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(57)  Embodiments of the invention provide an OLED
display structure and an OLED display device having the
OLED display structure. The OLED display structure
comprises: a substrate, and an OLED pixel layer, a beam
splitting layer and a circular polarizer layer which are
formed on the substrate in sequence; the beam splitting
layer is adapted to divide a light beam into o-light and e-
light, and to convert the o-light and the e-light into circu-
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larly polarized light which has the same polarization state
as the circular polarizer layer; the circular polarizer layer
is adapted to allow passage of the circularly polarized
light which has the same polarization state as it. With the
display structure, the light transmittance is improved, and
the pixel current of the OLED pixel layer is reduced, and
thereby energy is saved.
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Description
TECHNICAL FIELD

[0001] Embodiments of the present invention relate to
an organic light emitting diode (OLED) display structure
and an OLED display device having the OLED display
structure.

BACKGROUND

[0002] Organic Light-Emitting Diode (OLED) display
devices are widely used in MP3 players and the like digital
products due to their characteristics of light weight, thin
profile, energy-saving, etc. The OLED display technology
differs from the conventional LCD (Liquid Crystal Display)
display technology, it does not need a backlight module
and typically adopts very thin organic material films and
a glass substrate, and these organic materials will emit
light when a current passes through them. Moreover, an
OLED display screen can be made-lighter, thinner, and
capable of saving electric energy remarkably, and have
wider viewing angles. However, as a display device, the
OLED display screen is also affected by an external use
environment. Especially in an outdoor, strong-light envi-
ronment, display effect of the OLED display screen will
be degraded to some extent.

[0003] In order to overcome the influence of ambient
light, as shown in FIG. 1, an OLED display structure has
been proposed, and it eliminates the influence of strong
ambient light on the display by providing a quarter-wave
plate layer 60 and a polarizer layer 70 on an OLED pixel
layer 20 in sequence. lts operational principle will be de-
scribed below. Ambient light 80 is incident into a display
screen, and is changed to linearly polarized light after it
passes through the polarizer layer 70 firstly, and then the
linearly polarized light passes through the quarter-wave
plate layer 60 (an optical axis of which is at an angle of
+45° with respect to the polarization direction of the lin-
early polarized light) to change to right-handed or left-
handed circularly polarized light. That is, the polarizer
layer 70 and the quarter-wave plate layer 60 work in com-
bination as a right-handed or left-handed circular polar-
izer, which can convert natural light into right-handed or
left-handed circularly polarized light. The right-handed or
left-handed circularly polarized light is changed into left-
handed or right-handed circularly polarized light, for ex-
ample, afteritis reflected by a substrate 10, and is further
changed to linearly polarized light again after it passes
through the above quarter-wave plate layer 60 for the
second time, but its polarization direction is rotated by
90° to exactly coincide with the absorption axis of the
polarizer layer 70. Thereby, the reflected lightis absorbed
by the polarizer layer 70 and cannot be transmitted there-
through. That is, right-handed circularly polarized light
cannot pass through a left-handed circular polarizer, or
left-handed circularly polarized light cannot pass through
a right-handed circular polarizer. Therefore, with the

10

15

20

25

30

35

40

45

50

55

above configuration, such objects that the influence of
ambient light is eliminated, contrast is enhanced, and
visual effect is improved can be achieved.

[0004] However, light emitted by the OLED pixel layer
20 have no polarization characteristics, and still does not
possess polarization characteristics yet after it is trans-
mitted through the quarter-wave plate layer 60, while their
energy is absorbed in half upon passing through the po-
larizer layer 70. Further due to influence factors like scat-
tering, reflection and so on, the transmittance of light is
greatly reduced. This results in the consequence that, in
order to obtain suitable brightness, pixel currents have
to be increased in practice. In turn, this brings about
waste of energy.

