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(7) ABSTRACT

An Organic Light Emitting Diode (OLED) display panel is
disclosed. The display panel includes a substrate, a plurality
of power lines disposed on the substrate, and a reflection layer
disposed on the power lines, where the reflection layer is
electrically connected with the power lines. The display panel
also includes an anode disposed on the reflection layer, an
optical modulation layer disposed between the reflection
layer and the anode, a cathode disposed on the anode, and an
organic emitting device layer disposed between the anode and
the cathode, where the reflection layer is insulated from the
anode, and the OLED display panel is configured to transmit
light from a side of the reflection layer away from the sub-
strate.
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OLED DISPLAY PANEL AND METHOD OF
MANUFACTURING THE SAME AND
DISPLAY APPARATUS

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] The present application claims priority to Chinese
patent application No. 201310754193.5, entitled “OLED dis-
play panel and method of manufacturing the same and display
apparatus”, filed with the State Intellectual Property Office of
People’s Republic of China on Dec. 31, 2013, the content of
which is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] The present invention relates to the field of display
technologies and particularly to an OLED display panel and a
method of manufacturing the same and a display apparatus.

BACKGROUND OF THE INVENTION

[0003] Organic Light Emitting Diode (OLED) display
apparatuses are becoming increasingly popular at present.
[0004] However, displaying quality of the OLED display
apparatus is poor.

BRIEF SUMMARY OF THE INVENTION

[0005] One inventive aspect is an Organic Light Emitting
Diode (OLED) display panel. The display panel includes a
substrate, a plurality of power lines disposed on the substrate,
and a reflection layer disposed on the power lines, where the
reflection layer is electrically connected with the power lines.
The display panel also includes an anode disposed on the
reflection layer, an optical modulation layer disposed
between the reflection layer and the anode, a cathode dis-
posed on the anode, and an organic emitting device layer
disposed between the anode and the cathode, where the
reflection layer is insulated from the anode, and the OLED
display panel is configured to transmit light from a side of the
reflection layer away from the substrate.

[0006] Another inventive aspect is a method of manufac-
turing an Organic Light Emitting Diode (OLED) display
panel. The method includes providing a substrate, forming
power lines on the substrate, and forming a reflection layer on
the power lines, where the reflection layer is electrically con-
nected with the power lines. The method also includes form-
ing an optical modulation layer on the reflection layer, form-
ing an anode on the optical modulation layer, forming an
organic emitting device layer on the anode, and forming a
cathode on the organic emitting device layer, where the
reflection layer is insulated from the anode, and the OLED
display panel is configured to transmit light from a side of the
reflection layer away from the substrate.

[0007] Another inventive aspect is a display apparatus
including an OLED display panel. The OLED display panel
includes a substrate, a plurality of power lines disposed on the
substrate, and a reflection layer disposed on the power lines,
where the reflection layer is electrically connected with the
power lines. The display panel also includes an anode dis-
posed on the reflection layer, an optical modulation layer
disposed between the reflection layer and the anode, a cath-
ode disposed on the anode, and an organic emitting device
layer disposed between the anode and the cathode, where the
reflection layer is insulated from the anode, and the OLED
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display panel is configured to transmit light from a side of the
reflection layer away from the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In order to make the technical solutions in the
embodiments of the invention more apparent, the drawings to
be used in a description of the embodiments will be briefly
introduced below, and apparently the drawings to be
described below are merely illustrative of some embodiments
of the invention, and those ordinarily skilled in the art can
derive from these drawings other drawings without any inven-
tive effort.

[0009] FIG. 1isa schematic sectional structural diagram of
an OLED display panel according to an embodiment of the
invention;

[0010] FIG.2isatop view of areflection layer according to
an embodiment of the invention;

[0011] FIG. 3is a simplified structural diagram of a micro-
cavity according to an embodiment of the invention;

[0012] FIG. 4is a schematic structural diagram of a micro-
cavity in a display unit according to an embodiment of the
invention;

[0013] FIG. 51s a flow chart of a method of manufacturing
an OLED display panel according to an embodiment of the
invention;

[0014] FIG. 6 is a flow chart of a method of manufacturing
a micro-cavity structure in a display unit according to an
embodiment of the invention;

[0015] FIG. 7 is a simplified diagram of vapor disposition
using a fine alignment mask;

[0016] FIG. 8a and FIG. 85 are a diagram of a micro-cavity
structure in the prior art and a diagram of a micro-cavity
structure according to an embodiment of the invention
respectively;

[0017] FIG. 9illustrates a connection relationship between
power lines and a power bus PVDD; and

[0018] FIG. 10 is a schematic diagram of a display appara-
tus according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0019] Inorder to make the objects, the technical solutions
and the advantages of the invention more apparent, the inven-
tion will be further described in details with reference to the
drawings. Apparently the described embodiments are only a
part but not all of the embodiments of the invention. Based
upon the embodiments of the invention here, all of other
embodiments derived by those ordinarily skilled in the art
without any inventive effort shall come into the scope of the
invention.

[0020] In the embodiments of the invention, a reflection
layer is disposed on power lines and the entire surface of a
substrate, the power lines are electrically connected with the
reflection layer, where the reflection layer is thick and con-
ductive, due to the reflection layer may be set sufficiently
thick (the reflection layer equivalently having a large cross
section area), thereby reduce the resistance value (namely,
reduce the overall resistance of each display unit); and more-
over, each power line is connected with the reflection layer
disposed on the entire surface of the substrate, thus voltage
levels on the power lines of each display unit will be substan-
tially constant, that is, the voltage drop of the power lines is
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reduced, thereby avoiding the problem caused by the signifi-
cant voltage drop across the different display units and
improving the display quality.

