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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
20 June 2019 (20.06.2019)

‘O 00T 0 R 0 0
(10) International Publication Number

WO 2019/114502 A1l

WIPO I PCT

(51) International Patent Classification:
HOI1L 51/50 (2006.01)

(21) International Application Number:
PCT/CN2018/116391

(22) International Filing Date:
20 November 2018 (20.11.2018)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

201711320689.6 12 December 2017 (12.12.2017) CN

(71) Applicants: BOE TECHNOLOGY GROUP CO., LTD.
[CN/CN]; No. 10 Jiuxiangiao Rd., Chaoyang District,
Beijing 100015 (CN). CHENGDU BOE OPTOELEC-
TRONICS TECHNOLOGY CO., LTD. [CN/CN]; No.
1188, Hezuo Rd., (West Zone), Hi-Tech Development
Zone, Chengdu, Sichuan 611731 (CN).

(72) Inventors: TANG, Guoqiang; No. 9 Dize Rd., BDA, Bei-
jing 100176 (CN). XU, Yingsong; No. 9 Dize Rd., BDA,
Beijing 100176 (CN). ZHAQ, Nan; No. 9 Dize Rd., BDA,
Beijing 100176 (CN).

(74) Agent: TEE & HOWE INTELLECTUAL PROPER-
TY ATTORNEYS; Yuan CHEN, 10th Floor, Tower D,
Minsheng Financial Center, 28 Jianguomennei Avenue,
Dongcheng District, Beijing 100005 (CN).

(81) Designated States (unless otherwise indicated, for every
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,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
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,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(54) Title: ORGANIC LUMINESCENT SUBSTRATE, PREPARATION METHOD THEREOF, DISPLAY APPARATUS, AND

DISPLAY DRIVING METHOD

\ e a—————
T

wO 2019/114502 A1 |0 00000 000000 R0

Fig. 5

(57) Abstract: The present disclosure relates to an organic luminescent substrate. The organic luminescent substrate may include a
first organic luminescent field effect transistor and a second organic luminescent field effect transistor. The first organic luminescent
field effect transistor may include a first gate electrode, a first electrode, a second electrode, and a first active luminescent layer. The
second organic luminescent field effect transistor may include a second gate electrode, a third electrode, a fourth electrode, and a second
active luminescent layer. One of the first organic luminescent field effect transistor and the second organic luminescent field effect
transistor may be an N-type transistor and the other one may be a P-type transistor. The first gate electrode may be coupled to the
second gate electrode.
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ORGANIC LUMINESCENT SUBSTRATE, PREPARATION METHOD THEREOF,
DISPLAY APPARATUS, AND DISPLAY DRIVING METHOD

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims benefit of the filing date of Chinese Patent Application No.
201711320689.6 filed on December 12, 2017, the disclosure of which is hereby incorporated in

its entirety by reference.
TECHNICAL FIELD

[0002] The present disclosure relates to display technology, and particularly to an organic

luminescent substrate, a preparation method thereof, a display apparatus, and a display driving

method.
BACKGROUND
[0003] The Field Effect Transistor (FET) is widely regarded by researchers because of its

low cost, compatibility with flexible substrates and wide source of materials. Furthermore, the
Organic Luminescent Transistor (OLET) combines the driving function of the FET and the
luminescence function of Organic Luminescent Diode (OLED). The Organic Luminescent
Transistor (OLET) possesses electroluminescence characteristics and has excellent application

prospect in the field of display technology.

BRIEF SUMMARY

[0004] One example of the present disclosure provides an organic luminescent substrate.
The organic luminescent substrate may include a first organic luminescent field effect transistor
and a second organic luminescent field effect transistor. The first organic luminescent field effect
transistor may include a first gate electrode, a first electrode, a second electrode, and a first

active luminescent layer. The second organic luminescent field effect transistor may include a
second gate electrode, a third electrode, a fourth electrode, and a second active luminescent layer.

One of the first organic luminescent field effect transistor and the second organic luminescent
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field effect transistor is an N-type transistor and the other one is a P-type transistor. The first gate

electrode is coupled to the second gate electrode.

[0005] Optionally, the second electrode is coupled to the fourth electrode, the first
electrode and the second electrode are both coupled to the first active luminescent layer, and the

third electrode and the fourth electrode are both coupled to the second active luminescent layer.

[0006] Optionally, the first active luminescent layer comprises a first organic
luminescent semiconductor material; the second active luminescent layer comprises a second
organic luminescent semiconductor material; one of the first organic luminescent semiconductor
material and the second organic luminescent semiconductor material is an N type organic
luminescent semiconductor material, and the other one is a P type organic luminescent

semiconductor material.

[0007] Optionally, the first active luminescent layer comprises a first active layer and a
first luminescent layer on a side of the first active layer; the second active luminescent layer
comprises a second active layer and a second luminescent layer on a side of the second active
layer; and the first active layer and the second active layer are in a same layer, and the first

luminescent layer and the second luminescent layer are in a same layer.

[0008] Optionally, an orthographic projection of the first luminescent layer on a plane
where the first active layer is located covers a partial region of the first active layer, the first
electrode is coupled to a region on a side of the first active layer opposite from the base substrate
and not covered by the first luminescent layer, and an orthographic projection of the first
electrode on the plane where the first active layer is located does not overlap an orthographic
projection of the first luminescent layer on the plane where the first active layer is located. An
orthographic projection of the second luminescent layer on a plane where the second active layer
is covers a partial region of the second active layer, the third electrode is coupled to a region on a
side of the second active layer opposite from the base substrate and not covered by the second
luminescent layer, and an orthographic projection of the third electrode on the plane where the
second active layer is does not overlap the orthographic projection of second luminescent layer

on the plane where the second active layer is.
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[0009] Optionally, an orthographic projection of the second electrode on a plane where
the first active luminescent layer is located does not overlap the first active luminescent layer. An
orthographic projection of the fourth electrode on a plane where the second active luminescent

layer is does not overlap the second active luminescent layer.

[0010] Optionally, the organic luminescent substrate further includes a transparent
electrode. The transparent electrode couples the first active luminescent layer with the second

electrode, and couples the second active luminescent layer with the fourth electrode.

[0011] Optionally, the first active luminescent layer and the second active luminescent

layer are configured to emit light of different colors in a conductive state.

[0012] Optionally, the first electrode and the second electrode each have a comb shape
comprising a comb tooth portion, an orthographic projection of the comb tooth portion of the
first electrode on a plane where the first gate electrode is and an orthographic projection of the
comb tooth portion of the second electrode on the plane where the first gate electrode is are
alternately disposed. The third electrode and the fourth electrode each have a comb shape
comprising a comb tooth portion, an orthographic projection of the comb tooth portion of the
third electrode on a plane where the second gate electrode is and an orthographic projection of
the comb tooth portion of the fourth electrode on the plane where the second gate electrode is |

are alternately disposed.
[0013] Optionally, the first electrode is electrically coupled to the third electrode.

[0014] Another example of the present disclosure provides a method of preparing an
organic luminescent substrate. The method may include forming patterns of a first gate electrode
and a second gate electrode on a base substrate, the first gate electrode and the second gate
electrode being electrically coupled; forming a gate electrode insulating layer on a side of the
first gate electrode and the second gate electrode opposite from the base substrate; forming
patterns of the first active luminescent layer and the second active luminescent layer on a side of
the gate electrode insulating layer opposite from the base substrate; and forming patterns of a

first electrode, a second electrode, a third electrode, and a four-electrode on a side of the first

3
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active luminescent layer and the second active luminescent layer opposite from the base

substrate.

