US 20230178562A1

a9y United States

a2y Patent Application Publication (o) Pub. No.: US 2023/0178562 Al

WANG et al.

43) Pub. Date: Jun. 8, 2023

(54)

THIN FILM TRANSISTOR AND ARRAY
SUBSTRATE

(71) Applicant: BOE TECHNOLOGY GROUP CO.,
LTD., Beijing (CN)

(72) Inventors: Lizhong WANG, Beijing (CN);
Tianmin ZHOU, Beijing (CN); Hehe
HU, Beijing (CN); Shuilang DONG,
Beijing (CN); Wenhua WANG, Beijing
(CN); Nianqi YAOQ, Beijing (CN)

(73) Assignee: BOE TECHNOLOGY GROUP CO.,
LTD., Beijing (CN)

(21) Appl. No.: 18/103,355

(22) Filed: Jan. 30, 2023

Related U.S. Application Data
(63) Continuation-in-part of application No. 16/876,344,
filed on May 18, 2020, now Pat. No. 11,605,739.
(30) Foreign Application Priority Data
Sep. 24, 2019 (CN) covvevcienn 201910904728 X

10 PP S
20

Publication Classification

(51) Int. CL

HOIL 27/12 (2006.01)
(52) US.CL

() SR HOIL 27/1225 (2013.01)
(57) ABSTRACT

A thin film transistor includes an active layer, a first loose
layer and a first oxygen release layer. The first loose layer is
at least disposed on a first surface of the active layer
perpendicular to a thickness direction of the active layer, and
is in contact with the active layer. A material of the first loose
layer includes a first inorganic oxide insulating material. The
first oxygen release layer is disposed on a surface of the first
loose layer facing away from the active layer, and is in
contact with the first loose layer. A material of the first
oxygen release layer is a first oxygen-containing insulating
material. A porosity of the first loose layer is different from
a porosity of the first oxygen release layer, and/or an oxygen
content of the first loose layer is different from an oxygen
content of the first oxygen release layer.
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The oxide active layer is formed ~"S10

¥

The first loose layer is formed. The material of the first loose layer includes the first

inorganic oxide insulating material —S20

¥

The first oxygen release layer is formed. The material of the first oxygen release layer is
the first oxygen-containing insulating material. The first oxygen release layer is capable of
releasing oxygen approximately 1E19 molec/cm® to approximately 1E21 molec/cm® in the =830

temperature range of 25°C to 350°C

FIG. 49
Forming the first oxygen release layer ~S110
W
Forming the first loose layer on the first oxygen release layer ——S120

Forming the oxide active layer on the first loose layer
~—S130

Forming the second loose layer on the oxide active layer, the first loose layer being in
contact with the second loose layer at at least one side face of the oxide active layer. The [_~ 140
material of the second loose layer can include or can be SiO»

FIG. 50
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Forming the first oxygen release layer ~—S110
¥
Forming the first loose layer on the first oxygen release layer ——S120
w
—S5130

Forming the oxide active layer on the first loose layer

Forming the second loose layer on the oxide active layer, the first loose layer being in
contact with the second loose layer at at least one side face of the oxide active layer. The (~—§140

material of the second loose layer can include or can be SiO,

Forming the second oxygen release layer on the second loose layer. The material of the
second oxygen release layer can include or can be SiO; ~"S150

FIG. 51
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Forming the second loose layer, the material of the second loose layer being SiO; ~~8210

W

Forming the oxide active layer on the second loose layer —~8220

Forming the first loose layer on the oxide active layer, the first loose layer being in contact
with the second loose layer at at least one side face of the oxide active layer ~S230

A

Forming the first oxygen release layer on the first loose layer ——$240

FIG. 52
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Forming the second oxygen release layer. The material of the second oxygen release | _ $200
layer can include or can be SiO,

¥
Forming the second loose layer on the second oxygen release layer, the material of the =

second loose layer being SiO, S$210

k2
Forming the oxide active layer on the second loose layer 8220

¥

Forming the first loose layer on the oxide active layer, the first loose layer being in contact

with the second loose layer at at least one side face of the oxide active layer 8230

w
Forming the first oxygen release layer on the first loose layer —S240

FIG. 53
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THIN FILM TRANSISTOR AND ARRAY
SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation-in-Part of U.S.
patent application Ser. No. 16/876,344, filed on May 18,
2020, which claims priority to and the benefit of Chinese
Patent Application No. 201910904728.X, filed on Sep. 24,
2019, which are incorporated herein by reference in their
entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of display
technologies, and in particular, to a thin film transistor and
a manufacturing method thereof, and an array substrate.

BACKGROUND

[0003] Metal oxide thin film transistors have advantages
of high electron mobility, uniform device performance,
being suitable for mass production, low manufacturing
temperature, being suitable for flexible display, wide forbid-
den band and transparent display, and are more and more
widely applied to display panels.

SUMMARY

[0004] In one aspect, a thin film transistor including an
active layer, a first loose layer, and a first oxygen release
layer is provided. The first loose layer is at least disposed on
a first surface of the active layer perpendicular to a thickness
direction of the active layer, and is in contact with the active
layer. A material of the first loose layer includes a first
inorganic oxide insulating material. The first oxygen release
layer is disposed on a surface of the first loose layer facing
away from the active layer, and is in contact with the first
loose layer. A material of the first oxygen release layer is a
first oxygen-containing insulating material. A porosity of the
first loose layer is different from a porosity of the first
oxygen release layer, and/or an oxygen content of the first
loose layer is different from an oxygen content of the first
oxygen release layer.

[0005] In some embodiments, the porosity of the first
loose layer is less than the porosity of the first oxygen
release layer.

[0006] In some embodiments, the porosity of the first
loose layer is capable of being represented by: after being
immersed in an etching solution, the first loose layer having
pores with a size range of 30 nm to 150 nm; and the porosity
of the first oxygen release layer is capable of being repre-
sented by: after being immersed in the etching solution, the
first oxygen release layer having pores with a size range of
50 nm to 200 nm. The etching solution is a mixed solution
of an aqueous solution of NH;F and an aqueous solution of
HF in which a concentration of NH,F is in a range of 29.8
wt % to 30.2 wt %, and a concentration of HF is in a range
of 5.9 wt % to 6.1 wt %.

[0007] In some embodiments, a density of the first loose
layer is greater than a density of the first oxygen release
layer.

[0008] Insome embodiments, the density of the first loose

layer is capable of being represented by: an etching rate of
the first loose layer in an etching solution is in a range of 30
A/s to 100 A/s; and the density of the first oxygen release

Jun. &, 2023

layer is capable of being represented by: an etching rate of
the first oxygen release layer in the etching solution is in a
range of 50 A/s to 200 A/s. The etching solution is a mixed
solution of an aqueous solution of NH,F and an aqueous
solution of HF in which a concentration of NH,F is in a
range of 29.8 wt % to 30.2 wt %, and a concentration of HF
is in a range of 5.9 wt % to 6.1 wt %.

[0009] In some embodiments, a material of the first loose
layer includes a silicon (Si) element and an oxygen (O)
element, and a refractive index thereof is in a range of
approximately 1.445 to approximately 1.455; and a material
of the first oxygen release layer includes the silicon (Si)
element and the oxygen (O) element, and a refractive index
thereof is in a range of approximately 1.440 to approxi-
mately 1.470.

[0010] In some embodiments, a material of the first loose
layer includes a silicon (Si) element and an oxygen (O)
element, and the first loose layer has an infrared spectrum in
which an infrared wavenumber corresponding to a Si—O
bond absorption peak is in a range of approximately 1050
cm™ to approximately 1060 cm™", and a material of the first
oxygen release layer includes the silicon (Si) element and
the oxygen (O) element, and the first oxygen release layer
has an infrared spectrum in which an infrared wavenumber
corresponding to a Si—O bond absorption peak is in a range
of approximately 1060 cm™" to approximately 1072 cm™.

[0011] In some embodiments, the first loose layer is
capable of releasing oxygen of approximately 1E18 molec/
cm® to approximately 8E18 molec/cm® in a temperature
range of 25° C. t0 350° C., and the first oxygen release layer
is capable of releasing oxygen of approximately 1E19
molec/cm? to approximately 1E21 molec/cm® in the tem-
perature range of 25° C. to 350° C.

[0012] In some embodiments, the thin film transistor fur-
ther includes a second loose layer that is at least disposed on
a second surface of the active layer opposite to the first
surface and is in contact with the active layer. A material of
the second loose layer includes a second inorganic oxide
insulating material, and the first loose layer is in contact with
the second loose layer at at least one side face of the active
layer.

[0013] In some embodiments, the thin film transistor fur-
ther includes a second oxygen release layer that is disposed
on a surface of the second loose layer facing away from the
active layer and is in contact with the second loose layer. A
material of the second oxygen release layer is a second
oxygen-containing insulating material, and the second oxy-
gen release layer is capable of releasing oxygen of approxi-
mately 1E19 molec/cm® to approximately 1E21 molec/cm®
in a temperature range of 25° C. to 350° C.

[0014] In some embodiments, the material of the first
loose layer is the same as the material of the second loose
layer, and the first oxygen-containing insulating material is
the same as the second oxygen-containing insulating mate-
rial.

[0015] In some embodiments, the material of the first
loose layer, the material of the second loose layer, the
material of the first oxygen release layer, and the material of
the second oxygen release layer each include an oxygen (O)
element, and at least one of a silicon (Si) element or an
aluminum (Al) element.

[0016] In some embodiments, the material of the first
loose layer and the material of the second loose layer are
both include the silicon (Si) element and the oxygen (O)
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element, and a refractive index of the first loose layer and a
refractive index of the second loose layer are in a range of
approximately 1.445 to approximately 1.455.

[0017] In some embodiments, a material of the active
layer includes an oxide semiconductor material.

[0018] In some embodiments, the thin film transistor fur-
ther includes a gate, a source, a drain, and at least one of a
first silicon nitride layer or a second silicon nitride layer. The
gate is disposed at a side of the active layer away from the
first loose layer. The source and the drain are disposed on the
first surface of the active layer and are in direct contact with
the active layer. The first silicon nitride layer is disposed at
a side of the active layer proximate to the gate, and the
second silicon nitride layer is disposed on a surface of the
first oxygen release layer facing away from the gate.
[0019] In some embodiments, the thin film transistor fur-
ther includes a gate, a source, a drain, and at least one of a
first silicon nitride layer or a second silicon nitride layer. The
gate is disposed at a side of the active layer away from the
first loose layer. The source and the drain are disposed at a
side of the active layer away from the gate, and the source
and the drain are each in contact with the active layer
through at least one via hole formed in a first insulating layer
including both the first loose layer and the first oxygen
release layer. The first silicon nitride layer is disposed at a
side of the active layer proximate to the gate, and the second
silicon nitride layer is disposed on a surface of the first
oxygen release layer facing away from the gate.

