SUBSTRATE ETCHING METHOD AND SUBSTRATE PROCESSING
DEVICE

Field of the Invention
The present invention relates to the field of microelectronics technology, and

particularly relates to a substrate etching method and a substrate processing device.

Background of the Invention

As MEMS devices and MEMS systems are widely used in the field of
automobile and consumer electronics, and through-silicon via (TSV) etch technology
has wide prospect in the field of packaging, plasma deep silicon dry etching process
gradually becomes one of the most important processes in the field of MEMS
manufacturing and TSV technology.

Deep silicon etching process is different from a general silicon etching process in
that: etching depth of the deep silicon etching process is much larger than that of the
general silicon etching process and is generally several tens of micrometers or even
up to one hundred meters, and however etching depth of the general silicon etching
process is smaller than 1 micrometer. In order to etch a silicon material of several tens
of micrometers, the deep silicon etching process is required to have a larger etching
rate, a higher selection ratio and a larger aspect ratio.

Currently, a popular deep silicon etching process is Bosch process invented by
Bosch in Germany or improvements on it. The main features of Bosch process are:
the whole etching procedure is multiple repetitions of one circulation unit and the
circulation unit includes an etching operation and a deposition operation, that is, the
whole etching procedure is alternate circulation of the etching operation and the
deposition operation. Process gas used in the etching operation is SFg, which allows a
higher etching rate of a silicon substrate. In practical application, since the etching
procedure is isotropic etching, it is difficult to control sidewall morphology. So, in
order to avoid etching of the sidewall, the deposition is incorporated in the whole
etching procedure to deposit a layer of polymer protection film on the sidewall to



protect the sidewall from being etched, so as to etch only in the vertical direction.

The defects in the prior art are: since the etching operation and the deposition
operation are performed alternately, the polymer deposited on the sidewall of the
etched section is not smooth, and so the product resulted from such an etching is not

ideal.

Summary of the Invention

The invention aims to solve at least one of the problems existing in the prior art.

The object of the invention is intended to solve at least one of the above defects,
and particularly to solve the problem that the sidewall of the etched section is not
smooth and the process result is not ideal.

In order to achieve the object, one aspect of the invention provides a substrate
etching method, including steps of: S1: placing a substrate to be processed in a
reaction chamber; S2: supplying etching gas into the reaction chamber; S3: turning on
an excitation power supply to generate plasma in the reaction chamber; S4: turning on
a bias power supply to apply bias power to the substrate; S5: turning off the bias
power supply, and meanwhile, starting to supply deposition gas into the reaction
chamber; S6: stopping supply of the deposition gas into the reaction chamber, and
meanwhile, turning on the bias power supply; and S7: repeating steps S5-S6, until the
etching process is completed.

In an embodiment of the invention, with the progress of process, during each
period in which the bias power supply is turned on, the power of the bias power
supply, the flow rate of the etching gas, and/or the power of the excitation power
supply are kept constant or increased gradually; and/or during each period in which
the bias power supply is turned off, the flow rate of the deposition gas, the flow rate
of the etching gas, and/or the power of the excitation power supply are kept constant
or decreased gradually.

In an embodiment of the invention, with the progress of process, as for two
adjacent periods in which the bias power supply is turned on, the power of the bias
power supply, the flow rate of the etching gas and/or the power of the excitation
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power supply during the latter period in which the bias power supply is turned on are
equal to or larger than those during the former period in which the bias power supply
is turned on; and/or as for two adjacent periods in which the bias power supply is
turned off, the flow rate of the deposition gas, the flow rate of the etching gas and/or
the power of the excitation power supply during the latter period in which the bias
power supply is turned off are equal to or smaller than those during the former period
in which the bias power supply is turned off.

In an embodiment of the invention, with the progress of process, the switching
frequency of ON/OFF of the bias power supply is increased gradually, and the
switching frequency of connection/disconnection of the deposition gas is increased
correspondingly.

In an embodiment of the invention, with the progress of process, the switching
frequency of power levels of the excitation power supply is gradually increased,
and/or the switching frequency of flow rates of the etching gas is gradually increased.

