wo 2018/099124 A1 | 0K 000

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

World Intell 1P 3
(o mer Orlg':ﬁ,;ft‘:fn roperty > 0 OO T R0 10 O O
International Bureau —/) (10) International Publication Number
(43) International Publication Date ——/ WO 2018/099124 A1

07 June 2018 (07.06.2018) WIPOIPCT

(51) International Patent Classification: (72) Imventors: ZHANG, Can; No. 9 Dize Rd., BDA, Beijing
HOIL 51/50 (2006.01) HO11 51/52 (2006.01) 100176 (CN). CHEN, Xiaochuan; No. 9 Dize Rd., BDA,

(21) International Application Number: Beljing 100176 (CN).

PCT/CN2017/096405 (74) Agent: TEE&HOWE INTELLECTUAL PROPERTY
ATTORNEYS; CHEN, Yuan, 10th Floor, Tower D,
Minsheng Financial Center, 28 Jianguomennei Avenue,
Dongcheng, Beijing 100005 (CN).

(22) International Filing Date:

08 August 2017 (08.08.2017)
(25) Filing Language: English (81) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,

(30) Priority Data:
201611090179.X 29 November 2016 (29.11.2016) CN

(71) Applicant: BOE TECHNOLOGY GROUP CO., LTD. HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
[CN/CN]; No. 10 Jiuxiangiao Rd., Chaoyang, Beijing KR,KW,KZ,LA,LC,LK,LR,LS,LU, LY, MA, MD, ME,
100015 (CN). MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: TOP-EMISSION TYPE ORGANIC LIGHT EMITTING DIODE DISPLAY SUBSTRATE, TOP-EMISSION TYPE OR-
GANIC LIGHT EMITTING DIODE DISPLAY APPARATUS, AND METHOD OF FORMING TOP-EMISSION TYPE ORGANIC
LIGHT EMITTING DIODE DISPLAY SUBSTRATE

FIG. 1
30
/ 12 10
- \ N
N / !!!\!!!\‘J!!!
+ .\.. | —11la
9 Il e B N
: = |15
8 LELLITTTTIT ,
-
6 20
4

(57) Abstract: 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 (1); a thin film transistor (20) on the base
substrate (1) and including a drain electrode (7); and an organic light emitting diode (30) on a side of the drain electrode (7) distal to
the base substrate (1). The organic light emitting diode (30) includes a first electrode (10) on a side of the drain electrode (7) distal to
the base substrate (1); an organic layer (11) on a side of the first electrode (10) distal to the drain electrode (7); and a second electrode
(12) on a side of the organic layer (11) distal to the first electrode (10). The first electrode (10) is a substantially transparent electrode
and electrically connected to the drain electrode (7). The drain electrode (7) is a reflective electrode. The second electrode (12) is a
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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 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 November 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 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.
BACKGROUND

[0003] Organic light emitting diode (OLED) display apparatuses are self-emissive devices,
and do not require backlights. OLED display apparatuses also provide more vivid colors and
a larger color gamut as compared to the conventional 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 substrate having a plurality of subpixel areas, in each of which the top-
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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 substantially transparent electrode.

[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 electrode.

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

[0013] Optionally, the top-emission type organic light emitting diode display substrate
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.

[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.
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[0015] Optionally, the drain electrode is made of a low-reflectivity metal material.
[0016] Optionally, the drain electrode is made of molybdenum or nickel.

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

[0018] Optionally, the second electrode is made of magnesium: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 apparatus 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 emitting 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 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.

[0024] Optionally, forming the second electrode is performed by a vapor deposition

process.

BRIEF DESCRIPTION OF THE FIGURES
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[0025] The following drawings are merely examples for illustrative purposes according to
various disclosed embodiments 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 according 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 specifically with reference to the
following embodiments. It is to be noted that the following descriptions of some
embodiments 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 microcavity effects are observed. In the conventional display substrate, 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 substrate. The
performance and light emission quality of the conventional organic light emitting diode

display apparatus are limited.
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[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 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 connected
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 substantially 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 transistor 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
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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. Optionally, 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.

[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 11a. Optionally, the orthographic 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 electrode 7 on the
base substrate 1 substantially covers that of the organic light emitting layer 11a. Optionally,
the orthographic 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 substantially
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 electrode 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.
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[0037] FIG. 2 is a schematic diagram illustrating the structure of an organic layer in some
embodiments according 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 bufter 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 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.
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[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/titanium 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 approximately 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 appropriate conductive materials include substantially transparent
conductive materials such as a metal oxide material. Optionally, the first electrode 10 is
made of indium tin oxide. By having the first electrode 10 made of a substantially
transparent conductive material, the reflectivity of the first electrode 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 polydimethylsiloxane
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(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

substrate.

[0045] Various appropriate insulating materials may be used for making the passivation

layer 9. Examples of appropriate insulating materials include silicon nitride (SiNy).

[0046] Various appropriate conductive materials may be used for making the second
electrode 12. Examples of appropriate conductive materials include substantially transparent
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 approximately 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 approximately 450 A.

[0049] Optionally, the gate insulating layer 4 has a thickness in a range of approximately
800 A to approximately 1200 A. Optionally, the gate insulating layer 4 has a thickness 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 approximately
2500 A.

