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Description

TECHNICAL FIELD

[0001] The present invention relates to an annealing
device, a deposition crystallization apparatus and an an-
nealing process.

BACKGROUND

[0002] In the liquid crystal panel industry, usually ex-
cimer laser annealing (ELA) process is a crystallization
technique used to crystallize amorphous silicon (a-Si) to
polycrystalline silicon. With respect to ELA process, gas-
es used in a laser generator mainly include process gas-
es, such as halogen gas, Xe gas, Ne gas, and/or He gas,
with great variety and large usage quantity. Moreover,
service life of the gases is usually three (3) to five (5)
days, and the gas(es) in the apparatus must be replaced
when its service time reaches this value even if the gas
is not being used. Therefore, gas consumption is large,
and a great operation cost occurs to the manufacturer.
[0003] An ELA apparatus mainly includes following el-
ements/devices: a laser generator, an optical element,
an annealing element, a controller, and a transmission
element. The ELA apparatus is so large that it covers an
area of tens of square meters to hundreds of square me-
ters and has a weight of dozens of tons. The maintenance
cost is high and risk rate is increased because of the
complicated structures of the ELA apparatus.
[0004] Moreover, most of the components in an ELA
apparatus are consumable components, for example,
the continuous service life of a laser tube of a laser gen-
erator is only about half a year, but a price of the laser
tube is above multi-million RMB. In addition, the prices
of elements such as a gas pure element, a high voltage
element, a pulse extent element, an optical module are
all very expensive, and these elements to some extent
belong to consumable components. Therefore, a great
operation cost is brought due to frequently replace con-
sumption components of an ELA apparatus.
[0005] WO 2008/010882 A2 discloses an ion source
for generating and/or emitting an ion beam used to de-
posit a layer on a substrate. The ion source includes at
least one anode and at least one cathode.
[0006] US 2002/0153103 A1 discloses magnetically
enhanced glow discharge devices for the purpose of
PECVD, etching or treating a substrate in a vacuum
chamber, wherein two cathode surfaces are separated
by a gap and a mirror magnetic field emanates from the
cathode surfaces and passes through the gap.
[0007] US 2006/0177599 A1 discloses a pair of plasma
beam sources connected across an AC power supply to
alternatively produce an ion beam for depositing material
on a substrate. Each plasma beam source includes a
discharge cavity having a first width and a nozzle extend-
ing outwardly therefrom to emit the ion beam.
[0008] US 2013/0224396 A1 discloses a plasma an-

nealing device for changing the crystal structure of a film
by processing the film (coating) on a substrate. A corre-
sponding method for producing a film includes irradiating
a film on a substrate with atmospheric pressure plasma,
wherein the crystal structure of a constituent of the film
is changed.
[0009] JP 2009 200314 A discloses a crystallizing
method for an amorphous thin film and an apparatus
therefor, providing a polycrystalline thin film with large
crystal grain size in a short period of time while suppress-
ing oxidation of the surface of the amorphous thin film.
In the crystallizing method a polycrystalline thin film is
formed by forming an amorphous thin film with a prede-
termined film thickness on a surface of an insulating sub-
strate and crystallizing the amorphous thin film through
heat irradiation from a heat source, the heat irradiation
from the heat source is carried out in an atmospheric
atmosphere by transmitting heat through the substrate
from its reverse surface.

SUMMARY

[0010] It is an object of the present invention to provide
a plasma annealing device, a deposition crystallization
apparatus and a plasma annealing process, which may
solve one or more problems in the art.
[0011] The object is achieved by the features of the
respective independent claims. Further embodiments
are defined in the respective dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] In order to clearly illustrate the technical solution
of the embodiments of the present disclosure, the draw-
ings of the embodiments will be briefly described in the
following; it is obvious that the described drawings are
only related to some embodiments of the present disclo-
sure and thus are not limitative of the present disclosure.

Fig. 1 is a schematic diagram of a scanning process
to a substrate in an ELA process;
Fig. 2 is a sectional schematic view of a plasma gen-
erator provided by an embodiment of the present
disclosure;
Fig. 3 is a perspective schematic view of a plasma
generator provided by an embodiment of the present
disclosure;
Fig. 4 is a schematic view of a plasma beam outlet
in a plasma generator provided by an embodiment
of the present disclosure, which is in a line type (a)
and is in a ring type (b);
Fig. 5 is a sectional schematic view of a plasma an-
nealing device provided by an embodiment of the
present disclosure;
Fig. 6 is a schematic view of a deposition crystalli-
zation apparatus, which is formed by connection of
a plasma generator and a chemical vapor deposition
(CVD) device, provided by an embodiment of the
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present disclosure;
Fig. 7 is a schematic view of a deposition crystalli-
zation apparatus, which is formed by connection of
a plasma generator and a CVD device, provided by
another embodiment of the present disclosure;
Fig. 8 is a schematic view of a plasma annealing
(PA) process provided by an embodiment of the
present disclosure; and
Fig. 9 is a process flow comparison diagram between
an ELA process and a PA process provided by an
embodiment of the present disclosure.