In an embodiment of the invention, when the bias power supply is turned on, a
fixed matching method or a method combining fixed matching and frequency
scanning is used to achieve impedance matching of the excitation power supply and
the bias power supply, respectively.

In an embodiment of the invention, the excitation power supply is a radio
frequency power supply.

Another aspect of the invention further provides a substrate processing device,
including: a reaction chamber; an etching gas controller, for switching on or switching
off an etching gas path for supplying etching gas into the reaction chamber and
adjusting flow rate of the etching gas; an excitation power supply, for applying radio
frequency power to the etching gas in the reaction chamber to generate plasma in the
reaction chamber; a bias power supply, for applying bias power to a substrate; a
deposition gas controller, for switching on or switching off a deposition gas path for
supplying deposition gas into the reaction chamber and adjusting the flow rate of the
deposition gas; and a central controller, connected with the etching gas controller, the
excitation power supply, the bias power supply and the deposition gas controller,
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respectively, and for performing at least the following operations: controlling the
etching gas controller to switch on or switch off the etching gas path and adjusting the
flow rate of the etching gas; controlling turning-on or turning-off of the excitation
power supply and adjusting the radio frequency power of the excitation power supply;
controlling turning-on or turning-off of the bias power supply, and adjusting the bias
power of the bias power supply; and controlling the deposition gas controller to
switch on or switch off the deposition gas path and adjusting the flow rate of the
deposition gas; wherein the central controller controls the excitation power supply to
be kept in a turn-on state, controls the etching gas controller to keep the etching gas
path in a switch-on state, controls the deposition gas path to be switched off while the
bias power supply is turned on, and controls the deposition gas path to be switched on
while the bias power supply is turned off throughout the substrate etching process.

In an embodiment of the invention, with the progress of process, the central
controller controls the etching gas controller to adjust the flow rate of the etching gas,
and/or the central controller controls the power of the excitation power supply and/or
the power of the bias power supply so that during each period in which the bias power
supply is turned on, the flow rate of the etching gas, the power of the excitation power
supply and/or the power of the bias power supply are kept constant or increased
gradually; and/or the central controller controls the etching gas controller to adjust the
flow rate of the etching gas, the central controller controls the deposition gas
controller to adjust the flow rate of the deposition gas, and/or the central controller
controls the power of the excitation power supply so that during each period in which
the bias power supply is turned off, the flow rate of the etching gas, the flow rate of
the deposition gas, and/or the power of the excitation power supply are kept constant
or decreased gradually.

In an embodiment of the invention, with the progress of process, the central
controller controls the etching gas controller to adjust the flow rate of the etching gas,
and/or the central controller controls the power of the excitation power supply and/or
the power of the bias power supply so that during two adjacent periods in which the
bias power supply is turned on, the flow rate of the etching gas, the power of the
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excitation power supply, and/or the power of the bias power supply during the latter
period in which the bias power supply is turned on are equal to or larger than those
during the former period in which the bias power supply is turned on; and/or the
central controller controls the etching gas controller to adjust the flow rate of the
etching gas, the central controller controls the deposition gas controller to adjust the
flow rate of the deposition gas, and/or the central controller controls the power of the
excitation power supply so that during two adjacent periods in which the bias power
supply is turned off, the flow rate of the etching gas, the flow rate of the deposition
gas and/or the power of the excitation power supply during the latter period in which
the bias power supply is turned off are equal to or smaller than those during the
former period in which the bias power supply is turned off.

In an embodiment of the invention, the central controller controls the switching
frequency of ON/OFF of the bias power supply to be increased gradually with the
progress of process, and the central controller controls the deposition gas controller so
that the switching frequency of connection/disconnection of the deposition gas path is
increased as the switching frequency of ON/OFF of the bias power supply is
increased.

In an embodiment of the invention, the central controller controls the switching
frequency of ON/OFF of the excitation power supply to be increased gradually with
the progress of process; and/or the central controller controls the etching gas
controller so that the switching frequency of connection/disconnection of the etching
gas path is increased with the progress of process.

In an embodiment of the invention, when the bias power supply is turned on, the
central controller controls impedance matching of the excitation power supply and the
bias power supply, respectively, and a method to achieve the impedance matching is a
fixed matching method or a method combining fixed matching and frequency
scanning.