[0021] Meanwhile, the embodiments of the invention not
only may avoid the problem of significant voltage drop, but
also may increase luminous efficiency to improve the lumi-
nance, Specifically, a micro-cavity structure is formed
between the reflection layer and cathode, the length of micro-
cavity can be suitably determined by adjusting the thickness
of an optical modulation layer, and then light in three colors
emitted from an emitting layer is maximally resonated
respectively, so that light is emitted from the cathode at the
highest light intensity, thereby increasing luminous efficiency
and improving the luminance; and moreover the required
emitting layer can be disposed (formed) by evaporation
through three fine alignments in the embodiments, thereby
notonly ensuring the precision of the fine alignments, but also
simplifying the complexity of a process and improving the
yield of products.

[0022] It shall be noted that “above” and “on” in “X above
Y” or “X on Y” as referred to in the embodiments of the
invention, for example, denote only a relationship between
the layers, but may not necessarily mean direct coverage of
the layers; and “distance’ as referred to in the embodiments of
the invention denotes “light traveling distance”, and a sub-
strate will be exampled as being disposed at the very bottom,
as illustrated in FIG. 1.

[0023] The inventive solution will be described below in
details with reference to particular embodiments thereof, but
the invention can include but will not be limited to the fol-
lowing embodiments.

[0024] An OLED display panel to be described below
according to an embodiment, the OLED display panel is light
transmitting on a side of a reflection layer away from a sub-
strate, that is, the OLED display panel is exampled in a
top-emitting structure.

[0025] FIG. 1 illustrates a schematic sectional structural
diagram of an OLED display panel according to an embodi-
ment of the invention, where the OLED display panel
includes a substrate 201, power lines 202, a reflection layer
203, an anode 204, an organic emitting device layer 205 and
a cathode 207.

[0026] The power lines 202 are disposed above the sub-
strate 201, and the power lines 202 are distributed in each
display unit, and each power line 202 is connected to a power
bus (a connection relationship between power lines and a
power bus PVDD shown in FIG. 9).

[0027] The reflection layer 203 is disposed on the power
lines 202. The reflection layer 203 is electrically connected
with the power lines 202 and insulated from the anode 204,
where the reflection layer 203 is disposed on the entire sub-
strate 201, and the reflection layer 203 is made ofa conductive
material with an equivalent resistance less than 100€2.

[0028] In an embodiment of the invention, the reflection
layer 203 can be denoted as a square resistor. The square
resistor is typically used for a thin film and has a constant
resistance, the constant resistance is regardless of the size of
the square resistor’s area but is determined by the square
resistor’s thickness (namely, the reflection layer 203 has a
constant resistance, and the constant resistance of the reflec-
tion layer 203 is determined by the thickness of the reflection
layer 203, usually, thickness of the reflection layer 203 is
arranged between 200 nm and 2000 nm). Thus a square resis-
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tor with an equivalent resistance less than 10082 may be
selected as the reflection layer 203.

[0029] Theanode 204 is disposed above the reflection layer
203, the cathode 207 is disposed above the anode 204, and the
organic emitting device layer 205 is disposed between the
anode 204 and the cathode 207, the anode 204 and the cathode
207 are both connected with the organic emitting device layer
205; and furthermore the OLED display panel further
includes a pixel defining layer 206 between the organic emit-
ting device layer 205 and the anode 204 to define the display
units of the OLED display panel.

[0030] The OLED display panel further includes a first
insulation layer 208 which is disposed on the power lines 202
and the entire substrate 201, and the first insulation layer 208
includes first via holes 209, each first via hole 209 extends
through the first insulation layer 208 to expose the respective
power line 202, so that the reflection layer 203 is electrically
connected with the power lines 202 through the first via holes
209.

[0031] With an increased density of pixels of a display
apparatus, that is, an increased number of display units, the
number of power lines 202 will also be increased while reduc-
ing the line width of the power lines 202, thus the resistance
of the power lines 202 will be increased, and then resulting in
a greater voltage drop at respective locations along the power
lines 202. The reflection layer 203 is electrically connected
with the power lines 202 via the first via holes 209, so that the
power lines 202 of all the display units are electrically con-
nected to each other through the refection layer 203 disposed
on the entire substrate 201. Thus the refection layer 203
disposed on the entire substrate 201 may be regarded as a
resistor, and the power lines 202 may be regarded as another
resistor connected in parallel with the reflector layer 203, then
the overall resistor of the display units (a resistor of parallel
connection of the power lines 202 and the refection layer 203)
will necessarily be less than the resistor of the reflector layer
203, and there will be an insignificant difference in voltage at
the respective locations along the power lines 202, that is, the
voltage drop of the power lines 202 is reduced, thereby avoid-
ing the imbalance of display brightness caused by a signifi-
cant voltage drop.

[0032] Since the resistance of the reflection layer 203 is
inversely proportional to its thickness, the resistance of the
reflection layer 203 may be reduced by increasing the thick-
ness of the reflection layer 203, thereby reducing voltage
drop.

[0033] In an embodiment of the invention, the reflection
layer 203 can adopt a structure of a single layer, and then the
reflection layer 203 may be made of metal (namely the reflec-
tion layer 203 is one metal layer). Alternatively the reflection
layer 203 can adopt a multilayer structure, and then the reflec-
tion layer 203 can include a metal layer (not illustrated) and a
transparent conductive layer (not illustrated) stacked to the
metal layer, and the metal layer may be disposed on a side
proximate to the organic emitting device layer 205 and the
transparent conductive layer may be disposed on a side proxi-
mate to the substrate 201 for reflection.

[0034] Regardless of whether the reflection layer 203
adopts a structure of a single layer or a multilayer structure,
the metal layer may be made of silver, molybdenum, alumi-
num, gold, copper, titanium, nickel, iron, chromium and tung-
sten or an alloy structure consisted of any combination of
more than one of silver, molybdenum, aluminum, gold, cop-
per, titanium, nickel, iron, chromium and tungsten; and a
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particular proportion of the metals constituting the alloy may
be set as desired in practice, and a repeated description
thereof will be omitted here.