[0020] In some embodiments, the thin film transistor fur-
ther includes a gate, a source, a drain, and at least one of a
first silicon nitride layer or a second silicon nitride layer. The
gate is disposed at a side of the active layer away from the
first loose layer, and the gate is disposed at a same side of
the active layer as the source and the drain; the thin film
transistor further includes a second insulating layer, the
second insulating layer includes an interlayer insulating
layer between the gate and both the source and the drain, and
a gate insulating layer between the gate and the active layer;
and the source and the drain are each in contact with the
active layer through at least one via hole formed in the
second insulating layer. The first silicon nitride layer is
disposed on a surface of the first oxygen release layer facing
away from the gate, and the second silicon nitride layer is
disposed between the active layer and both the source and
the drain.

[0021] In some embodiments, the thin film transistor fur-
ther includes a gate, a source, a drain, and at least one of a
first silicon nitride layer or a second silicon nitride layer. The
gate is disposed at a same side of the active layer as the first
loose layer. The source and the drain are disposed on a
second surface of the active layer opposite to the first
surface, and are in direct contact with the active layer. The
first silicon nitride layer is disposed between the gate and the
first oxygen release layer, and the second silicon nitride layer
is disposed at a side of the active layer away from the gate.
[0022] In some embodiments, the thin film transistor fur-
ther includes a gate, a source, a drain, and at least one of a
first silicon nitride layer or a second silicon nitride layer. The
gate is disposed at a same side of the active layer as the first
loose layer. The source and the drain are disposed at a side
of the active layer away from the gate; and the thin film
transistor further includes a third insulating layer between
the active layer and both the source and the drain, and the
source and the drain are each in contact with the active layer
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through at least one via hole formed in the third insulating
layer. The first silicon nitride layer is disposed between the
gate and the first oxygen release layer, and the second silicon
nitride layer is disposed at a side of the active layer away
from the gate.

[0023] In some embodiments, the thin film transistor fur-
ther includes a gate, a source, a drain, and at least one of a
first silicon nitride layer or a second silicon nitride layer. The
gate is disposed at a same side of the active layer as the first
loose layer, and the gate is disposed at a same side of the
active layer as the source and the drain; and the thin film
transistor further includes an interlayer insulating layer that
is disposed between the gate and both the source and the
drain, and the source and the drain are each in contact with
the active layer through at least one via hole formed in a
fourth insulating layer including all of the first loose layer,
the first oxygen release layer and the interlayer insulating
layer. The first silicon nitride layer is disposed at a side of the
active layer away from the gate, and the second silicon
nitride layer is disposed on a surface of the first oxygen
release layer facing away from the active layer.

[0024] In another aspect, an array substrate including a
base and a plurality of thin film transistors disposed above
the base is provided.

[0025] In yet another aspect, a method of manufacturing a
thin film transistor is provided. The method includes: form-
ing the active layer; forming the first loose layer; and
forming the first oxygen release layer. The material of the
first loose layer includes the first inorganic oxide insulating
material. The material of the first oxygen release layer is the
first oxygen-containing insulating material. The first oxygen
release layer is capable of releasing oxygen of approxi-
mately 1E19 molec/cm® to approximately 1E21 molec/cm®
in a temperature range of 25° C. to 350° C.

[0026] In some embodiments, the material of the first
loose layer is SiO,. Forming the first loose layer includes:
forming the first loose layer under a condition that a gas flow
ratio of N,O to SiH, is in a range of approximately 90:1 to
approximately 170:1, an air pressure is in a range of approxi-
mately 500 mTorr to approximately 900 mTorr, and a power
is in a range of approximately 1000 W to approximately
7000 W.

[0027] In some embodiments, the material of the first
oxygen release layer is SiO,. Forming the first oxygen
release layer includes: forming the first oxygen release layer
under a condition that the gas flow ratio of N,O to SiH, is
in a range of approximately 40:1 to approximately 170:1, the
air pressure is in a range of approximately 1000 mTorr to
approximately 2100 mTorr, and the power is in a range of
approximately 9000 W to approximately 21000 W.

[0028] Insomeembodiments, forming the active layer, the
first loose layer, and the first oxygen release layer, includes:
forming the first oxygen release layer; forming the first loose
layer on the first oxygen release layer; and forming the
active layer on the first loose layer. The method further
includes: forming a second loose layer on the active layer.
The first loose layer is in contact with the second loose layer
at at least one side face of the active layer, and a material of
the second loose layer is SiO,. Forming the second loose
layer includes: forming the second loose layer under a
condition that a gas flow ratio of N,O to SiH, is in a range
of approximately 90:1 to approximately 170:1, a gas tflow
ratio of N,O to NH; is in a range of approximately 10:1 to
approximately 100:1, an air pressure is in a range of approxi-
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mately 500 mTorr to approximately 900 mTorr, and a power
is in a range of approximately 1000 W to approximately
7000 W.

[0029] In some embodiments, the method of manufactur-
ing the thin film transistor further includes: forming a second
oxygen release layer on the second loose layer, a material of
the second oxygen release layer being SiO,. Forming the
second oxygen release layer includes: forming the second
oxygen release layer under a condition that the gas flow ratio
of N,O to SiH, is in a range of approximately 40:1 to
approximately 170:1, the air pressure is in a range of
approximately 1000 mTorr to approximately 2100 mTorr,
and the power is in a range of approximately 9000 W to
approximately 21000 W.

[0030] In some embodiments, the method of manufactur-
ing the thin film transistor further includes: forming a second
loose layer, a material of the second loose layer being SiO,.
Forming the active layer, the first loose layer, and the first
oxygen release layer, includes: forming the active layer on
the second loose layer; forming the first loose layer on the
active layer; and forming the first oxygen release layer on
the first loose layer. The first loose layer is in contact with
the second loose layer at at least one side face of the active
layer. Forming the second loose layer includes: forming the
second loose layer under a condition that a gas flow ratio of
N,O to SiH, is in a range of approximately 90:1 to approxi-
mately 170:1, a gas flow ratio of N,O to NH; is in a range
of approximately 10:1 to approximately 100:1, an air pres-
sure is in a range of approximately 500 mTorr to 900 mTorr,
and a power is in a range of approximately 1000 W to
approximately 7000 W.

[0031] In some embodiments, before forming the second
loose layer, the method further includes: forming a second
oxygen release layer, a material of the second oxygen release
layer being SiO,. Forming the second loose layer includes:
forming the second loose layer on the second oxygen release
layer. Forming the second oxygen release layer includes:
forming the second oxygen release layer under a condition
that the gas flow ratio of N,O to SiH, is in a range of
approximately 40:1 to approximately 170:1, the air pressure
is in a range of approximately 1000 mTorr to approximately
2100 mTorr, and the power is in a range of approximately
9000 W to approximately 21000 W.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] In order to describe technical solutions in the
embodiments of the present disclosure more clearly, accom-
panying drawings to be used in some embodiments of the
present disclosure will be introduced briefly. However, the
accompanying drawings to be described below are merely
accompanying drawings of some embodiments of the pres-
ent disclosure, and a person of ordinary skill in the art can
obtain other drawings according to these drawings. In addi-
tion, the accompanying drawings in the following descrip-
tion may be regarded as schematic diagrams, and are not
limitations on actual sizes of products and an actual process
of' a method that the embodiments of the present disclosure
relate to.

[0033] FIG. 1 is a diagram showing a structure of a
back-channel-etch oxide thin film transistor, in accordance
with some embodiments;

[0034] FIG. 2 is a diagram showing a structure of another
back-channel-etch oxide thin film transistor, in accordance
with some embodiments;

Jun. &, 2023

[0035] FIG. 3 is a diagram showing a structure of yet
another back-channel-etch oxide thin film transistor, in
accordance with some embodiments;

[0036] FIG. 4 is a diagram showing a structure of yet
another back-channel-etch oxide thin film transistor, in
accordance with some embodiments;

[0037] FIG. 5 is a diagram showing a structure of yet
another back-channel-etch oxide thin film transistor, in
accordance with some embodiments;

[0038] FIG. 6 is a diagram showing a structure of yet
another back-channel-etch oxide thin film transistor, in
accordance with some embodiments;

[0039] FIG. 7 is a diagram showing a structure of yet
another back-channel-etch oxide thin film transistor, in
accordance with some embodiments;

[0040] FIG. 8 is a diagram showing a structure of yet
another back-channel-etch oxide thin film transistor, in
accordance with some embodiments;

[0041] FIG. 9 is a diagram showing a structure of yet
another back-channel-etch oxide thin film transistor, in
accordance with some embodiments;

[0042] FIG. 10 is a diagram showing a structure of yet
another back-channel-etch oxide thin film transistor, in
accordance with some embodiments;

[0043] FIG. 11 is a diagram showing a structure of yet
another back-channel-etch oxide thin film transistor, in
accordance with some embodiments;

[0044] FIG. 12 is a diagram showing a structure of yet
another back-channel-etch oxide thin film transistor, in
accordance with some embodiments;

[0045] FIG. 13 is a diagram showing a structure of yet
another back-channel-etch oxide thin film transistor, in
accordance with some embodiments;

[0046] FIG. 14 is a diagram showing a structure of yet
another back-channel-etch oxide thin film transistor, in
accordance with some embodiments;

[0047] FIG. 15 is a diagram showing a structure of yet
another back-channel-etch oxide thin film transistor, in
accordance with some embodiments;

[0048] FIG. 16 is a diagram showing a structure of yet
another back-channel-etch oxide thin film transistor, in
accordance with some embodiments;

[0049] FIG. 17 is a diagram showing a structure of an etch
stop oxide thin film transistor, in accordance with some
embodiments;

[0050] FIG. 18 is a diagram showing a structure of another
etch stop oxide thin film transistor, in accordance with some
embodiments;

[0051] FIG. 19 is a diagram showing a structure of yet
another etch stop oxide thin film transistor, in accordance
with some embodiments;

