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(57) ABSTRACT

The present application discloses a top-emission type
organic light emitting diode display substrate having a
plurality of subpixel areas, in each of which the top-emission
type organic light emitting diode display substrate includes
a base substrate; a thin film transistor on the base substrate
and including a drain electrode; and an organic light emitting
diode on a side of the drain electrode distal to the base
substrate. The organic light emitting diode includes a first
electrode on a side of the drain electrode distal to the base
substrate; an organic layer on a side of the first electrode
distal to the drain electrode; and a second electrode on a side
of the organic layer distal to the first electrode. The first
electrode is a substantially transparent electrode and elec-
trically connected to the drain electrode. The drain electrode
is a reflective electrode. The second electrode is a substan-
tially transparent electrode.
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TOP-EMISSION TYPE ORGANIC LIGHT
EMITTING DIODE DISPLAY SUBSTRATE,
TOP-EMISSION TYPE ORGANIC LIGHT
EMITTING DIODE DISPLAY APPARATUS,
AND METHOD OF FORMING A
TOP-EMISSION TYPE ORGANIC LIGHT
EMITTING DIODE DISPLAY SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Chinese Patent
Application No. 201611090179.X, filed Nov. 29, 2016, the
contents of which are incorporated by reference in the
entirety.

TECHNICAL FIELD

[0002] The present invention relates to display technology,
more particularly, to a top-emission type organic light emit-
ting diode display substrate, a top-emission type organic
light emitting diode display apparatus, and a method of
forming a top-emission type organic light emitting diode
display substrate.

BACKGROUND

[0003] Organic light emitting diode (OLED) display appa-
ratuses are self-emissive devices, and do not require back-
lights. OLED display apparatuses also provide more vivid
colors and a larger color gamut as compared to the conven-
tional liquid crystal display (LCD) apparatuses. Further,
OLED display apparatuses can be made more flexible,
thinner, and lighter than a typical LCD.

[0004] An OLED display apparatus typically includes an
anode, an organic layer including an organic light emitting
layer, and a cathode. OLEDs can either be a bottom-
emission type OLED or a top-emission type OLED. In
bottom-emission type OLEDs, the light is extracted from an
anode side. In bottom-emission type OLEDs, the anode is
generally transparent, while a cathode is generally reflective.
In a top-emission type OLED, light is extracted from a
cathode side. The cathode is optically transparent, while the
anode is reflective.

SUMMARY

[0005] In one aspect, the present invention provides a
top-emission type organic light emitting diode display sub-
strate having a plurality of subpixel areas, in each of which
the top-emission type organic light emitting diode display
substrate comprising a base substrate; a thin film transistor
on the base substrate and comprising a drain electrode, the
drain electrode is a reflective electrode; and an organic light
emitting diode on a side of the drain electrode distal to the
base substrate; wherein the organic light emitting diode
comprises a first electrode on a side of the drain electrode
distal to the base substrate, the first electrode is a substan-
tially transparent electrode and electrically connected to the
drain electrode; an organic layer on a side of the first
electrode distal to the drain electrode, the organic layer
comprises an organic light emitting layer; and a second
electrode on a side of the organic layer distal to the first
electrode, the second electrode is a substantially transparent
electrode.
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[0006] Optionally, an orthographic projection of the drain
electrode on the base substrate substantially covers that of a
light emitting region of the organic light emitting layer.
[0007] Optionally, the orthographic projection of the drain
electrode on the base substrate substantially overlaps with
that of the light emitting region of the organic light emitting
layer.

[0008] Optionally, the orthographic projection of the drain
electrode on the base substrate substantially covers that of
the first electrode layer.

[0009] Optionally, the orthographic projection of the drain
electrode on the base substrate substantially overlaps with
that of the first electrode layer.

[0010] Optionally, the drain electrode and the second
electrode form a microcavity structure.

[0011] Optionally, the microcavity structure has an optical
distance substantially equal to a sum of optical path lengths
of layers between the drain electrode and the second elec-
trode.

[0012] Optionally, the optical distance is a non-integer
multiple of 2mA, A is a wavelength of light emitted from the
organic light emitting laver.

[0013] Optionally, the top-emission type organic light
emitting diode display substrate further comprises a pla-
narization layer on a side of the drain electrode distal to the
base substrate; and a passivation layer on a side of the
planarization layer distal to the drain electrode.

[0014] Optionally, the optical distance is substantially
equal to a sum of optical path lengths of the passivation
layer, the planarization layer, the organic layer, and the first
electrode.

[0015] Optionally, the drain electrode is made of a low-
reflectivity metal material.

[0016] Optionally, the drain electrode is made of molyb-
denum or nickel.

[0017] Optionally, the second electrode is made of a
metallic material.

[0018] Optionally, the second electrode is made of mag-
nesium:silver alloy.

[0019] Optionally, the first electrode has a thickness in a
range of approximately 800 A to approximately 2000 A.
[0020] Optionally, the planarization layer has a thickness
in a range of approximately 10000 A to approximately
30000 A.

