light may pass through the first polariz-
ing plate 585, but most of the circularly-polarized light is
absorbed in the first polarizing plate 585 and extinguished.
This feature suppresses much of the reflection of external
light.

The light that is linearly-polarized and passing through the
first polarizing plate 585 may next pass through the DBEF
586 without substantial loss. This light is reflected to elec-
trodes 544 and 546 of the OLED L1 after passing through the
fourth phase delay plate 587. In addition, the light can be
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reflected to other metal wires. This light path will be further
described later with reference to FIG. 5 and FIG. 6 since it is
essentially the same light path as outbound light from the
OLED L1 to the outside.

The path for outbound light emitted from the organic emis-
sion layer 545 to the outside will now be described with
reference to FIG. 5and FIG. 6. Initially, light emitted from the
organic emission layer 545 sequentially passes through the
second electrode 546 and the fourth phase delay plate 587. At
this time, the light includes a mixture of various phases.

The light that is passed through the fourth phase delay plate
587 is transmitted to the DBEF 586. The light matching the
polarizing axis of the DBEF 586 passes through and is also
linearly polarized. Meanwhile, light mismatching the polar-
izing axis of the DBEF 586 is reflected back to the fourth
phase delay plate 587.

The light reflected from the DBEF 586 passes through the
fourth phase delay plate 587 and may be reflected again by the
electrodes 544 and 546 of the OLED L1. Accordingly, some
of'the light reflected from the DBEF 586 is linearly-polarized
and the rest of the light is continuously re-reflected. This
process may recycle several times between the DBEF 586 and
the electrodes 544 and 546 of the OLED L1. Eventually, most
of the light emitted from the OLED L1 is linearly polarized
and passes through the DBEF 586.

The outbound light next reaches the first polarizing plate
585. As noted above, the fourth phase delay plate 587 changes
the phase of the light when the light recycles between the
DBEF 586 and the electrodes 544 and 546 of the OLED L1 in
order to help the light more efficiently pass through the DBEF
586. Thus, the light that is passed through the DBEF 586 is
linearly-polarized and can pass through the first polarizing
plate 585 without substantial loss. This is because the polar-
izing plate of the DBEF 586 is the same configuration as that
of'the first polarizing plate 585.

The light next passes through the third phase delay plate
584, which is the Y4 wavelength plate. Relative to the first
polarizing plate 585, the light axis of the third phase delay
plate 584 is turned by about 45 degrees. Thus, the angle of
intersection between the light axis of the third phase delay
plate 584 and the polarizing axis of the first polarizing plate
585 is about 45 degrees. Accordingly, since the angle of
intersection between the light axis direction of the light that is
passed through the first polarizing plate 585 and linearly
polarized and the light axis direction of the third phase delay
plate 584 is 45 degrees, the linearly-polarized light is circu-
larly polarized while passing through the third phase delay
plate 584.

The light next reaches the second phase delay plate 583,
which is the ¥4 wavelength plate. The light axis of the second
phase delay plate 583 is equivalent to the polarizing axis of
the first polarizing plate 585. Therefore, the light that is cir-
cularly-polarized while passing through the third phase delay
plate 584 is linearly polarized while passing through the
second phase delay plate 583 as in the linearly-polarized state
before passing through the third phase delay plate 584. That
is, the light that is linearly polarized while passing through the
first polarizing plate 585 and the light linearly polarized while
passing through the second phase delay plate 583 are substan-
tially equivalent to each other.

The light that is linearly polarized while passing through
the second phase delay plate 583 passes through the first
phase delay plate 582 which is the %2 wavelength plate and
rotates by 45 degrees while maintaining the linearly-polar-
ized state. In this case, the light axis of the first phase delay
plate 582 is turned by 22.5 degrees from the polarizing axis of
the first polarizing plate 585. That is, the angle of intersection
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between the light axis of the first phase delay plate 582 and the
polarizing axis of the first polarizing plate 585 is 22.5 degrees.

In addition, the axis direction of the linearly-polarized light
that is rotated by 45 degrees while passing through the first
phase delay plate 582 is substantially equivalent to the polar-
izing axis direction of the second polarizing plate 581. There-
fore, the 45-degree rotated linearly-polarized light is passed
through the second polarizing plate without any substantial
loss and emitted to the outside.