SUMMARY

[0005] Regarding the above shortcomings, embodi-
ments of the invention provide an OLED display structure
and an OLED display device comprising the above OLED
display structure, which can overcome impact of ambient
light, but will not absorb or scatter too much light emitted
by itself, so that light transmittance is increased and then
energy is saved.

[0006] In an aspect of the invention, there is provided
an OLED display structure, comprising: a substrate, and
an OLED pixel layer, a beam splitting layer and a circular
polarizer layer which are formed on the substrate in se-
quence, wherein the beam splitting layer is adapted to
divide a light beam into o-light and e-light, and to convert
the o-light and the e-light into circularly polarized light
which has the same polarization state as the circular po-
larizer layer; and the circular polarizer layer is adapted
to allow passage of the circularly polarized light which
has the same polarization state as it.

[0007] As for the display structure, for example, the
beam splitting layer comprises a birefringent crystal lay-
er, and an o-light quarter-wave plate layer and an e-light
quarter-wave plate layer which are formed on the bire-
fringent crystal layer; the o-light quarter-wave plate layer
is adapted for converting the o-light into circularly polar-
ized light which has the same polarization state as the
circular polarizer layer; and the e-light quarter-wave plate
layer is adapted for converting the e-light into circularly
polarized light which has the same polarization state as
the circular polarizer layer.

[0008] As for the display structure, for example, direc-
tions of optical axes of the o-light quarter-wave plate layer
and the e-light quarter-wave plate layer are perpendicular
to each other, and the optical axes of the o-light quarter-
wave plate layer and the e-light quarter-wave plate layer
form an angle of 45° with respect to polarization directions
of the corresponding o-light and e-light, respectively.
[0009] As for the display structure, for example, the
birefringent crystal layer is made from a material pos-
sessing a birefringent property such as calcite crystal,
quartz, ruby, or the like.

[0010] As for the display structure, for example, the
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circular polarizer layer comprises a quarter-wave plate
layer and a linear polarizer formed thereon; the quarter-
wave plate layeris adapted to convert circularly polarized
light into linearly polarized light, and the linear polarizer
is adapted to allow passage of linearly polarized light
which has the same polarization direction as its.

[0011] For example, the OLED display structure may
further comprise a lens layer, which is located between
the OLED pixel layer and the beam splitting layer, and
adapted to converge light beams which are emitted from
the OLED pixel layer to be parallel light beams to enter
the beam splitting layer.

[0012] As for the display structure, for example, the
lens layer comprises a transparent substrate, and a first
convex lens and a second convex lens which are formed
on two sides of the transparent substrate, respectively;
focal points or focal planes of the first convex lens and
the second convex lens coincide with each other.
[0013] As for the display structure, for example, the
lens layer comprises a transparent substrate, and a first
convex lens and a concave lens microstructure layer
which are formed on two sides of the transparent sub-
strate, respectively, wherein the first convex lens and the
concave lens microstructure layer cooperate to converge
light beams into parallel light beams.

[0014] As for the display structure, for example, the
transparent substrate may further comprise a reflective
layer, by which ambient light is reflected to the circular
polarizer layer for absorption.

[0015] In another aspect of the invention, there is fur-
ther provided an OLED display device, comprising an
OLED display structure stated as any of the above items.
[0016] The OLED display structure and the OLED dis-
play device having the OLED display structure according
to embodiments of the invention, by dividing a light emit-
ted from the OLED pixel layer into o-light and e-light, and
converting the o-light and the e-light into circularly polar-
ized light which has the same polarization state as the
circular polarizer layer to pass through the circular polar-
izerlayer totally, improve light transmittance, reduce pixel
current of the OLED pixel layer, thereby saving energy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Inorder to illustrate the technical solution of the
embodiments of the invention more clearly, the drawings
of the embodiments will be briefly described below; it is
obvious that the drawings as described below are only
related to some embodiments of the invention, but not
limitative of the invention.