[0021] Optionally, the planarization layer comprises a
plurality of sub-layers; and refractive indexes of the plurality
of sub-layers of the planarization layer decrease along a
thickness direction away from the base substrate.

[0022] In another aspect, the present invention provides a
top-emission type organic light emitting diode display appa-
ratus comprising a top-emission type organic light emitting
diode display substrate described herein or fabricated by a
method described herein.

[0023] In another aspect, the present invention provides a
method of forming a top-emission type organic light emit-
ting diode display substrate having a plurality of subpixel
areas, the method comprising, in each of the plurality of
subpixel areas, forming a thin film transistor comprising a
drain electrode on the base substrate, the drain electrode is
formed using a reflective conductive material; and forming
an organic light emitting diode on a side of the drain
electrode distal to the base substrate; wherein forming the
organic light emitting diode comprises forming a first elec-
trode on a side of the drain electrode distal to the base
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substrate, the first electrode is formed using a substantially
transparent conductive material and formed to be electrically
connected to the drain electrode; forming an organic layer on
a side of the first electrode distal to the drain electrode, the
organic layer comprises an organic light emitting layer, and
forming a second electrode on a side of the organic layer
distal to the first electrode, the second electrode is formed
using a substantially transparent conductive material.
[0024] Optionally, forming the second electrode is per-
formed by a vapor deposition process.

BRIEF DESCRIPTION OF THE FIGURES

[0025] The following drawings are merely examples for
illustrative purposes according to various disclosed embodi-
ments and are not intended to limit the scope of the present
invention.

[0026] FIG. 1 is a schematic diagram illustrating the
structure of a top-emission type organic light emitting diode
display substrate in some embodiments according to the
present disclosure.

[0027] FIG. 2 is a schematic diagram illustrating the
structure of an organic layer in some embodiments accord-
ing to the present disclosure.

[0028] FIG. 3 is a comparison between emission spectra of
a conventional organic light emitting diode display substrate
and a top-emission type organic light emitting diode display
substrate in some embodiments according to the present
disclosure.

[0029] FIG. 4 is a schematic diagram illustrating the
structure of a top-emission type organic light emitting diode
display substrate in some embodiments according to the
present disclosure.

DETAILED DESCRIPTION

[0030] The disclosure will now be described more spe-
cifically with reference to the following embodiments. It is
to be noted that the following descriptions of some embodi-
ments are presented herein for purpose of illustration and
description only. It is not intended to be exhaustive or to be
limited to the precise form disclosed.

[0031] To enhance aperture ratio of conventional organic
light emitting diode display apparatus, typically a top-
emission type organic light emitting diode display substrate
is used. In the conventional top-emission type organic light
emitting diode display substrate, relatively strong microcav-
ity effects are observed. In the conventional display sub-
strate, the anode and the cathode constitute two reflective
mirrors of the microcavity. The optical distance of the
microcavity is relatively small resulting in relatively strong
microcavity effects. Due to the strong microcavity effects,
light emitted from the conventional top-emission type
organic light emitting diode display substrate has a narrow
spectrum. Thus, the microcavity effects make it very difficult
to achieve a full-spectrum light emission in the conventional
top-emission type organic light emitting diode display sub-
strate. The performance and light emission quality of the
conventional organic light emitting diode display apparatus
are limited.

[0032] Accordingly, the present disclosure provides, inter
alia, a top-emission type organic light emitting diode display
substrate, a top-emission type organic light emitting diode
display apparatus, and a method of forming a top-emission
type organic light emitting diode display substrate that
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substantially obviate one or more of the problems due to
limitations and disadvantages of the related art. In one
aspect, the present disclosure provides a top-emission type
organic light emitting diode display substrate having a
plurality of subpixel areas. In some embodiments, the top-
emission type organic light emitting diode display substrate
includes, in each of the plurality of subpixel areas, a base
substrate; a thin film transistor on the base substrate and
having a reflective drain electrode; and an organic light
emitting diode on a side of the reflective drain electrode
distal to the base substrate. Optionally, the organic light
emitting diode includes a first electrode on a side of the drain
electrode distal to the base substrate, the first electrode is a
substantially transparent electrode and electrically con-
nected to the drain electrode; an organic layer on a side of
the first electrode distal to the drain electrode, the organic
layer includes an organic light emitting layer, and a second
electrode on a side of the organic layer distal to the first
electrode, the second electrode is a substantially transparent
electrode. The top-emission type organic light emitting
diode display substrate is configured to emit light substan-
tially along a direction from the first electrode to the second
electrode.

[0033] As used herein, the term “subpixel area” refers to
an area in an array substrate corresponding to a subpixel in
a display panel having the array substrate. A subpixel area
includes a subpixel region and an inter-subpixel region. As
used herein, the term “substantially transparent” mean at
least 50 percent (e.g., at least 60 percent, at least 70 percent,
at least 80 percent, at least 90 percent, and at least 95
percent) of light in the visible wavelength range transmitted
therethrough.