Reference Numerals:

[0013] 1 - plasma annealing device; 2 - CVD device; 3
- deposition crystallization apparatus; 101 - gas chamber;
102 - gas intake member; 103 - cathode; 104 - anode;
105 - cooling water circulation member; 106 - plasma
beam outlet; 107 - insulating plate; 108 - magnetic mem-
ber; 109 - first electrode plate; 110 - second electrode
plate; 111 - gas; 112 - plasma beam; 10 - plasma gen-
erator; 20 - platform; 30 - vacuum chamber; 30’ - vacuum
chamber of CVD device; 40 - substrate; 50 - controller;
60 - turnover mechanism; 1011 - bottom face of gas
chamber; 1021 - gas intake pipe of gas intake member;
1051 - cooling water pipe.

DETAILED DESCRIPTION

[0014] In order to make objects, technical details and
advantages of the embodiments of the present disclosure
apparent, the technical solutions of the embodiments will
be described in a clearly and fully understandable way
in connection with the drawings related to the embodi-
ments of the present disclosure.
[0015] Because various process gases such as Halo-
gen gas, Xe gas, Ne gas, and/or He gas are needed in
an excimer laser annealing device, and the usage quan-
tity is large. Therefore, operation cost is high for the laser
annealing method.
[0016] With respect to wiring distribution, an excimer
laser annealing device is a single device, and cannot be
connected with other devices, so labor cost is increased,
and particle introduced opportunity is increased too.
[0017] In terms of process, the laser characteristics of
an excimer laser annealing device will be changed with
the consumption of the gases, or laser stability is limited.
[0018] Because an excimer laser annealing device is
large, a manufacture has to choose an integrate device,
the probability of substrate oxidation and pollution are
increased. Moreover, a window of an excimer laser an-
nealing device is small, the stability of thin film transistors
(TFTs) manufactured with it are not high. A scanning
method is illustrated in Fig.1 in a typical excimer laser
annealing technique. Excimer laser generator is provided
at a higher level, a platform bearing a substrate thereon
is at a lower level, laser is irradiated on to the movable
platform, and the conversion from amorphous silicon to

polycrystalline silicon is realized.
[0019] It is to be noted that, in description of embodi-
ments of the present disclosure, terms "on," "under," "top
face," "bottom face" and the like indicate a location or a
position shown in the figures, only to describe the em-
bodiments of the present disclosure conveniently and
simply, but not to indicate or suggest that the device or
element must have a corresponding location, and be
structured and operated in a specific position, and there-
fore, they cannot be understood as a limitation to the
present disclosure.
[0020] Several embodiments of the present disclosure
are illustrated in the following.

Embodiment 1

[0021] As illustrated in Fig. 2, the embodiment provides
a plasma generator 10. The plasma generator includes:
a gas chamber 101; a gas intake member 102 configured
to introduce gas 111 into the gas chamber 101; a cathode
103 and an anode 104 which are configured to apply an
electric field to the gas 111 introduced into the gas cham-
ber 101 to ionize the gas into plasma; a cooling water
circulation member 105 configured to control the temper-
ature of the plasma generator 10; and a plasma beam
outlet 106 disposed on a top face of the gas chamber 101.
[0022] For example, as illustrated in Fig. 2, in the plas-
ma generator 10 provided by an example of the embod-
iment, the anode 104 is disposed in the gas chamber
101, the cathode 103 is provided as a top face of the gas
chamber 101 or is disposed on the top face of the gas
chamber 101. Side walls of the gas chamber 101 can
also be formed integrally with the cathode 103 that is
provided as the top face. A (e.g., strong) electric filed is
created by the cathode 103 and the anode 104 upon a
voltage being applied across them.
[0023] For example, in an example of the embodiment,
the anode 104 and the cathode 103 are replaceable or
have an adjustable size. By changing a size of the anode
104 and the cathode 103 and setting the anode 104 and
the cathode 103 to an appropriate voltage value, the re-
quirement of adjusting the plasma beam outlet (opening
size) can be satisfied, and linearization of a plasma beam
112 is realized, and a large amount of treatment by optical
systems is not needed any more. A voltage between the
cathode 103 and the anode 104 of the plasma generator
10 can be provided by a voltage source, and the voltage
source can have a wide voltage range to adjust the state
of the plasma beam conveniently and flexibly.
[0024] For example, as illustrated in Fig. 2, the plasma
generator provided by an example of the embodiment
can further include an insulating plate 107, and the insu-
lating plate 107 is disposed below the anode 104. The
insulating plate 107 is configured to insulate the anode
104 and a component that is adjacent to the anode 104.
[0025] For example, as illustrated in Fig. 2 and Fig. 3,
in the plasma generator provided by an example of the
embodiment, the gas intake member 102 includes a gas
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intake pipe 1021. The gas 111 can be introduced into the
gas chamber 101 through the gas intake pipe 1021. The
gas intake pipe 1021 can pass through a bottom face
1011 and/or a side wall of the gas chamber 101.
[0026] For example, as illustrated in Fig. 3, in the plas-
ma generator provided by an example of the embodi-
ment, the cooling water circulation member 105 includes
a cooling water pipe 1051. For example, the cooling water
pipe 1051 can be disposed in the anode 104 and in a
side wall or side walls of the gas chamber 101. But the
position of the cooling water pipe 1051 is not limited here.
A temperature of the plasma generator 10 is controlled
by the cooling water circulation member to make the plas-
ma in a designed temperature. For example, the temper-
ature of plasma can be increased by reducing the cooling
water flow rate of the cooling water circulation member,
or the temperature of plasma can be reduced by increas-
ing the cooling water flow rate of the cooling water circu-
lation member.
[0027] For example, in the plasma generator provided
by an example of the embodiment, the gas intake mem-
ber 102 is configured to introduce (input) a gas to be
ionized to generate plasma. For example, the gas can
be argon gas to generate argon plasma.
[0028] For example, in the plasma generator provided
by an example of the embodiment, the plasma beam out-
let 106 of the plasma generator can be in a line type, as
illustrated in Fig. 3 and Fig. 4(a), or can be in a ring type,
as illustrated in Fig. 4(b). But the plasma beam outlet 106
is not limited thereto, and different types can be adopted
as required.
[0029] For example, in the plasma generator provided
by an example of the embodiment, the gas introduced
by the gas intake member is argon gas. Because the gas
can use argon gas only, traditional process gases such
as halogen, Xe, Ne, and/or He need not be used any-
more, and operation cost is reduced remarkably