[0035] The reflection layer 203 may further include second
via holes 210, each second via hole 210 extends through the
reflection layer 203, and the OLED display panel further
includes an optical modulation layer 211 disposed between
the reflection layer 203 and the anode 204, where the optical
modulation layer 211 is made of a transparent insulating
material, and the optical modulation layer 211 includes third
via holes 212, each third via hole 212 extends through the
optical modulation layer 211, and each second via hole 210
are in communication with the respective third via hole 212.
Furthermore the OLED display panel further includes an
array of TFTs disposed on the substrate 201, where an source
electrode 213 of the TFT is exposed by the second via hole
210, so that the anode 204 is electrically connected with the
source electrode 213 of the TFT through the second via hole
210 and the third via hole 212 in communication with each
other. Moreover the projection of the second via hole 210 on
the substrate 201 encompasses the projection of the third via
hole 212 on the substrate 201, so that the shortcircuit caused
by contact of the anode 204 and the reflection layer 203 will
be avoided.

[0036] FIG. 2 is a top view of the reflection layer 203
including a plurality of second via holes 210, and it shall be
noted that the second via holes 210 are circular in a plane only
as an example without limitation thereto in the solution of the
embodiment, and the shape of the second via holes will not be
limited in the embodiment of the invention.

[0037] In the embodiment of the invention, the reflection
layer is disposed on the power lines to have a number of power
lines electrically connected with the reflection layer disposed
on the entire substrate where the reflection layer is thick and
conductive, so that the power lines may be regarded as being
connected in parallel with the reflection layer, and thus the
overall resistance of each display unit is reduced, and there
will be an insignificant difference in voltage at respective
locations along the power lines, that is, the voltage drop of the
power lines is reduced, thereby avoiding a poor display qual-
ity, and particularly avoiding the imbalance of display bright-
ness caused by a significant voltage drop. Furthermore, the
reflection layer may also be configured as a mirror ofa micro-
cavity, and three micro-cavity structures corresponding to
three colors R, G and B emitted from the corresponding
portion of the emitting layer may be formed through three fine
alignments. Thereby ensure that the cavity length of the
micro-cavity structure may be adjusted by adjusting the opti-
cal modulation layer and the number of fine alignments can be
reduced, thus ensuring the precision of the fine alignments
and improving the yield of products while simplifying the
complexity of a manufacture process. Moreover the optical
modulation layer is disposed between the reflection layer and
the anode, that is, the optical modulation layer is disposed
below the organic emitting device layer, so that no light rays
will be blocked by the optical modulation layer while emitted
light is transmitted at the cathode side, thereby avoiding a loss
of light rays and improving a display effect.

[0038] It shall be noted that, the OLED display panel
exampled in a top-emitting structure has beendescribed in the
above-mentioned embodiment, the conductive reflection
layer disposed above the power lines may need to be reflec-
tive. In other embodiments, the OLED display panel may be
exampled in a bottom-emitting structure, then the reflection
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layer may be arranged as required so as to make the OLED
display panel be light transmitting at a side of the reflection
layer proximate to the substrate. The reflection layer as
referred to in the above-mentioned embodiments of the inven-
tion is applicable to both of the above-mentioned two emit-
ting structures (top-emitting structure and bottom-emitting
structure). Since the reflection layer in the bottom-emitting
structure is similar to the reflection layer in the top-emitting
structure, reference can be made to the solution of the top-
emitting structure described above, and a repeated descrip-
tion of a display panel in a bottom-emitting structure will be
omitted here.

[0039] Further, according to the OLED display panel of
above-mentioned embodiments of the invention, another
OLED display panel according to an embodiment of the
invention will be described below, where the another OLED
display panel is structurally the same as the OLED display
panel according to the above-mentioned embodiments of the
invention except for a change in performance of the structural
film layers.

[0040] This embodiment will be described below taking the
top-emitting structure in FIG. 1 again as an example, but the
invention will not be limited to the following embodiment.
[0041] Asillustrated in FIG. 1, in the OLED display panel,
the reflection layer 203 has a reflectivity greater than 90%;
and each of the anode 204, the organic emitting device layer
205 and the optical modulation layer 211 has a transmittance
greater than 80%, where the refractive index of the optical
modulation layer 211 typically be arranged between 1 and 3,
and preferably the refractive index of the optical modulation
layer 211 is 1.7, and the optical modulation layer 211 may be
made of a transparent polymer material or an inorganic mate-
rial or may be a photo-resist; and the cathode 207 has a
specific reflectivity and a specific transmittance, and prefer-
ably the transmittance of the cathode 207 is greater than 50%.
[0042] Thus, as illustrated in FIG. 3, a micro-cavity struc-
ture W including the anode 204, the organic emitting device
layer 205 and the optical modulation layer 211 are formed
between the cathode 207 and the reflection layer 203, a side
surface of the reflection layer 203 proximate to the anode 204
is a mirror of the micro-cavity structure W, and a side surface
of the cathode 207 proximate to the anode 204 is another
mirror of the micro-cavity structure W, where the cavity
length L. of the micro-cavity structure W is the sum of the
thickness of the optical modulation layer 211, the anode 204
and the organic emitting device layer 205 (that is, the distance
between the side surface of the cathode 207 proximate to the
anode 204 and the side surface of the reflection layer 203
proximate to the anode 204); and with the cavity length L of
the micro-cavity structure W satisfying the equation of:

[0043] light emitted from the organic emitting device layer
205 of the micro-cavity structure W can be resonated at the
highest intensity in the micro-cavity structure W, thereby
increasing luminous efficiency and improving the luminance,
where L. denotes the distance between the side surface of the
cathode 207 proximate to the anode 204 and the side surface
of the reflection layer 203 proximate to the anode 204; A
denotes the wavelength of the emitted light; and N denotes a
positive integer.
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[0044] As illustrated in FIG. 4 which is a schematic dia-
gram of RGB pixels according to an embodiment of the
invention, the RGB pixels correspond respectively to light in
red, green and blue. It shall be noted that the wavelengths of
the light in red, green and blue are different from each other,
and the cavity length of the micro-cavity structure described
above is wavelength-dependent, so the cavity lengths of the
micro-cavity structures corresponding to the R, G and B
pixels of the display units for the light in the different colors
are also different from each other, namely, cavity length of the
micro-cavity structure corresponds to the R pixel, cavity
length of the micro-cavity structure corresponds to the G
pixel and cavity length of the micro-cavity structure corre-
sponds to the B pixel are different from each other.