[0015] Optionally, forming the patterns of the first active luminescent layer and the
second active luminescent layer on the side of the gate electrode insulating layer opposite from
the base substrate comprises forming patterns of a first active layer and a second active layer on
the side of the gate electrode insulating layer opposite from the base substrate by one patterning
process; performing N-type doping on one of the first active layer and the second active layer,
and performing P-type doping on the other one thereof; and forming a pattern of the first
luminescent layer on a side of the first active layer opposite from the base substrate and a pattern
of the second luminescent layer on a side of the second active layer opposite from the base

substrate.

[0016] Optionally, forming the patterns of the first active luminescent layer and the
second active luminescent layer on the side of the gate electrode insulating layer opposite from
the base substrate comprises forming patterns of a first active layer and a second active layer on
a side of the gate electrode insulating layer opposite from the base substrate; performing N-type
doping on one of the first active layer and the second active layer, performing P-type doping on
the other one thereof, forming an interlayer insulating layer on a side of the first active layer and
the second active layer opposite from the base substrate, forming a first through hole and a
second through hole respectively in regions of the interlayer insulating layer corresponding to the
first electrode and the third electrode formed subsequently; and forming a first electrode, a
second electrode, a third electrode, and a fourth electrode on a side of the interlayer insulating
layer opposite from the base substrate. The first electrode is coupled to the first active layer
through the first through hole, the third electrode is coupled to the second active layer through
the second through hole; an orthographic projection of the second electrode and the fourth
electrode on a plane where the first active layer is does not overlap the orthographic projection of
first luminescent layer and the second luminescent layer formed subsequently on the plane where

the first active layer is, and the second electrode is electrically coupled to the fourth electrode.
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[0017] Optionally, forming patterns of the first electrode, the second electrode, the third
electrode, and the a four-electrode on the side of the first active luminescent layer and the second
active luminescent layer opposite from the base substrate comprises forming a transparent
electrode, the transparent electrode coupling the first active luminescent layer with the second

electrode as well as coupling the second active luminescent layer with the fourth electrode.

[0018] Optionally, the method of preparing an organic luminescent substrate may further
include forming a pixel defining layer on a side of the interlayer insulating layer opposite from
the base substrate. A region of the pixel defining layer on the first active layer and a region of the
pixel defining layer on the second active layer are provided with a third through hole and a

fourth through hole respectively.

[0019] Optionally, the method of preparing an organic luminescent substrate may further
include forming the first luminescent layer and the second luminescent layer respectively in the
third through hole and the fourth through hole; and forming a transparent electrode on a side of
the pixel defining layer opposite from the base substrate, the transparent electrode coupling the
first luminescent layer with the second electrode as well as coupling the second luminescent

layer with the fourth electrode.

[0020] Another example of the present disclosure is a display apparatus. The display
apparatus may include the organic luminescent substrate according to one embodiment of the

present disclosure.

[0021] Optionally, the display apparatus may further include a plurality of gate lines and
a plurality of data lines, the plurality of the gate lines and the plurality of the data lines defining a
plurality of display areas arranged in an array, and the organic luminescent substrate has a one-
to-one correspondence with each of the plurality of the display areas, each of the plurality of the
display areas comprising a first sub-pixel region and a second sub-pixel region, the first organic
luminescent field effect transistor is located in the corresponding first sub-pixel region, and the
second organic luminescent field effect transistor is located in the corresponding second sub-

pixel region.
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[0022] Optionally, the display apparatus may further include a switching transistor. The
switching transistor has a one-to-one correspondence with the organic luminescent apparatus, a
gate electrode of the switching transistor is coupled to a corresponding one of the plurality of the
gate lines, a source of the switching transistor is coupled to a corresponding one of the plurality
of the data lines, and a drain of the switching transistor is coupled to the first gate electrode and

the second gate electrode of the corresponding organic luminescent apparatus.

[0023] Another example of the present disclosure is a display driving method of the
display apparatus according to one embodiment of the present disclosure. The display driving
method may include inputting scanning signals to each of the gate lines one by one according to
a first scanning period. The first scanning period comprises a first half period and a second half
period, each of the data lines provides a first type of data voltage in the first half period and a
second type of data voltage in the second half period, one of the first type of data voltage and the
second type of data voltage is a high level data voltage, and the other one is a low level data

voltage.

[0024] Optionally, each complete picture includes a previous frame and a subsequent
frame. The display driving method may include inputting scan signals to each of the gate lines
one by one according to a second scan period during a time of displaying the previous frame,
wherein the data lines each provide a first type of data voltage in each second scan period;
inputting scan signals to each of the gate lines one by one according to the second scan period
during a time of displaying the subsequent frame, wherein the data lines each provide a second
type of data voltage in each second scan period; and one of the first type of data voltage and the
second type of data voltage is a high level data voltage, and the other one thereof is a low level

data voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The subject matter which is regarded as the disclosure is particularly pointed out
and distinctly claimed in the claims at the conclusion of the specification. The foregoing and
other objects, features, and advantages of the present disclosure are apparent from the following

detailed description taken in conjunction with the accompanying drawings in which:
6
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[0026] Fig. 1 is a schematic cross-sectional view of an organic luminescent substrate

according to one embodiment of the present disclosure;

[0027] Fig. 2 is a schematic circuit diagram of an organic luminescent substrate

according to one embodiment of the present disclosure;

[0028] Fig. 3 is a top view of the first electrode and the second electrode according to

one embodiment of the present disclosure;

[0029] Fig. 4 is a schematic cross-sectional view of an organic luminescent substrate

according to one embodiment of the present disclosure;

[0030] Fig. 5 is a schematic cross-sectional view of an organic luminescent substrate

according to one embodiment of the present disclosure; FIG.

[0031] Fig. 6 is a flow chart of a method of preparing an organic luminescent substrate

according to one embodiment of the present disclosure;

[0032] Figs. 7a to 7c are schematic diagrams of intermediate structures of an organic
luminescent substrate prepared by the preparation method according to one embodiment of the

present disclosure;

[0033] Fig. 8 is a flow chart of a method of preparing an organic luminescent substrate

according to one embodiment of the present disclosure;

[0034] Figs. 9a to 9f are schematic diagrams of intermediate structures of an organic
luminescent substrate prepared by the preparation method according to one embodiment of the

present disclosure;

[0035] Fig. 10 is a schematic structural diagram of a circuit of a display apparatus

according to one embodiment of the present disclosure;

[0036] Fig. 11 is a schematic view of a structure of a circuit in a display area of Figure 10

[0037] Fig. 12a is a schematic diagram of a driving sequence of the display apparatus

according to one embodiment of the present disclosure;

3
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[0038] Fig. 12b is a schematic diagram of a driving sequence of the display apparatus

according to one embodiment of the present disclosure.

DETAILED DESCRIPTION

[0039] The present disclosure will be described in further detail with reference to the
accompanying drawings and embodiments in order to provide a better understanding by those
skilled in the art of the technical solutions of the present disclosure. Throughout the description
of the disclosure, reference is made to Figs. 1-12b. When referring to the figures, like structures

and elements shown throughout are indicated with like reference numerals.

[0040] Fig. 1 is a schematic cross-sectional view of an organic luminescent substrate
according to one embodiment of the present disclosure. FIG. 2 is a schematic circuit diagram of
an organic luminescent substrate according to one embodiment of the present disclosure. As
shown in Figs. 1 and 2, the organic luminescent substrate includes: a first organic luminescent
field effect transistor OLET 1 and a second organic luminescent field effect transistor OLET 2.
One of the first organic luminescent field effect transistor OLET 1 and the second organic
luminescent field effect transistor OLET 2 is an N type Transistor, and the other one is a P-type

transistor.

[0041] In some embodiments, the first organic luminescent field effect transistor
OLET 1 includes: a first gate electrode 1, a first electrode 5, a second electrode 7, and a first
active luminescent layer 3. The second organic luminescent field effect transistor OLET 2
includes: a second gate electrode 2, a third electrode 6, a fourth electrode 8, and a second active
luminescent layer 4. The first gate electrode 1 is coupled to the second gate electrode 2, and the

second electrode 7 is coupled to the fourth electrode 8.