FIG. 1 is a structurally schematic view showing an
existing OLED display structure;

FIG. 2 is a schematic view showing a phenomenon
of birefringence of a birefringent crystal in a space
rectangular coordinate system in the relevant art;
FIG. 3 is a structurally schematic view showing an
OLED display structure according to an embodiment
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1 of the invention;

FIG. 4 is a structurally schematic view showing an
OLED display structure according to an embodiment
2 of the invention; and

FIG. 5 is a structurally schematic view showing an
OLED display structure according to an embodiment
3 of the invention.

Reference signs:

[0018] 4: a lens layer; 5: a beam splitting layer; 6: a
circular polarizer layer; 10: a substrate; 20: an OLED pixel
layer; 30: light beam(s); 40: a transparent substrate; 41:
afirst convex lens; 42: a second convex lens; 43: a con-
cave lens microstructure layer; 50: a birefringent crystal
layer; 51: an o-light quarter-wave plate layer; 52: an e-
light quarter-wave plate layer; 60: a quarter-wave plate
layer; 70: a polarizer; 80: ambient lights; 90: a reflective
layer.

DETAILED DESCRIPTION

[0019] In order to make objects, technical details and
advantages of the embodiments of the invention appar-
ent, hereinafter, the technical solutions of the embodi-
ments of the invention will be described in a clearly and
fully understandable way in connection with the drawings
related to the embodiments of the invention. It is obvious
that the described embodiments are just a part but not
all of the embodiments of the invention. Based on the
described embodiments of the invention, those ordinarily
skilled in the art can obtain other embodiment(s), without
any inventive work, which should be within the scope
sought for protection by the invention.

[0020] Unless otherwise defined, the technical termi-
nology or scientific terminology used herein should have
the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs.
"First", "second" and the like used in specification and
claims of the patent application of the invention do not
show any order, number orimportance, but are only used
to distinguish different constituent parts. Likewise, a term
"a," "an," "the" or the like does not indicate limitation in
number, but specifies the presence of at least one. A
term such as "comprises," "comprising," "comprises,"
"comprising"”, "contains" or the like means that an ele-
ment or article ahead of this term encompasses ele-
ment(s) or article(s) listed behind this term and its(their)
equivalents, but does not preclude the presence of other
elements or articles. A term such as "connection," "con-
nected," orthe like is not limited to physical or mechanical
connection, but can comprise electrical connection,
whether directly or indirectly. "Upper," "lower," "left,"
"right" or the like is only used to describe a relative posi-
tional relationship, and when an absolute position of the
described object is changed, the relative positional rela-
tionship might also be changed accordingly.

[0021] According to the principle of birefringence of
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light, when a light beam is incident into a birefringent
crystal, it turns into two beams of linearly polarized light
after refraction, one beam of which follows the law of
refraction and is called as ordinary light ("o-light"), and
another beam of which does not follow the law of refrac-
tion and is called as extraordinary light ("e-light"). A bire-
fringent crystal refers to a crystal which allows light to
generate birefringence, such as a calcite crystal, quartz,
ruby, or the like material possessing a birefringent prop-
erty.

[0022] AsshowninFIG. 2, ifthe lighttraveling direction
ofanincident, linearly polarized light beam is the positive
direction of the z-axis in the space rectangular coordinate
system, and it is perpendicular to the positive direction
of an x-axis in the space rectangular coordinate system
that is directed toward the inside of the paper plane, and
perpendicular to the positive direction of the y-axis in the
space rectangular coordinate system that is directed up-
ward from the plane in which the x and z axes are located,
then the vibration plane of the o-light is the x-0-z plane,
and the vibration plane of the e-light is the y-o-z plane.
[0023] An OLED display structure according to an em-
bodiment of the invention comprises: a substrate 10, and
an OLED pixel layer 20, a beam splitting layer and a
circular polarizer layer which are formed on the substrate
10 in sequence; the beam splitting layer is adapted to
divide a light beam 30 emitted from the OLED pixel layer
into o-light and e-light and to convert o-light and e-light
into circularly polarized light which has the same polari-
zation state as the circular polarizer layer; and the circular
polarizer layer is adapted to allow passage of circularly
polarized light which has the same polarization state as
its.