[0045] Referring to the R pixel (i.e. red pixel), G pixel (i.e.
green pixel) and B pixel (i.e. blue pixel), there are included a
reflection layer 203, and a first optical modulation layer 2111
corresponding to the R pixel, a second optical modulation
layer 2112 corresponding to the G pixel and a third optical
modulation layer 2113 corresponding to the B pixel are dis-
posed on the reflection layer 203; a first anode 2041, a second
anode 2042 and a third anode 2043 respectively disposed on
the respective optical modulation layers (namely, the first
anode 2041 is disposed on the first optical modulation layer
2111 and corresponds to the R pixel, the second anode 2042
is disposed on the second optical modulation layer 2112 and
corresponds to the G pixel, the third anode 2043 is disposed
on the third optical modulation layer 2113 and corresponds to
the B pixel); and a first cathode 2071 corresponding to the R
pixel, a second cathode 2072 corresponding to the G pixel and
a third cathode 2073 corresponding to the B pixel are dis-
posed on an organic emitting device layer 205, the organic
emitting device layer 205 is disposed between the anode (the
first anode 2041, the second anode 2042 and the third anode
2043) and the cathode (the first cathode 2071, the second
cathode 2072 and the third cathode 2073).

[0046] The organic emitting device layer 205 includes: a
hole injection layer 301 disposed on the anode (the anode
includes the first anode 2041, the second anode 2042 and the
third anode 2043); a hole transmission layer 302 disposed on
the hole injection layer 301; a first emitting layer 3031, a
second emitting layer 3032 and a third emitting layer 3033
disposed on the hole transmission layer 302 to respectively
emit light in red, green and blue (i.e. the first emitting layer
3031 emits light in red, the second emitting layer 3032 emits
light in green, the third emitting layer 3033 emits light in
blue); and an electron transmission layer 304 and an electron
injection layer 305 sequentially disposed on the emitting
layers mentioned above, where the first optical modulation
layer 2111 corresponds to light emitted in red (i.e. the first
optical modulation layer 2111 corresponds to the first emit-
ting layer 3031 or R pixel), the second optical modulation
layer 2112 corresponds to light emitted in green (i.e. the
second optical modulation layer 2112 corresponds to the
second emitting layer 3032 or the G pixel), and the third
optical modulation layer 2113 corresponds to light emitted in
blue (i.e. the third optical modulation layer 2113 corresponds
to the third emitting layer 3033 or the B pixel), respectively;
and where the thickness of the first optical modulation layer
2111 is greater than the thickness of the second optical modu-
lation layer 2112, and the thickness of the second optical
modulation layer 2112 is greater than the thickness of the
third optical modulation layer 2113.
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[0047] Correspondingly, the first anode 2041 and the first
cathode 2071 correspond to light emitted in red (i.e. the first
anode 2041 and the first cathode 2071 corresponds to the first
emitting layer 3031 or the R pixel), the second anode 2042
and the second cathode 2072 correspond to light emitted in
green (i.e. the second anode 2042 and the second cathode
2072 corresponds to the second emitting layer 3032 or the G
pixel), and the third anode 2043 and the third cathode 2073
correspond to light emitted in blue (i.e. the third anode 2043
and the third cathode 2073 corresponds to the third emitting
layer 3033 or the B pixel), respectively.

[0048] Furthermore, .1 denotes the distance between a
side surface of the first cathode 2071 proximate to the first
anode 2041 and a side surface of the reflection layer 203
proximate to the first anode 2041, where

and A, denotes the wavelength of light in red; 1.2 denotes the
distance between a side surface of the second cathode 2072
proximate to the second anode 2042 and a side surface of the
reflection layer 203 proximate to the second anode 2042,
where

and A, denotes the wavelength of light in green; and L3
denotes the distance between a side surface of the third cath-
o0de 2073 proximate to the third anode 2043 and a side surface
of the reflection layer 203 proximate to the third anode 2043,
where

Ly==N,

and A denotes the wavelength of light in blue. L1,L.2 and L3
satisfy the inequality of L1>1.2>1.3 and A, is a positive inte-
ger. That is, the cavity length L1 of the first micro-cavity
structure is greater than the cavity length .2 of the second
micro-cavity structure, and the cavity length L.2 of the second
micro-cavity structure is greater than the cavity length L3 of
the third micro-cavity structure, where the first micro-cavity
structure corresponds to the R pixel, the second micro-cavity
structure corresponds to the G pixel and the third micro-
cavity structure corresponds to the G pixel.

[0049] With the above-mentioned first, second and third
micro-cavity structures, the cavity lengths of the first, second
and third micro-cavity structures as illustrated in FIG. 4 may
be suitably arranged. In addition to the advantage of avoiding
the problem caused by the significant voltage drop, with
micro-cavity structure formed by the reflection layer and the
cathode, the cavity lengths of the first, second and third
micro-cavity structures satisfying a condition may be deter-
mined by adjusting the thicknesses of the first, second and
third optical modulation layers, and further lights emitted
from the first, second and third emitting layers are maximally
resonated respectively, so that lights transmitted from the
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first, second and third cathodes are at the highest light inten-
sity, thereby increasing luminous efficiency and improving
the luminance.