By the above-described configuration, the light emitted
from the OLED L1 is mostly passed through the optical
member 58 without significant loss and emitted to the outside.
Inthe case of a conventional structure in which one polarizing
plate and one phase delay plate are arranged, 40% of light
emitted from an OLED L1 is emitted to the outside. On the
other hand, in the case of the OLED display 100 according to
the first exemplary embodiment of the present invention, it is
experimentally proven that 80% of the light generated from
the OLED L1 is passed through the optical member 58 and
efficiently emitted to the outside. Accordingly, loss of out-
bound light emitted from the organic emission layer 545 to
the outside can be minimized. In addition, the OLED display
100 can efficiently emit light generated from the organic
emission layer 545 to the outside so that power consumption
can be reduced and life-span can be increased.

A second exemplary embodiment of the present invention
will now be described with reference to FIG. 7. As shown in
FIG. 7, an OLED display 200 includes a first substrate 51, a
second substrate 52, and an optical member 59. The first and
second substrates 51 and 52 are bonded to each other. The
optical member 59 includes a second polarizing plate 591, a
plurality of phase delay plates 592 and 593, a first polarizing
plate 595, and a DBEF 596.

The DBEF 596 is disposed on an OLED L1. The first
polarizing plate 595 is disposed on the DBEF 596, and the
second polarizing plate 591 is disposed on the first polarizing
plate 595.

The plurality of phase delay plates 592 and 593 are inter-
posed between the first polarizing plate 595 and the second
polarizing plate 591. The first phase delay plate 592 is inter-
posed between the first and second polarizing plates 595 and
591. The second phase delay plate 593 is interposed between
the first polarizing plate 595 and the first phase delay plate
592. That is, the second phase delay plate 593 and the first
phase delay plate 592 are sequentially stacked on the first
polarizing plate 595.

In an embodiment, the optical member 59 can further
include an additional phase delay plate 597 disposed inter-
posed between the DBEF 596 and the OLED L.1. Hereinafter,
the additional phase delay plate will be referred to as a third
phase delay plate 597. However, embodiments of the present
invention are not limited to a specific number or configuration
ofphase delay plates. For example, the third phase delay plate
597 can be omitted as desired, for example, to reduce manu-
facturing costs.

The DBEF 596 and the first polarizing plate 595 have
polarizing axes with the same direction. In addition, an angle
of intersection between the polarizing axis of the first polar-
izing plate 595 and the polarizing axis of the second polariz-
ing plate 591 is about 45°.

The first phase delay plate 592 is a /2 wavelength plate, and
has a light axis turned by an angle ranging from about 10
degrees to about 20 degrees from the polarizing axis of the
second polarizing plate 591. That is, the angle of intersection
between the light axis of the first phase delay plate 592 and the
polarizing axis of the second polarizing plate 591 may range
from about 10 degrees to 20 degrees. In addition, the angle of
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intersection between the light axis of the first phase delay
plate 592 and the polarizing axis of the first polarizing plate
595 may range from about 25 degrees to 35 degrees.

The second phase delay plate 593 is a V4 wavelength plate
and has a light axis that is turned by an angle ranging from
about 70 degrees to 80 degrees from the polarizing axis of the
second polarizing plate 591. That is, the angle of intersection
between the light axis of the second phase delay plate 593 and
the polarizing axis of the second polarizing plate 591 may
range from about 70 degrees to about 80 degrees. In addition,
the angle of intersection between the light axis of the second
phase delay plate 593 and the polarizing axis of the first
polarizing plate 595 may range from about 25 degrees to 35
degrees.

The third phase delay plate 597 is a 4 wavelength plate and
has a light axis that is turned by an angle range ranging from
about 40 degrees to 50 about degrees from the polarizing axis
of the DBEF 596.

With the above-described configuration, the OLED display
200 can improve visibility by effectively suppressing reflec-
tion of external light while minimizing loss of light emitted
out from the organic emission layer 545. In addition, the
OLED display 200 can reduce power consumption and
extend life-span by efficiently emitting light generated from
the organic emission layer 545. Thus, the display character-
istics of the OLED display 200 can be improved.

The manner in which the optical member 59 of the OLED
display 100 can minimize loss of light emitted out from the
organic emission layer 545 while efficiently suppressing
reflection of external light will now be described with refer-
ence to FIG. 8 to FIG. 11. For purposes of illustration, the
optical member 59 described herein is arranged to minimize
the loss of blue light in emission of light from an OLED L1.
However, one skilled in the art will recognize that this is
merely an exemplary description and that optical member 59
can be arranged differently.