Embodiment 2

[0030] The embodiment provides a plasma annealing
device 1, as illustrated in Fig.5, including a vacuum cham-
ber 30 and any one of the plasma generators 10 of em-
bodiment 1.
[0031] As illustrated in Fig. 5, the plasma annealing
device provided according to the invention includes a first
electrode plate 109 and a second electrode plate 110
being disposed on the vacuum chamber 30 and config-
ured to apply an accelerating electric field to the plasma.
The voltage of a voltage source for the plasma acceler-
ating electric field generated between the first electrode
plate 109 and the second electrode plate 110 can be
chosen from a wide range to adjust plasma acceleration
speed effectively. For example, the first electrode plate
109 and the second electrode plate 110 can be disposed
on a top face and a bottom face of the vacuum chamber
30, but their positions are not limited here.
[0032] For example, as illustrated in Fig. 5, the plasma

annealing device provided by an example of the embod-
iment can further include a magnetic member 108 that
is disposed on the path of a plasma beam 112 of the
plasma generator 10 and configured to apply a magnetic
field to the plasma beam 112. The magnetic member 108
for example can be disposed in a ring shape on the path
of the plasma beam 112. Fig. 5 can illustrate a sectional
view of a ring-shaped magnetic member. For example,
after the plasma beam is accelerated by the accelerating
electric field, effective ions can be chosen fur further use
by manes of the magnetic field added on the path 112 of
the plasma beam 112. The magnetic member 108 that
can choose effective ions will be proper.
[0033] For example, as illustrated in Fig. 5, the plasma
annealing device provided by an example of the embod-
iment can further include a controller 50 and a platform
20 configured to bear a substrate 40; in the plasma an-
nealing device, the controller 50 is configured to control
the platform 20 to move in a three-dimensional space.
The controller 50 for example can be a general-purpose
computer or a special-purpose computer device; for ex-
ample a stepping motor, etc. can be used to move the
platform 20 accurately. In a design, the platform 20 can
be controlled to move in an up and down direction (Z
axis), and flexible adjustment of the distance between
the substrate 40 and the plasma generator can be real-
ized to meet the requirement of flexible adjustment of
plasma beam energy. For example, the controller 50 can
also be controlled to move in a horizontal plane (X-Y
plane).
[0034] For example, in the plasma annealing device
provided by an example of the embodiment, the platform
20 faces the plasma generator 10, the platform 20 can
be disposed above or below the plasma generator 10. In
a case that the platform 20 is disposed above the plasma
generator, the plasma is irradiated from bottom to top,
and therefore the negative impact of particles in environ-
ment can be reduced.
[0035] For example, in the plasma annealing device
provided by an example of the embodiment, when in a
plasma annealing process, the distance between the
plasma generator 10 and the substrate 40 is in a range
of 1nm - 10 mm.
[0036] For example, in the plasma annealing device
provided by an example of the embodiment, the voltage
of the electric field generated between the cathode 103
and the anode 104 is in a range of 1.0 KV - 3.0 KV.
[0037] For example, in the plasma annealing device
10 provided by an example of the embodiment, the plas-
ma generator 10 can generate a uniform plasma beam
by means of appropriate voltage control for the cathode
103 and the anode 104, argon gas flow rate control, tem-
perature control of the circulation cooling water etc., and
the energy of the plasma can meet the annealing condi-
tions of the amorphous silicon, uniformity is good, and
process requirement is satisfied.
[0038] For example, in the plasma annealing device
provided by an example of the embodiment, the plasma