[0051] Optionally, the inter-layer dielectric layer 6 has a thickness in a range of
approximately 3000 A to approximately 6000 A. Optionally, the inter-layer dielectric layer 6
has a thickness of approximately 5000 A.
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[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 approximately
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 thickness 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 approximately
1500 A.

[0056] Optionally, the first hole injection layer 111 has a thickness of approximately 50 A,
the second hole injection 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 refractive index of approximately 1.5.
Optionally, the passivation layer 9 has a refractive index of approximately 2.0. Optionally,
the first electrode 10 has a refractive index of approximately 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 refractive 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

10
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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 microcavity 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 27A, A is a wavelength of light emitted from the organic light emitting
layer. By having the optical distance of the microcavity structure M to be a non-integer
multiple of 27, 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
planarization layer 8, the organic layer 11, and the first electrode 10. Optionally, the optical
distance of the microcavity structure M is substantially equal to Dping*Nprng + Dpvxo*Npyxo
+ Drro10*Nrro10 + Damwiti*Numwin1 + Dz *Narwii2 + Dremeiz*Nremris +
Dgemri4*Neemriia + Derris*Nerrirs + Deorits*Neoriis + Damii7*Numwi7 + Dateis*Nurwig

+ Dgemrio*Neemri19 + Derri20*Netri20 + Degrizi *Neorizi. Optionally, the optical distance

11
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of the microcavity structure M is substantially equal to 20000A*1.5 + 1000A*2.0 +
1500A*1.8 + 50A*1.8 +330A*1.8 + 100A*1.8 + 300 A*1.8 + 100A*1.8 + 200A*1.8 +
1100A*1.8 + 100A*1.8 + 250A*1.8 + 400A*1.8 + 100A*1.8 =41774A, and substantially
not equal to k*2mA, wherein Dppyg is the thickness of the planarization layer 8; Npyyg is the
refractive index of the planarization layer 8; Dpyxo is the thickness of the passivation layer 9;
Npvxo 1s the refractive index of the passivation layer 9; Dy 18 the thickness of the first
electrode 10; Niro1 1s the refractive index of the first electrode 10; Dy 111 1S the thickness of
the first hole injection layer 111; Ny 111 1s the refractive index of the first hole injection layer
111; Dumii2 1s the thickness of the second hole injection layer 112; Ny 112 1s the refractive
index of the second hole injection layer 112; Drewmriis s the thickness of the red light
emitting layer 113; Nggumri13 18 the refractive index of the red light emitting layer 113;
Dgewmri14 1s the thickness of the green light emitting layer 114; Nggpavpi14 1S the refractive
index of the green light emitting layer 114; Dgrri15 1s the thickness of the first electron
transport layer 115; Ng1r115 1s the refractive index of the first electron transport layer 115;
Dcariie 1s the thickness of the first charge generating layer 116; Negriis 1S the refractive
index of the first charge generating layer 116; Dyyp117 1s the thickness of the third hole
injection layer 117; Ny117 is the refractive index of the third hole injection layer 117,
Durriis 1s the thickness of the hole transport layer 118; Nprr11s 1s the refractive index of the
hole transport layer 118; Dggmpiio 18 the thickness of the blue light emitting layer 119;
Ngewmriio 18 the refractive index of the blue light emitting layer 119; Dgrpi20 1s the thickness
of the second electrode transport layer 120; Ng1r120 18 the refractive index of the second
electrode transport layer 120; Dc¢gri21 1s the thickness of the second charge generating layer
121; Negrior 1s 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 planarization layer 8 is substantially equal to the sum of optical path
lengths of the plurality of sub-layers of the planarization 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] In the present display substrate, the optical distance of the microcavity structure M
is designed to be a non-integer multiple of 27, A is a wavelength of light emitted from the

organic light emitting layer. For example, the optical distance of the microcavity structure M
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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

microcavity 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 substrate 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 compared 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 compared 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 planarization 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 substrate, a microcavity is not formed
between the first electrode 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
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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 spectrum
emission of light and enhanced light emission properties. The first electrode 10 is made of a
substantially transparent 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 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 2rA, 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 apparatus having a top-emission type organic light emitting diode
display substrate described herein. Optionally, the top-emission 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 emitting 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
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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 substrate 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 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. 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.

[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 embodiments disclosed. Accordingly, the
foregoing description should be regarded as illustrative rather than restrictive. Obviously,
many modifications and variations will be apparent 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 contemplated. 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

2
2

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 invention does not

imply a limitation on the invention, and no such limitation is to be inferred. The invention is
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limited only by the spirit and scope of the appended claims. Moreover, 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.
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WHAT IS CLAIMED IS:

1. 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 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 substantially transparent electrode.

2. The top-emission type organic light emitting diode display substrate of
claim 1, wherein 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.

3. The top-emission type organic light emitting diode display substrate of
claim 2, wherein 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.

4. The top-emission type organic light emitting diode display substrate of
claim 1, wherein the orthographic projection of the drain electrode on the base substrate

substantially covers that of the first electrode layer.

5. The top-emission type organic light emitting diode display substrate of
claim 4, wherein the orthographic projection of the drain electrode on the base substrate

substantially overlaps with that of the first electrode layer.

17
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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 structure 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 27A, 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.

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

approximately 2000 A.
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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 any one of

claims 1 to 17.

19. A method of forming a top-emission type organic light emitting 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 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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