In an embodiment of the invention, the excitation power supply is a radio

frequency power supply.




In an embodiment of the invention, the etching gas is at least one of fluorine
based etching gas, chlorine based etching gas, and bromine based etching gas.

In an embodiment of the invention, the fluorine based etching gas includes CF,4
and SFg, the chlorine based etching gas includes Cl,, BCls, SiCly, SiClH,, and the
bromine based etching gas includes Br, and HBr.

In an embodiment of the invention, the deposition gas is at least one of C4Fs,
C,F,4, C:HoF, and CCl,.

In the substrate etching method and the substrate processing device provided by
the embodiments of the invention, throughout the whole substrate etching process, the
etching gas is always supplied into the reaction chamber and the excitation power
supply is always kept in a turn-on state, whereby the etching operation is always
performed throughout the whole process and the deposition operation is sometimes
performed so that a single etching operation mode and a combined operation mode, in
which the etching operation and the deposition operation are performed
simultaneously, are circulated alternately. Thus, when the combined operation mode is
performed, the substrate is etched by plasma in the reaction chamber at the same time
the deposition operation is performed so that at least a part of deposited polymers
formed by the deposition operation on a sidewall of an etched section are etched away,
thus causing the sidewall of the etched section of the substrate smooth and then
increasing process quality of the substrate.

Moreover, by supplying etching gas into the reaction chamber and keeping the
excitation power supply to be in a turn-on state throughout the whole process, the
process parameters (such as power of the excitation power supply, kinds of gas,
etching gas and gas pressure) may be adjusted conveniently during the process and
the process can reach a stable state rapidly, increasing the process performance.

In addition, in the embodiments of the present invention, different process
parameters can be adjusted synchronously, for example, feeding of deposition gas and
turning off of the bias power supply may be performed synchronously; as another
example, stop feeding of deposition gas and turning on of the bias power supply may
be performed synchronously. Compared with the existing Bosch process in which
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different process parameters can be adjusted sequentially, the invention can save time

required to adjust process parameters, thus increasing efficiency of the process.
Additional aspects and advantages of the invention will be set forth in the

following description, part thereof will be apparent from the following description, or

will be known from the practice of the invention.

Brief Description of the Drawings

The above and/or additional aspects and advantages of the invention will become
apparent and be understood easily from the following descriptions of embodiments in
conjunction with accompanying drawings, in which:

Fig. 1 is a flowchart of a substrate etching method according to an embodiment
of the invention;

Fig. 2 is a timing diagram illustrating ON/OFF of an excitation power supply, an
etching gas, a bias power supply and a deposition gas according to an embodiment of
the invention;

Fig. 3 is a timing diagram illustrating ON/OFF of an excitation power supply, an
etching gas, a bias power supply and a deposition gas according to another
embodiment of the invention; and

Fig. 4 is a diagram illustrating a structure of a substrate processing device

according to an embodiment of the invention.

Detailed Description of the Embodiments

The following will describe embodiments of the invention in detail and examples
of the embodiments are illustrated in the accompanying drawings, wherein like or
similar reference numerals indicate like or similar elements or elements with like or
similar functions throughout the description. The embodiments described below
referring to the drawings are exemplary, are only used to explain the invention and are
not intended to limit the invention.

The following disclosure provides various embodiments or examples to

implement various structures of the invention. In order to simply the disclosure,
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components and configurations of specific examples will be described in the
following. Of course, they are merely examples and are not intended to limit the
invention. In addition, the invention may refer to numbers and/or letters repeatedly in
different examples. Such a repetition is intended to simplify and clarify, and does not
indicate relationship between the discussed various embodiments and/or
configurations. In addition, the invention provides examples with various specific
processes and materials. However, persons skilled in the art should understand that
the invention may be also applicable to other processes and/or other materials. In
addition, the following structure, in which the first feature is "on" the second feature,
may include an embodiment in which the first and second features are formed to be in
direct contact with each other, or may include an embodiment in which another
feature is formed between the first feature and the second feature, which may result in
the fact that the first and second features are not in direct contact with each other.