[0042] In the embodiments, one of the first electrode 5 and the second electrode 7 in the
first organic luminescent field effect transistor OLET 1 is the source of the transistor and the
other one is the drain of the transistor. One of the third electrode 6 and the fourth electrode 8 in
the second organic luminescent field effect transistor OLET 2 is the source of the transistor and

the other one is the drain of the transistor.
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[0043] In some embodiments, as shown in Fig. 1, the material of the first active
luminescent layer 3 includes a first organic luminescent semiconductor material. The material of
the second active luminescent layer 4 includes a second organic luminescent semiconductor
material. One of the first organic luminescent semiconductor material and the second organic
luminescent semiconductor material is an N type organic luminescent semiconductor material,

and the other one is a P type organic luminescent semiconductor material.

[0044] It should be noted that the active luminescent layer in the present disclosure may
be directly composed of an organic luminescent semiconductor material (shown in FIG. 1), or an
independent organic luminescent layer and an independent active layer, or by doping in the
organic luminescent layer to make the organic luminescent layer to have semiconductor
characteristics. Of course, the active luminescent layer may further include a transport layer for
improving efficiency of carrier (hole, electron) transfer. The technical solution of the present
disclosure does not limit the specific structure of the active luminescent layer, but any structure
capable of simultaneously providing the functions of the semiconductor layer and the

luminescent layer can be used as the active luminescent layer in the present disclosure.

[0045] For convenience of description, the connection between the first gate electrode 1
and the second gate electrode 2 is referred to as a voltage input terminal of the organic
luminescent apparatus. When a voltage is input to the input terminal of the voltage input terminal,
the input voltage is simultaneously transmitted to the first gate electrode 1 and the second gate

electrode 2.

[0046] In the present disclosure, the voltage input by the voltage input terminal can be
divided into two types: a high level voltage and a low level voltage. The high-level voltage refers
to a voltage capable of turning on the N-type transistor in the organic luminescent substrate and
turning off the P-type transistor, and the low-level voltage specifically refers to a voltage capable
of turning on the P-type transistor and turning off the N-type transistor in the organic
luminescent apparatus. The specific ranges of the values of the high-level voltage and the low-
level voltage are determined by the voltages to which the first electrode 5, the second electrode 7
(the fourth electrode 8), and the third electrode 6 are connected.

9
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[0047] In the organic luminescent substrate provided by embodiments of the present
disclosure, when the voltage input terminal inputs a high-level voltage, the N-type transistor is
turned on and the P-type transistor is turned off. When the voltage input terminal inputs a low-
level voltage, the P-type transistor is turned on and the N-type transistor is turned off. It can be
seen that, regardless of the high-level voltage or the low-level voltage input by the voltage input
terminal, only one of the first organic luminescent field effect transistor OLET 1 and the second
organic luminescent field effect transistor OLET 2 is turned on and emits light. The other one is
turned off and does not emit light. Thus, the organic luminescent substrate provided by
embodiments of the present disclosure can control two different organic luminescent field effect
transistors to emit light respectively through one voltage input terminal, thereby simplifying

circuit complexity.

[0048] In order to facilitate the understanding of the present disclosure by those skilled in
the art, an exemplary description will be made by taking the first organic luminescent field effect
transistor OLET 1 as an N-type transistor and the second organic luminescent field effect

transistor OLET 2 as a P-type transistor as an example.

[0049] In some embodiments, in operation, the first electrode 5 is coupled to the first
working voltage Vss, the second electrode 7 (fourth electrode 8) is coupled to the second
working voltage Vdd, and the third electrode is coupled to the third working voltage Vss',
wherein Vss >Vdd>Vss'. At this time, the first electrode 5 and the third electrode 6 are both
sources, and the second electrode 7 and the fourth electrode 8 are both drains. Correspondingly,
the high-level voltage refers to a voltage whose voltage value is greater than Vdd+Vth N, and
the low-level voltage refers to a voltage whose voltage value is less than Vdd+Vth P. Vth Nis a
threshold voltage of the first organic luminescent field effect transistor OLET 1, and the value
thereof is generally positive. Vth P is a threshold voltage of the second organic luminescent field
effect transistor OLET 2, and the value thereof is generally negative. In practical applications,
the specific values of Vss, Vdd, and Vss' can be adjusted based on threshold voltages and sub-
threshold swing characteristics of the first organic luminescent field effect transistor OLET 1

and the second organic luminescent field effect transistor OLET 2.

10
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[0050] When the voltage input terminal inputs a high-level voltage, the first organic
luminescent field effect transistor OLET 1 emits light, and the second organic luminescent field
effect transistor OLET 2 does not emit light. By adjusting the magnitude of the high-level
voltage, the brightness of the first organic luminescent field effect transistor OLET 1 can be
adjusted. When the voltage input terminal inputs a low-level voltage, the second organic
luminescent field effect transistor OLET 2 emits light, and the first organic luminescent field
effect transistor OLET 1 does not emit light. By adjusting the magnitude of the low-level
voltage, the brightness of the second organic luminescent field effect transistor OLET 2 can be

adjusted.

[0051] In some embodiments, the threshold voltages of the first organic luminescent field
effect transistor OLET 1 and the second organic luminescent field effect transistor OLET 2 can
also be accurately set, so that when the voltage input terminal inputs a certain voltage, the first
organic luminescent field effect transistor OLET 1 and the second organic luminescent field

effect transistor OLET 2 can emit light at exactly the same time.

[0052] In addition, that the first organic luminescent field effect transistor OLET 1 is an
N-type transistor, the second organic luminescent field effect transistor OLET 2 is a P-type
transistor, and Vss>Vdd>Vss' is only an exemplary situation, and the embodiments of the

present disclosure are not limited to the above situation.

[0053] For example, in some embodiments, Vss = Vss' > Vdd, at which time the second
electrode 7 and the third electrode 6 serve as sources, and the first electrode 5 and the fourth

electrode & serve as drains. Other situations will not be described here.

[0054] In one embodiment, the first active luminescent layer 3 and the second active
luminescent layer 4 emit different colors of light when in a conductive state, that is, the organic
luminescent substrate can emit light of two different colors, thereby enhancing color gamut of

organic luminescent apparatus.

[0055] In some embodiments, the shapes of the first electrode 5 and the second electrode

7 are both comb-shaped. The orthographic projection of the comb tooth portion 5a of the first

11
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electrode 5 and the orthographic projection of the comb tooth portion 7a of the second electrode
7 on the plane where the first gate electrode 1 is located are alternately placed. The shapes of the
third electrode 6 and the fourth electrode 8 are both comb-shaped. The orthographic projection of
the comb tooth portion of the third electrode 6 and the orthographic projection of the comb tooth
portion 7a of the fourth electrode 8 on the plane where the second gate electrode 2 is located are

alternately placed.

[0056] Fig. 3 is a top view of the first electrode and the second electrode in one
embodiment of the present disclosure. As shown in FIG. 3, by designing the first electrode 5 and
the second electrode 7 to be comb-like, and the comb-tooth portions 5a, 7a of the two electrodes
are alternately arranged. As such, the width of the channel region can be effectively increased. In
the case where the length of the channel region is constant and the width of the channel region is
increased, the aspect ratio of the channel region is also increased. Accordingly, corresponding to
the same gate-source voltage, the channel current in the channel region (ie, driving current)
increases. At this time, the brightness of the first organic luminescent field effect transistor

OLET 1 is increased.

[0057] It can be seen from the above that by designing the first electrode 5, the second
electrode 7, the third electrode 6, and the fourth electrode 8 into a comb shape, the channel
current in the organic luminescent field effect transistor can be effectively increased, and the

display brightness can be improved.