5 6 



EP 3 300 461 B1

5

5

10

15

20

25

30

35

40

45

50

55

generator can be disposed on a bottom plate or a upper
plate (upper face) of the plasma annealing device, but
the position is not limited here, as long as the position of
the plasma generator does not affect application of the
plasma beam.
[0039] Any one of the above-mentioned plasma an-
nealing device provided by the embodiment, in compar-
ison with a typical ELA device, has a simple structure, a
uniform plasma beam, and a smaller size.
[0040] For example, in an applied electric field argon
gas is used to generate plasma, and then the accelerate
voltage of the plasma and the distance from the plasma
to the substrate 40 are controlled, amorphous silicon can
be crystallized to realize a good crystallization effect. The
plasma annealing device of the embodiment is simple,
and different from the typical integrate ELA device, and
can be combined with a CVD device. For example, add
a PA chamber to a CAD device to form a new combined
device, which can be called as a deposition crystallization
apparatus (CVD-PA apparatus).

Embodiment 3

[0041] The embodiment provides a deposition crystal-
lization apparatus (CVD-PA apparatus) 3, as illustrated
in Fig. 6, including a chemical vapor deposition (CVD)
device 2 and any one of the plasma annealing devices
1 of embodiment 2. The vacuum chamber 30 of the plas-
ma annealing device 1 is connected with a vacuum cham-
ber 30’ of the CVD device 2.
[0042] It is to be noted that "connect" here also refers
to "communicate", that is, the vacuum chamber 30 of the
plasma annealing device 1 is communicated with a vac-
uum chamber 30’ of the chemical vapor deposition device
2.
[0043] For example, as illustrated in Fig. 6, in the dep-
osition crystallization apparatus 3, in a plasma annealing
process, the platform 20 is disposed above the plasma
generator 10, a turnover mechanism 60 is disposed in
the vacuum chamber 30’ of the CVD device 2 or in the
vacuum chamber 30 of the plasma annealing device 1,
and is configured to turnover the platform 20. For exam-
ple, after the platform 20 is turned over in the vacuum
chamber 30’ of the CVD device 2, the platform 20 enters
in the vacuum chamber 30 of the plasma annealing de-
vice 1 and moves to above the plasma generator 10, and
then an annealing process can be performed. If in dep-
osition the substrate 40 is located in the upper side of
the vacuum chamber 30’ of the CVD device 2, a turnover
mechanism 60 can be disposed in the vacuum chamber
30’. If in deposition the substrate is located in the lower
side of the vacuum chamber 30’ of the CVD device 2, a
turnover mechanism 60 can be omitted, as illustrated in
Fig. 7. In Fig. 7, the plasma beam outlet is disposed on
the bottom face of the gas chamber 101 of the plasma
generator 10.
[0044] Compared with an integrate ELA device, a PA
device has at least one of the following merits.

(1) The PA device has a simple structure, does not
need long distance optical transmission, and there-
fore, has good plasma beam uniformity.
(2) The PA device does not need optical transmis-
sion, a size of the plasma generator is small, and
therefore, the PA device is small in size, and cost is
low.
(3) The gas used may be a single kind of gas, for
example argon gas, and operation cost is low.
(4) Only by replacing the anode and/or the cathode,
or adjusting the size of the anode and/or the cathode,
opening width and opening shape i.e., width and
shape of a plasma beam can be adjusted, and the
adjustment of the plasma beam is convenient.
(5) Because the PA device can be produced in a
small size, in order to prevent the substrate 40 de-
posited with amorphous silicon (a-Si) from contact-
ing air to avoid causing defect such as oxidation etc.,
the PA device can be connected with the CVD de-
vice, so that after a-Si deposition and baking, the
substrate 40 can be moved directly from the vacuum
chamber 30’ to the PA device to form a combination
device, and this new device can be called a CVD-
PA apparatus.
(6) Because the substrate 40 in the vacuum environ-
ment is not exposed to the air and therefore does
not affected by the air, the characteristics of the a-
Si can be easily controlled, and a cleaning process
using HF is not needed.
(7) It is convenient to design the substrate 40 in a
face-down mode, to reduce particles effectively. A
face-up mode can also be realized.