[0050] Inanembodiment ofthe invention, the organic emit-
ting device layer comprises a first organic emitting device
layer, a second organic emitting device layer and a third
organic emitting device layer, wherein the first organic emit-
ting device layer corresponds to the R pixel, the second
organic emitting device layer corresponds to the G pixel, and
the third organic emitting device layer corresponds to the B
pixel. The first organic emitting device layer includes the hole
injection layer 301, the hole transmission layer 302, the first
emitting layer 3031, the electron transmission layer 304 and
the electron injection layer 305; the second organic emitting
device layer includes the hole injection layer 301, the hole
transmission layer 302, the second emitting layer 3032, the
electron transmission layer 304 and the electron injection
layer 305; and the third organic emitting device layer includes
the hole injection layer 301, the hole transmission layer 302,
the third emitting layer 3033, the electron transmission layer
304 and the electron injection layer 305. And the first organic
emitting device layer, the second organic emitting device
layer and the third organic emitting device layer are made
equal in thickness. Even with this, the cavity lengths of the
first, second and third micro-cavity structures may be
adjusted by adjusting the thicknesses of the first, second and
third optical modulation layers respectively, thereby achiev-
ing the maximum resonant intensification of the emitting
light and increasing luminous efficiency to improve the lumi-
nance; and the optical modulation layer (first, second and
third optical modulation layers) is disposed between the
reflection layer and the anode, that is, the optical modulation
layer is disposed below the organic emitting device layer, so
that no light rays will be blocked by the optical modulation
layer while the emitted light is transmitted from the cathode
side, thereby avoiding a loss of light rays and improving a
display effect.

[0051] Another embodiment of the present invention will
be described below in details with reference to FIG. 1 and
FIG. 5, and it shall be noted that the invention ¢an include but
will not be limited to the following embodiment. Light is
transmitted by an OLED display panel at a side of a reflection
layer away from a substrate.

[0052] As illustrated in FIG. 1 and FIG. 5, a method of
manufacturing an OLED display panel according to an
embodiment of the invention includes the following steps 401
to 407:

[0053] Step 401: providing a substrate.
[0054] Step 402: forming power lines on the substrate.
[0055] Inthis step 402, instead of disposing the power lines

202 directly on the substrate 201, firstly an array of thin film
transistors, i.e., an array of TF'Ts, is disposed on the substrate
201, wherethe TFT is typically structured in top-gate; and the
power lines are formed below each display unit after a passi-
vation layer 214 is deposited. Further, the invention will not
be limited to any implementation of manufacturing the power
lines but can be any implementation known by skilled in the
art.

[0056] Step 403: forming a reflection layer on the power
lines, the reflection layer is made ofa conductive material and
electrically connected with the power lines.

[0057]  After the power lines 202 are formed, a first insula-
tion layer 208 including first viahole 209 is deposited, and the
first viahole 209 extends through the first insulation layer 208
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to expose the power lines 202. Thereafter the reflection layer
203 is formed through chemical deposition or physical depo-
sition, so that the reflection layer 203 is electrically connected
with the power lines 202 through the first via hole 209, where
the reflection layer 203 is made of a conductive material.
[0058] Since the projection of second via hole 210 on the
substrate 201 encompasses the projection of the third via hole
212 on the substrate 201, the reflection layer 203 is insulated
from the anode 204 to thereby prevent short-circuiting, where
the equivalent resistance of thereflectionlayer 203 is less than
100Q.

[0059] Step 404: forming an optical modulation layer on
the reflection layer.

[0060] Step 405: forming an anode on the optical modula-
tion layer.
[0061] The anode 204 is formed on the optical modulation

layer 211, where the anode 204 is electrically connected with
asource electrode of the TFT through the second via hole 210
and third via hole 212, the second via hole 210 and third via
hole 212 are in communication to each other.

[0062] Step 406: forming an organic emitting device layer
on the anode.
[0063] The organic emitting device layer 205 is formed on

the anode 204 through vapor deposition, wherein the organic
emitting device layer 205 includes a pixel defining layer 206.

[0064] Step 407: forming a cathode on the organic emitting
device layer.
[0065] The cathode 207 is formed on the organic emitting

device layer 205.

[0066] In the embodiment of the invention, the reflection
layer is disposed on the power lines and the entire surface of
the substrate, the power lines are electrically connected with
the reflection layer, where the reflection layer is thick and
conductive, and the reflection layer may be set sufficiently
thick (equivalently with a large cross section area) to thereby
reduce the resistance value; and moreover each power line is
connected with the reflection layer disposed on the entire
surface of the substrate, so voltage levels on respective loca-
tions of each power line of the respective display units will be
substantially constant, that is, the voltage drop of the power
line is reduced, thereby avoiding the problem caused by the
significant voltage drop across the different display units; and
moreover the optical modulation layer is disposed between
the reflection layer and the anode, that is, the optical modu-
lation layer is disposed below the organic emitting device
layer, so that no light rays will be blocked by the optical
modulation layer while the emitted light is transmitted from
the cathode side, thereby avoiding a loss of light rays and
improving a display effect.

[0067] Another method of manufacturing an OLED display
panel according to an embodiment of the invention will be
described below, and steps in the another method of manu-
facturing an OLED display panel are substantially the same as
those in the above-mentioned method, so only a method of
manufacturing a micro-cavity structure in a display unit
according to an embodiment of the invention will be
described here with reference to FIG. 4 and FIG. 6. FIG. 6 is
a flow chart of a method of manufacturing a micro-cavity
structure in a display unit according to an embodiment of the
invention. The method includes the following steps 501-505.
[0068] Step 501: providing a substrate, and depositing a
reflection layer on the substrate.

[0069] The reflection layer 203 may adopt a structure of a
single layer or a multilayer structure, where the reflection
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layer 203 may adopt a structure of a single layer, and then the
reflection layer 203 may be a metal layer; or in other way, the
reflection layer 203 may be a multilayer structure, and then
the reflection layer 203 may include a metal layer and a
transparent conductive layer stacked to the metal layer, and
the metal layer may be disposed on a side proximate to the
organic emitting device layer 205 and the transparent con-
ductive layer may be disposed on a side proximate to the
substrate 201 for reflection. Regardless of whether the reflec-
tion layer adopts a structure of a single layer or a multilayer
structure, the metal layer may be made of one of silver,
molybdenum, aluminum, gold, copper, titanium, nickel, iron,
chromium and tungsten or an alloy structure consisted of any
combination of more than one of silver, molybdenum, alumi-
num, gold, copper, titanium, nickel, iron, chromium and tung-
sten; and a particular proportion of the metals constituting the
alloy may be set as desired in practice.

[0070] Step 502: patterning the optical modulation layer to
form a first optical modulation layer, a second optical modu-
lation layer and a third optical modulation layer by using a
first photomask.