[0058] In some embodiments, the first electrode 5 and the second electrode 7 are coupled
to the surface of the first active luminescent layer 3 opposite from the substrate by a through hole
respectively on the interlayer insulating layer 10. The third electrode 6 and the fourth electrode 8
are coupled to the surface of the second active luminescent layer 4 opposite from the substrate by
a through hole respectively on the interlayer insulating layer 10. In one embodiment, the
interlayer insulating layer 10 is made of a transparent insulating material. Of course, in the
present disclosure, there are many different ways that the first/second/third/fourth electrodes are
connected to the corresponding active luminescent layer. In some embodiments, the first
electrode 5 and the second electrode 7 may also directly connect to the first active luminescent

12



N

Q0 oy U1 b W

10
11
12

13
14
15
16
17
18
19
20
21
22

23
24
25
26
27

WO 2019/114502 PCT/CN2018/116391

layer 3. The third electrode 6 and the fourth electrode 8 can also be directly connected to the

surface of the second active luminescent layer 4 opposite from the substrate.

[0059] Fig. 4 is a schematic cross-sectional view of an organic luminescent substrate
according to one embodiment of the present disclosure. As shown in FIG. 4, unlike the above-
described organic luminescent substrate shown in FIG. 1, the orthographic projections of the
second electrode 7 and the fourth electrode 8 on the plane of the first active luminescent layer 3
(or second active luminescent layer 4) in the organic luminescent substrate shown in FIG. 4 do
not overlap the first active luminescent layer 3 and the second active luminescent layer 4. The
second electrode 7 and the fourth electrode 8 are connected to the corresponding first active
luminescent layer 3 and the second active luminescent layer 4 respectively through the
transparent electrode 11. As such, the second electrode 7 and the fourth electrode 8 do not block

the first active luminescent layer 3, which can effectively reduce the light transmission loss.

[0060] FIG. 5 is a schematic cross-sectional view of an organic luminescent substrate
according to one embodiment of the present disclosure. As shown in FIG. 5, unlike the organic
luminescent substrate shown in FIG. 1 and FIG. 4, the first active luminescent layer 3 in the
organic luminescent substrate shown in FIG. 5 includes an independent first active layer 3a and
an independent first luminescent layer 3b. The second active luminescent layer 4 includes: an
independent second active layer 4a and an independent second luminescent layer 4b. The first
active layer 3a is located on a side of the first luminescent layer 3b facing the base substrate, and
the second active layer 4a is located on a side of the second luminescent layer 4b facing the base
substrate. The formation regions of the first luminescent layer 3b and the second luminescent

layer 4b are defined by the pixel defining layer 12.

[0061] In some embodiments, the orthographic projection of the first luminescent layer
3b on the plane where the first active layer 3a is located covers a portion of the first active layer
3a. The first electrode 5 is coupled to a region of the first active layer 3a opposite from the base
substrate and not covered by the first luminescent layer 3b, and the orthographic projection of the

first electrode 5 on the plane where the first luminescent layer 3b is located does not overlap the
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first luminescent layer 3b. That is, the first electrode 5 does not overlap the first luminescent

layer 3b, as shown in Fig. 5.

[0062] The orthographic projection of the second luminescent layer 4b on the plane
where the second active layer 4a is located covers a partial region of the second active layer 4a.
The third electrode 6 is connected to a region of the second active layer 4a opposite from the
substrate and not covered by the second luminescent layer 4b, and the orthographic projection of
the third electrode 6 on the plane where the second luminescent layer 4b is located does not
overlap the second luminescent layer 4b. That is, the third electrode 6 does not overlap the

second luminescent layer 3b, as shown in Fig. 5.

[0063] That is, in the organic luminescent substrate shown in FIG. 5, neither the first
electrode 5 nor the third electrode 6 obstructs the corresponding organic luminescent layer, and

the light transmission loss can be effectively reduced.

[0064] In some embodiments, in the organic luminescent substrate shown in FIG. 5, the
orthographic projections of the second electrode 7 and the fourth electrode 8 on the plane where
the first luminescent layer 3b (the second luminescent layer 4b) is located do not overlap the first
luminescent layer 3b and the second luminescent layer 4b. The second electrode 7 and the fourth
electrode 8 are electrically connected to the corresponding first and second luminescent layers 3b
and 4b through the transparent electrode 11. As such, since the first electrode 5, the second
electrode 7, the third electrode 6, and the fourth electrode 8 do not block the corresponding

organic luminescent layer, the light transmission loss can be further reduced.

[0065] In some embodiments, that the first active luminescent layer 3 shown in FIG. 5
comprising an independent first active layer 3a and an independent first luminescent layer 3b,
and the second active luminescent layer 4 comprising an independent second active layer 4a and
an independent second luminescent layer 4b is also applicable to the organic luminescent

substrate shown in FIGS. 1 and 4.

[0066] The specific structure of the first active luminescent layer 3 and the second active

luminescent layer 4, the relative positional relationship between the first electrode 5, the second
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electrode 7 and the first active luminescent layer 3, the relative positional relationship between
the third electrode 6, the fourth electrode 8 and the second active luminescent layer 4 are not
limited. In the present disclosure, the first electrode 5 and the second electrode 7 are both
electrically coupled to the first active luminescent layer 3, and the third electrode 6 and the

fourth electrode 8 are both electrically coupled to the second active luminescent layer 4.

[0067] It should be noted that, in the organic luminescent substrate shown in FIG. 1, FIG.
4 and FIG. 5, the case where the first electrode 5 and the third electrode 6 are not coupled only
serves as a schematic illustration, which does not limit the scope of the embodiments of the
present disclosure. In the embodiments of the present disclosure, the first electrode 5 and the
third electrode 6 may be selected to be connected or not connected according to actual needs, and

all of them belong to the protection scope of the present disclosure.

[0068] Wherein, when the first electrode 5 and the third electrode 6 are not connected,
different voltages may be input to the first electrode 5 and the third electrode 6 respectively to
control the magnitudes of the drive currents of the first organic luminescent field effect transistor
OLET 1 and the second organic luminescent field effect transistor OLET 2. However, at this

time, two signal traces are required for the first electrode 5 and the third electrode 6.

[0069] When the first electrode 5 and the third electrode 6 are connected (the
corresponding drawing is not given in this case), the first organic luminescent field effect
transistor OLET 1 and the second organic luminescent field effect transistor OLET 2 are
controlled only by the voltage inputted from the voltage input terminal. However, at this time, it
is necessary to arrange only one signal trace for the first electrode 5 and the third electrode 6,

which saves wiring space and is advantageous for high resolution of the display substrate.

[0070] Another example of the present disclosure provides a method for preparing an
organic luminescent apparatus. FIG. 6 is a flow chart for a method for preparing an organic
luminescent substrate shown in FIG. 1 and FIG. 4. FIGS. 7a to 7c are schematic diagrams
showing the intermediate structures of the organic luminescent substrate prepared by the
preparation method shown in FIG. 6. As shown in Fig. 6 to Fig. 7c, the method includes the

following steps S101-S104.
15
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[0071] Step S101 includes forming patterns of the first gate electrode and the second gate

electrode on the base substrate.

[0072] In one embodiment, as shown in Fig. 7a, a thin film of a metal conductive
material is formed on the base substrate, and then the thin film of the metal conductive material
is subjected to a patterning process to obtain a pattern of the first gate electrode 1 and the second

gate electrode 2. The first gate electrode 1 and the second gate electrode 2 are connected.

[0073] In the present disclosure, the thin film is usually formed by various methods such
as deposition, coating, sputtering, etc., and the specific method can be selected according to
actual needs. The patterning process specifically refers to a process including photoresist coating,

exposure, development, thin film etching, photoresist stripping, and the like.

[0074] Step S102 includes forming a gate electrode insulating layer on a side of the first

gate electrode and the second gate electrode opposite from the substrate.