Embodiment 4

[0045] The embodiment provides a plasma annealing
(PA) process including: performing an annealing process
to a substrate 40 which is provided with an amorphous
silicon thin film by using plasma to crystallize the amor-
phous silicon to form polycrystalline silicon. The plasma
annealing process is a new a-Si annealing process, and
is a vacuum crystallization method using plasma proc-
ess, and plasma is used as an annealing source.
[0046] For example, in the plasma annealing process
provided by an example of the embodiment, the plasma
can be argon plasma. Usually, the gas used to generate
plasma is Ar (argon gas).
[0047] For example, in the plasma annealing process
provided by an example of the embodiment, the plasma
annealing process is performed in a plasma annealing
device, the plasma annealing device includes a vacuum
chamber 30 and a plasma generator in the vacuum cham-
ber 30; and the plasma generator includes: a gas cham-
ber 101, a gas intake member 102 configured to introduce
a gas into the gas chamber 101, a cathode 103 and an
anode 104 that are configured to apply an electric field
to the gas introduced into the gas chamber 101 to ionize
the gas into plasma, a cooling water circulation member
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105 to control a temperature of the plasma generator,
and a plasma beam outlet 106 disposed on a top face of
the gas chamber 101. The temperature of the plasma
generator is controlled by means of the cooling water
circulation member 105. The gas, i.e., argon gas, can be
ionized to form plasma by an electric field generated by
applying a voltage across the cathode 103 and the anode
104. For example, the plasma annealing device can
adopt any one of the plasma annealing devices of em-
bodiment 2.
[0048] For example, in the plasma annealing process
provided by an example of the embodiment, the plasma
is obtained by ionizing argon gas in an electric field in a
plasma generator.
[0049] For example, in the plasma annealing process
provided by an example of the embodiment, a voltage of
the electric field between the cathode 103 and the anode
104 is in a range of 1.0-3.0 KV. The ionization of argon
gas is controlled by controlling the voltage of the electric
field between the cathode 103 and the anode 104, and
the voltage control affects process remarkably. For ex-
ample, the voltage cannot be too large, otherwise the
electric field can be so strong that ions can be implanted
into the substrate 40 like an implanter.
[0050] For example, in the plasma annealing process
provided by an example of the embodiment, the substrate
40 that is provided with an amorphous silicon thin film
can be disposed above or below the plasma generator.
[0051] For example, in the plasma annealing process
provided by an example of the embodiment, during an
annealing process, the distance between the plasma
generator and the substrate 40 that is provided with an
amorphous silicon thin film is in a range of 1-10 mm. The
distance is an important factor to affect the process. The
distance can be designed to be controllable, usually, the
distance can be 3 mm, otherwise the plasma may not
reach the substrate to provide enough heat, or energy is
too large to generate defect such as ion implanting.
[0052] For example, in the plasma annealing (PA)
process, a scanning method of the substrate 40 is illus-
trated in Fig. 8; the drawing shows a face-down type in
which the substrate is at an upper level and the plasma
beam is at a lower level (the platform is disposed above
the plasma generator), and therefore, particle generation
can be avoided. A type in which the plasma beam is an
upper level and the substrate is at a lower level can also
be adopted (the platform is disposed below the plasma
generator). The process can include following steps.

Step 1: allowing the substrate 40 to enter the vacuum
chamber 30 of a PA device from the upstream vac-
uum chamber e.g. the vacuum chamber 30’ of the
CVD device.
Step 2: turning on the plasma beam, e.g. argon plas-
ma beam.
Step 3: allowing the platform 20 to carry the substrate
40 to move with respect to the plasma beam to re-
alize plasma beam scanning.

Step 4: finishing movement of the platform 20, and
turning off the plasma beam.