[0052] FIG. 20 is a diagram showing a structure of yet
another etch stop oxide thin film transistor, in accordance
with some embodiments;

[0053] FIG. 21 is a diagram showing a structure of yet
another etch stop oxide thin film transistor, in accordance
with some embodiments;

[0054] FIG. 22 is a diagram showing a structure of yet
another etch stop oxide thin film transistor, in accordance
with some embodiments;

[0055] FIG. 23 is a diagram showing a structure of yet
another etch stop oxide thin film transistor, in accordance
with some embodiments;
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[0056] FIG. 24 is a diagram showing a structure of yet
another etch stop oxide thin film transistor, in accordance
with some embodiments;

[0057] FIG. 25 is a diagram showing a structure of yet
another etch stop oxide thin film transistor, in accordance
with some embodiments;

[0058] FIG. 26 is a diagram showing a structure of yet
another etch stop oxide thin film transistor, in accordance
with some embodiments;

[0059] FIG. 27 is a diagram showing a structure of yet
another etch stop oxide thin film transistor, in accordance
with some embodiments;

[0060] FIG. 28 is a diagram showing a structure of yet
another etch stop oxide thin film transistor, in accordance
with some embodiments;

[0061] FIG. 29 is a diagram showing a structure of yet
another etch stop oxide thin film transistor, in accordance
with some embodiments;

[0062] FIG. 30 is a diagram showing a structure of yet
another etch stop oxide thin film transistor, in accordance
with some embodiments;

[0063] FIG. 31 is a diagram showing a structure of yet
another etch stop oxide thin film transistor, in accordance
with some embodiments;

[0064] FIG. 32 is a diagram showing a structure of yet
another etch stop oxide thin film transistor, in accordance
with some embodiments;

[0065] FIG. 33 is a diagram showing a structure of a
top-gate oxide thin film transistor, in accordance with some
embodiments;

[0066] FIG. 34 is a diagram showing a structure of another
top-gate oxide thin film transistor, in accordance with some
embodiments;

[0067] FIG. 35 is a diagram showing a structure of yet
another top-gate oxide thin film transistor, in accordance
with some embodiments;

[0068] FIG. 36 is a diagram showing a structure of yet
another top-gate oxide thin film transistor, in accordance
with some embodiments;

[0069] FIG. 37 is a diagram showing a structure of yet
another top-gate oxide thin film transistor, in accordance
with some embodiments;

[0070] FIG. 38 is a diagram showing a structure of yet
another top-gate oxide thin film transistor, in accordance
with some embodiments;

[0071] FIG. 39 is a diagram showing a structure of yet
another top-gate oxide thin film transistor, in accordance
with some embodiments;

[0072] FIG. 40 is a diagram showing a structure of yet
another top-gate oxide thin film transistor, in accordance
with some embodiments;

[0073] FIG. 41 is a diagram showing a structure of yet
another top-gate oxide thin film transistor, in accordance
with some embodiments;

[0074] FIG. 42 is a diagram showing a structure of yet
another top-gate oxide thin film transistor, in accordance
with some embodiments;

[0075] FIG. 43 is a diagram showing a structure of yet
another top-gate oxide thin film transistor, in accordance
with some embodiments;

[0076] FIG. 44 is a diagram showing a structure of yet
another top-gate oxide thin film transistor, in accordance
with some embodiments;
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[0077] FIG. 45 is a diagram showing a structure of yet
another top-gate oxide thin film transistor, in accordance
with some embodiments;

[0078] FIG. 46 is a diagram showing a structure of yet
another top-gate oxide thin film transistor, in accordance
with some embodiments;

[0079] FIG. 47 is a diagram showing a structure of yet
another top-gate oxide thin film transistor, in accordance
with some embodiments;

[0080] FIG. 48 is a diagram showing a structure of yet
another top-gate oxide thin film transistor, in accordance
with some embodiments;

[0081] FIG. 49 is a flow diagram of a method of manu-
facturing an oxide thin film transistor, in accordance with
some embodiments;

[0082] FIG. 50 is a flow diagram of another method of
manufacturing an oxide thin film transistor, in accordance
with some embodiments;

[0083] FIG. 51 is a flow diagram of yet another method of
manufacturing an oxide thin film transistor, in accordance
with some embodiments;

[0084] FIG. 52 is a flow diagram of yet another method of
manufacturing an oxide thin film transistor, in accordance
with some embodiments; and

[0085] FIG. 53 is a flow diagram of yet another method of
manufacturing an oxide thin film transistor, in accordance
with some embodiments.

DETAILED DESCRIPTION

[0086] Technical solutions in some embodiments of the
present disclosure will be described clearly and completely
in combination with accompanying drawings. Obviously,
the described embodiments are merely some but not all
embodiments of the present disclosure. All other embodi-
ments obtained on a basis of the embodiments of the present
disclosure by a person of ordinary skill in the art shall be
included in the protection scope of the present disclosure.
[0087] Unless the context requires otherwise, the term
“comprise/include” and other forms thereof such as the
third-person singular form “comprises/includes” and the
present participle form “comprising/including” in the
description and the claims are construed as open and inclu-
sive, i.e., “inclusive, but not limited to”. In the description,
the terms such as “one embodiment”, “some embodiments”,
“exemplary embodiments”, “example”, “some examples”,
or “specific example” are intended to indicate that specific
features, structures, materials or characteristics related to the
embodiment(s) or the example(s) are included in at least one
embodiment or example of the present disclosure. Sche-
matic representations of the above terms do not necessarily
refer to the same embodiment(s) or example(s). In addition,
the specific features, structures, materials or characteristics
may be included in any one or more embodiments/examples
in any suitable manner.

[0088] The terms such as “first” and “second” are used for
descriptive purposes only, and cannot be construed as indi-
cating or implying the relative importance or implicitly
indicating the number of indicated technical features below.
Thus, features defined as “first” and “second” may explicitly
or implicitly include one or more of the features. In the
description of the embodiments of the present disclosure,
term “a plurality of” means two or more unless otherwise
specified.
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[0089] In the description of some embodiments, the terms
such as “connected” and its extensions may be used. For
example, the term “connected” may be used in the descrip-
tion of some embodiments to indicate that two or more
components are in direct physical or electrical contact with
each other. The embodiments disclosed herein are not nec-
essarily limited to the contents herein.

[0090] The expression of A and/or B includes the follow-
ing combinations: only A, only B, and A and B.

[0091] In addition, orientation terms such as “upper”,
“lower”, “left”, and “right”, are defined relative to positions
of components placed in the drawings. It will be understood
that these directional terms are relative concepts and used
for relative description and clarification, which may be
changed correspondingly according to changes of the posi-
tions of the components placed in the drawings.

[0092] As people’s requirements for a display effect of a
display panel continue to increase, a display panel including
a traditional amorphous silicon (a-Si) thin film transistor
(TFT) array substrate has been unable to meet performance
requirements of narrow bezel, high definition, and high
refresh rate. Although a low temperature poly-silicon
(LTPS) thin film transistor of the array substrate has high
mobility, it cannot be applied to a large-sized display panel
due to a need for laser crystallization in a manufacturing
process.

[0093] Compared with the a-Si TFT, the metal-oxide thin
film transistor has advantages of high electron mobility,
uniform device performance, being suitable for mass pro-
duction, low manufacturing temperature, being suitable for
flexible display, wide forbidden band and transparent dis-
play.

[0094] However, as for a display panel with 8K resolution
and an operating frequency of 120 Hz, a reliability of an
oxide thin film transistor is a very important factor restrict-
ing an application of the oxide thin film transistor. A main
reason is that an oxide active layer of the oxide thin film
transistor is prone to an oxygen vacancy defect in a manu-
facturing process, which causes a poor stability of a positive
bias temperature stress (PBTS) of the oxide thin-film tran-
sistor, thereby affecting normal operation of a gate driver on
array (GOA) circuit and a pixel driving circuit in the display
panel. Especially in the GOA circuit of the display panel, a
width-to-length ratio of a channel of the oxide thin film
transistor is larger, and a heat phenomenon of the GOA
circuit is more serious during operation, so that an instability
of the PBTS of the oxide thin film transistor has a greater
influence on the GOA circuit, which causes a reduction in a
yield of the GOA circuit.

[0095] As shown in FIGS. 1, 9, 17, 25, 33 and 41, some
embodiments of the present disclosure provide a thin film
transistor 1. The thin film transistor 1 includes an active
layer 10, a first loose layer 111 and a first oxygen release
layer 121. The first loose layer 111 is at least disposed on a
first surface 101 of the active layer 10 perpendicular to a
thickness direction of the active layer 10, and is in contact
with the active layer 10. The first oxygen release layer 121
is disposed on a surface of the first loose layer 111 facing
away from the active layer 10, and is in contact with the first
loose layer 111.

[0096] For example, a material of the active layer 10 may
include a metal oxide semiconductor material. In some
examples below, the active layer 10 may be referred to as an
oxide active layer 10. Accordingly, since the thin film
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transistor 1 includes the active layer 10, for convenience of
description, in some examples below, the thin film transistor
1 may be referred to as an oxide thin film transistor 1. It will
be understood that for examples and/or embodiments in
which an oxide active layer 10 is provided, in a case where
some or all of these examples and/or embodiments do not
involve the material of the active layer, the oxide active layer
10 in the some or all of these examples and/or embodiments
may be replaced with an active layer of another material.
[0097] A material of the first loose layer 111 can include
or can be a first inorganic oxide insulating material, and a
material of the first oxygen release layer 121 can include or
can be a first oxygen-containing insulating material.
[0098] Forexample, as shown in FIGS.1,9,17, 25,33 and
41, the oxide thin film transistor 1 is disposed on a base 90.
The base 90 may be a base substrate without any structure
provided thereon. The base 90 is, for example, a glass base
or a flexible base (e.g., a polyimide base or a polyethylene
glycol terephthalate base). Or, the base 90 may include the
base substrate and other structure(s) or layer(s) (e.g., a buffer
layer and a light shielding layer) disposed on the base
substrate.

[0099] There are two possible implementations of the
positional relationship between the first loose layer 111 and
the oxide active layer 10.