[0075] As shown in FIG. 7b, a film of an insulating material is formed on the surface of

the base substrate prepared in step S101 to obtain a gate electrode insulating layer 9.

[0076] Step S103 includes forming patterns of the first active luminescent layer and the
second active luminescent layer on a side of the gate electrode insulating layer opposite from the

base substrate.

[0077] In some embodiments, as shown in FIG. 7¢, the material of the first active
luminescent layer 3 includes a first organic luminescent semiconductor material, and the material
of the second active luminescent layer 4 includes a second organic luminescent semiconductor
material. One of the first organic luminescent semiconductor material and the second organic
luminescent semiconductor material is an N-type organic luminescent semiconductor material,

and the other is a P-type organic luminescent semiconductor material.

[0078] In some embodiments, step S103 specifically includes the following steps S1031
to S1035.
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[0079] Step S1031 includes forming a pattern of the first active luminescent layer 3 on a
side of the gate electrode insulating layer opposite from the base substrate by one patterning

Process.

[0080] In one embodiment, first, a first organic luminescent semiconductor material film
is formed on a side of the gate electrode insulating layer 9 opposite from the base substrate. Then,
the first organic luminescent semiconductor material film is patterned to obtain a pattern of the

first active luminescent layer.

[0081] Step S1032 includes forming a pattern of the second active luminescent layer on a
side of the gate electrode insulating layer opposite from the base substrate by one patterning

Process.

[0082] In one embodiment, first, a second organic luminescent semiconductor material
film is formed on a side of the gate electrode insulating layer 9 opposite from the base substrate.
Then, the second organic luminescent semiconductor material film is patterned to obtain a

pattern of the second active luminescent layer 4.

[0083] In one embodiment, the first active luminescent layer 3 includes: a first active
layer and a first luminescent layer on a side of the first active layer opposite from the base
substrate. The second active luminescent layer 4 includes: a second active layer and a second
luminescent layer on a side of the second active layer opposite from the base substrate. The first
active layer and the second active layer are disposed in the same layer, and the first luminescent
layer and the second luminescent layer are disposed in the same layer (the corresponding

drawings are not given in this case).
[0084] In one embodiment, step S103 specifically includes:

[0085] Step S1033 includes forming patterns of the first active layer and the second
active layer on a side of the gate electrode insulating layer opposite from the base substrate by

one patterning process.

[0086] In one embodiment, first, a thin film of active material is formed on the surface of

the gate electrode insulating layer, such as a film of polysilicon material. In one embodiment,
17
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first, an amorphous silicon (a-Si) film is formed on the surface of the gate electrode insulating
layer, and then the amorphous silicon film is processed by a laser annealing process to be
converted into a polysilicon (p-Si) film, thereby obtaining an active material film. Then, a
patterning process is performed on the active material film to obtain patterns of the first active

layer and the second active layer.

[0087] Step S1034 includes performing N-type doping on one of the first active layer and
the second active layer, and performing P-type doping on the other one of the first active layer

and the second active layer.

[0088] In this step, the first active layer and the second active layer are respectively
doped differently, one of which is P-doped and the other is N-doped to obtain a P-type

semiconductor and an N-type semiconductor, respectively.

[0089] Step S1035 involves forming a pattern of the first luminescent layer on a side of
the first active layer opposite from the base substrate, and forming a pattern of the second
luminescent layer on a side of the second active layer opposite from the base substrate. In one
embodiment, the first luminescent layer and the second luminescent layer are disposed in the

same layer.

[0090] In one embodiment, the first active luminescent layer 3 and the second active
luminescent layer 4 emit different colors of light when in a conductive state, thereby enhancing

the display gamut of the organic luminescent apparatus.

[0091] Step S104 includes forming patterns of the first electrode, the second electrode,
the third electrode, and the fourth electrode on a side of the first active luminescent layer and the

second active luminescent layer opposite from the base substrate.

[0092] In one embodiment, the second electrode 7 is directly coupled to the first active
luminescent layer 3 and the fourth electrode 8 is directly coupled to the second active
luminescent layer 4, as shown in FIG. 1. First, a film of an insulating material is formed on the
surface of the substrate prepared in step S104, and then a patterning process is performed on the

film of the insulating layer material to obtain a pattern of the interlayer insulating layer 10,
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wherein the interlayer insulating layer 10 is formed with first and second through holes. Then, a
thin film of a metal material is formed on the side of the interlayer insulating layer 10 opposite
from the base substrate, and the metal material film is subjected to a patterning process to obtain
patterns of the first electrode 5, the second electrode 7, and the third electrode 6, and the fourth
electrode 8. The first electrode 5 and the second electrode 7 are both coupled to the first active
luminescent layer 3, and the third electrode 6 and the fourth electrode 8 are both coupled to the

second active luminescent layer 4.

[0093] In one embodiment, as shown in FIG. 4, the orthographic projection of the second
electrode 7 and the fourth electrode 8 on the plane where the first active luminescent layer 3 (the
second active luminescent layer 4) is located does not overlap the first active luminescent layer 3
and the second active luminescent layer 4. The second electrode 7 and the fourth electrode 8 are
coupled to the corresponding first active luminescent layer 3 and the second active luminescent
layer 4 through the transparent electrode 11. In this step, after patterning the first electrode 5, the
second electrode 7, the third electrode 6, and the fourth electrode 8 by an one-time patterning
process, a transparent conductive film needs to be further formed, and then a patterning process

is performed on the transparent conductive film to obtain a pattern of transparent electrode 11.

[0094] In one embodiment, the shape of the first electrode 5 and the second electrode 7
are both comb-shaped, and the orthographic projection of comb tooth portion of the first
electrode 5 on the plane of the first gate electrode 1 and the orthographic projection of the comb
tooth portion of the second electrode 7 on the plane of the first gate electrode 1 are alternately
disposed. The shape of the third electrode 6 and the fourth electrode 8 are both comb-shaped, and
the orthographic projection of comb tooth portion of the third electrode 6 on the plane of the
second gate electrode 2 and the orthographic projection of the comb tooth portion of the fourth
electrode 8 on the plane of the second gate electrode 2 are alternately disposed. By designing the
first electrode 5, the second electrode 7, the third electrode 6, and the fourth electrode 8 to be
comb-like, the channel current in the organic luminescent field effect transistor can be effectively

increased, and the display brightness can be improved.
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[0095] It should be noted that, in this embodiment, the first electrode 5 and the third

electrode 6 may be connected or not connected according to actual needs.

[0096] Fig. 8 is a flow chart of a method for preparing an organic luminescent substrate
shown in FIG. 5, and FIGS. 9a to 9f are schematic diagrams showing intermediate structures of
the organic luminescent substrate prepared by the preparation method shown in FIG. 8. As

shown in FIGS 8 to 9f, the preparation method includes the following:

[0097] Step S201 includes forming patterns of the first gate electrode and the second gate

electrode on the base substrate.

[0098] Step S202 includes forming a gate electrode insulating layer on a side of the first

gate electrode and the second gate electrode opposite from the base substrate.

[0099] For the detailed description of step S201 and step S202, the foregoing description

of step S101 and step S102 can be consulted, and details are not described herein again.

[00100] Step S203 includes forming patterns of the first active layer and the second active

layer on a side of the gate electrode insulating layer opposite from the base substrate.

[00101] In one embodiment, as shown in Fig. 9a, first, a thin film of active material, such
as a film of polysilicon material, is formed on the surface of the gate electrode insulating layer 9.
Specifically, an amorphous silicon (a-Si) film is formed on the surface of the gate electrode
insulating layer 9, and then the amorphous silicon film is processed by a laser annealing process
to be converted into a polysilicon (p-Si) film, thereby obtaining an active material film. Next, a
patterning process is performed on the active material film to obtain patterns of the first active

layer 3a and the second active layer 4a.