In the description of the invention, it should be understood that, orientation or
position relationship indicated by terms "longitudinally", "laterally”, "above", "under",
"front", "behind", "left", "right", "vertically”, "horizontally", "top", "bottom",
"inside", "outside" etc. is based on the orientation or the position relationship shown
in the Figure and these terms are used to facilitate and simplify description of the
invention, and are not intended to indicate or imply that the mentioned device or
element must have the specific orientation, and configure and operate at the specific
orientation, so they should not be understood to limit the invention.

In the description of the invention, it should be noted that, unless otherwise
regulated and defined, terms "install", "connect" and "joint" should be understood in a
generalized meaning, for example, it may be mechanical connection or electrical
connection, may be communication between interiors of two elements, may be
connected directly, or may be connected via a medium element, and persons skilled in
the art may understand the above terms based on the particular situation.

Fig. 1 is a flow chart of a substrate etching method provided by an embodiment

of the invention. According to the embodiment of the invention, throughout the whole

substrate etching process, the etching plasma is kept to always exist in the reaction
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chamber (that is, the etching operation is always performed), and throughout the
whole etching process, the deposition operation is performed sometimes, so that a
single operation mode and a combined operation mode are circulated alternately.
Herein, the single operation mode means that only the etching operation exists, which
may also be referred to as a single etching operation mode; the combined operation
mode means that the etching operation and the deposition operation exist
simultaneously, which may also referred to as a combined operation mode in which
the etching operation and the deposition operation coexist. In practical application,
various conditions required in the deposition operation may be achieved
synchronously, for example, the supply of the deposition gas and the turning off the
bias power supply may be achieved synchronously.

The substrate etching method provided by the embodiment of the invention will
be described in detail in the following. In particular, the method includes:

Step S1, placing a substrate to be processed into a reaction chamber. In an
example of the invention, the substrate to be processed is a Si chip.

Step S2, supplying etching gas into the reaction chamber. It should be pointed
out that, throughout the whole process of the substrate etching method provided by
the embodiment of the invention, etching gas is always supplied into the reaction
chamber. In an example of the invention, the etching gas is at least one of fluorine
based etching gas, chlorine based etching gas, and bromine based etching gas. The
fluorine based etching gas includes CF4 and SFg, the chlorine based etching gas
includes Cl,, BCl;, SiCly, SiCl,H,, and the bromine based etching gas includes Br;
and HBr. In the following description, use of the fluorine based etching gas SFj is
taken as an example.

Step S3, turning on an excitation power supply (for example, a RF power supply),
to generate plasma in the reaction chamber. It should be pointed out that, throughout
the whole process, the etching gas is always supplied into the reaction chamber and
the excitation power supply is always kept to be in a turn-on state, so as to generate
plasma in the reaction chamber always, and then to perform the etching operation
throughout the whole process so that plasma in the reaction chamber may still
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perform a certain etching on the substrate when the deposition operation is performed.

Step S4, turning on the bias power supply to apply a bias power to the substrate
to be processed. By applying the bias power, the plasma may be caused to perform
etching on the substrate to be processed.

Step S35, turning off the bias power supply and meanwhile, supplying deposition
gas into the reaction chamber. In an example of the invention, the deposition gas may
be at least one of C4Fg, C,F4, CoH,F, and CCly. In the following, the C4Fs is taken as
an example.

Step S6, stopping supply of the deposition gas into the reaction chamber and
meanwhile, turning on the bias power supply.

Step S7, repeating steps S5-S6 until the etching process is completed.

In the substrate etching method provided by the embodiment of the invention,
throughout the whole substrate etching process, there always exists plasma in the
reaction chamber (that is, etching operation is always performed in the reaction
chamber) and the deposition operation is sometimes inserted into the etching process
so that a single etching operation mode and a combined operation mode, in which the
etching operation and the deposition operation coexist, are circulated alternately.
When the combined operation mode is performed, the substrate may be etched by
plz;sma in the reaction chamber while the deposition operation is performed so that at
least a part of deposited polymers formed by the deposition operation on a sidewall of
an etched section are etched away, to make the sidewall of the etched section of the
substrate smooth, increasing process quality of the substrate. In addition, by supplying
etching gas into the reaction chamber and keeping the excitation power supply to be
in a turn-on state throughout the whole process, the process parameters (such as
power of the excitation power supply, kinds of gas, etching gas and gas pressure) may
be adjusted conveniently during the process and the process can reach a stable state
rapidly, increasing the process performance.