First Possible Implementation

[0100] The first surface 101 is a surface of the oxide active
layer 10 facing away from the base 90. That is, as shown in
FIGS. 1, 17 and 33, the first surface 101 of the oxide active
layer 10 is an upper surface of the oxide active layer 10. In
this case, the first loose layer 111 may only be in contact with
the upper surface of the oxide active layer 10. Or, as shown
in FIGS. 1, 17 and 33, the first loose layer 111 may be in
contact with the upper surface of the oxide active layer 10
and at least one side face of the oxide active layer 10.
[0101] For example, as shown in FIGS. 1, 17 and 33, the
first loose layer 111 is in contact with the upper surface and
all side faces of the oxide active layer 10.

Second Possible Implementation

[0102] The first surface 101 is a surface of the oxide active
layer 10 facing the base 90. That is, as shown in FIGS. 9, 25
and 41, the first surface 101 of the oxide active layer 10 is
a lower surface of the oxide active layer 10. In this case, as
shown in FIGS. 9, 25 and 41, the first loose layer 111 may
only be in contact with the lower surface of the oxide active
layer 10. Or, the first loose layer 111 may be in contact with
both the lower surface of the oxide active layer 10 and at
least one side face of the oxide active layer 10. For example,
the first loose layer 111 is in contact with the lower surface
and all side faces of the oxide active layer 10.

[0103] With regard to the contacting manner of the first
loose layer 111 and the first oxygen release layer 121, there
may be the following three possible implementations.
[0104] In a first possible implementation, as shown in
FIGS. 1,9, 17, 25, 33 and 41, an orthographic projection of
the first loose layer 111 on the base 90 completely overlaps
an orthographic projection of the first oxygen release layer
121 on the base 90. In this case, a surface of the first loose
layer 111 facing away from the oxide active layer 10 is in
contact with a surface of the first oxygen release layer 121
facing the oxide active layer 10.
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[0105] Inasecond possible implementation, an area of the
orthographic projection of the first loose layer 111 on the
base 90 is less than an area of the orthographic projection of
the first oxygen release layer 121 on the base 90. For
example, the first oxygen release layer 121 and the first loose
layer 111 are disposed between the oxide active layer 10 and
the base 90, and the first oxygen release layer 121 is in
contact with the surface of the first loose layer 111 facing
away from the oxide active layer 10. For another example,
the first oxygen release layer 121 and the first loose layer 111
are disposed at a side of the oxide active layer 10 facing
away from base 90, and the first oxygen release layer 121 is
in contact with the surface of the first loose layer 111 facing
away from the oxide active layer 10 and at least one side face
(e.g., all side faces) of the first loose layer 111.

[0106] In a third possible implementation, the area of the
orthographic projection of the first oxygen release layer 121
on the base 90 is less than the area of the orthographic
projection of the first loose layer 111 on the base 90. For
example, the first oxygen release layer 121 and the first loose
layer 111 are disposed at a side of the oxide active layer 10
facing away from base 90, and the first loose layer 111 is in
contact with the surface of the first oxygen release layer 121
facing the oxide active layer 10. For another example, the
first oxygen release layer 121 and the first loose layer 111 are
disposed between the oxide active layer 10 and the base 90,
and the first loose layer 111 is in contact with the surface of
the first oxygen release layer 121 facing the oxide active
layer 10 and at least one side face (e.g., all side faces) of the
first oxygen release layer 121.

[0107] The first loose layer 111 has, for example, pore
structures.
[0108] The first oxygen release layer 121 usually contains

a large amount of free oxygen, and thus the first oxygen
release layer 121 has more defect states therein. If the first
oxygen release layer 121 is in contact with the oxide active
layer 10, the oxide active layer 10 may be made conductive,
thereby causing a failure of the oxide thin film transistor 1.
However, in the embodiments of the present disclosure, the
first loose layer 111 is provided between the first oxygen
release layer 121 and the oxide active layer 10, and the first
loose layer 111 has the pore structures, so that oxygen
released by the first oxygen release layer 121 may transfer
to the oxide active layer 10 through the first loose layer 111.
[0109] A porosity of the first loose layer 111 is different
from a porosity of the first oxygen release layer 121.
Alternatively, an oxygen content of the first loose layer 111
is different from an oxygen content of the first oxygen
release layer 121. Alternatively, a porosity of the first loose
layer 111 is different from a porosity of the first oxygen
release layer 121, and an oxygen content of the first loose
layer 111 is different from an oxygen content of the first
oxygen release layer 121.

[0110] In some embodiments, the porosity of the first
loose layer 111 is less than the porosity of the first oxygen
release layer 121.

[0111] Since pores in each of the first loose layer 111 and
the first oxygen release layer 121 are very small, it may be
difficult to directly measure the pores thereof, and the
porosity of each of the first loose layer 111 and the first
oxygen release layer 121 may be measured and represented
in the following manner.

[0112] After being immersed in an etching solution, the
first loose layer 111 has pores with a size range of 30 nm to
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150 nm, and the first oxygen release layer has pores with a
size range of 50 nm to 200 nm.

[0113] The etching solution is a mixed solution of an
aqueous solution of NH,F and an aqueous solution of HF in
which a concentration of NH;F is in a range of 29.8 wt %
to 30.2 wt %, and a concentration of HF is in a range of 5.9
wt % to 6.1 wt %. The term “size” refers to the largest
dimension of a cross-section of a pore in a direction per-
pendicular to an extension thereof, i.e., the largest distance
between any two points on the cross-section. For example,
in a case where the pore is a circular hole (or an approxi-
mately circular hole), the term “size” refers to the diameter
of the circular cross section (or an approximately circular
cross section) of the circular hole (or the approximately
circular hole).

[0114] In some embodiments, a density of the first loose
layer 111 is greater than a density of the first oxygen release
layer 121.

[0115] Since it may be difficult to directly measure the
densities of the first loose layer 111 and the first oxygen
release layer 121, the density of each of the first loose layer
111 and the first oxygen release layer 121 may be measured
and represented in the following manner.

[0116] An etching rate of the first loose layer 111 in an
etching solution is in a range of 30 angstrom per second
(A/s) to 100 A/s, and an etching rate of the first oxygen
release layer 121 in the etching solution is in a range of 50
Als to 200 Ass.

[0117] The etching solution is a mixed solution of an
aqueous solution of NH;F and an aqueous solution of HF in
which a concentration of NH,F is in a range of 29.8 wt %
to 30.2 wt %, and a concentration of HF is in a range of 5.9
wt % to 6.1 wt %. The term “etching rate” refers to a
thickness of a portion, capable of being etched by the
etching solution per second, of a film layer. The smaller the
etching rate, the thinner the portion, capable of being etched
by the etching solution per second, of the film layer, that is,
the less easily the film layer is etched, and the denser the film
layer.

[0118] In some examples, a thickness of the first loose
layer 111 is approximately in a range of 1 nm to 50 nm. For
example, the thickness of the first loose layer 111 is 1 nm,
5 nm, 10 nm, 20 nm, 30 nm, 40 nm, or 50 nm. A thickness
of the first oxygen release layer 121 is approximately in a
range of 100 nm to 400 nm. For example, the thickness of
the first oxygen release layer 121 is 100 nm, 150 nm, 200
nm, 250 nm, 300 nm, 350 nm, or 400 nm.

[0119] A material of the active layer 10 may be any one of
an oxide semiconductor material, a silicon material, a nano-
carbon material, and an organic semiconductor.

[0120] For example, the material of the active layer 10
may be the silicon material, i.e., including a silicon (Si)
element, such as at least one of amorphous silicon, single-
crystal silicon or polycrystalline silicon (e.g., low tempera-
ture polycrystalline silicon (LTPS)).

[0121] In some embodiments, the material of the active
layer 10 may be the oxide semiconductor material, that is,
the material of the oxide active layer 10 can include or can
be a metal oxide with a high carrier mobility, for example,
indium gallium zinc oxide (IGZO). The IGZO may include
at least one of amorphous IGZO, polycrystalline IGZO, or
single-crystal IGZO. The material of the oxide active layer
10 is not limited thereto, and can be selected according to
actual needs.
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[0122] In some embodiments, the oxide active layer 10 is
formed through a sputtering process. For example, the
material of the oxide active layer 10 is IGZO, and the oxide
active layer 10 is formed through the sputtering process by
using a target material in which a ratio among indium oxide
(In,0;), gallium oxide (Ga,0;), and zinc oxide (ZnO) is
1:1:1. Of course, the ratio among In,0;, Ga,O; and ZnO
may also be other values.

[0123] The metal oxide may be other materials with a high
mobility or high light stability, such as any one or more of
indium gallium oxide (IGO), indium gallium zinc tin oxide
(IGZTO), indium zinc tin oxide (IZTO), or lanthanide metal
oxide (Ln-oxide semiconductor).

[0124] For example, the material of the active layer 10
may be a nano-carbon material such as carbon nanotubes,
carbon nanofibers, nano-carbon spheres.

[0125] For example, the material of the active layer 10
may be an organic semiconductor, such as pentacene or the
like.

[0126] In the oxide thin film transistor 1, the oxide active
layer 10, the first loose layer 111 and the first oxygen release
layer 121 are stacked in the thickness direction of the oxide
active layer 10, and two opposite surfaces of the first loose
layer 111 are in contact with the oxide active layer 10 and the
first oxygen release layer 121 respectively, so that the
oxygen released by the first oxygen release layer 121 is
transferred to the oxide active layer 10 through the first loose
layer 111 to fill the oxygen vacancies in the oxide active
layer 10. Therefore, the oxygen vacancies in the oxide active
layer 10 may be reduced, the stability of the PBTS of the
oxide thin film transistor 1 may be improved, and the
reliability of the oxide thin film transistor 1 may be further
improved.

[0127] In some embodiments, the first loose layer is
capable of releasing oxygen of approximately 1E18 mol-
ecules per cubic centimeter (molec/cm?®) to approximately
8E18 molec/cm® in a temperature range of 25° C. to 350° C.,
and the first oxygen release layer is capable of releasing
oxygen of approximately 1E19 molec/cm® to approximately
1E21 molec/cm? in the temperature range of 25° C. to 350°
C.

[0128] Here, the amount of released oxygen may be mea-
sured by a thermal desorption spectroscopy (TDS) appara-
tus.

[0129] Insome embodiments, as shown in FIGS. 2,10, 18,
26, 34 and 42, the oxide thin film transistor 1 further
includes a second loose layer 112. The second loose layer
112 is at least disposed on a second surface 102 of the oxide
active layer 10 opposite to the first surface 101, and the
second loose layer 112 is in contact with the oxide active
layer 10. A material of the second loose layer 112 can
include or can be a second inorganic oxide insulating
material.