[00102] Step S204 includes performing P-type doping on one of the first active layer and
the second active layer, and performing N-type doping on the other one of the first active layer

and the second active layer.
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[00103] As shown in FIG. 9b, the first active layer 3a and the second active layer 4a are
respectively doped differently, one of which is P-doped and the other is N-doped to obtain a P-

type semiconductor and an N-type semiconductor respectively.

[00104] Step S205 includes forming an interlayer insulating layer on a side of the first
active layer and the second active layer opposite from the base substrate. As shown in FIG. 9c, a
film of an insulating material is formed on the surface of the substrate prepared in step S204, and
then a patterning process is performed on the film of the insulating layer material to obtain a
pattern of the interlayer insulating layer 10. The interlayer insulating layer 10 is formed with first
and second through holes corresponding to regions where the first electrode 5 and the third

electrode 6 are to be formed later.

[00105] Step S206 includes forming a first electrode, a second electrode, a third electrode,

and a fourth electrode on a side of the interlayer insulating layer opposite from the base substrate.

[00106] As shown in FIG. 9d, a thin film of a metal material is formed on a side of the
interlayer insulating layer 10 opposite from the substrate, and a patterning process is performed
on the film of the metal material to obtain patterns of a first electrode 5, a second electrode 7, a

third electrode 6 and a fourth electrode 8.

[00107] The first electrode 5 and the third electrode 6 are respectively coupled to the
corresponding first active layer 3a and the second active layer 4a through a first and a second
through hole. The orthographic projection of the second electrode 7 and the fourth electrode 8 on
the plane where the first luminescent layer 3b (or the second luminescent layers 4b) are located
does not overlap the first luminescent layer 3b and the second luminescent layer 4b subsequently

formed.

[00108] Step S207 includes forming a pixel defining layer on a side of the interlayer

insulating layer opposite from the substrate.

[00109] As shown in FIG. 9e, a film of a pixel defining material is formed on a side of the
interlayer insulating layer 10 opposite from the substrate, and the film of the pixel defining

material is patterned by a patterning process to obtain a pattern of the pixel defining layer 12.
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Third and fourth through holes are formed on the pixel defining layer 12 at positions
corresponding to the first luminescent layer 3b and the second luminescent layer 4b, and the third
and fourth through holes are penetrated to the side of the first active layer 3a and the second
active layer 4a opposite from the base substrate through the over-etching process. Through holes
are also provided on the regions of the pixel defining layer 12 corresponding to the second

electrode 7 and the fourth electrode 8.

[00110] Step 208 includes forming a first luminescent layer and a second luminescent
layer respectively in the third and fourth through holes of the pixel defining layer corresponding

to the first active layer and the second active layer respectively.

[00111] As shown in FIG. 9f, a process of forming a luminescent layer by inkjet printing
is taken as an example, and a first luminescent material solution is sprayed into the third through
hole in the pixel defining layer 12 corresponding to the first active layer 3a, and then the first
luminescent material solution is subjected to a drying treatment to obtain a first luminescent
layer 3b. A second luminescent material solution is sprayed into the fourth through hole in the
pixel defining layer 12 corresponding to the second active layer 4a, and then the second
luminescent material solution is subjected to a drying treatment to obtain a second luminescent

layer 4b.

[00112] Of course, the first luminescent layer 3b and the second luminescent layer 4b may
also be formed by evaporation deposition, and the specific process is not described in detail

herein.

[00113] Step S209 includes forming a transparent electrode on a side of the pixel defining

layer opposite from the substrate.

[00114] Referring to FIG. 5, a transparent conductive film is formed on a side of the pixel
defining layer 12 opposite from the substrate, and a patterning process is performed on the
transparent conductive film to obtain a pattern of the transparent electrode 11. The transparent
electrode 11 is coupled to the second electrode 7 and the fourth electrode 8 by through holes and

is coupled to the first luminescent layer 3b and the second luminescent layer 4b.
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[00115] Fig. 10 is a schematic structural diagram of a circuit of a display apparatus
according to one embodiment of the present disclosure, and FIG. 11 is a schematic structural
diagram of a circuit in a display area of FIG. 10. As shown in FIG. 10 and FIG. 11, the display
apparatus includes an organic luminescent substrate. The organic luminescent substrate is the
organic luminescent substrate provided according to one embodiment of the present disclosure.
The detailed description of the organic luminescent substrate can be consulted with the content in

the first embodiment, and the details thereof are not repeated herein.

[00116] In some embodiments, the display apparatus further includes: a plurality of gate
lines GATE 1/ GATE 2 ... and a plurality of data lines DATA 1/DATA 2 .... The gate lines
GATE 1/GATE 2... and the data lines DATA 1/DATA 2... are arranged to define a plurality of
display areas in an array, and the organic luminescent apparatuses and the display areas are in
one-to-one correspondence. The display area includes: a first sub-pixel area P 1 and a second
sub-pixel area P2, the first organic luminescent field effect transistor OLET 1 is located in the
corresponding first sub-pixel area P 1, and the second organic luminescent field effect transistor
OLET 2 is located in the corresponding second sub-pixel area P 2. In this embodiment, the first
organic luminescent field effect transistor OLET 1 and the second organic luminescent field
effect transistor OLET 2 in the adjacent columns can use the same data line to provide the data
voltage. As such, the number of wires of the data lines in the display substrate can be reduced,

which is advantageous for high resolution of the display substrate.

[00117] The display apparatus further includes a plurality of switching transistors TFT.
The switching transistor TFTs are in one-to-one correspondence with the organic luminescent
apparatuses. The gate electrode of the switching transistor TFT is connected to the corresponding
gate line, the source of the switching transistor TFT is connected to the corresponding data line,
and the drain of the switching transistor TFT is connected to the first gate electrode 1 and the

second gate electrode 2 of the corresponding organic luminescent apparatuses.

[00118] In one embodiment, the operation of the display apparatus shown in FIG. 10 will
be described in detail below with reference to the accompanying drawings. In the embodiment,
the switching transistor TFT is an N-type transistor, the first organic luminescent field effect
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transistor OLET 1 is an N-type transistor, and the second organic luminescent field effect
transistor OLET 2 is a P-type transistor. In the present disclosure, the high-level data voltage
(referred to as V+) refers to a data voltage capable of turning on the N-type transistor and turning
off the P-type transistor in the organic luminescent apparatus. The low-level data voltage
(referred as V-) specifically refers to a data voltage capable of turning on the P-type transistor

and turning off the N-type transistor in the organic luminescent apparatus.

[00119] In this embodiment, the first electrode 5 is connected to the first working voltage
Vss, the second electrode 7 (the fourth electrode 8) is connected to the second working voltage
Vdd, and the third electrode is connected to the third working voltage Vss', wherein
Vss >Vdd>Vss'. The first electrode 5 and the third electrode 6 are both sources, and the second
electrode 7 and the fourth electrode 8 are both drains. Correspondingly, the high level data
voltage refers to a voltage whose voltage value is greater than Vdd+Vth N, and the low level
data voltage refers to a data voltage whose voltage value is less than Vdd+Vth P, wherein
Vth N is the threshold voltage of the first organic luminescent field effect transistor OLET 1,
and Vth P is the threshold voltage of the second organic luminescent field effect transistor

OLET 2.

[00120] Fig. 12a is a schematic diagram of a driving sequence of the display apparatus
shown in FIG. 10. As shown in FIG. 12a, as an optional time-division driving scheme, scan
signals are input to each gate electrode line one by one according to a first scan period. Each first
scan period is divided into a first half period and a second half period. In the first half period, the
data line provides a high-level data voltage, and in the second half of the cycle, the data line

provides a low-level data voltage.