[0071] Inthisstep 502, the optical modulation layer may be
exposed, developed, etched and subjected to other photoli-
thography processes using a general mask, and may be pat-
terned by using the first photomask to form the first optical
modulation layer 2111, the second optical modulation layer
2112 and the third optical modulation layer 2113 shown in
FIG. 4 respectively, where the first optical modulation layer
2111 corresponds to R pixel, the second optical modulation
layer 2112 corresponds to G pixel, and the third optical modu-
lationlayer 2113 corresponds to B pixel, respectively; and the
thickness of the first optical modulation layer 2111 is greater
than the thickness of the second optical modulation layer
2112, and the thickness of the second optical modulation
layer 2112 is greater than the thickness of the third optical
modulation layer 2113.

[0072] Step 503: forming an anode on the reflection layer,
and patterning the anode to form a first anode, a second anode
and a third anode by using a second photomask.

[0073] In this step 503, the anode may be exposed, devel-
oped, etched and subjected to other photolithography pro-
cesses by using the general mask, and may be patterned by
using the second photomask to form the first anode 2041, the
second anode 2042 and the third anode 2043 respectively,
where the first anode 2041 corresponds to R pixel, the second
anode 2042 corresponds to G pixel, and the third anode 2043
corresponds to B pixel, respectively.

[0074] The exposure precision of the general mask used in
both the patterning processes in the step 502 and the step 503
mentioned-above is not greater than 5 pm.

[0075] Step 504: forming an organic emitting device layer
on the anode, and patterning the organic emitting device layer
to form a first organic emitting device layer, a second organic
emitting device layer and a third organic emitting device layer
by using a mask.

[0076] In this step 504, a difference from the steps men-
tioned-above is that the organic emitting device layer is
formed through vapor-deposition (evaporation) in this step.
Firstly a hole injection layer 301 is formed on the respective
anodes (the first anode 2041, the second anode 2042 and the
third anode 2043) through vapor-deposition using a general
alignment mask, secondly a hole transmission layer 302 is
formed on the hole injection layer 301 through vapor-depo-
sition using the general alignment mask; and thirdly the first
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emitting layer 3031, the second emitting layer 3032 and the
third emitting layer 3033 are formed respectively on the hole
transmission layer 302 through vapor-deposition with three
precise alignments using a fine alignment mask. Finally an
electron transmission layer 304 and an electron injection
layer 305 are formed sequentially through vapor-deposition
using the general alignment mask.

[0077] Further, the first organic emitting device layer, the
second organic emitting device layer and the third organic
emitting device layer equal in thickness can be formed
through vapor-deposition with four general alignments
(forming of the hole injection layer 301, forming of the hole
transmission layer 302, forming of the electron transmission
layer 304 and forming of the electron injection layer 305) and
three fine alignments (the first emitting layer 3031, the second
emitting layer 3032 and the first emitting layer 3033). As
illustrated in FIG. 7 which is a simplified diagram of vapor
disposition using a fine alignment mask M, the specific thick-
ness of a film layer A as illustrated in FIG. 7 can be deter-
mined by controlling a period of time for ejection of film
layers, the ejection is performed by a vapor-deposition source
after a substrate N is aligned precisely with the fine alignment
mask M. Therefore, the thickness of the film layer formed in
vapor deposition is decided by the period of time for ejection
by the vapor-deposition source.

[0078] The precision of the fine alignment is in a range of 1
pm to 2 pm. Since the fine alignment mask needs to be
selected by selecting an appropriate fine alignment mask
dependent upon the size of a practical display unit, typically,
a smaller size of a display unit needs a fine alignment mask
with a higher precision of fine alignment. Moreover an align-
ment operation on a fine alignment mask may be more and
more susceptible to an alignment error in a manufacture pro-
cess of a process flow, and the fine alignment mask may be
more difficult than general alignment, thereby reducing the
vield of products.

[0079] Step 505: forming a cathode on the organic emitting
device layers, the cathode includes a first cathode, a second
cathode and a third cathode.

[0080] The micro-cavity structure as illustrated in FIG. 3
can be manufactured in the manufacture process described
above, where the first optical modulation layer 2111, the first
anode 2041, the first organic emitting device layer and the
first cathode 2071 correspond to R pixel (light emitted in red);
the second optical modulation layer 2112, the second anode
2042, the second organic emitting device layer and the second
cathode 2072 correspond to G pixel (light emitted in green);
and the third optical modulation layer 2113, the third anode
2043, the third organic emitting device layer and the third
cathode 2073 correspond to B pixel (light emitted in blue);
and moreover, L1 denotes the distance between a side surface
ofthe first cathode 2071 proximate to the firstanode 2041 and
a side surface of the reflection 203 layer proximate to the first
anode 2041, where

and A, denotes the wavelength of light in red(red light); L.2
denotes the distance between a side surface of the second
cathode 2072 proximate to the second anode 2042 and a side
surface of the reflection 203 layer proximate to the second
anode 2042, where
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and ., denotes the wavelength of light in green (green light);
and .3 denotes the distance between a side surface of the third
cathode 2073 proximate to the third anode 2043 and a side
surface of the reflection 203 layer proximate to the third
anode 2043, where

and A, denotes the wavelength of light in blue (blue light), N
is a positive integer. L1, 1.2 and L3 further meet the condition
shown as follows: the cavity length L1 of the first micro-
cavity structure>the cavity length .2 of the second micro-
cavity structure>the cavity length L3 of the third micro-cavity
structure.