[0130] The first loose layer 111 is in contact with the
second loose layer 112 at at least one side face of the oxide
active layer 10. That is, at at least one side face of the oxide
active layer 10, the first loose layer 111 and the second loose
layer 112 both extend beyond the side face of the oxide
active layer 10 connected to both the first surface and the
second surface. For example, the first loose layer 111 is in
contact with the second loose layer 112 at each side face of
the oxide active layer 10. For example, as shown in FIG. 2,
the thickness direction of the oxide active layer 10 is a Z
direction, and the first surface 101 and the second surface
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102 of the oxide active layer 10 are located on a plane
defined by an X direction and a Y direction (denoted by the
symbol “®” in FIG. 2). The first loose layer 111 and the
second loose layer 112 are in contact at opposite sides a and
b of the oxide active layer 10 in the X direction. In some
examples, the first loose layer 111 and the second loose layer
112 are also in contact at opposite sides (not shown in FIG.
2) of the oxide active layer 10 in the Y direction, i.e., the first
loose layer 111 and the second loose layer 112 are in contact
at each side of the oxide active layer 10.

[0131] The second loose layer 112 also has, for example,
pore structures.
[0132] For example, at least one of porosity, density, or

amount of released oxygen of the second loose layer 112
may be the same as a corresponding property of the first
loose layer 111. For the specific description of the porosity,
the density and the amount of released oxygen, reference
may be made to the foregoing description, and details are not
repeated herein.

[0133] Optionally, a thickness of the second loose layer
112 is approximately in a range of 1 nm to 50 nm. For
example, the thickness of the second loose layer 112 is 1 nm,
5 nm, 10 nm, 20 nm, 30 nm, 40 nm, or 50 nm.

[0134] In the oxide thin film transistor 1, the second loose
layer 112 and the first loose layer 111 are disposed on the
second surface 102 and the first surface 01 of the oxide
active layer 10 opposite to each other, respectively, and the
first loose layer 111 is in contact with the second loose layer
112 at at least one side face of the oxide active layer 10, so
that the oxygen released by the first oxygen release layer 121
may transfer to the oxide active layer 10 through the first
loose layer 111 and the second loose layer 112, which may
increase paths along which the oxygen released by the first
oxygen release layer 121 is transferred to the oxide active
layer 10. Therefore, the oxygen vacancies in the oxide active
layer 10 may be further reduced, the stability of the PBTS
of the oxide thin film transistor 1 may be further improved,
and the reliability of the oxide thin film transistor 1 may be
further improved.

[0135] Insomeembodiments, as shown in FIGS. 3, 11,19,
27, 35 and 43, the oxide thin film transistor 1 further
includes a second oxygen release layer 122 disposed on a
surface of the second loose layer 112 facing away from the
oxide active layer 10. The second oxygen release layer 122
is in contact with the second loose layer 112.

[0136] For example, at least one of porosity, density, or
amount of released oxygen of the second oxygen release
layer 122 may be the same as a corresponding property of
the first oxygen release layer 121. For the specific descrip-
tion of the porosity, the density and the amount of released
oxygen, reference may be made to the foregoing description,
and details are not repeated herein.

[0137] The second loose layer 112 may be in contact with
the second oxygen release layer 122 in the following three
possible implementations.

[0138] In a first possible implementation, as shown in
FIGS. 3,11, 19, 27, 35 and 43, an orthographic projection of
the second loose layer 112 on the base 90 completely
overlaps an orthographic projection of the second oxygen
release layer 122 on the base 90. In this case, the surface of
the second loose layer 112 facing away from the oxide active
layer 10 is in contact with a surface of the second oxygen
release layer 122 facing the oxide active layer 10.
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[0139] Inasecond possible implementation, an area of the
orthographic projection of the second loose layer 112 on the
base 90 is less than an area of the orthographic projection of
the second oxygen release layer 122 on the base 90. For
example, the second oxygen release layer 122 and the
second loose layer 112 are disposed between the oxide
active layer 10 and the base 90, and the second oxygen
release layer 122 is in contact with the surface of the second
loose layer 112 facing away from the oxide active layer 10.
For another example, the second oxygen release layer 122
and the second loose layer 112 are disposed at a side of the
oxide active layer 10 facing away from the base 90, and the
second oxygen release layer 122 is in contact with the
surface of the second loose layer 112 facing away from the
oxide active layer 10 and at least one side face (e.g., all side
faces) of the second loose layer 112.

[0140] In a third possible implementation, the area of the
orthographic projection of the second oxygen release layer
122 on the base 90 is less than the area of the orthographic
projection of the second loose layer 112 on the base 90. For
example, the second oxygen release layer 122 and the
second loose layer 112 are disposed at a side of the oxide
active layer 10 facing away from the base 90, and the second
loose layer 112 is in contact with the surface of the second
oxygen release layer 122 facing the oxide active layer 10.
For another example, the second oxygen release layer 122
and the second loose layer 112 are disposed between the
oxide active layer 10 and the base 90, and the second loose
layer 112 is in contact with the surface of the second oxygen
release layer 122 facing the oxide active layer 10 and at least
one side face (e.g., all side faces) of the second oxygen
release layer 122.

[0141] A material of the second oxygen release layer 122
can include or can be a second oxygen-containing insulating
material, and the second oxygen release layer 122 is capable
of releasing oxygen of approximately 1E19 molec/cm® to
approximately 1E21 molec/cm’ in a temperature range of
25° C. to 350° C.

[0142] Optionally, a thickness of the second oxygen
release layer 122 is approximately in a range of 100 nm to
400 nm. For example, the thickness of the second oxygen
release layer 122 is 100 nm, 150 nm, 200 nm, 250 nm, 300
nm, 350 nm, or 400 nm.

[0143] In the oxide thin film transistor 1, the second
oxygen release layer 122 is disposed on the surface of the
second loose layer 112 facing away from the oxide active
layer 10, and the second oxygen release layer 122 is in
contact with the second loose layer 112. Therefore, both the
first oxygen release layer 121 and the second oxygen release
layer 122 may release oxygen, and the oxygen released by
the first oxygen release layer 121 and the oxygen released by
the second oxygen release layer 122 respectively transfer to
the oxide active layer 10 through the first loose layer 111 and
the second loose layer 112, which may further increase free
oxygen and transfer paths of the oxygen.

[0144] Optionally, each of the material of the first loose
layer 111, the material of the second loose layer 112, the
material of the first oxygen release layer 121, and the
material of the second oxygen release layer 122 includes an
oxygen (O) element, and at least one of a silicon (Si) element
or an aluminum (Al) element. That is, the material may
include Si and O, or may include Al and O, or may include
Si, Al and O. For example, the material includes at least one
of silicon dioxide or aluminum oxide (Al,O;).
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[0145] For example, the silicon oxide may be SiO,. Of
course, the ratio of Si to O in the silicon oxide includes, but
is not limited to, 1:2, 1:1, etc.

[0146] Raw materials of SiO, and Al,O, are easy to
obtain, which may simplify a manufacturing process and
reduce a cost.

[0147] Optionally, the material of the first loose layer 111
is the same as the material of the second loose layer 112.
Optionally, the first oxygen-containing insulating material is
the same as the second oxygen-containing insulating mate-
rial.

[0148] For example, the material of the first loose layer
111, the material of the second loose layer 112, the material
of the first oxygen release layer 121, and the material of the
second oxygen release layer 122 all include Si and O (e.g.,
Si0,).

[0149] In some embodiments, the material of the first
loose layer 111 and the material of the second loose layer
112 are both SiO,, and a refractive index of the first loose
layer 111 and a refractive index of the second loose layer 112
are approximately in a range of 1.445 to 1.455.

[0150] In some embodiments, the material of the first
oxygen release layer 121 and the material of the second
oxygen release layer 122 are both SiO,, and a refractive
index of the first oxygen release layer 121 and a refractive
index of the second oxygen release layer 122 are approxi-
mately in a range of 1.440 to 1.470.

[0151] In some embodiments, as shown in FIGS. 1 to 48,
the oxide thin film transistor 1 further includes a gate 20, a
source 30, and a drain 40. On this basis, two possible
implementations are provided to describe the structure of the
oxide thin film transistor 1, but it will be noted that these
implementations are merely examples, and the oxide thin
film transistor 1 may have other structures.

[0152] In a first possible implementation, as shown in
FIGS. 1 to 8, 17 to 24 and 41 to 48, the gate 20 is disposed
at a side of the oxide active layer 10 away from the first loose
layer 111.

[0153] The oxide thin-film transistor 1 may be divided into
two types, i.e, a bottom-gate thin film transistor and a
top-gate thin film transistor.

[0154] The bottom-gate thin film transistor may have the
following two structures.

[0155] In a first structure, as shown in FIGS. 1 to 8, the
source 30 and the drain 40 are disposed on the first surface
101 of the oxide active layer 10 facing away from the gate
20, and the source 30 and the drain 40 are in direct contact
with the oxide active layer 10. In this case, the oxide thin
film transistor 1 is a back-channel-etch (BCE) oxide thin
film transistor.

[0156] In a second structure, as shown in FIGS. 17 to 24,
the source 30 and the drain 40 are disposed at a side of the
oxide active layer 10 away from the gate 20 (that is, the first
loose layer 111 and the first oxygen release layer 121 are
disposed at a same side of the oxide active layer 10 as the
source 20 and the drain 40), and the source 30 and the drain
40 are each in contact with the oxide active layer 10 through
the at least one via hole 80 formed in a first insulating layer
100. In this case, the oxide thin film transistor 1 is an etch
stop (ES) oxide thin film transistor. For example, the first
insulating layer 100 includes the first loose layer 111 and the
first oxygen release layer 121, and the source 30 and the
drain 40 are each in contact with the oxide active layer 10
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through at least one via hole 80 extending through the first
loose layer 111 and the first oxygen release layer 121.