[00121] Wherein, in the case that the first scan period (scanning time per line) is equal to
the clock signal period, the durations of the first half period and the second half period can be
controlled by the duration of the high and low periods in the clock signal period.

[00122] Taking the first row gate line GATE 1 as an example, when a high level signal is
input in the first row gate line GATE 1, the switching transistors TFTs in the display regions of

the first row are turned on. In the first half period, a high-level data voltage is supplied in each of
24
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the data lines DATA 1/DATA 2, ... so that the first organic luminescent field effect transistor
OLET 1 in each of the first sub-pixel regions P_1 of the first row emits light. By controlling the
magnitude of the high-level data voltage in each of the data lines DATA 1/DATA 2, the
illumination brightness of each of the first organic luminescent field effect transistors OLET 1
located in the first row can be controlled. In the second half period, a low-level data voltage is
supplied in each of the data lines DATA 1/DATA 2, ... so that the second organic luminescent
field effect transistor OLET 2 in each of the second sub-pixel regions P_2 of the first row emits
light. By controlling the magnitude of the low-level data voltage in each data line

DATA 1/DATA 2, the illumination brightness of each of the second organic luminescent field

effect transistors OLET 2 located in the first row can be controlled.

[00123] Under the effect of vision persistence, the user will perceive that the first organic
luminescent field effect transistors OLET 1 and the second organic luminescent field effect

transistors OLET 2 in the first row simultaneously emit light.

[00124] Based on the same principle described above, the user will perceive a complete

picture after the gate lines are scanned line by line.

[00125] Fig. 12b is another schematic diagram of driving timing of the display apparatus
shown in FIG. 10. As shown in FIG. 12b, as another optional time division driving scheme, each
complete picture includes: a previous frame and a subsequent frame. When the previous frame is
displayed, a scanning signal is input to the respective gate line one by one according to a second
scanning period, wherein the data line provides a high level data voltage in each of the second
scan periods. When the subsequent frame is displayed, a scan signal is input to the respective
gate line one by one according to the second scan period, wherein the data line provides the low

level data voltage in each of the second scan periods.

[00126] In the driving scheme shown in Fig. 12b, the second scan period (scan time per

line) is equal to half a clock period.

[00127] When the previous frame is displayed, the scan signals are input to the gate lines
GATE 1/GATE 2... one by one, and each of the data lines DATA 1/DATA 2... provides a
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high-level data voltage, the first organic luminescent field effect transistors OLET 1 in the
display substrate emits light line by line. By controlling the magnitude of the high-level data
voltage in each of the data lines DATA 1/DATA 2, the luminescent brightness of each of the
first organic luminescent field effect transistors OLET 1 can be controlled. The illumination of
all the first organic luminescent field effect transistors OLET 1 constitutes the previous frame

picture.

[00128] When the subsequent frame is displayed, the scan signals are input to the gate
lines GATE 1/GATE 2, and each of the data lines DATA 1/DATA 2 provides the low-level
data voltage. The second organic luminescent field effect transistors OLET 2 in the display
substrate emit line by line. By controlling the magnitude of the low-level data voltage in each of
the data lines DATA 1/DATA 2, the illumination brightness of each of the second organic
luminescent field effect transistors OLET 2 can be controlled. The illumination of all the second

organic luminescent field effect transistors OLET 2 constitutes the next frame picture.

[00129] Although the previous frame and the subsequent frame are alternately displayed,

the user will perceive a complete picture due to the visual persistence.

[00130] It can be seen that the technical solution of the present disclosure can realize the
control of the luminance of the organic luminescent field effect transistors in the adjacent two
columns of sub-pixel regions by using one column of data line. As such, the number of data lines
in the display substrate can be halved, and the number of sub-pixel regions that can be disposed

in the display substrate is increased, which is advantageous for high-resolution products.

[00131] It should be noted that, in the embodiments, that the first organic luminescent
field effect transistor OLET 1 is an N-type transistor and the second organic luminescent field
effect transistor OLET 2 is a P-type transistor only serves as an example. In some embodiments
of the present disclosure, the first organic luminescent field effect transistor OLET 1 is a P-type
transistor and the second organic luminescent field effect transistor OLET 2 is an N-type

transistor, and the details are not described again herein.
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[00132] In some embodiments, two organic luminescent field effect transistors in each of
the organic luminescent apparatuses connected to the data lines of the odd-numbered columns
emit green light and red light, respectively. Two organic luminescent field effect transistors in
each of the organic luminescent apparatuses connected to the data lines of the even-numbered
columns emit green light and blue light, respectively. As such, the display substrate can display a

color picture.

[00133] Another example of the present disclosure provides a display driving method for a
display apparatus, wherein the display apparatus adopts a display substrate according to one
embodiment of the present disclosure. The driving method of the display apparatus includes
inputting a scan signal to each gate line one by one according to a first scan period. Each of the
first scanning periods is divided into a first half period and a second half period. In the first half
period, the data line provides a first type of data voltage, and in the second half period, the data
line provides a second type of data voltage. One of the first type of data voltage and the second

type of data voltage is a high level data voltage, and the other is a low level data voltage.

[00134] Another example of the present disclosure provides a display driving method for a
display apparatus, wherein the display apparatus adopts the display substrate according to one
embodiment of the present disclosure. Each complete picture displayed by the display substrate
includes: a previous frame and a subsequent frame. In one embodiment, the driving method of

the display substrate includes the following:

[00135] When the previous frame is displayed, the scan signals are input to the respective
gate lines one by one according to the second scan period, wherein the data lines provide the first

type of data voltages in each of the second scan periods.

[00136] When the subsequent frame is displayed, the scan signals are input to the
respective gate lines one by one according to the second scan period, wherein the data lines all
provide the second type of data voltage in each of the second scan periods. One of the first type
of data voltage and the second type of data voltage is a high level data voltage, and the other is a

low level data voltage.
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[00137] The principle and the embodiment of the present disclosures are set forth in the
specification. The description of the embodiments of the present disclosure is only used to help
understand the method of the present disclosure and the core idea thereof. Meanwhile, for a
person of ordinary skill in the art, the disclosure relates to the scope of the disclosure, and the
technical scheme is not limited to the specific combination of the technical features, and also
should covered other technical schemes which are formed by combining the technical features or
the equivalent features of the technical features without departing from the inventive concept.
For example, technical scheme may be obtained by replacing the features described above as

disclosed in this disclosure (but not limited to) with similar features.
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CLAIMS

What is claimed is:

1. An organic luminescent substrate, comprising:

a first organic luminescent field effect transistor, comprising a first gate electrode,

a first electrode, a second electrode, and a first active luminescent layer

and a second organic luminescent field effect transistor, comprising a second gate

electrode, a third electrode, a fourth electrode, and a second active luminescent layer;

wherein one of the first organic luminescent field effect transistor and the second
organic luminescent field effect transistor is an N-type transistor and the other one is a P-

type transistor; and
the first gate electrode is coupled to the second gate electrode.

2. The organic luminescent substrate of claim 1, wherein the second electrode is
coupled to the fourth electrode, the first electrode and the second electrode are both
coupled to the first active luminescent layer, and the third electrode and the fourth

electrode are both coupled to the second active luminescent layer.

3. The organic luminescent substrate of claim 1, wherein the first active
luminescent layer comprises a first organic luminescent semiconductor material; the
second active luminescent layer comprises a second organic luminescent semiconductor
material; one of the first organic luminescent semiconductor material and the second
organic luminescent semiconductor material is an N type organic luminescent
semiconductor material, and the other one is a P type organic luminescent semiconductor

material.
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4. The organic luminescent substrate of claim 1, wherein the first active
luminescent layer comprises a first active layer and a first luminescent layer on a side of

the first active layer;

the second active luminescent layer comprises a second active layer and a second

luminescent layer on a side of the second active layer; and

the first active layer and the second active layer are in a same layer, and the first

luminescent layer and the second luminescent layer are in a same layer.