[0034] FIG. 1 is a schematic diagram illustrating the
structure of a top-emission type organic light emitting diode
display substrate in some embodiments according to the
present disclosure. Referring to FIG. 1, the top-emission
type organic light emitting diode display substrate in some
embodiments includes a base substrate 1, a thin film tran-
sistor 20 on the base substrate 1, a passivation layer 9 on a
side of the thin film transistor 20 distal to the base substrate
1, and an organic light emitting diode 30 on a side of the
passivation layer 9 distal to the thin film transistor 20. The
thin film transistor 20 in some embodiments includes, inter
alia, a drain electrode 7, an active layer 3, and a gate
electrode 5. The drain electrode 7 is electrically connected to
a drain electrode contact region of the active layer 3.
Optionally, the organic light emitting diode 30 is on a side
of the passivation layer 9 distal to the drain electrode 7.

[0035] In some embodiments, the organic light emitting
diode 30 includes a first electrode 10 on a side of the
passivation layer 9 distal to the drain electrode 7, an organic
layer 11 on a side of the first electrode 10 distal to the
passivation layer 9, and a second electrode 12 on a side of
the organic layer 11 distal to the first electrode 10. Option-
ally, the top-emission type organic light emitting diode
display substrate is configured to emit light substantially
along a direction from the first electrode 10 to the second
electrode 12. The first electrode 10 is electrically connected
to the drain electrode 7. Optionally, the first electrode 10 is
a substantially transparent electrode. Optionally, the first
electrode 10 is an anode of the organic light emitting diode
30, and the second electrode 12 is a cathode of the organic
light emitting diode 30.
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[0036] The organic layer 11 in some embodiments
includes an organic light emitting layer 11a. The organic
light emitting layer 11a has a light emitting region E, as
shown in FIG. 1. In some embodiments, an orthographic
projection of the drain electrode 7 on the base substrate 1
substantially covers that of a light emitting region E of the
organic light emitting layer 1la. Optionally, the ortho-
graphic projection of the drain electrode 7 on the base
substrate 1 substantially overlaps with that of the light
emitting region E of the organic light emitting layer 11a.
Optionally, the orthographic projection of the drain elec-
trode 7 on the base substrate 1 substantially covers that of
the organic light emitting layer 11a. Optionally, the ortho-
graphic projection of the drain electrode 7 on the base
substrate 1 substantially overlaps with that of the organic
light emitting layer 11a. Optionally, a width of the drain
electrode 7 is substantially equal to or greater than that of the
light emitting region E of the organic light emitting layer
11a. Optionally, a width of the drain electrode 7 is substan-
tially equal to or greater than that of the organic light
emitting layer 11a. Optionally, the orthographic projection
of the drain electrode 7 on the base substrate 1 substantially
covers that of the first electrode layer 10. Optionally, the
orthographic projection of the drain electrode 7 on the base
substrate 1 substantially overlaps with that of the first
electrode layer 10. Optionally, the width of the drain elec-
trode 7 is substantially equal to or greater than that of the
first electrode layer 10. Optionally, the width of the drain
electrode 7 is substantially equal to that of the first electrode
layer 10. Optionally, the width of the drain electrode 7 is
substantially equal to that of the second electrode layer 12.

[0037] FIG. 2 is a schematic diagram illustrating the
structure of an organic layer in some embodiments accord-
ing to the present disclosure. Referring to FIG. 1 and FIG.
2, the organic layer 11 in some embodiments includes a first
hole injection layer 111 on the first electrode 10, a second
hole injection layer 112 on a side of the first hole injection
layer 111 distal to the first electrode 10, a red light emitting
layer 113 on a side of the second hole injection layer 112
distal to the first hole injection layer 111, a green light
emitting layer 114 on a side of the red light emitting layer
113 distal to the second hole injection layer 112, a first
electron transport layer 115 on a side of the green light
emitting layer 114 distal to the red light emitting layer 113,
a first charge generating layer 116 on a side of the first
electron transport layer 115 distal to the green light emitting
layer 114, a third hole injection layer 117 on a side of the first
charge generating layer 116 distal to the first electron
transport layer 115, a hole transport layer 118 on a side of the
third hole injection layer 117 distal to the first charge
generating layer 116, a blue light emitting layer 119 on a side
of the hole transport layer 118 distal to the third hole
injection layer 117, a second electrode transport layer 120 on
a side of the blue light emitting layer 119 distal to the hole
transport layer 118, and a second charge generating layer
121 on a side of the second electrode transport layer 120
distal to the blue light emitting layer 119.

[0038] Referring to FIG. 1, the top-emission type organic
light emitting diode display substrate in some embodiments
further includes a buffer layer 2 between the active layer 3
and the base substrate 1. Optionally, the top-emission type
organic light emitting diode display substrate further
includes a gate insulating layer 4 between the gate electrode
5 and the active layer 3. Optionally, the top-emission type
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organic light emitting diode display substrate further
includes an inter-layer dielectric layer 6 between the gate
electrode 5 and the drain electrode 7. Optionally, the top-
emission type organic light emitting diode display substrate
further includes a source electrode in a same layer as the
drain electrode 7. Optionally, the top-emission type organic
light emitting diode display substrate further includes a
protective layer 13 on a side of the second electrode 12 distal
to the base substrate 1.