[0053] For example, the plasma annealing process
provided by an example of the embodiment, before the
annealing process, further includes a step of baking the
substrate 40 that is provided with an amorphous silicon
thin film.
[0054] For example, in the plasma annealing process
provided by an example of the embodiment, the vacuum
chamber 30 of the plasma annealing device is connected
with a vacuum chamber 30’ of a CVD device, before the
annealing process to the substrate that is provided with
an amorphous silicon thin film, it is not necessary to per-
form a cleaning process to the substrate after being
baked.
[0055] Fig. 9 is a process flow comparison diagram
between an ELA process and a PA process provided by
one embodiment of the present disclosure. From Fig. 9,
it can be seen that, by means of a PA process, the proc-
ess of cleaning performed after baking the substrate 40
can be omitted. The PA method, with respect to the ELA
method, has a simple process flow, because the anneal-
ing is concluded in a vacuum environment, the substrate
40 will not be oxidized, and particles from external envi-
ronment cannot be introduced, and processes such as
a cleaning using HF and a particle cleaning are not need-
ed any more. From this point of view, operation cost can
be reduced by reducing process flow.
[0056] It is to be noted that, the embodiments and the
drawings only a schematic depiction related to the
present disclosure, others not involved can be referred
to a usual design.
[0057] At least one embodiment of the present disclo-
sure provides a plasma generator, a plasma annealing
device, a deposition crystallization apparatus and a plas-
ma annealing process. The plasma generator compris-
ing: a gas chamber; a gas intake member configured to
introduce a gas into the gas chamber; a cathode and an
anode that are configured to apply an electric field to the
gas introduced into the gas chamber to ionize the gas
into plasma; a cooling water circulation member to control
a temperature of the plasma generator; a plasma beam
outlet disposed on a top face of the gas chamber, and a
first electrode plate and a second electrode plate that are
disposed on the vacuum chamber and configured to ap-
ply an accelerating electric field to the plasma. The plas-
ma annealing device including the plasma generator can
generate a plasma beam, which can be used in annealing
amorphous silicon and crystallize the amorphous silicon
to polycrystalline silicon. The annealing process provided
by at least one embodiment of the present disclosure
uses plasma as an annealing source to make an amor-
phous silicon thin film to be crystallized to a polycrystal-
line silicon thin film.
[0058] What are described above is related to the il-
lustrative embodiments of the present disclosure only
and not limitative to the protecting scope of the present
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disclosure. The protecting scopes of the present disclo-
sure are defined by the accompanying claims.

Claims

1. A plasma annealing device (1) comprising a vacuum
chamber (30) and a plasma generator (10), the plas-
ma generator (10) comprising:

a gas chamber (101);
a gas intake member (102) configured to intro-
duce a gas into the gas chamber (101);
a cathode (103) and an anode (104) that are
configured to apply an electric field to the gas
introduced into the gas chamber (101) to ionize
the gas into plasma;
a cooling water circulation member (105) con-
figured to control a temperature of the plasma
generator (10); and
a plasma beam outlet (106) disposed on a top
face of the gas chamber (101);
wherein the plasma generator (10) is disposed
in the vacuum chamber (30),
characterized by the plasma annealing device
(1) further comprising a first electrode plate
(109) and a second electrode plate (110) that
are disposed on the vacuum chamber (30) and
configured to apply an accelerating electric field
to the plasma.

2. The plasma annealing device (1) according to claim
1, wherein the anode (104) is disposed in the gas
chamber (101), the cathode (103) is provided as a
top face of the gas chamber (101) or is disposed on
the top face of the gas chamber (101).

3. The plasma annealing device (1) according to claim
1 or 2, wherein the anode (104) and the cathode
(103) are replaceable or have an adjustable size.

4. The plasma annealing device (1) according to any
one of claims 1-3, further comprising an insulating
plate, wherein the insulating plate is disposed below
the anode (104).

5. The plasma annealing device (1) according to any
one of claims 1-4, wherein the cooling water circu-
lation member (105) comprises a cooling water pipe
(1051), and the cooling water pipe (1051) is disposed
in the anode (104) and in a side wall of the gas cham-
ber (101).

6. The plasma annealing device (1) according to any
one of claims 1-5, further comprising a magnetic
member (108) that is disposed on a path of a plasma
beam (112) of the plasma generator (10) and con-
figured to apply a magnetic field to the plasma beam

(112).

7. The plasma annealing device (1) according to any
one of claims 1-6, further comprising a controller (50)
and a platform (20) configured to bear a substrate
(40), wherein the controller (50) is configured to con-
trol the platform (20) to move in a three-dimensional
space.

8. A deposition crystallization apparatus comprising a
chemical vapor deposition device and the plasma
annealing device (1) according to any one of claims
1-7,
wherein the vacuum chamber (30) of the plasma an-
nealing device is combined with a vacuum chamber
(30’) of the chemical vapor deposition device.

9. The deposition crystallization apparatus according
to claim 8, wherein the platform (20) is disposed
above the plasma generator (10), and a turnover
mechanism (60) is disposed in the vacuum chamber
(30’) of the chemical vapor deposition device or in
the vacuum chamber (30) of the plasma annealing
device.

10. A plasma annealing process comprising:

performing an annealing process with a plasma
annealing device according to any one of claims
1-7 to a substrate (40) that is provided with an
amorphous silicon thin film by adopting plasma
to crystallize the amorphous silicon to form poly-
crystalline silicon;
characterized in that the plasma is accelerated
by the accelerating electric field applied by the
first (109) and second electrode plate (110).

11. The plasma annealing process according to claim
10, wherein the plasma is an argon plasma.

12. The plasma annealing process according to any one
of claims 10-11, before the annealing process, fur-
ther comprising: baking the substrate (40) being pro-
vided with an amorphous silicon thin film.