[0081] Therefore, in an embodiment of the invention, with
the micro-cavity structure formed as illustrated in FIG. 3, for
R pixel, G pixel and B pixel, the cavity length of the micro-
cavity structure can be adjusted simply by adjusting thickness
of the optical modulation layer, and with the wavelength of
the emitting layer determined, an appropriate cavity length
can be selected in Equation (1). Typically in a process of
manufacturing an TFT array substrate, the hole injection
layer 301, the hole transmission layer 302, the electron trans-
mission layer 304 and the electronic injection layer 305 are
equal in thickness across the light-emitting areas in R pixel, G
pixel and B pixel, and the emitting layers (the first emitting
layer 3031, the second emitting layer 3032 and the third
emitting layer 3033) may be unequal in thickness across the
light-emitting area in R pixel, G pixel and B pixel. Moreover
the three emitting layers (i.e. first emitting layer, second emit-
ting layer and third emitting layer) may be manufactured
separately due to their different materials, that is, they may be
formed through vapor deposition respectively with three fine
alignments.

[0082] As illustrated in FIG. 8a and FIG. 85, FIG. 8a is a
diagram of a micro-cavity structure in the prior art, and FIG.
8b is a diagram of a micro-cavity structure according to an
embodiment of the invention.

[0083] In FIG. 8a, the cavity length of the micro-cavity
structure is the distance between the top surface of the anode
and the bottom surface of the cathode, so the micro-cavity
structure as illustrated in FIG. 8a has to be formed by forming
aholeinjection layer 602 through vapor deposition using one
general alignment mask, and then forming a hole transmis-
sion layer 603 through vapor deposition using one general
alignment mask again, and thereafter forming a first hole
transmission layer 6031, a second hole transmission layer
6032, a first emitting layer 6041, a second emitting layer 6042
and a third emitting layer 6043 through vapor deposition with
five fine alignments respectively. The five fine alignments
have to be performed due to different materials and thick-
nesses of the first hole transmission layer 6031, the second
hole transmission layer 6032, the first emitting layer 6041, the
second emitting layer 6042 and the third emitting layer 6043.
However a greater number of times of fine alignments may
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result in an increase in complexity of a process and also
possibly a degraded alignment precision and a decreased
vield of products.
[0084] In the embodiment of the inventive solution, the
micro-cavity structure as illustrated in FIG. 85 can be formed
simply by performing three fine alignments in the steps ofthe
method as illustrated in FIG. 6, and as compared with the
solutionin FIG. 84, there will be aless number of times of fine
alignments, thereby ensuring the precision of the fine align-
ments and improving the yield of products while simplifying
the complexity of a manufacture process.
[0085] Moreover as illustrated in FI1G. 10, an embodiment
of the invention further provides a display apparatus 7 includ-
ing an OLED display panel 8, where the OLED display panel
8is any ofthe OLED display panels according to the embodi-
ments described above.
[0086] In summary, with the OLED display panel and the
method of manufacturing the same and the display apparatus
according to the embodiments of the invention, the reflection
layer is disposed on the power lines to have a number of power
lines electrically connected with the reflection layer, where
the reflection layer is thick, conductive and disposed on the
entire substrate, so that the power lines are connected in
parallel with the reflection layer, and thus the overall resis-
tance of each display unit is reduced, and there is an insig-
nificant difference in voltage at the respective locations along
the power lines, that is, the voltage drop of the power lines is
reduced, thereby avoiding the imbalance of display bright-
ness caused by a significant voltage drop; and further, the
reflection layer can also be configured as a mirror of a micro-
cavity, and three micro-cavity structures respectively corre-
sponding to R pixel, G pixel and B pixel may be formed as a
result of three fine alignments, thereby ensuring that the cav-
ity lengths of the micro-cavity structures may be adjusted
simply by adjusting the optical modulation layer and the
number of times of fine alignments may be reduced, thus
avoiding a degraded precision of the fine alignments and
improving the yield of products while simplifying the com-
plexity of a manufacture process. Moreover the optical modu-
lation layer is disposed between the reflection layer and the
anode, that is, the optical modulation layer is disposed below
the organic emitting device layer, so that no light rays will be
blocked by the optical modulation layer while emitted light is
transmitted from the cathode side, thereby avoiding a loss of
light rays and improving a display effect.
[0087] Although the preferred embodiments of the inven-
tion have been described, those skilled in the art benefiting
from the underlying inventive concept can make additional
modifications and variations to these embodiments. There-
fore the appended claims are intended to be construed as
encompassing the preferred embodiments and all the modi-
fications and variations coming into the scope of the inven-
tion.
[0088] Evidently those skilled in the art can make various
modifications and variations to the invention without depart-
ing from the essence and scope of the invention. Thus the
invention is also intended to encompass these modifications
and variations thereto so long as the modifications and varia-
tions come into the scope of the claims appended to the
invention and their equivalents.

1. An Organic Light Emitting Diode (OLED) display panel
comprising:

a substrate;

a plurality of power lines disposed on the substrate;
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areflection layer disposed on the power lines, wherein the
reflection layer is electrically connected with the power
lines;

an anode disposed on the reflection layer;

an optical modulation layer disposed between the reflec-

tion layer and the anode;

a cathode disposed on the anode; and

an organic emitting device layer disposed between the

anode and the cathode,

wherein the reflection layer is insulated from the anode,

and the OLED display panel is configured to transmit
light from a side of the reflection layer away from the
substrate.

2. The OLED display panel of claim 1, further comprising
a first insulation layer disposed on the power lines, wherein
the first insulation layer comprises a plurality of first viaholes
extending through the first insulation layer to expose the
power lines, wherein the reflection layer is electrically con-
nected with the power lines through the first via holes.

3. The OLED display panel of claim 1, wherein at least one
of:

a) the reflection layer is a single metal layer; and

b) the reflection layer comprises:

a metal layer, and

a transparent conductive layer stacked on the metal
layer, wherein the metal layer is closer to the organic
emitting device layer than the transparent conductive
layer.

4. The OLED display panel of claim 1, wherein the thick-
ness of the reflection layer is between 200 nm and 2000 nm.

5. The OLED display panel of claim 1, wherein the reflec-
tion layer comprises a plurality of second via holes, and the
second via holes extend through the reflection layer.

6. The OLED display panel of claim 5, wherein:

the optical modulation layer comprises:

a transparent insulation material such that the reflection
layer is insulated from the anode, and
a plurality of third via holes.