[0039] In some embodiments, the top-emission type
organic light emitting diode display substrate further
includes a planarization layer 8 on a side of the drain
electrode 7 distal to the base substrate 1. Optionally, the
passivation layer 9 is on a side of the planarization layer 8
distal to the drain electrode 7. Optionally, the planarization
layer 8 and the passivation layer 9 are between the drain
electrode 7 and the first electrode 10.

[0040] In some embodiments, the top-emission type
organic light emitting diode display substrate further
includes a first via 14 extending through the inter-layer
dielectric layer 6 and the gate insulating layer 4. The drain
electrode 7 is electrically connected to the active layer 3
through the first via 14.

[0041] In some embodiments, the top-emission type
organic light emitting diode display substrate further
includes a second via 15 extending through the planarization
layer 8 and the passivation layer 9. The first electrode 10 is
electrically connected to the drain electrode 7 through the
second via 15.

[0042] Various appropriate reflective conductive materials
may be used for making the drain electrode 7. Examples of
appropriate reflective conductive materials include reflective
conductive materials having a relatively low reflectivity.
Optionally, the drain electrode 7 is made of a low-reflectivity
metal such as molybdenum and nickel. Having a drain
electrode 7 made of a reflective conductive material having
a relatively low reflectivity further reduces microcavity
effects in the top-emission type organic light emitting diode
display substrate. Optionally, the drain electrode 7 includes
a plurality of sub-layers laminated together. In one example,
the drain electrode 7 is include a titanium/aluminum/tita-
nium three-layer structure. As used herein, the term “low-
reflectivity” refers to a layer or a material that reflects no
more than approximately 80 percent (e.g., no more than
approximately 70 percent, no more than approximately 60
percent, no more than approximately 50 percent, no more
than approximately 40 percent, and no more than approxi-
mately 30 percent) of light in the visible wavelength range.
[0043] Various appropriate conductive materials may be
used for making the first electrode 10. Examples of appro-
priate conductive materials include substantially transparent
conductive materials such as a metal oxide material. Option-
ally, the first electrode 10 is made of indium tin oxide. By
having the first electrode 10 made of a substantially trans-
parent conductive material, the reflectivity of the first elec-
trode 10 is much reduced, further reducing microcavity
effects in the top-emission type organic light emitting diode
display substrate.

[0044] Various appropriate insulating materials may be
used for making the planarization layer 8. Examples of
appropriate insulating materials include insulating materials
having a relatively low refractive index, e.g., insulating
polymer materials having a relatively low refractive index.
Optionally, the planarization layer 8 is made of polydim-
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ethylsiloxane (PDMS). By having the planarization layer 8
made of an insulating material having a relatively low
refractive index, light reflection by the drain electrode 7 can
be further reduced, minimizing microcavity effects in the
top-emission type organic light emitting diode display sub-
strate.

[0045] Various appropriate insulating materials may be
used for making the passivation layer 9. Examples of
appropriate insulating materials include silicon nitride
(SiN,).

[0046] Various appropriate conductive materials may be
used for making the second electrode 12. Examples of
appropriate conductive materials include substantially trans-
parent metal materials. Optionally, the second electrode 12
is made of magnesium:silver alloy (Mg:Ag). Optionally, the
second electrode 12 is made of nano-silver. By having a
substantially transparent metallic second electrode 12, the
fabrication process of the display substrate obviates the need
of sputtering a substantially transparent metal oxide material
for making the second electrode 12. The potential damages
to the organic layer caused by the sputtering process can be
entirely avoided, thereby simplifying the fabrication process
and enhancing the quality and life time of the product.
Optionally, the second electrode 12 is formed by a vapor
deposition process, e.g., a plasma-enhanced chemical vapor
deposition process.

[0047] Optionally, the buffer layer 2 has a thickness in a
range of approximately 2000 A to approximately 5000 A.
Optionally, the buffer layer 2 has a thickness of approxi-
mately 4000 A.

[0048] Optionally, the active layer 3 has a thickness in a
range of approximately 300 A to approximately 800 A.
Optionally, the active layer 3 has a thickness of approxi-
mately 450 A.

[0049] Optionally, the gate insulating layer 4 has a thick-
ness in a range of approximately 800 A to approximately
1200 A. Optionally, the gate insulating layer 4 has a thick-
ness of approximately 1000 A.

[0050] Optionally, the gate electrode 5 has a thickness in
a range of approximately 2000 A to approximately 3000 A.
Optionally, the gate electrode 5 has a thickness of approxi-
mately 2500 A.

[0051] Optionally, the inter-layer dielectric layer 6 has a
thickness in a range of approximately 3000 A to approxi-
mately 6000 A. Optionally, the inter-layer dielectric layer 6
has a thickness of approximately 5000 A.