[0157] As for the top-gate oxide thin film transistor, as
shown in FIGS. 41 to 48, the gate 20 is disposed at a same
side of the oxide active layer 10 as the source 30 and the
drain 40. The oxide thin film transistor further includes a
second insulating layer 103 disposed between the oxide
active layer 10 and both the source 30 and the drain 40, and
the source 30 and the drain 40 are each in contact with the
oxide active layer 10 through at least one via hole 80 formed
in the second insulating layer 103. As shown in FIGS. 41 to
48, the second insulating layer 103 includes an interlayer
insulating layer 70 disposed between the gate 20 and both
the source 30 and the drain 40, and a gate insulating layer
between the gate 20 and the oxide active layer 10. That is,
the source 30 and the drain 40 are each in contact with the
oxide active layer 10 through at least one via hole 80
extending through the interlayer insulating layer 70 and the
gate insulating layer. As shown in FIGS. 42 and 45, for
example, the oxide thin film transistor 1 includes the second
loose layer 112, and the second loose layer 112 serves as the
gate insulating layer. Or, as shown in FIGS. 43 and 46, for
example, the oxide thin film transistor 1 includes the second
loose layer 112 and the second oxygen release layer 122, and
the second loose layer 112 and the second oxygen release
layer 122 together serve as the gate insulating layer.

[0158] On a basis of the first possible implementation of
the structure of the oxide thin film transistor 1, in some
embodiments, as shown in FIGS. 4, 5, 20 and 21, in a case
where the oxide thin film transistor 1 is the bottom-gate thin
film transistor, the oxide thin film transistor 1 further
includes a first silicon nitride layer 50 disposed at a side of
the oxide active layer 10 proximate to the gate 20.

[0159] In a case where the oxide thin film transistor 1
includes the second loose layer 112, as shown in FIGS. 4 and
20, the first silicon nitride layer 50 is, for example, disposed
on a surface of the second loose layer 112 facing the gate 20.
In this case, as shown in FIGS. 4 and 20, the first silicon
nitride layer 50 and the second loose layer 112 together serve
as a gate insulating layer for insulating the gate 20 and the
oxide active layer 10.

[0160] In a case where the oxide thin film transistor 1
includes the second loose layer 112 and the second oxygen
release layer 122 disposed on a side of the second loose layer
112 facing away from the oxide active layer 10, as shown in
FIGS. 5 and 21, the first silicon nitride layer 50 is, for
example, disposed on a surface of the second oxygen release
layer 122 facing the gate 20. In this case, as shown in FIGS.
5 and 21, the first silicon nitride layer 50, the second loose
layer 112, and the second oxygen release layer 122 together
serve as the gate insulating layer for insulating the gate 20
and the oxide active layer 10.

[0161] In some other embodiments, as shown in FIGS. 44
to 46, in a case where the oxide thin film transistor 1 is the
top-gate thin film transistor, the oxide thin film transistor 1
further includes a first silicon nitride layer 50 disposed on a
surface of the first oxygen release layer 121 facing away
from the gate 20.

[0162] Optionally, a thickness of the first silicon nitride
layer 50 described in all embodiments is approximately in a
range of 100 nm to 400 nm. For example, the thickness of
the first silicon nitride layer 50 is 100 nm, 150 nm, 200 nm,
250 nm, 300 nm, 350 nm, or 400 nm.
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[0163] The first silicon nitride layer 50 is used to prevent
water and oxygen or impurities from a side of the base 90
from affecting the oxide active layer 10.

[0164] In a case where the oxide thin film transistor 1 is
applied to, for example, an array substrate, regardless of
whether the oxide thin film transistor 1 is the top-gate thin
film transistor or the bottom-gate thin film transistor, the
oxide thin film transistor 1 is disposed on the base 90. For
example, the base 90 is the glass base, and the first silicon
nitride layer 50 is mainly used to prevent sodium ions in the
glass base from permeating into the oxide active layer 10.
For another example, the base 90 is the flexible base, and the
first silicon nitride layer 50 is mainly used to prevent
external water and oxygen, or impurities from permeating
into the oxide active layer 10 through the base 90.

[0165] In some embodiments, as shown in FIGS. 6 to 8
and 22 to 24, the oxide thin film transistor 1 is the bottom-
gate thin film transistor, and the oxide thin film transistor 1
further includes a second silicon nitride layer 60 disposed on
a surface of the first oxygen release layer 121 facing away
from the gate 20.

[0166] In some other embodiments, as shown in FIGS. 47
to 48, the oxide thin film transistor 1 is the top-gate thin film
transistor, and the oxide thin film transistor 1 further
includes a second silicon nitride layer 60 disposed between
the oxide active layer 10 and both the source 30 and the drain
40.

[0167] In some examples, the second silicon nitride layer
60 is disposed between the oxide active layer 10 and the gate
20.

[0168] For example, in a case where the oxide thin film
transistor 1 includes the second loose layer 112, as shown in
FIG. 47, the second silicon nitride layer 60 is disposed on a
surface of the second loose layer 112 facing the gate 20. In
this case, as shown in FIG. 47, the second silicon nitride
layer 60 and the second loose layer 112 together serve as the
gate insulating layer.

[0169] For another example, in a case where the oxide thin
film transistor 1 includes the second loose layer 112 and the
second oxygen release layer 122 disposed on a surface of the
second loose layer 112 facing away from the oxide active
layer 10, as shown in FIG. 48, the second silicon nitride
layer 60 is disposed on a surface of the second oxygen
release layer 122 facing the gate 20. In this case, as shown
in FIG. 48, the second silicon nitride layer 60, the second
loose layer 112, and the second oxygen release layer 122
may together serve as the gate insulating layer.

[0170] In some other examples, the second silicon nitride
layer 60 is disposed between the gate 20 and both the source
30 and the drain 40. In this case, the second silicon nitride
layer 60 serves as the interlayer insulating layer 70. Of
course, the second silicon nitride layer 60 and the interlayer
insulating layer 70 may also be disposed in a stack in the
thickness direction of the oxide active layer 10.

[0171] Optionally, a thickness of the second silicon nitride
layer 60 is approximately in a range of 100 nm to 400 nm.
For example, the thickness of the second silicon nitride layer
60 is 100 nm, 150 nm, 200 nm, 250 nm, 300 nm, 350 nm,
or 400 nm.

[0172] The second silicon nitride layer 60 is mainly used
to prevent water and oxygen or impurities from a side of the
second silicon nitride layer 60 away from the oxide active
layer 10 from affecting the oxide active layer 10.
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[0173] Optionally, the first silicon nitride layer 50 and the
second silicon nitride layer 60 are both included in the oxide
thin film transistor 1. Functions of the first silicon nitride
layer 50 and the second silicon nitride layer 60 are as
described above and are not described herein again.

[0174] In a second possible implementation of the struc-
ture of the oxide thin film transistor 1, as shown in FIGS. 9
to 16 and 25 to 40, the gate 20 and the first loose layer 111
are disposed at a same side of the oxide active layer 10.
[0175] The oxide thin-film transistor 1 may be divided into
two types, i.e., the bottom-gate thin film transistor and the
top-gate thin film transistor.

[0176] The bottom-gate thin film transistor may have the
following two structures.

[0177] In a first structure, as shown in FIGS. 9 to 16, the
source 30 and the drain 40 are disposed on the second
surface 102 of the oxide active layer 10 facing away from
the gate 20, and the source 30 and the drain 40 are in direct
contact with the oxide active layer 10. In this case, the oxide
thin film transistor 1 is the BCE oxide thin film transistor.
For example, the first loose layer 111 and the first oxygen
release layer 121 together serve as the gate insulating layer.
[0178] In a second structure, as shown in FIGS. 25 to 32,
the source 30 and the drain 40 are disposed at a side of the
oxide active layer 10 away from the gate 20, and the source
30 and the drain 40 are each in contact with the oxide active
layer 10 through at least one via hole 80 in a third insulating
layer 104. In this case, the oxide thin film transistor 1 is the
ES oxide thin film transistor. For example, the first loose
layer 111 and the first oxygen release layer 121 together
serve as the gate insulating layer.

[0179] In some examples, as shown in FIGS. 25 and 28,
the oxide thin film transistor 1 further includes an etch stop
layer 113 disposed between the oxide active layer 10 and
both the source 30 and the drain 40, and the source 30 and
the drain 40 are each in contact with the oxide active layer
10 through at least one via hole 80 extending through the
etch stop layer 113. The etch stop layer 113 serves as the
third insulating layer 104.

[0180] In some other examples, as shown in FIGS. 26, 29
and 31, in a case where the oxide thin film transistor 1
includes the second loose layer 112, the second loose layer
112 serves as the third insulating layer 104. The source 30
and the drain 40 are each in contact with the oxide active
layer 10 through at least one via hole 80 extending through
the second loose layer 112.

[0181] In some other examples, as shown in FIGS. 27, 30
and 32, in a case where the oxide thin film transistor 1
includes the second loose layer 112 and the second oxygen
release layer 122, the second loose layer 112 and the second
oxygen release layer 122 together serves as the third insu-
lating layer 104. The source 30 and the drain 40 are each in
contact with the oxide active layer 10 through at least one
via hole 80 extending through the second loose layer 112 and
the second oxygen release layer 122.

[0182] As for the top-gate oxide thin film transistor, as
shown in FIGS. 33 to 40, the gate 20 is disposed at a same
side of the oxide active layer 10 as the source 30 and the
drain 40, and the first loose layer 111 and the first oxygen
release layer 121 are disposed between the gate 20 and the
oxide active layer 10. In some embodiments, as shown in
FIGS. 33 to 37, the first loose layer 111 and the first oxygen
release layer 121 together serve as the gate insulating layer,
and the oxide thin film transistor 1 further includes an
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interlayer insulating layer 70 disposed between the gate 20
and both the source 30 and the drain 40, for insulating the
gate 20 and both the source 30 and the drain 40. In this case,
the interlayer insulating layer 70, the first loose layer 111 and
the first oxygen release layer 121 constitute a fourth insu-
lating layer 105. That is, the source 30 and the drain 40 are
each in contact with the oxide active layer 10 through at least
one via hole 80 extending through the interlayer insulating
layer 70, the first loose layer 111 and the first oxygen release
layer 121.

[0183] In some embodiments, as shown in FIGS. 12 to 14
and 28 to 30, the oxide thin film transistor 1 is the bottom-
gate thin film transistor, and the oxide thin film transistor 1
further includes a first silicon nitride layer 50 disposed
between the gate 20 and the first oxygen release layer 121.
[0184] Insome embodiments, as shown in FIGS. 36 to 37,
the oxide thin film transistor 1 is the top-gate thin film
transistor, and the oxide thin film transistor 1 further
includes a first silicon nitride layer 50 disposed at a side of
the oxide active layer 10 away from the gate 20.