Preferably, the respective impedance matching methods for the excitation power
supply and the bias power supply may include a fixed matching method and a method
combining fixed matching and frequency scanning. In particular, when the fixed
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matching method is adopted, the impedance matching point of the impedance matcher
is preset (that is, the capacitance of an adjustable capacitor inside the impedance
matcher is set), and the matching is achieved using the impedance matcher with the
set impedance matching point in the process so that reflected power of the excitation
power supply and the bias power supply are reduced to desirable values. In other
words, in this method, the capacitance of the adjustable capacitor inside the
impedance matcher is preset in an off-line state so that the respective matching of the
excitation power supply and the bias power supply may be achieved without adjusting
the capacitance of the adjustable capacitor inside the impedance matcher again in the
process, thus saving the matching time for the excitation power supply and the bias
power supply, and the efficiency of the process is increased. When the method
combining fixed matching and frequency scanning is adopted, a respective impedance
matcher set with a proper impedance matching point is used to match the excitation
power supply and the bias power supply. If in the process the reflected power of the
excitation power supply and the bias power supply is larger due to the factors such as
improper set impedance matching point, the frequency scanning method is further
utilized to adjust frequencies of the excitation power supply and the bias power supply,
that is, in practice, the frequencies of the excitation power supply and the bias power
supply are adjusted according to magnitudes of the reflected power of the excitation
power supply and the bias power supply, until the reflected power of the excitation
power supply and the bias power supply are reduced to desirable values, so that
respective matching of the excitation power supply and the bias power supply are
achieved. In practical application, when the method combining fixed matching and
frequency scanning is used, since the excitation power supply and the bias power
supply can be frequency scanned with a high speed, the matching of the excitation
power supply and the bias power supply can be achieved rapidly using the method
combining fixed matching and frequency scanning, to save the matching time and
then increase efficiency of the process. In addition, in the process, since power, kinds
and flow rate of gas are all changeable, the gas pressure may be balanced soon by
controlling the position of the swing valve (butterfly valve), thus increasing the
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efficiency and stability of the process.

The invention will be described using particular embodiments below. However,
it should be pointed out that, the following embodiments are only preferable
embodiments and do not mean that the invention can be implemented only using the
below embodiments. Persons skilled in the art may make equivalent modifications or
changes to the following embodiments of the invention and these equivalent
modifications or changes should be included in the protection scope of the invention.

Fig. 2 is a timing diagram illustrating ON/OFF of the excitation power supply,
the etching gas, the bias power supply and the deposition gas according to an
embodiment of the invention. The description is made taking the deep silicon etching
process as an example. When performing the deep silicon etching process, the
excitation power supply is used to generate high density plasma, the radio frequency
(RF) of the used excitation power supply is generally 13.56MHz, or may be
27.12MHz, 40MHz or other frequency, and the power of the excitation power supply
is generally 1000W to 6000W, preferably 2000W to 5000W. During the whole process,
the etching operation is always performed, that is, the excitation power supply which
generates the high density plasma is always kept to be turned on and always supplies
etching gas (SF¢ gas) into the reaction chamber, and the flow rate of the etching gas is
constant. When the process starts, the bias power supply is turned on to apply the bias
power to the substrate, the bias power supply may be an excitation power supply with
13.56MHz, or may be a low-frequency pulsed excitation power supply or other power
supply. During the process is performed, the deposition operation is inserted into
sometimes, that is, the deposition gas is supplied into the reaction chamber
discontinuously, the deposition gas may be C4Fg gas and the bias power supply is
turned off when starting supplying C4;Fg gas. When the deposition operation is
finished, C4Fg gas is switched off and meanwhile, the bias power supply is turned on.
From the above, the switching on of C4Fs gas and the turning on of the bias power
supply are alternately performed, which is repeated until the whole etching process of
the substrate to be processed is completed. By keeping the etching plasma to exist
when the deposition operation is performed, at least a part of deposited polymers
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formed by the deposition operation on a sidewall of an etched section are etched
away.