The following example regarding blue light can be illus-
trative because other colors of visible light will not behave
significantly differently from blue light. In other words,
behavior of other colors of visible light will be substantially
the same as that of the blue light when passing the optical
member 59. However, the behavior of other colors of visible
light can be slightly different due to differences in wave-
length. Thus, transmittance of the other colors of visible light
may be decreased when passing through an exemplary optical
member 59.

An inbound light path from outside to inside through the
optical member 59 will now be described with reference to
FIG. 8 and FIG. 9. External light from the outside may
include a mixture of phases. As light passes through the
second polarizing plate 591, the external light is linearly
polarized.

Next, this linearly polarized light passes through the first
phase delay plate 592 which is the 12 wavelength plate. The
light is rotated by about 30 degrees while maintaining its
linearly polarized state. The light axis of the first phase delay
plate 592 is turned by about 15 degrees from the polarizing
axis of the second polarizing plate 591. That is, the angle of
intersection between the light axis of the first phase delay
plate 592 and the polarizing axis of the second polarizing
plate 591 is about 15 degrees.

Next, the light passes through the second phase delay plate
593, which is the Y4 wavelength plate. The light axis of the
second phase delay plate 593 is turned by about 75 degrees
from the polarizing axis of the second polarizing plate 591.
That is, the angle of intersection between the light axis of the
second phase delay plate 593 and the polarizing axis of the



US 8,148,894 B2

11

second polarizing plate 591 is about 75 degrees. The angle of
intersection between the axis direction of the 30-degree
rotated and linearly-polarized light and a light axis direction
ofthe second phase delay plate 593 is about 45 degrees. While
passing through the second phase delay plate 593, the lin-
early-polarized light is circularly-polarized.

Next, the light is linearly polarized along a polarizing axis
direction of the first polarizing plate 595 while passing
through the polarizing plate 595. The light that passes through
the first polarizing plate 595 matches the polarizing axis of the
first polarizing plate 595. Light that does not match the polar-
izing axis of the first polarizing plate 595 is absorbed or
extinguished. Thus, some of the circularly-polarized light
passes through the first polarizing plate 595. However, much
of the circularly-polarized light is absorbed in the first polar-
izing plate 595 and extinguished. Since most of the circularly-
polarized light is extinguished while passing through the first
polarizing plate 595, the OLED display 100 effectively sup-
presses reflection of external light.

The light that is linearly-polarized while passing through
the first polarizing plate 595 is passed through the DBEF 596
without substantial loss and may be reflected to electrodes
544 and 546 of the OLED L1 after passing through the third
phase delay plate 597. In addition, the light can be reflected to
other metal wires. This light path will be further described
later with reference to FIG. 10 and FIG. 11 since it is essen-
tially the same light path as outbound light from the OLED L1
to the outside.

With the above-described configuration, inbound light
transmitted from outside is mostly suppressed or extin-
guished by the optical member 59 in the first polarizing plate
595. Therefore, the OLED display 200 can improve visibility
by efficiently suppressing reflection of the external light.

An outbound light path from the organic emission layer
545 of FIG. 7 will now be described with reference to FIG. 10
and FIG. 11. Light emitted from the organic emission layer
545 sequentially passes through the second electrode 546 and
the third phase delay plate 597. The light initially includes a
mixture of various phases.

The light that is passed through the third phase delay plate
597 is transmitted toward the DBEF 596. The light matching
the polarizing axis of the DBEF 596 passes through the third
phase delay plate 597 and is also linearly polarized. Mean-
while, light that does not match the polarizing axis of the
DBEF 596 is reflected back to the third phase delay plate 597.

The light reflected from the DBEF 596 passes through the
third phase delay plate 597 and may be reflected again by the
electrodes 544 and 546. Accordingly, some of the light
reflected from the DBEF 596 is linearly polarized and the rest
of the light is continuously re-reflected. This process may
recycle sever times between the DBEF 596 and the electrodes
544 and 546. Eventually, most of the light emitted from the
OLED L1 is linearly polarized and passes through the third
phase delay plate. Therefore, the fourth phase delay plate 597
effectively changes the phase of the light when the light
recycles between the DBEF 596 and the electrodes 544 and
546 and can help the light more efficiently pass through the
DBEF 596.

The light that is passed through the DBEF 596 and linearly-
polarized is next passes through the first polarizing plate 595
without any substantial loss. This is because the polarizing
plate of the DBEF 596 matches the polarization the first
polarizing plate 595.