[0185] In a case where the oxide thin film transistor 1
includes the second loose layer 112, as shown in FIG. 36, the
first silicon nitride layer 50 is disposed on a surface of the
second loose layer 112 facing away from the oxide active
layer 10.

[0186] In a case where the oxide thin film transistor 1
includes the second loose layer 112 and the second oxygen
release layer 122 disposed on the surface of the second loose
layer 112 facing away from the oxide active layer 10, as
shown in FIG. 37, the first silicon nitride layer 50 is disposed
on a surface of the second oxygen release layer 122 facing
away from the oxide active layer 10.

[0187] With regard to the function of the first silicon
nitride layer 50, reference may be made to the above related
description, which is not described herein again.

[0188] In some embodiments, as shown in FIGS. 15, 16,
31 and 32, the oxide thin film transistor 1 is the bottom-gate
thin film transistor, and the oxide thin film transistor 1
further includes a second silicon nitride layer 60 disposed at
a side of the oxide active layer 10 away from the gate 20.
[0189] In a case where the oxide thin film transistor 1
includes the second loose layer 112, as shown in FIGS. 15
and 31, the second silicon nitride layer 60 is disposed on a
surface of the second loose layer 112 facing away from the
oxide active layer 10.

[0190] In a case where the oxide thin film transistor 1
includes the second loose layer 112 and the second oxygen
release layer 122 disposed on the surface of the second loose
layer 112 facing away from the oxide active layer 10, as
shown in FIGS. 16 and 32, the second silicon nitride layer
60 is disposed on a surface of the second oxygen release
layer 122 facing away from the oxide active layer 10.
[0191] In some other embodiments, as shown in FIGS. 38
to 40, the oxide thin-film transistor 1 is the top-gate thin film
transistor, and the oxide thin-film transistor 1 further
includes a second silicon nitride layer 60 disposed on a
surface of the first oxygen release layer 121 facing away
from the oxide active layer 10.

[0192] In this case, in some examples, the second silicon
nitride layer 60 is disposed between the first oxygen release
layer 121 and the gate 20. In this case, as shown in FIGS. 38
to 40, the first loose layer 111, the first oxygen release layer
121, the second silicon nitride layer 60 and the interlayer
insulating layer 70 constitute the fourth insulating layer 105.
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The source 30 and the drain 40 are each in contact with the
oxide active layer 10 through at least one via hole 80
extending through the first loose layer 111, the first oxygen
release layer 121, the second silicon nitride layer 60 and the
interlayer insulating layer 70. In some other examples, the
second silicon nitride layer 60 is disposed between the gate
20 and both the source 30 and the drain 40. For example, the
second silicon nitride layer 60 serves as the interlayer
insulating layer 70. For another example, the second silicon
nitride layer 60 and the interlayer insulating layer 70 are
disposed in a stack in the thickness direction of the oxide
active layer 10.

[0193] The function of the second silicon nitride layer 60
is the same as that described above and is not described
herein again.

[0194] Optionally, the first silicon nitride layer 50 and the
second silicon nitride layer 60 are both included in the oxide
thin film transistor 1.

[0195] Some embodiments of the present disclosure pro-
vide an array substrate including the base 90 and a plurality
of oxide thin film transistors 1 disposed above the base 90.
[0196] In this case, each layer of the first loose layer 111,
the first oxygen release layer 121, the second loose layer
112, the second oxygen release layer 122, the first silicon
nitride layer 50 and the second silicon nitride layer 60 is of
an integrated structure in the array substrate. That is, the
layer at least covers a display area of the array substrate. In
addition, the gates 20 of all the oxide thin film transistors 1
may be disposed in a same layer, the oxide active layers 10
of all the oxide thin film transistors 1 may be disposed in a
same layer, and the sources and the drains of all the oxide
thin film transistors 1 may be disposed in a same layer. In
this way, a manufacturing process may be simplified.
[0197] As shown in FIG. 49, some embodiments of the
present disclosure provide a method of manufacturing an
oxide thin film transistor, such as the oxide thin film tran-
sistor 1 described above. The method includes S10 to S30.
[0198] In S10, as shown in FIGS. 1,9, 17, 25, 33 and 41,
the oxide active layer 10 is formed.

[0199] In S20, as shown in FIGS. 1, 9, 17, 25, 33 and 41,
the first loose layer 111 is formed. The material of the first
loose layer 111 includes the first inorganic oxide insulating
material.

[0200] In S30, as shown in FIGS. 1,9, 17, 25, 33 and 41,
the first oxygen release layer 121 is formed. The material of
the first oxygen release layer 121 is the first oxygen-
containing insulating material. The first oxygen release layer
121 is capable of releasing oxygen approximately 1E19
molec/cm’ to approximately 1E21 molec/cm® in the tem-
perature range of 25° C. to 350° C.

[0201] Insomeembodiments, as shown in FIGS. 1, 17 and
33, a sequence of performing S10, S20 and S30 is: first
performing S10, then performing S20, and then performing
S30. In this case, the oxide active layer 10, the first loose
layer 111 and the first oxygen release layer 121 are sequen-
tially formed on the base 90 in a thickness direction of the
base 90.

[0202] In some other embodiments, as shown in FIGS. 9,
25 and 41, the sequence of performing S10, S20 and S30 is:
first performing S30, then performing S20, and then per-
forming S10. In this case, the first oxygen release layer 121,
the first loose layer 111, and the oxide active layer 10 are
sequentially formed on the base 90 in the thickness direction
of the base 90.

Jun. &, 2023

[0203] Optionally, the material of the first loose layer 111
can include or can be SiO,. The first loose layer 111 is
formed by using, for example, a plasma chemical vapor
deposition method.

[0204] The step of forming the first loose layer 111
includes: forming the first loose layer 111 under a condition
that a gas flow ratio of N,O to SiH, is approximately in a
range of 90:1 to 170:1, an air pressure is approximately in
a range of 500 mTorr to 900 mTorr, and a power is
approximately in a range of 1000 W to 7000 W.

[0205] By setting the above deposition condition, the first
loose layer 111 has pore structures. In addition, the refractive
index of the first loose layer 111 formed under the above
condition is approximately in the range of 1.445 to 1.455, a
defect state of the first loose layer 111 is below 2E18
spins/cm>, and an amount of water absorbed by the first
loose layer 111 is below 2E20/cm> (that is the first loose
layer 111 has a property of not easily absorbing water),
which improve the performances of the oxide thin film
transistor 1.

[0206] By performing infrared spectroscopy analysis on
the first loose layer 111, the infrared wavenumber corre-
sponding to a Si—O bond absorption peak is approximately
in a range of 1050 cm™ to 1060 cm™'.

[0207] Optionally, the material of the first oxygen release
layer 121 can include or can be SiO,. The first oxygen
release layer 121 is formed by using, for example, the
plasma chemical vapor deposition method.

[0208] The step of forming the first oxygen release layer
121 includes: forming the first oxygen release layer 121
under a condition that the gas flow ratio of N,O to SiH, is
approximately in a range of 40:1 to 170:1, the air pressure
is approximately in a range of 1000 mTorr to 2100 mTorr,
and the power is approximately in a range of 9000 W to
21000 W.

[0209] By setting the above deposition condition, the first
oxygen release layer 121 is capable of releasing oxygen of
approximately 1E19 molec/cm® to approximately 1E21
molec/cm®.

[0210] By performing an infrared spectroscopy analysis
on the first oxygen release layer 121, the infrared wavenum-
ber corresponding to a Si—O bond absorption peak is
approximately in a range of 1060 cm™ to 1072 cm™.
[0211] In some embodiments, as shown in FIG. 50, the
steps of forming the oxide active layer 10, the first loose
layer 111 and the first oxygen release layer 121 include: as
shown in FIGS. 10, 26 and 42, forming (S110) the first
oxygen release layer 121; as shown in FIGS. 10, 26 and 42,
forming (S120) the first loose layer 111 on the first oxygen
release layer 121; and as shown in FIGS. 10, 26 and 42,
forming (S130) the oxide active layer 10 on the first loose
layer 111.

[0212] On this basis, as shown in FIG. 50, the method may
further include: as shown in FIGS. 10, 26 and 42, forming
(S140) the second loose layer 112 on the oxide active layer
10, the first loose layer 111 being in contact with the second
loose layer 112 at at least one side face of the oxide active
layer 10. The material of the second loose layer 112 can
include or can be SiO,.

[0213] The second loose layer 112 is deposited by using,
for example, the plasma chemical vapor deposition method.
[0214] For example, the step of forming the second loose
layer 112 includes: forming the second loose layer 112 under
a condition that the gas flow ratio of N,O to SiH, is
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approximately in the range 0f 90:1 to 170:1, a gas flow ratio
of N,O to NH; is approximately in a range of 10:1 to 100:1,
the air pressure is approximately in the range of 500 mTorr
to 900 mTorr, and the power is approximately in the range
of 1000 W to 7000 W.

[0215] By adding NH; into the above deposition condi-
tion, the second loose layer 112 has pore structures, the
second loose layer 112 may be made looser than the first
loose layer 111.

[0216] In addition, as shown in FIG. 51, the method may
further include: as shown in FIGS. 11, 27 and 43, forming
(S150) the second oxygen release layer 122 on the second
loose layer 122. The material of the second oxygen release
layer 122 can include or can be SiO,.

[0217] The second oxygen release layer 122 is deposited
by using, for example, the plasma chemical vapor deposition
method.

[0218] The step of forming the second oxygen release
layer 122, for example, includes: forming the second oxygen
release layer 122 under the condition that the gas flow ratio
of N,O to SiH, is approximately in the range of 40:1 to
170:1, the air pressure is approximately in the range of 1000
mTorr to 2100 mTorr, and the power is approximately in the
range of 9000 W to 21000 W.

[0219] In some other embodiments, as shown in FIG. 52,
the method of manufacturing the oxide thin film transistor 1
includes: as shown in FIGS. 2, 18 and 34, forming (S210)
the second loose layer 112, the material of the second loose
layer 112 being SiO,; as shown in FIGS. 2, 18 and 34,
forming the oxide active layer 10 on the second loose layer
112 (S220); as shown in FIGS. 2, 18 and 34, forming (S230)
the first loose layer 111 on the oxide active layer 10, the first
loose layer 111 being in contact with the second loose layer
112 at at least one side face of the oxide active layer 10; and
as shown in FIGS. 2, 18 and 34, forming the first oxygen
release layer 121 on the first loose layer 111 (S240).
[0220] The second loose layer 112 is deposited by using,
for example, the plasma chemical vapor deposition method.
[0221] The step of forming the second loose layer 112, for
example, includes: forming the second loose layer 112 under
the condition that the gas flow ratio of N,O to SiH, is
approximately in the range of 90:1 to 170:1, the gas tflow
ratio of N,O to NHj is approximately in the range of 10:1 to
100:1, the air pressure is approximately in the range of 500
mTorr to 900 mTorr, and the power is approximately in the
range of 1000 W to 7000 W.