[0024] With respect to the above OLED display struc-
ture, light emitted from an OLED pixel layer is divided
into o-light and e-light, and o-light and e-light are con-
verted into circularly polarized light which have the same
polarization state as the circular polarizer layer, so that
it passes through the circular polarizer layer totally and
then exit for display. This enhances the light transmit-
tance and reduces the pixel current of the OLED pixel
layer, thereby saving the energy.

[0025] In some embodiments of the invention, the
OLED display structure may further comprise a lens lay-
er, and the lens layer may be located between the OLED
pixel layer and the beam splitting layer, and adapted to
converge light beams which are emitted from the OLED
pixel layer to be parallel light beams to enter the beam
splitting layer. This helps the beam splitting layer better
conductbeam-splitting, avoids influence due to light com-
ponents in other directions, and raises the light transmit-
tance of the OLED display structure.

[0026] The beam splitting layer stated in the OLED dis-
play structure according to an embodiment of the inven-
tion may comprise a birefringent crystal layer 50, and
may comprise an o-light quarter-wave plate layer 51 and
an e-light quarter-wave plate layer 52 which are formed
on the birefringent crystal layer 50. The birefringent crys-
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tal layer 50 can be made from a material possessing a
birefringent property such as a calcite crystal, quartz, ru-
by, or the like. The directions of the optical axes of the
o-light quarter-wave plate layer 51 and the e-light quarter-
wave plate layer 52 are perpendicular to each other, and
the optical axes of the o-light quarter-wave plate layer 51
and the e-light quarter-wave plate layer 52 forms anangle
of 45° with respect to the polarization directions of the
corresponding o light and e-light, respectively. The o-light
quarter-wave plate layer 51 is adapted to convert the o-
light into circularly polarized light which has the same
polarization state as the circular polarizer layer; and the
e-light quarter-wave plate layer 52 is adapted to convert
the e-light into circularly polarized light which has the
same polarization state as the circular polarizer layer.
[0027] The circular polarizer layer stated in the OLED
display structure according to the embodiment of the in-
vention may comprise a quarter-wave plate layer 60 and
alinear polarizer 70 formed thereon; left-handed or right-
handed circularly polarized light can be converted into
linearly polarized light due to the polarization state of the
quarter-wave plate layer 60, and the linear polarizer 70
is adapted to allow passage of linearly polarized light
which has the same polarization direction as the linear
polarizer.

[0028] In an embodiment of the invention, the OLED
pixel layer can be formed by any available process in the
art; forexample, it is a stacked structure which comprises
a cathode layer, an organic light emitting layer, and an
anode layer. The stacked structure may further comprise
auxiliary function layers such as an electron transporta-
tion layer, a hole transportation layer, etc. After a voltage
is applied, in the OLED pixel layer, holes injected from
the anode and electrons injected from the cathode re-
combine in the light emitting layer so as to emit light. The
scope of the invention is not limited to the specific struc-
ture of the OLED pixel layer.

Embodiment 1

[0029] As shown in FIG. 3, an OLED display structure
in the embodiment comprises: a substrate 10 and an
OLED pixel layer 20, a lens layer 4, a beam splitting layer
5 and a circular polarizer layer 6 which are formed on the
substrate 10 from bottom to top in sequence. The light
emitted upward from the OLED pixel layer 20 passes
through the lens layer 4, the beam splitting layer 5 and
the circular polarizer layer 6 in sequence, and then exits
for display.