Patentansprüche

1. Plasma-Glühvorrichtung (1) mit einer Vakuumkam-
mer (30) und einem Plasmagenerator (10), wobei
der Plasmagenerator (10) aufweist:

eine Gaskammer (101);
ein Gaseinlasselement (102), das eingerichtet
ist, ein Gas in die Gaskammer (101) einzuleiten;
eine Kathode (103) und eine Anode (104), die
eingerichtet sind, ein elektrisches Feld an das
in die Gaskammer (101) eingeleitete Gas anzu-
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legen, um das Gas zu Plasma zu ionisieren;
ein Kühlwasserzirkulationselement (105), das
eingerichtet ist, die Temperatur des Plasmage-
nerators (10) zu steuern; und
einen Plasmastrahlauslass (106), der an einer
oberen Fläche der Gaskammer (101) angeord-
net ist;
wobei der Plasmagenerator (10) in der Vakuum-
kammer (30) angeordnet ist,
dadurch gekennzeichnet, dass die Plasma-
glühvorrichtung (1) ferner eine erste Elektroden-
platte (109) und eine zweite Elektrodenplatte
(110) aufweist, die an der Vakuumkammer (30)
angeordnet sind und eingerichtet sind, ein elek-
trisches Beschleunigungsfeld an das Plasma
anzulegen.

2. Plasma-Glühvorrichtung (1) nach Anspruch 1, wobei
die Anode (104) in der Gaskammer (101) angeord-
net ist, die Kathode (103) als eine obere Fläche der
Gaskammer (101) vorgesehen ist oder auf der obe-
ren Fläche der Gaskammer (101) angeordnet ist.

3. Plasma-Glühvorrichtung (1) nach Anspruch 1 oder
2, wobei die Anode (104) und die Kathode (103) aus-
tauschbar sind oder eine einstellbare Größe haben.

4. Plasma-Glühvorrichtung (1) nach einem der Ansprü-
che 1 bis 3, die ferner eine Isolierplatte aufweist, wo-
bei die Isolierplatte unterhalb der Anode (104) an-
geordnet ist.

5. Plasma-Glühvorrichtung (1) nach einem der Ansprü-
che 1 bis 4, wobei das Kühlwasser-Zirkulationsele-
ment (105) ein Kühlwasserrohr (1051) aufweist und
das Kühlwasserrohr (1051) in der Anode (104) und
in einer Seitenwand der Gaskammer (101) angeord-
net ist.

6. Plasma-Glühvorrichtung (1) nach einem der Ansprü-
che 1 bis 5 ferner mit einem magnetischen Element
(108), das auf einem Pfad eines Plasmastrahls (112)
des PlasmaGenerators (10) angeordnet ist und ein-
gerichtet ist, ein Magnetfeld an den Plasmastrahl
(112) anzulegen.

7. Plasma-Glühvorrichtung (1) nach einem der Ansprü-
che 1-6, ferner mit einer Steuerung (50) und eine
Plattform (20), die eingerichtet ist, ein Substrat (40)
zu tragen, wobei die Steuerung (50) konfiguriert ist,
die Plattform (20) zu steuert, sich in einem dreidi-
mensionalen Raum zu bewegen.

8. Abscheidungskristallisationsvorrichtung mit einer
Vorrichtung zur chemischen Abscheidung aus der
Dampfphase und der Plasmaglühvorrichtung (1)
nach einem der Ansprüche 1-7,
wobei die Vakuumkammer (30) der Plasmaglühvor-

richtung mit einer Vakuumkammer (30’) der Vorrich-
tung zur chemischen Abscheidung aus der Gaspha-
se kombiniert ist.

9. Abscheidungskristallisationsvorrichtung nach An-
spruch 8, wobei die Plattform (20) oberhalb des Plas-
maerzeugers (10) angeordnet ist und ein Umkehr-
mechanismus (60) in der Vakuumkammer (30’) der
Vorrichtung zur chemischen Abscheidung aus der
Gasphase oder in der Vakuumkammer (30) der Plas-
maglühvorrichtung angeordnet ist.

10. Plasmaglühverfahren mit:

Durchführen eines Glühprozesses mit einer
Plasma-Glühvorrichtung nach einem der An-
sprüche 1-7 an einem Substrat (40), das mit ei-
ner amorphen Silizium-Dünnschicht versehen
ist, durch Anwenden von Plasma, um das amor-
phe Silizium zu kristallisieren, um polykristalli-
nes Silizium zu bilden;
dadurch gekennzeichnet, dass das Plasma
durch das beschleunigende elektrische Feld be-
schleunigt wird, das durch die erste (109) und
zweite Elektrodenplatte (110) angelegt wird.

11. Plasmaglühverfahren nach Anspruch 10, wobei das
Plasma ein Argon-Plasma ist.

12. Plasmaglühverfahren nach einem der Ansprüche 10
bis 11, das vor dem Glühvorgang ferner aufweist:
Ausheizen des Substrats (40), das mit einer amor-
phen Silizium-Dünnschicht versehen ist.