[0052] Optionally, the drain electrode 7 has a thickness in
a range of approximately 1500 A to approximately 3000 A.
Optionally, the drain electrode 7 has a thickness of approxi-
mately 2000 A.

[0053] Optionally, the planarization layer 8 has a thickness
in a range of approximately 15000 A to approximately
25000 A. Optionally, the planarization layer 8 has a thick-
ness of approximately 20000 A.

[0054] Optionally, the passivation layer 9 has a thickness
in a range of approximately 500 A to approximately 1500 A.
Optionally, the passivation layer 9 has a thickness of
approximately 1000 A.

[0055] Optionally, the first electrode 10 has a thickness in
a range of approximately 1000 A to approximately 2000 A.
Optionally, the first electrode 10 has a thickness of approxi-
mately 1500 A,

[0056] Optionally, the first hole injection layer 111 has a
thickness of approximately 50 A, the second hole injection
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layer 112 has a thickness of approximately 330 A, the red
light emitting layer 113 has a thickness of approximately
100 A, the green light emitting layer 114 has a thickness of
approximately 300 A, the first electron transport layer 115
has a thickness of approximately 100 A, the first charge
generating layer 116 has a thickness of approximately 200
A, the third hole injection layer 117 has a thickness of
approximately 1100 A, the hole transport layer 118 has a
thickness of approximately 100 A, the blue light emitting
layer 119 has a thickness of approximately 250 A, the
second electron transport layer 120 has a thickness of
approximately 400 A, and the second charge generating
layer 121 has a thickness of approximately 1000 A.

[0057] Optionally, the planarization layer 8 has a refrac-
tive index of approximately 1.5. Optionally, the passivation
layer 9 has a refractive index of approximately 2.0. Option-
ally, the first electrode 10 has a refractive index of approxi-
mately 1.8. Optionally, each of the sub-layers in the organic
layer 11 (e.g., the organic light emitting layer 11a, the first
hole injection layer 111, the green light emitting layer 114,
etc.) has a refractive index of approximately 1.8.

[0058] Optionally, the planarization layer 8 includes a
plurality of sub-layers. Optionally, each of the plurality of
sub-layers of the planarization layer 8 has a different refrac-
tive index. Optionally, the refractive indexes of the plurality
of sub-layers of the planarization layer 8 change in a
step-wise fashion or in a linear fashion along the depth of the
planarization layer 8. Optionally, the refractive indexes of
the plurality of sub-layers of the planarization layer 8
decrease (e.g., in a step-wise fashion or in a linear fashion)
along a thickness direction away from the base substrate 1.
Similarly, in some embodiments, any of the other layers in
the present display substrate may include a plurality of
sub-layers, and the refractive indexes of the plurality of
sub-layers may change in a step-wise fashion or in a linear
fashion along the depth of the particular layer. Optionally,
the refractive indexes of the plurality of sub-layers decrease
(e.g., in a step-wise fashion or in a linear fashion) along a
thickness direction away from the base substrate 1.

[0059] Referring to FIG. 1, the drain electrode 7 and the
second electrode 12 in some embodiments form a micro-
cavity structure M. As used herein, the term “microcavity”
refers to a resonant optical cavity in a solid-state light
emitting device. For example, in the context of the present
disclosure, the drain electrode 7 and the second electrode 12
constitute two reflective mirrors in the microcavity structure
M. Optionally, the microcavity structure M has an optical
distance substantially equal to a sum of optical path lengths
of layers between the drain electrode 7 and the second
electrode 12. As used herein, the term “optical path length”
refers to a value obtained by multiplying a refractive index
n of a medium through which the measurement light travels
by a distance the measurement light travels through the
medium having the refractive index n. i.e., the optical path
length is equal to a distance the measurement light would
travel through a vacuum during the time it takes for the
measurement light to travel through the medium having the
refractive index n.

[0060] In some embodiments, the optical distance of the
microcavity structure M is a non-integer multiple of 2mA, A
is a wavelength of light emitted from the organic light
emitting layer. By having the optical distance of the micro-
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cavity structure M to be a non-integer multiple of 27k, the
microcavity effects of the microcavity structure M can be
effectively reduced.

[0061] In some embodiments, the optical distance of the
microcavity structure M is substantially equal to a sum of
optical path lengths of the passivation layer 9, the planariza-
tion layer 8, the organic layer 11, and the first electrode 10.
Optionally, the optical distance of the microcavity structure
M is substantially equal to DPz; "Ny as+DP oo *Np pyo +
Di7010"Nrzo10tPaz 110 *Nerz 111+ D ez 11" Neggr 110+