[0030] The beam splitting layer 5 is adapted to divide
a light beam 30, which is emitted from the OLED pixel
layer 20 and transmitted through this beam splitting layer
5, into o-light and e-light, and to convert the o-light and
the e-light into circularly polarized light which have the
same polarization state as the circular polarizer layer;
and the circular polarizer layer 6 is adapted to allow pas-
sage of the circularly polarized light which has the same
polarization state as its.
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[0031] The beam splitting layer 5 comprises a birefrin-
gent crystal layer 50, and an o-light quarter-wave plate
layer 51 and an e-light quarter-wave plate layer 52 which
are formed thereon. The birefringent crystal layer 50 may
be formed of a material possessing a birefringent prop-
erty such as a calcite crystal, quartz, ruby, or the like.
The directions of the optical axes of the o-light quarter-
wave plate layer 51 and the e-light quarter-wave plate
layer 52 are perpendicular to each other, and the optical
axes of the o-light quarter-wave plate layer 51 and the
e-light quarter-wave plate layer 52 form an angle of 45°
with the polarization directions of the corresponding o-
light and e-light, respectively. The o-light quarter-wave
plate layer 51 is adapted to convert the o-light into circu-
larly polarized light which has the same polarization state
as the circular polarizer layer; and the e-light quarter-
wave plate layer 52 is adapted to convert the e-light into
circularly polarized light which has the same polarization
state as the circular polarizer layer. The o-light quarter-
wave plate layer 51 and the e-light quarter-wave plate
layer 52 are provided on the birefringent crystal layer 50
side by side, for example, each occupies a half of the top
surface of the birefringent crystal layer 50.

[0032] The circular polarizer layer 6 comprises a quar-
ter-wave plate layer 60 and a linear polarizer 70 formed
thereon. Left-handed or right-handed circularly polarized
light can be converted into linearly polarized light due to
the polarization state of the quarter-wave plate layer 60,
and the linear polarizer 70 is adapted to allow passage
of linearly polarized light which has the same polarization
direction as its.

[0033] The lens layer 4 comprises a transparent sub-
strate 40, and comprises a first convex lens 41 and a
second convex lens 42 which are formed on two sides
of the transparent substrate 40, respectively, and focal
points or focal planes of the first convex lens 41 and the
second convex lens 42 coincide with each other. The
lens layer 4 is adapted to converge the light beam 30 so
as to improve the display effect.

[0034] In the embodiment, for example, the substrate
10 may have a reflective property, or a reflective layer is
formed on the substrate 10 for reflecting incident ambient
light 80 from outside of the display device upward or for
reflecting light emitted from the OLED pixel layer upward.
The ambient light 80 is subjected to light extinction due
to existence of the circular polarizer layer 6, and this re-
duces impact of the ambient light 80 greatly.

Embodiment 2

[0035] AsshowninFIG.4,the embodimentis substan-
tially the same as Embodiment 1, and the only difference
is that, alens layer 4 comprised in an OLED display struc-
ture according to the embodiment comprises a transpar-
entsubstrate 40, and afirst convexlens 41 and aconcave
lens microstructure layer 43 which are formed on two
sides of the transparent substrate 40, respectively; the
first convex lens 41 and the concave lens microstructure
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layer 43 cooperate to converge light to be parallel light
beams.

Embodiment 3

[0036] AsshowninFIG.5,the embodimentis substan-
tially the same as Embodiment 1, and the only difference
is that, the lens layer 4 further comprises a reflective layer
90 which is provided on the transparent substrate 40 and
used to reflect ambient light 80 totally to the circular po-
larizer layer for absorption, which reduces impact of the
ambient light 80 greatly.

[0037] The above embodiments can be combined with
each other or replaced by each other so as to form a new
embodiment. For example, the lens layer in Embodiment
2 may be used to replace the lens layer (except the re-
flective layer 90) in Embodiment 3, to thereby obtain a
new embodiment.

[0038] In addition, according to another embodiment
of the invention, there is further comprised an OLED dis-
play device which comprises the above OLED display
structure.