[0222] On this basis, as shown in FIG. 53, before forming
the second loose layer 112, the method may further include:
as shown in FIGS. 3, 19 and 35, forming (S200) the second
oxygen release layer 122. The material of the second oxygen
release layer 122 can include or can be SiO,.

[0223] Inthis case, forming the second loose layer 112, for
example, includes: forming the second loose layer 112 on
the second oxygen release layer 122.

[0224] The second oxygen release layer 122 is deposited
by using, for example, the plasma chemical vapor deposition
method.

[0225] The step of forming the second oxygen release
layer 122, for example, includes: forming the second oxygen
release layer 122 under the condition that the gas flow ratio
of N,O to SiH, is approximately in the range of 40:1 to
170:1, the air pressure is approximately in the range of 1000
mTorr to 2100 mTorr, and the power is approximately in the
range of 9000 W to 21000 W.
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[0226] On the above basis, the manufacturing method
further includes forming the gate 20 and forming the source
30 and the drain 40. As for positions where the gate 20, the
source 30 and the drain 40 are formed, reference may be
made to various structures of the oxide thin film transistor,
and they are not described herein again.

[0227] The foregoing descriptions are merely specific
implementation manners of the present disclosure, but the
protection scope of the present disclosure is not limited
thereto. Any person skilled in the art could conceive of
changes or replacements within the technical scope of the
present disclosure, which shall all be included in the pro-
tection scope of the present disclosure. Therefore, the pro-
tection scope of the present disclosure shall be subject to the
protection scope of the claims.

What is claimed is:

1. A thin film transistor, comprising:

an active layer;

a first loose layer that is at least disposed on a first surface
of the active layer perpendicular to a thickness direc-
tion of the active layer, and is in contact with the active
layer, wherein a material of the first loose layer includes
a first inorganic oxide insulating material; and

a first oxygen release layer that is disposed on a surface
of the first loose layer facing away from the active
layer, and is in contact with the first loose layer,
wherein a material of the first oxygen release layer is a
first oxygen-containing insulating material, wherein

a porosity of the first loose layer is different from a
porosity of the first oxygen release layer, and/or an
oxygen content of the first loose layer is different from
an oxygen content of the first oxygen release layer.

2. The thin film transistor according to claim 1, wherein
the porosity of the first loose layer is less than the porosity
of the first oxygen release layer.

3. The thin film transistor according to claim 2, wherein

the porosity of the first loose layer is capable of being
represented by:
after being immersed in an etching solution, the first

loose layer having pores with a size range of 30 nm
to 150 nm; and

the porosity of the first oxygen release layer is capable of
being represented by:
after being immersed in the etching solution, the first

oxygen release layer having pores with a size range
of 50 nm to 200 nm;

wherein the etching solution is a mixed solution of an
aqueous solution of NH,F and an aqueous solution of
HF in which a concentration of NH,F is in a range of
29.8 wt % to 30.2 wt %, and a concentration of HF is
in a range of 5.9 wt % to 6.1 wt %.

4. The thin film transistor according to claim 1, wherein

a density of the first loose layer is greater than a density of
the first oxygen release layer.

5. The thin film transistor according to claim 4, wherein

the density of the first loose layer is capable of being
represented by:
an etching rate of the first loose layer in an etching

solution is in a range of 30 A/s to 100 A/s; and
the density of the first oxygen release layer is capable of
being represented by:
an etching rate of the first oxygen release layer in the
etching solution is in a range of 50 A/s to 200 A/s;
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wherein the etching solution is a mixed solution of an
aqueous solution of NH,F and an aqueous solution of
HF in which a concentration of NH,F is in a range of
29.8 wt % to 30.2 wt %, and a concentration of HF is
in a range of 5.9 wt % to 6.1 wt %.

6. The thin film transistor according to claim 1, wherein

a material of the first loose layer includes a silicon (Si)
element and an oxygen (O) element, and a refractive
index thereof is in a range of approximately 1.445 to
approximately 1.455; and

a material of the first oxygen release layer includes the
silicon (Si) element and the oxygen (O) element, and a
refractive index thereof is in a range of approximately
1.440 to approximately 1.470.

7. The thin film transistor according to claim 1, wherein

a material of the first loose layer includes a silicon (Si)
element and an oxygen (O) element, and the first loose
layer has an infrared spectrum in which an infrared
wavenumber corresponding to a Si—O bond absorp-
tion peak is in a range of approximately 1050 cm™! to
approximately 1060 cm™", and

a material of the first oxygen release layer includes the
silicon (Si) element and the oxygen (O) element, and
the first oxygen release layer has an infrared spectrum
in which an infrared wavenumber corresponding to a
Si—O bond absorption peak is in a range of approxi-
mately 1060 cm™ to approximately 1072 cm™.

8. The thin film transistor according to claim 1, wherein

the first loose layer is capable of releasing oxygen of
approximately 1E18 molec/cm® to approximately 8E18
molec/cm? in a temperature range of 25° C. to 350° C.,
and

the first oxygen release layer is capable of releasing
oxygen of approximately 1E19 molec/cm® to approxi-
mately 1E21 molec/cm? in the temperature range of 25°
C. to 350° C.

9. The thin film transistor according to claim 1, further

comprising:

a second loose layer that is at least disposed on a second
surface of the active layer opposite to the first surface
and is in contact with the active layer, wherein

a material of the second loose layer includes a second
inorganic oxide insulating material, and the first loose
layer is in contact with the second loose layer at at least
one side face of the active layer.

10. The thin film transistor according to claim 9, further

comprising:

a second oxygen release layer that is disposed on a surface
of the second loose layer facing away from the active
layer and is in contact with the second loose layer,
wherein

a material of the second oxygen release layer is a second
oxygen-containing insulating material, and the second
oxygen release layer is capable of releasing oxygen of
approximately 1E19 molec/cm> to approximately 1E21
molec/cm? in a temperature range of 25° C. to 350° C.

11. The thin film transistor according to claim 10, wherein

the material of the first loose layer is the same as the
material of the second loose layer, and the first oxygen-
containing insulating material is the same as the second
oxygen-containing insulating material.

12. The thin film transistor according to claim 10, wherein

the material of the first loose layer, the material of the
second loose layer, the material of the first oxygen
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release layer, and the material of the second oxygen
release layer each include an oxygen (O) element, and
at least one of a silicon (Si) element or an aluminum
(Al) element.

13. The thin film transistor according to claim 9, wherein

the material of the first loose layer and the material of the
second loose layer are both include the silicon (Si)
element and the oxygen (O) element, and a refractive
index of the first loose layer and a refractive index of
the second loose layer are in a range of approximately
1.445 to approximately 1.455.

14. The thin film transistor according to claim 1, wherein

a material of the active layer includes an oxide semicon-
ductor material.

15. The thin film transistor according to claim 1, further

comprising:

a gate disposed at a side of the active layer away from the
first loose layer;

a source and a drain, wherein the source and the drain are
disposed on the first surface of the active layer and are
in direct contact with the active layer; and

at least one of a first silicon nitride layer or a second
silicon nitride layer, wherein the first silicon nitride
layer is disposed at a side of the active layer proximate
to the gate, and the second silicon nitride layer is
disposed on a surface of the first oxygen release layer
facing away from the gate.

16. The thin film transistor according to claim 1, further

comprising:

a gate disposed at a side of the active layer away from the
first loose layer;

a source and a drain, wherein the source and the drain are
disposed at a side of the active layer away from the
gate, and the source and the drain are each in contact
with the active layer through at least one via hole
formed in a first insulating layer including both the first
loose layer and the first oxygen release layer; and

at least one of a first silicon nitride layer or a second
silicon nitride layer, wherein the first silicon nitride
layer is disposed at a side of the active layer proximate
to the gate, and the second silicon nitride layer is
disposed on a surface of the first oxygen release layer
facing away from the gate.

17. The thin film transistor according to claim 1, further

comprising:

a gate disposed at a side of the active layer away from the
first loose layer;

a source and a drain, wherein the gate is disposed at a
same side of the active layer as the source and the drain,
the thin film transistor further comprises a second
insulating layer, the second insulating layer includes an
interlayer insulating layer between the gate and both
the source and the drain, and a gate insulating layer
between the gate and the active layer, and the source
and the drain are each in contact with the active layer
through at least one via hole formed in the second
insulating layer; and

at least one of a first silicon nitride layer or a second
silicon nitride layer, wherein the first silicon nitride
layer is disposed on a surface of the first oxygen release
layer facing away from the gate, and the second silicon
nitride layer is disposed between the active layer and
both the source and the drain.
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18. The thin film transistor according to claim 1, further

comprising:

a gate disposed at a same side of the active layer as the
first loose layer;

a source and a drain, wherein the source and the drain are
disposed on a second surface of the active layer oppo-
site to the first surface, and are in direct contact with the
active layer; and

at least one of a first silicon nitride layer or a second
silicon nitride layer, wherein the first silicon nitride
layer is disposed between the gate and the first oxygen
release layer, and the second silicon nitride layer is
disposed at a side of the active layer away from the
gate.

19. The thin film transistor according to claim 1, further

comprising:

a gate disposed at a same side of the active layer as the
first loose layer;
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a source and a drain, wherein the source and the drain are
disposed at a side of the active layer away from the
gate; and the thin film transistor further comprises a
third insulating layer between the active layer and both
the source and the drain, and the source and the drain
are each in contact with the active layer through at least
one via hole formed in the third insulating layer; and

at least one of a first silicon nitride layer or a second
silicon nitride layer, wherein the first silicon nitride
layer is disposed between the gate and the first oxygen
release layer, and the second silicon nitride layer is
disposed at a side of the active layer away from the
gate.

20. An array substrate, comprising:

a base; and

a plurality of thin film transistors each according to claim
1 disposed above the base.

#* #* #* #* #*