Dreamri13™Neesr113¥Deenm 14 ™Noeag 114+
prz1istDceris™NeoristPami Ne 11+

3 ® *
NHTL118+DBEML119 NBEML119:|'DETL.120 Neziz20t
Decrini®™Neerio,- Optionally, the optical distance of the

microcavity structure M is substantially equal to 20000
A*1.5+1000 A*2.0+1500 A*1.8+50 A*1.8+330 A*1.8+100
A%1.84300 A*1.8+4100 A*1.84200 A*1.8+1100 A*1.8+100
A*1.8+250 A*1.8+400 A*1.8+100 A*1.8=41774 A, and
substantially not equal to k*2mh, wherein D, is the
thickness of the planarization layer 8; N, s is the refractive
index of the planarization layer 8; D is the thickness of
the passivation layer 9; Ny, is the refractive index of the
passivation layer 9; Do is the thickness of the first
electrode 10; N0 is the refractive index of the first
electrode 10; D,y ,,, is the thickness of the first hole
injection layer 111; N, is the refractive index of the first
hole injection layer 111; Dy, ,,, 18 the thickness of the
second hole injection layer 112; N, ,, is the refractive
index of the second hole injection layer 112; Dy zpzr 15 18 the
thickness of the red light emitting layer 113; Nyz./71,5 1s the
refractive index of the red light emitting layer 113,
Dgraiia 18 the thickness of the green light emitting layer
114; Nipasri14 18 the refractive index of the green light
emitting layer 114; Dy ;5 is the thickness of the first
electron transport layer 115; N, ;5 is the refractive index
of the first electron transport layer 115; D g6 is the
thickness of the first charge generating layer 116; N ;16 18
the refractive index of the first charge generating layer 116;
Dy 117 18 the thickness of the third hole injection layer 117,
N7 18 the refractive index of the third hole injection
layer 117; D77 15 s the thickness of the hole transport layer
118; N7 ,4 18 the refractive index of the hole transport
layer 118; Dgpagr 1o 1s the thickness of the blue light
emitting layer 119; Ngza7 110 18 the refractive index of the
blue light emitting layer 119; D, ., 1S the thickness of the
second electrode transport layer 120; N4y, 5, 1s the refrac-
tive index of the second electrode transport layer 120;
Deerisy 18 the thickness of the second charge generating
layer 121; N, 5, is the refractive index of the second
charge generating layer 121; k is a positive integer, and A is
a wavelength of light emitted from the organic light emitting
layer.

[0062] Optionally, the planarization layer 8 includes a
plurality of sub-layers. The optical path length of the pla-
narization layer 8 is substantially equal to the sum of optical
path lengths of the plurality of sub-layers of the planariza-
tion layer 8. Similarly, in some embodiments, any of the
other layers in the present display substrate may include a
plurality of sub-layers, and the optical path length of a
particular layer is substantially equal to the sum of optical
path lengths of the plurality of sub-layers of that particular
layer.

[0063] Inthe present display substrate, the optical distance
of the microcavity structure M is designed to be a non-

ETL11S
DHTLIIS

Mar. 14, 2019

integer multiple of 2mh, A is a wavelength of light emitted
from the organic light emitting layer. For example, the
optical distance of the microcavity structure M may be set by
choosing a thickness and a refractive index for each layer
between the drain electrode 7 and the second electrode 12.
By having this design, the microcavity effects of the micro-
cavity structure M can be effectively reduced.

[0064] FIG. 3 is a comparison between emission spectra of
a conventional organic light emitting diode display substrate
and a top-emission type organic light emitting diode display
substrate in some embodiments according to the present
disclosure. Referring to FIG. 3, the emission spectrum of the
conventional organic light emitting diode display substrate
is denoted as “A”, and the emission spectrum of the present
top-emission type organic light emitting diode display sub-
strate is denoted as “B”. The present top-emission type
organic light emitting diode display substrate has reduced
microcavity effects as compared to the conventional organic
light emitting diode display substrate. As shown in FIG. 3,
the present top-emission type organic light emitting diode
display substrate has a broader emission spectrum as com-
pared to that of the conventional organic light emitting diode
display substrate. Thus, the present top-emission type
organic light emitting diode display substrate achieves a full
spectrum emission of light.

[0065] FIG. 4 is a schematic diagram illustrating the
structure of a top-emission type organic light emitting diode
display substrate in some embodiments according to the
present disclosure. Referring to FIG. 4, the top-emission
type organic light emitting diode display substrate in some
embodiments does not include a passivation layer (as com-
pared to that in FIG. 1). The planarization layer 8 is between
the first electrode 10 and the drain electrode 7. Specifically,
the planarization layer 8 is on a side of the drain electrode
7 distal to the base substrate 1, and the first electrode 10 is
on a side of the planarization layer 8 distal to the drain
electrode 7. The second via 15 extends through the pla-
narization layer 8, and the first electrode 10 is electrically
connected to the drain electrode 7 through the second via 15.
[0066] Optionally, the optical distance of the microcavity
structure M is substantially equal to a sum of optical path
lengths of the planarization layer 8, the organic layer 11, and
the first electrode 10.