[0039] Thus, an OLED display structure and an OLED
display device comprising the OLED display device are
disclosed by an embodiment of the invention. With the
above OLED display structure, light emitted from the
OLED pixel layer is divided into o-light and e-light, and
both the o-light and the e-light are converted into circu-
larly polarized light which has the same polarization state
as the circular polarizer layer so as to pass through the
circular polarizer layer totally and exit. This improves the
light transmittance, and reduces the pixel current of the
OLED pixel layer, thereby saving energy. According to
an embodiment of the invention, a reflective layer may
be further provided so as to reduce impact of ambient
light further. Thus, the readability in an outdoor environ-
ment is improved, and adaptability to environments be-
comes strong. Further, the birefringent crystal material
has many kinds and an excellent performance and be-
longs to a mature technology, so that the production costs
can be reduced.

[0040] The foregoing are merely exemplary embodi-
ments of the invention, but are not used to limit the pro-
tection scope of the invention. The protection scope of
the invention is determined by attached claims.

Claims

1. An Organic Light Emitting Diode (OLED) display
structure, comprising: a substrate and an OLED pixel
layer, a beam splitting layer and a circular polarizer
layerwhich are formed on the substrate in sequence,
wherein
the beam splitting layer is adapted to divide a light
beam into o-light and e-light, and to convert the o-
light and the e-light into circularly polarized light
which has the same polarization state as the circular
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polarizer layer; and

the circular polarizer layer is adapted to allow pas-
sage of the circularly polarized light which has the
same polarization state as it.

The OLED display structure claimed as claim 1,
wherein the beam splitting layer comprises a bire-
fringent crystal layer, and an o-light quarter-wave
plate layer and an e-light quarter-wave plate layer
which are formed on the birefringent crystal layer,
wherein,

the o-light quarter-wave plate layer is adapted to con-
vert the o-light into circularly polarized light which
has the same polarization state as the circular po-
larizer layer; and

the e-light quarter-wave plate layer is adapted to con-
vert the e-light into circularly polarized light which
has the same polarization state as the circular po-
larizer layer.

The OLED display structure claimed as claim 2,
wherein directions of optical axes of the o-light quar-
ter-wave plate layer and the e-light quarter-wave
plate layer are perpendicular to each other, and the
optical axes of the o-light quarter-wave plate layer
and the e-light quarter-wave plate layer form an an-
gle of 45° with respect to polarization directions of
the corresponding o-light and e-light, respectively.

The OLED display structure claimed as claim 2 or 3,
wherein the birefringent crystal layer is made from
calcite crystal, quartz or ruby.

The OLED display structure claimed as any of claims
1to 4, wherein the circular polarizer layer comprises
a quarter-wave plate layer and a linear polarizer
formed on the quarter-wave plate layer, wherein
the quarter-wave plate layer is adapted to convert
circularly polarized light into linearly polarized light;
and

the linear polarizer is adapted to allow passage of
linearly polarized light which has the same polariza-
tion direction as its.

The OLED display structure claimed as any of claims
1 to 5, further comprising a lens layer, which is lo-
cated between the OLED pixel layer and the beam
splitting layer, and adapted to converge light beams
which are emitted from the OLED pixel layer to be
parallel light beams to enter the beam splitting layer.

The OLED display structure claimed as claim 6,
wherein the lens layer comprises a transparent sub-
strate, and a first convex lens and a second convex
lens which are formed on two sides of the transparent
substrate, respectively, wherein

focal points or focal planes of the first convex lens
and the second convex lens coincide with each oth-
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10.

er.

The OLED display structure claimed as claim 6,
wherein the lens layer comprises a transparent sub-
strate, and a first convex lens and a concave lens
microstructure layer which are formed on two sides
of the transparent substrate, respectively, wherein
the first convex lens and the concave lens micro-
structure layer cooperate to converge light beams
into parallel light beams.

The OLED display structure claimed as claim 7 or 8,
wherein the transparent substrate further comprises
a reflective layer, by which ambient light is reflected
to the circular polarizer layer for absorption.

An Organic Light Emitting Diode (OLED) display de-
vice, comprising the OLED display structure claimed
as any of claims 1 to 9.
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