The linearly-polarized light then passes through the second
phase delay plate 593 and is elliptically polarized. The second
phase delay plate 593 is the Y4 wavelength plate. The light
axis of the second phase delay plate 593 is turned by about 30
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degrees from the polarizing axis of the first polarizing plate
595. That is, the angle of intersection between the light axis of
the second phase delay plate 593 and the polarizing axis of the
first polarizing plate 595 is about 30 degrees.

Since the angle of intersection between an axis direction of
the linearly-polarized light passed through the first polarizing
plate 595 and a light axis direction of the second phase delay
plate 593 becomes 30 degrees, the linearly-polarized light is
elliptically polarized while passing through the second phase
delay plate 593. The linearly-polarized light can be circularly
polarized when the angle of intersection between the axis
direction of the linearly-polarized light and the light axis of
the second phase delay plate 593 is about 45 degrees. There-
fore, the linearly-polarized light is elliptically polarized since
the angle of intersection therebetween is about 30 degrees.

The light next passes through the first phase delay plate
592, which is the Y2 wavelength plate and rotates by about 15
degrees while maintaining the elliptically-polarized state of
the light. The light axis of the first phase delay plate 592 is
turned by about 30 degrees from the polarizing axis of the first
polarizing plate 595. That is, the angle of intersection
between the light axis of the first phase delay plate 592 and the
polarizing axis of the first polarizing plate 595 is about 30
degrees.

In addition, the longer axis direction of the elliptically-
polarized light that is rotated by 15 degrees while passing
through the first phase delay plate 592 is substantially equiva-
lent to the polarizing axis direction of the second polarizing
plate 591. Therefore, most of the light is passed through the
second polarizing plate 591 and emitted to the outside even
though it is in the elliptically-polarized state rather than a
linearly-polarized state.

With the above-described configuration, the light gener-
ated from the OLED L1 can pass through the optical member
59 and can be efficiently emitted to the outside. Therefore, the
loss of light emitted to the outside from the organic emission
layer 545 can be minimized. In addition, the OLED display
200 can efficiently emit light generated from the organic
emission layer 545 to the outside so that power consumption
can be reduced and life-span can be increased.

While this invention has been described in connection with
what is presently considered to be practical exemplary
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.

What is claimed is:

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

an OLED formed by sequentially stacking a first electrode,

an organic emission layer, and a second electrode;

a dual brightness enhancement film (DBEF) formed on the

OLED;

a first polarizing plate formed on the DBEF;

a second polarizing plate formed on the first polarizing

plate; and

a plurality of phase delay plates formed between the first

polarizing plate and the second polarizing plate.

2. The OLED display of claim 1, wherein the first polariz-
ing plate and the DBEF have the same polarizing axis.

3. The OLED display of claim 2, wherein an angle of
intersection between the polarizing axis of the first polarizing
plate and a polarizing axis of the second polarizing plate is
about 45 degrees.

4. The OLED display of claim 3, wherein the plurality of
phase delay plates comprise a first phase delay plate which is
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a %2 wavelength plate interposed between the first polarizing
plate and the second polarizing plate, a second phase delay
plate which is a ¥4 wavelength plate interposed between the
first polarizing plate and the first phase delay plate, and a third
phase delay plate which is a ¥4 wavelength plate interposed
between the first polarizing plate and the second phase delay
plate.

5. The OLED display of claim 4, wherein an angle of
intersection between the polarizing axis of the second polar-
izing plate and a light axis of the first phase delay plate may
range from about 17.5 degrees to 27.5 degrees, and an angle
of intersection between the polarizing axis of the first polar-
izing plate and the light axis of the first phase delay plate is
within the range of 17.5 degrees to 27.5 degrees.

6. The OLED display of claim 5, wherein an angle of
intersection between the polarizing axis of the second polar-
izing plate and the light axis of the second phase delay plate
may range from about 40 degrees to 50 degrees, and an angle
of intersection between the polarizing axis of the first polar-
izing plate and the light axis of the second phase delay plate
may range from about 0 degrees to 5 degrees.

7. The OLED display of claim 6, wherein an angle of
intersection between the polarizing axis of the second polar-
izing plate and a light axis of the third phase delay plate may
range from about 85 degrees to 90 degrees, and an angle of
intersection between the polarizing axis of the first polarizing
plate and the light axis of the third phase delay plate may
range from about 40 degrees to 50 degrees.