5. The organic luminescent substrate of claim 4, wherein an orthographic
projection of the first luminescent layer on a plane where the first active layer is located
covers a partial region of the first active layer, the first electrode is coupled to a region on
a side of the first active layer opposite from the base substrate and not covered by the first
luminescent layer, and an orthographic projection of the first electrode on the plane
where the first active layer is located does not overlap an orthographic projection of the

first luminescent layer on the plane where the first active layer is located; and

an orthographic projection of the second luminescent layer on a plane where the
second active layer is covers a partial region of the second active layer, the third electrode
is coupled to a region on a side of the second active layer opposite from the base
substrate and not covered by the second luminescent layer, and an orthographic
projection of the third electrode on the plane where the second active layer is does not
overlap the orthographic projection of second luminescent layer on the plane where the

second active layer is.

6. The organic luminescent substrate of claim 1, wherein an orthographic
projection of the second electrode on a plane where the first active luminescent layer is

located does not overlap the first active luminescent layer; and

an orthographic projection of the fourth electrode on a plane where the second

active luminescent layer is does not overlap the second active luminescent layer.
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7. The organic luminescent substrate of claim 6, further comprising a transparent

electrode,

wherein the transparent electrode couples the first active luminescent layer with the
second electrode, and couples the second active luminescent layer with the fourth

electrode.

8. The organic luminescent substrate of claim 1, wherein the first active
luminescent layer and the second active luminescent layer are configured to emit light of

different colors in a conductive state.

9. The organic luminescent substrate of claim 1, wherein the first electrode and the
second electrode each have a comb shape comprising a comb tooth portion, an
orthographic projection of the comb tooth portion of the first electrode on a plane where
the first gate electrode is and an orthographic projection of the comb tooth portion of the

second electrode on the plane where the first gate electrode is are alternately disposed;

wherein the third electrode and the fourth electrode each have a comb shape
comprising a comb tooth portion, an orthographic projection of the comb tooth portion of
the third electrode on a plane where the second gate electrode is and an orthographic
projection of the comb tooth portion of the fourth electrode on the plane where the

second gate electrode is I are alternately disposed.

10. The organic luminescent substrate of any one of claims 1-9, wherein the first

electrode is electrically coupled to the third electrode.
11. A method of preparing an organic luminescent substrate, comprising:

forming patterns of a first gate electrode and a second gate electrode on a base

substrate, the first gate electrode and the second gate electrode being electrically coupled;

forming a gate electrode insulating layer on a side of the first gate electrode and the
second gate electrode opposite from the base substrate;
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forming patterns of the first active luminescent layer and the second active
luminescent layer on a side of the gate electrode insulating layer opposite from the base

substrate; and

forming patterns of a first electrode, a second electrode, a third electrode, and a
four-electrode on a side of the first active luminescent layer and the second active

luminescent layer opposite from the base substrate.

12. The method of preparing an organic luminescent substrate of claim 11,
wherein forming the patterns of the first active luminescent layer and the second active
luminescent layer on the side of the gate electrode insulating layer opposite from the base

substrate comprises:

forming patterns of a first active layer and a second active layer on the side of the

gate electrode insulating layer opposite from the base substrate by one patterning process;

performing N-type doping on one of the first active layer and the second active

layer, and performing P-type doping on the other one thereof; and

forming a pattern of the first luminescent layer on a side of the first active layer
opposite from the base substrate and a pattern of the second luminescent layer on a side

of the second active layer opposite from the base substrate.

13. The method of preparing an organic luminescent substrate of claim 11,
wherein forming the patterns of the first active luminescent layer and the second active
luminescent layer on the side of the gate electrode insulating layer opposite from the base

substrate comprises:

forming patterns of a first active layer and a second active layer on a side of the

gate electrode insulating layer opposite from the base substrate;

performing N-type doping on one of the first active layer and the second active
layer, and performing P-type doping on the other one thereof;
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forming an interlayer insulating layer on a side of the first active layer and the
second active layer opposite from the base substrate, and forming a first through hole and
a second through hole respectively in regions of the interlayer insulating layer

corresponding to the first electrode and the third electrode formed subsequently; and

forming a first electrode, a second electrode, a third electrode, and a fourth

electrode on a side of the interlayer insulating layer opposite from the base substrate;

wherein the first electrode is coupled to the first active layer through the first
through hole, the third electrode is coupled to the second active layer through the second
through hole; an orthographic projection of the second electrode and the fourth electrode
on a plane where the first active layer is does not overlap the orthographic projection of
first luminescent layer and the second luminescent layer formed subsequently on the
plane where the first active layer is, and the second electrode is electrically coupled to the

fourth electrode.

14. The method of preparing an organic luminescent substrate of claim 11,
wherein forming patterns of the first electrode, the second electrode, the third electrode,
and the a four-electrode on the side of the first active luminescent layer and the second
active luminescent layer opposite from the base substrate comprises forming a
transparent electrode, the transparent electrode coupling the first active luminescent layer
with the second electrode as well as coupling the second active luminescent layer with

the fourth electrode.

15. The method of preparing an organic luminescent substrate of claim 13, further
comprising forming a pixel defining layer on a side of the interlayer insulating layer

opposite from the base substrate;

wherein a region of the pixel defining layer on the first active layer and a region of
the pixel defining layer on the second active layer are provided with a third through hole

and a fourth through hole respectively.
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16. The method of preparing an organic luminescent substrate of claim 15, further
comprising forming the first luminescent layer and the second luminescent layer

respectively in the third through hole and the fourth through hole; and

forming a transparent electrode on a side of the pixel defining layer opposite from
the base substrate, the transparent electrode coupling the first luminescent layer with the
second electrode as well as coupling the second luminescent layer with the fourth

electrode.

17. A display apparatus, comprising the organic luminescent substrate according

to any one of claims 1-10.

18. The display apparatus of claim 17, further comprising a plurality of gate lines
and a plurality of data lines, the plurality of the gate lines and the plurality of the data lines
defining a plurality of display areas arranged in an array, and the organic luminescent
substrate has a one-to-one correspondence with each of the plurality of the display areas,
each of the plurality of the display areas comprising a first sub-pixel region and a second
sub-pixel region, the first organic luminescent field effect transistor is located in the
corresponding first sub-pixel region, and the second organic luminescent field effect

transistor is located in the corresponding second sub-pixel region.
19. The display apparatus of claim 18, further comprising a switching transistor,

wherein the switching transistor has a one-to-one correspondence with the organic
luminescent apparatus, a gate electrode of the switching transistor is coupled to a
corresponding one of the plurality of the gate lines, a source of the switching transistor is
coupled to a corresponding one of the plurality of the data lines, and a drain of the
switching transistor is coupled to the first gate electrode and the second gate electrode of

the corresponding organic luminescent apparatus.

20. A display driving method of the display apparatus of claim 19, comprising:
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inputting scanning signals to each of the gate lines one by one according to a first

scanning period,

wherein the first scanning period comprises a first half period and a second half
period, each of the data lines provides a first type of data voltage in the first half period
and a second type of data voltage in the second half period, one of the first type of data
voltage and the second type of data voltage is a high level data voltage, and the other one

is a low level data voltage.

21. A display driving method of the display apparatus of claim 19, each complete
picture comprising a previous frame and a subsequent frame, the display driving method

comprising:

inputting scan signals to each of the gate lines one by one according to a second
scan period during a time of displaying the previous frame, wherein the data lines each

provide a first type of data voltage in each second scan period;

inputting scan signals to each of the gate lines one by one according to the second
scan period during a time of displaying the subsequent frame, wherein the data lines each

provide a second type of data voltage in each second scan period; and

one of the first type of data voltage and the second type of data voltage is a high

level data voltage, and the other one thereof is a low level data voltage.
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