Revendications

1. Dispositif de recuit par plasma (1) comprenant une
chambre sous vide (30) et un générateur de plasma
(10), le générateur de plasma (10) comprenant :

une chambre à gaz (101) ;
un élément d’admission de gaz (102) qui est
configuré pour introduire un gaz à l’intérieur de
la chambre à gaz (101) ;
une cathode (103) et une anode (104) qui sont
configurées pour appliquer un champ électrique
sur le gaz qui est introduit à l’intérieur de la
chambre à gaz (101) pour ioniser le gaz selon
un plasma ;
un élément de circulation d’eau de refroidisse-
ment (105) qui est configuré pour réguler une
température du générateur de plasma (10) ; et
une sortie de faisceau de plasma (106) qui est
disposée sur une face de sommet de la chambre
à gaz (101) ;
dans lequel le générateur de plasma (10) est
disposé dans la chambre sous vide (30) ;

13 14 



EP 3 300 461 B1

9

5

10

15

20

25

30

35

40

45

50

55

caractérisé en ce que le dispositif de recuit par
plasma (1) comprend en outre une première pla-
que d’électrode (109) et une seconde plaque
d’électrode (110) qui sont disposées sur la
chambre sous vide (30) et qui sont configurées
pour appliquer un champ électrique d’accéléra-
tion sur le plasma.

2. Dispositif de recuit par plasma (1) selon la revendi-
cation 1, dans lequel l’anode (104) est disposée dans
la chambre à gaz (101), la cathode (103) est prévue
en tant que face de sommet de la chambre à gaz
(101) ou est disposée sur la face de sommet de la
chambre à gaz (101).

3. Dispositif de recuit par plasma (1) selon la revendi-
cation 1 ou 2, dans lequel l’anode (104) et la cathode
(103) peuvent être échangées ou présentent une di-
mension réglable.

4. Dispositif de recuit par plasma (1) selon l’une quel-
conque des revendications 1 à 3, comprenant en
outre une plaque isolante, dans lequel la plaque iso-
lante est disposée au-dessous de l’anode (104).

5. Dispositif de recuit par plasma (1) selon l’une quel-
conque des revendications 1 à 4, dans lequel l’élé-
ment de circulation d’eau de refroidissement (105)
comprend un tube d’eau de refroidissement (1051),
et le tube d’eau de refroidissement (1051) est dis-
posé dans l’anode (104) et dans une paroi latérale
de la chambre à gaz (101).

6. Dispositif de recuit par plasma (1) selon l’une quel-
conque des revendications 1 à 5, comprenant en
outre un élément magnétique (108) qui est disposé
sur un chemin d’un faisceau de plasma (112) du gé-
nérateur de plasma (10) et qui est configuré pour
appliquer un champ magnétique sur le faisceau de
plasma (112).

7. Dispositif de recuit par plasma (1) selon l’une quel-
conque des revendications 1 à 6, comprenant en
outre un contrôleur (50) et une plate-forme (20) qui
est configurée pour supporter un substrat (40), dans
lequel le contrôleur (50) est configuré pour comman-
der la plate-forme (20) de telle sorte qu’elle soit dé-
placée dans un espace tridimensionnel.

8. Appareil de cristallisation par dépôt comprenant un
dispositif de dépôt chimique en phase vapeur et le
dispositif de recuit par plasma (1) selon l’une quel-
conque des revendications 1 à 7,
dans lequel la chambre sous vide (30) du dispositif
de recuit par plasma est combinée avec une cham-
bre sous vide (30’) du dispositif de dépôt chimique
en phase vapeur.

9. Appareil de cristallisation par dépôt selon la reven-
dication 8, dans lequel la plate-forme (20) est dispo-
sée au-dessus du générateur de plasma (10), et un
mécanisme de retournement (60) est disposé dans
la chambre sous vide (30’) du dispositif de dépôt
chimique en phase vapeur ou dans la chambre sous
vide (30) du dispositif de recuit par plasma.

10. Procédé de recuit par plasma comprenant :

la réalisation d’un procédé de recuit au moyen
d’un dispositif de recuit par plasma selon l’une
quelconque des revendications 1 à 7 sur un
substrat (40) qui est muni d’un film mince en
silicium amorphe en ayant recours à du plasma
pour cristalliser le silicium amorphe pour former
du silicium polycristallin ;
caractérisé en ce que le plasma est accéléré
par le champ électrique d’accélération qui est
appliqué par les première (109) et seconde
(110) plaques d’électrode.

11. Procédé de recuit par plasma selon la revendication
10, dans lequel le plasma est un plasma d’argon.

12. Procédé de recuit par plasma selon l’une quelcon-
que des revendications 10 et 11, comprenant en
outre, avant le procédé de recuit : la cuisson du subs-
trat (40) qui est muni d’un film mince en silicium
amorphe.
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