8. The OLED display of claim 7, wherein an angle of
intersection between the light axis of the second phase delay
plate and the light axis of the third phase delay plate is 45
degrees.

9. The OLED display of claim 3, wherein the plurality of
phase delay plates comprise a first phase delay plate which is
a 5 wavelength plate interposed between the first polarizing
plate, and the second polarizing plate and a second phase
delay plate which is a /4 wavelength plate interposed between
the first polarizing plate and the first phase delay plate.

14

10. The OLED display of claim 9, wherein an angle of
intersection between the polarizing axis of the second polar-
izing plate and the light axis of the first phase delay plate may
range from about 10 degrees to 20 degrees, and an angle of
intersection between the polarizing axis of the first polarizing
plate and the light axis of the first phase delay plate may range
from about 25 degrees to 35 degrees.

11. The OLED display of claim 10, wherein an angle of
intersection between the polarizing axis of the second polar-
izing plate and the light axis of the second phase delay plate
may range from about 70 degrees to 80 degrees, and an angle
of intersection between the polarizing axis of the first polar-
izing plate and the light axis of the second phase delay plate
may range from about 25 degrees to 35 degrees.

12. The OLED display of claim 1, further comprising an
additional phase delay plate interposed between the OLED
and the DBEF.

13. The OLED display of claim 12, wherein an angle of
intersection between a light axis of the additional phase delay
plate and the polarizing axis of the DBEF may range from
about 40 degrees to 50 degrees.

14. The OLED display of claim 4, further comprising an
additional phase delay plate interposed between the OLED
and the DBEF.

15. The OLED display of claim 14, wherein an angle of
intersection between a light axis of the additional phase delay
plate and the polarizing axis of the DBEF may range from
about 40 degrees to 50 degrees.

16. The OLED display of claim 9, further comprising an
additional phase delay plate interposed between the OLED
and the DBEF.

17. The OLED display of claim 16, wherein an angle of
intersection between a light axis of the additional phase delay
plate and the polarizing axis of the DBEF may range from
about 40 degrees to 50 degrees.



THMBW(EF)

BHEKX-RE R TR
US8148894 K (AE)B

US12/536315 RiEH

2012-04-03

2009-08-05

patsnap

BRI B(ERR)AGE) =EEFRERAT

RF(EFR)AGE) ZEBHERBFRLA.

LETERIB(ERR)A(E) = EDISPLAY CO. , LTD.
[#R] &% BB A PARK SOON RYONG
JUNG WOO SUK
JEONG HEE SEONG
JEON HEE CHUL
JEONG CHUL WOO
KIM JAE YONG

KIM EUN AH

KWAK NOH MIN

LEE JOO HWA

REBAA PARK, SOON-RYONG
JUNG, WOO-SUK
JEONG, HEE-SEONG
JEON, HEE-CHUL
JEONG, CHUL-WOO
KIM, JAE-YONG
KIM, EUN-AH
KWAK, NOH-MIN

LEE, JOO-HWA
IPCH S H05B33/12
CPCH¥%S HO1L51/5281 G02B27/281

EHR(IF) 145 /RNIMESHKUMAR

H

£ A 1020080083913 2008-08-27 KR
H AT 3R US20100156282A1

SNEBEE Espacenet USPTO

HEGE)

OLEDE REEH ARG A X W ROLEDE Reg. E— LMl , OLEDE REEAI AR AL MRIK , B = E R ik F 48 (2R #Y
WE , MEDHIREABXN RS , BNHK/MUREOLEDE REEM A ST XML, flIn , B R\[HHWOLEDEBIEEFFE — B,
BNEAXEME SRS | FERIEOLED LWDBEF , XX TEDBEF LHYEE —RIRMR , FEARTESE — RIRIR LAY 58 — fRIRMR IR IR
MTESE — Rk M =Rk A Z B R E 2 NE AR R


https://share-analytics.zhihuiya.com/view/c317e83c-ccc4-4c7d-85c4-f8d75ee1e64e
https://worldwide.espacenet.com/patent/search/family/042176814/publication/US8148894B2?q=US8148894B2
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.htm&r=1&f=G&l=50&s1=8148894.PN.&OS=PN/8148894&RS=PN/8148894

58 L1
——

581 592 583 584 565 586 597 544 545 546 /52
1y

R I L W W A
SO AN A e S DN

IR R R A R R N
R A Ao N BRI A i

A N I N N Y

532 ng 531 533 511 5