7. The OLED display panel of claim 6, wherein the third
via holes extend through the optical modulation layer, the
second via holes are aligned with the third via holes, and a
projection of the second via holes on the substrate encom-
passes a projection of the third via holes on the substrate.

8. The OLED display panel of claim 1, wherein a reflec-
tivity of the reflection layer is greater than 90%, transmit-
tances of the anode and the organic emitting device layer are
greater than 80%, and transmittance of the cathode is greater
than 40%.

9. The OLED display panel of claim 1, wherein transmit-
tance of the optical modulation layer is greater than 80%, and
a refractive index of the optical modulation layer is between
1 and 3.

10. The OLED display panel of claim 1, wherein an equiva-
lent resistance of the reflection layer is less than 100 €.

11. The OLED display panel of claim 1, wherein a distance
between a side surface of the cathode proximate the anode
and a side surface of the reflection layer proximate the anode
satisfies an equation of:
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wherein L denotes the distance between the side surface of
the cathode proximate the anode and the side surface of
the reflection layer proximate the anode; A denotes a
wavelength of emitted light; and N denotes a positive
integer.

12. The OLED display panel of claim 11, wherein:

the anode comprises a first anode, a second anode, and a
third anode,

the cathode comprises a first cathode, a second cathode,
and a third cathode,

the first anode and the first cathode correspond to light
emitted in red,

the second anode and the second cathode correspond to
light emitted in green,

the third anode and the third cathode correspond to light
emitted in blue, and

L1, L2 and 13 satisfy an inequality of L1>[.2>1.3,

wherein:

L1 denotes a distance between a side surface of the first
cathode proximate the first anode and a side surface of
the reflection layer proximate the first anode,

L2 denotes a distance between a side surface of the
second cathode proximate the second anode and a
side surface of the reflection layer proximate the sec-
ond anode, and

L3 denotes a distance between a side surface of the third
cathode proximate the third anode and a side surface
of the reflection layer proximate the third anode.

13. The OLED display panel of claim 12, wherein:

the optical modulation layer comprises a first optical
modulation layer, a second optical modulation layer, and
a third optical modulation layer, wherein:

the first optical modulation layer corresponds to light emit-
ted in red,

the second optical modulation layer corresponds to light
emitted in green,

the third optical modulation layer corresponds to light
emitted in blue,

a thickness of the first optical modulation layer is greater
than a thickness of the second optical modulation layer,
and

the thickness of the second optical modulation layer is
greater than a thickness of the third optical modulation
layer.

14. The OLED display panel of claim 13, wherein:

The organic emitting device layer comprises a first organic
emitting device layer, a second organic emitting device
layer, and a third organic emitting device layer, wherein:

the first organic emitting device layer corresponds to light
emitted in red,

the second organic emitting device layer corresponds to
light emitted in green, and

the third organic emitting device layer corresponds to light
emitted in blue, and

the first organic emitting device layer, the second organic
emitting device layer, and the third organic emitting
device layer are substantially equal in thickness.

15. The OLED display panel of claim 6, further comprising
an array of Thin Film Transistors (TFTs) disposed on the
substrate, wherein the second via holes expose source elec-
trodes of the TFTs, and the anode is electrically connected
with the sources of the TFTs through the second via holes and
the third via holes.
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16. A method of manufacturing the Organic Light Emitting

Diode (OLED) display panel of claim 1, the method compris-

ing:

providing a substrate;

forming power lines on the substrate;

forming a reflection layer on the power lines, wherein the
reflection layer is electrically connected with the power
lines;

forming an optical modulation layer on the reflection layer;

forming an anode on the optical modulation layer;

forming an organic emitting device layer on the anode; and

forming a cathode on the organic emitting device layer,

wherein the reflection layer is insulated from the anode,
and the OLED display panel is configured to transmit
light from a side of the reflection layer away from the
substrate.

17. The method of claim 16, further comprising:

patterning the optical modulation layer to form a first opti-
cal modulation layer, a second optical modulation layer,
and a third optical modulation layer using a first photo-
mask,

patterning the anode to form a first anode, a second anode,
and a third anode using a second photomask, and

patterning the organic emitting device layer to form a first
organic emitting device layer, a second organic emitting
device layer, and a third organic emitting device layer
using a third photomask, wherein:

the cathode comprises a first cathode, a second cathode,
and a third cathode,

the first optical modulation layer, the first anode, the first
organic emitting device layer, and the first cathode cor-
respond to light emitted in red,

the second optical modulation layer, the second anode, the
second organic emitting device layer, and the second
cathode correspond to light emitted in green, and

the third optical modulation layer, the third anode, the third
organic emitting device layer, and the third cathode cor-
respond to light emitted in blue, and
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L1,L.2 and L3 satisfy an inequality of L1>1.2>1.3, wherein:
L1 denotes a distance between a side surface of the first
cathode proximate the first anode and a side surface of

the reflection layer proximate the first anode,

L2 denotes a distance between a side surface of the
second cathode proximate the second anode and a
side surface of the reflection layer proximate the sec-
ond anode, and

L3 denotes a distance between a side surface of the third
cathode proximate the third anode and a side surface
of the reflection layer proximate the third anode.

18. The method of claim 17, wherein a thickness of the first
optical modulation layer is greater than a thickness of the
second optical modulation layer, and the thickness of the
second optical modulation layer is greater than a thickness of
the third optical modulation layer.

19. The method of claim 18, wherein the first organic
emitting device layer, the second organic emitting device
layer, and the third organic emitting device layer are substan-
tially equal in thickness.

20. A display apparatus comprising an OLED display
panel, wherein the OLED display panel comprises:

a substrate;

a plurality of power lines disposed on the substrate;

areflection layer disposed on the power lines, wherein the

reflection layer is electrically connected with the power
lines;

an anode disposed on the reflection layer;

an optical modulation layer disposed between the reflec-

tion layer and the anode;

an cathode disposed on the anode; and

an organic emitting device layer disposed between the

anode and the cathode,

wherein the reflection layer is insulated from the anode,

and the OLED display panel is configured to transmit

light from a side of the reflection layer away from the
substrate.
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