[0067] In some embodiments of the present display sub-
strate, a microcavity is not formed between the first elec-
trode 10 and the second electrode 12, but between the drain
electrode 7 and the second electrode 10. The first electrode
10 is disposed at a position corresponding to the drain
electrode 7. The width of the drain electrode 7 is equal to or
greater than that of the first electrode 10. The microcavity
structure in the present display substrate has a much greater
optical distance as compared to that in the conventional
display substrate, resulting in much reduced microcavity
effects. The present display substrate achieves a full spec-
trum emission of light and enhanced light emission proper-
ties. The first electrode 10 is made of a substantially trans-
parent conductive material such as a substantially
transparent metal oxide, reducing reflectivity of the first
electrode 10 and microcavity effects. The second electrode
12 is made of a metal material, obviating a sputtering
process for depositing electrode material for forming the
second electrode 12, thus avoiding any damages to the
organic layer 11 accompanied by the sputtering process. A
simplified fabricating process and enhanced product quality
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and life time can be achieved. By choosing the thicknesses
and refractive indexes for each of the layers between the
drain electrode 7 and the second electrode 12, the optical
distance can be set to be a non-integer multiple of 2mh,
further reducing microcavity effects in the present display
substrate.

[0068] In another aspect, the present disclosure provides a
top-emission type organic light emitting diode display appa-
ratus having a top-emission type organic light emitting diode
display substrate described herein. Optionally, the top-emis-
sion type organic light emitting diode display substrate is a
white light emitting display substrate. Optionally, the top-
emission type organic light emitting diode display apparatus
further includes a color filter substrate facing the light
emitting side of the top emission type organic light emitting
diode display apparatus. Optionally, the top-emission type
organic light emitting diode display apparatus includes an
encapsulating layer on the light emitting side of the top-
emission type organic light emitting diode display substrate,
and the color filter substrate is on a side of the encapsulating
layer distal to the top-emission type organic light emitting
diode display substrate.

[0069] In another aspect, the present disclosure provides a
method of forming a top-emission type organic light emit-
ting diode display substrate having a plurality of subpixel
areas. In some embodiments, the method includes, in each of
the plurality of subpixel areas, forming a thin film transistor
including a drain electrode on the base substrate, the drain
electrode is formed using a reflective conductive material;
and forming an organic light emitting diode on a side of the
drain electrode distal to the base substrate. Optionally, the
step of forming the organic light emitting diode includes
forming a first electrode on a side of the drain electrode
distal to the base substrate, the first electrode is formed using
a substantially transparent conductive material and formed
to be electrically connected to the drain electrode; forming
an organic layer on a side of the first electrode distal to the
drain electrode, the organic layer including an organic light
emitting layer; and forming a second electrode on a side of
the organic layer distal to the first electrode. Optionally, the
top-emission type organic light emitting diode display sub-
strate is formed to emit light substantially along a direction
from the first electrode to the second electrode.

[0070] Optionally, the drain electrode and the organic light
emitting layer are formed so that an orthographic projection
of the drain electrode on the base substrate substantially
covers that of a light emitting region of the organic light
emitting layer. Optionally, the drain electrode and the
organic light emitting layer are formed so that the ortho-
graphic projection of the drain electrode on the base sub-
strate substantially overlaps with that of the light emitting
region of the organic light emitting layer. Optionally, the
drain electrode and the first electrode layer are formed so
that the orthographic projection of the drain electrode on the
base substrate substantially covers that of the first electrode
layer. Optionally, the drain electrode and the first electrode
layer are formed so that the orthographic projection of the
drain electrode on the base substrate substantially overlaps
with that of the first electrode layer.

[0071] Optionally, the method further includes forming a
planarization layer on a side of the drain electrode distal to
the base substrate. Optionally, the method further includes
forming a passivation layer on a side of the planarization
layer distal to the drain electrode.
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[0072] The foregoing description of the embodiments of
the invention has been presented for purposes of illustration
and description. It is not intended to be exhaustive or to limit
the invention to the precise form or to exemplary embodi-
ments disclosed. Accordingly, the foregoing description
should be regarded as illustrative rather than restrictive.
Obviously, many modifications and variations will be appar-
ent to practitioners skilled in this art. The embodiments are
chosen and described in order to explain the principles of the
invention and its best mode practical application, thereby to
enable persons skilled in the art to understand the invention
for various embodiments and with various modifications as
are suited to the particular use or implementation contem-
plated. It is intended that the scope of the invention be
defined by the claims appended hereto and their equivalents
in which all terms are meant in their broadest reasonable
sense unless otherwise indicated. Therefore, the term “the
invention”, “the present invention” or the like does not
necessarily limit the claim scope to a specific embodiment,
and the reference to exemplary embodiments of the inven-
tion does not imply a limitation on the invention, and no
such limitation is to be inferred. The invention is limited
only by the spirit and scope of the appended claims. More-
over, these claims may refer to use “first”, “second”, etc.
following with noun or element. Such terms should be
understood as a nomenclature and should not be construed
as giving the limitation on the number of the elements
modified by such nomenclature unless specific number has
been given. Any advantages and benefits described may not
apply to all embodiments of the invention. It should be
appreciated that variations may be made in the embodiments
described by persons skilled in the art without departing
from the scope of the present invention as defined by the
following claims. Moreover, no element and component in
the present disclosure is intended to be dedicated to the
public regardless of whether the element or component is
explicitly recited in the following claims.

1. A top-emission type organic light emitting diode dis-
play substrate having a plurality of subpixel areas, in each of
which the top-emission type organic light emitting diode
display substrate comprising:

a base substrate;

a thin film transistor on the base substrate and comprising

a drain electrode, the drain electrode is a reflective
electrode; and

an organic light emitting diode on a side of the drain
electrode distal to the base substrate;

wherein the organic light emitting diode comprises:

a first electrode on a side of the drain electrode distal to
the base substrate, the first electrode is a substantially
transparent electrode and electrically connected to the
drain electrode;

an organic layer on a side of the first electrode distal to the
drain electrode, the organic layer comprises an organic
light emitting layer; and

a second electrode on a side of the organic layer distal to
the first electrode, the second electrode is a substan-
tially transparent electrode.

2. The top-emission type organic light emitting diode
display substrate of claim 1, wherein an orthographic pro-
jection of the drain electrode on the base substrate substan-
tially covers that of a light emitting region of the organic
light emitting layer.
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3. The top-emission type organic light emitting diode
display substrate of claim 2, wherein the orthographic pro-
jection of the drain electrode on the base substrate substan-
tially overlaps with that of the light emitting region of the
organic light emitting layer.

4. The top-emission type organic light emitting diode
display substrate of claim 1, wherein the orthographic pro-
jection of the drain electrode on the base substrate substan-
tially covers that of the first electrode layer.

5. The top-emission type organic light emitting diode
display substrate of claim 4, wherein the orthographic pro-
jection of the drain electrode on the base substrate substan-
tially overlaps with that of the first electrode layer.

6. The top-emission type organic light emitting diode
display substrate of claim 1, wherein the drain electrode and
the second electrode form a microcavity structure.

7. The top-emission type organic light emitting diode
display substrate of claim 6, wherein the microcavity struc-
ture has an optical distance substantially equal to a sum of
optical path lengths of layers between the drain electrode
and the second electrode.

8. The top-emission type organic light emitting diode
display substrate of claim 7, wherein the optical distance is
a non-integer multiple of 27k, A is a wavelength of light
emitted from the organic light emitting layer.

9. The top-emission type organic light emitting diode
display substrate of claim 6, further comprises

a planarization layer on a side of the drain electrode distal

to the base substrate; and

a passivation layer on a side of the planarization layer

distal to the drain electrode.

10. The top-emission type organic light emitting diode
display substrate of claim 9, wherein the optical distance is
substantially equal to a sum of optical path lengths of the
passivation layer, the planarization layer, the organic layer,
and the first electrode.

11. The top-emission type organic light emitting diode
display substrate of claim 1, wherein the drain electrode is
made of a low-reflectivity metal material.

12. The top-emission type organic light emitting diode
display substrate of claim 11, wherein the drain electrode is
made of molybdenum or nickel.

13. The top-emission type organic light emitting diode
display substrate of claim 1, wherein the second electrode is
made of a metallic material.
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14. The top-emission type organic light emitting diode
display substrate of claim 13, wherein the second electrode
is made of magnesium:silver alloy.

15. The top-emission type organic light emitting diode
display substrate of claim 1, wherein the first electrode has
a thickness in a range of approximately 800 A to approxi-
mately 2000 A.

16. The top-emission type organic light emitting diode
display substrate of claim 9, wherein the planarization layer
has a thickness in a range of approximately 10000 A to
approximately 30000 A.

17. The top-emission type organic light emitting diode
display substrate of claim 9, wherein the planarization layer
comprises a plurality of sub-layers; and

refractive indexes of the plurality of sub-layers of the

planarization layer decrease along a thickness direction
away from the base substrate.

18. A top-emission type organic light emitting diode
display apparatus, comprising a top-emission type organic
light emitting diode display substrate of claim 1.

19. A method of forming a top-emission type organic light
emitting diode display substrate having a plurality of sub-
pixel areas, the method comprising, in each of the plurality
of subpixel areas:

forming a thin film transistor comprising a drain electrode

on the base substrate, the drain electrode is formed
using a reflective conductive material; and

forming an organic light emitting diode on a side of the

drain electrode distal to the base substrate;

wherein forming the organic light emitting diode com-

prises:

forming a first electrode on a side of the drain electrode

distal to the base substrate, the first electrode is formed
using a substantially transparent conductive material
and formed to be electrically connected to the drain
electrode;

forming an organic layer on a side of the first electrode

distal to the drain electrode, the organic layer comprises
an organic light emitting layer; and

forming a second electrode on a side of the organic layer

distal to the first electrode, the second electrode is
formed using a substantially transparent conductive
material.

20. The method of claim 19, wherein forming the second
electrode is performed by a vapor deposition process.
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