Fig. 3 is a timing diagram illustrating ON/OFF of the excitation power supply,
the etching gas, the bias power supply and the deposition gas according to another
embodiment of the invention. In conjunction with Fig. 3, the description is made
taking the deep silicon etching process as an example. When performing the deep
silicon etching process, the excitation power supply is used to generate high density
plasma, the radio frequency (RF) of the excitation power supply is 13.56MHz, or may
be 27.12MHz, 40MHz or other frequency, and the power of the excitation power
supply is 1000W to 6000W, preferably 2000W to 5000W. During the whole process,
the etching operation is always performed, that is, the excitation power supply which
generates the high density plasma is always kept to be turned on and always supplies
etching gas (SF¢ gas) into the reaction chamber, and the flow rate of the etching gas is
variable. During the process is performed, the deposition operation is inserted into
sometimes, that is, the bias power supply is turned on discontinuously and the
deposition gas (C4Fs gas) is supplied into the reaction chamber discontinuously, The
switching on of C4Fy gas and the turning on of the bias power supply are alternately
performed, which is repeated until the whole etching process of the substrate to be
processed is completed.

According to another embodiment of the invention, the etching effect may be
further increased by adjusting at least some process conditions among the process
conditions such as the flow rate of the etching gas, the power of the excitation power
supply, the power of the bias power supply, the flow rate of the deposition gas and the
frequency of ON/OFF of the bias power supply.

For example, in some examples of the invention, during the whole substrate
etching process, the process parameters such as the power of the excitation power
supply, the flow rate of the etching gas, the power of the bias power supply and the
flow rate of the deposition gas may be controlled as follows with the progress of the
process (i.e. with the increase of the etching depth). For example, during each period
in which the bias power supply is turned on (i.e. during each period in which the
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combined operation mode is performed), the power of the bias power supply, the flow
rate of the etching gas, and/or the power of the excitation power supply may be kept
constant or be increased gradually; and/or during each period in which the bias power
supply is turned off (i.c. during each period in which the single operation mode is
performed), the flow rate of the deposition gas, the flow rate of the etching gas, and/or
the power of the excitation power supply may be kept constant or decreased gradually.

For another example, during two adjacent periods in which the bias power
supply is turned on (i.e. during each period in which the combined operation mode is
performed), the power of the bias power supply, the flow rate of the etching gas
and/or the power of the excitation power supply during the latter period in which the
bias power supply is turned on are equal to or larger than those during the former
period in which the bias power supply is turned on; and/or during two adjacent
periods in which the bias power supply is turned off (i.e. during each period in which
the single operation mode is performed), the flow rate of the deposition gas, the flow
rate of the etching gas and/or the power of the excitation power supply during the
latter period in which the bias power supply is turned off are equal to or smaller than
those during the former period in which the bias power supply is turned off. For
another example, the above two controlling manners can be combined.

The following description will be made by referring to Fig. 3. Particularly,
referring to Fig. 3, during the bias power supply is turned on for the first time (the
power of the bias power supply is cl), the power of the excitation power supply is al,
and the flow rate of the etching gas is bl; during the bias power supply is turned off
for the first time (supply of the deposition gas is started while the bias power supply is
turned off, and the flow rate of the deposition gas is d1), the power of the excitation
power supply is a2, and the flow rate of the etching gas is b2; during the bias power
supply is turned on for the second time (the power of the bias power supply is c2), the
power of the excitation power supply is a3 and the flow rate of the etching gas is b3;
during the bias power supply is turned off for the second time (supply of the
deposition gas is started while the bias power supply is turned off, and the flow rate of
the deposition gas is d2), the power of the excitation power supply is a4 and the flow
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rate of the etching gas is b4.

From Fig. 3, with the progress of the process, during each period the bias power
supply is turned on or tuned off, both the power of the excitation power supply and
the flow rate of the etching gas are kept to be constant. Moreover, as for the power of
the excitation power supply, a3>al >a2>a4; as for the flow rate of the etching gas,
b3>b1>b2>b4, as for the power of the bias power supply, cn>...>¢c3>c2>cl
and as for the flow rate of the deposition gas, dn<<...<<d3<<d3<dl. From a3 >al, b3
>bl and ¢2>>cl, it can be seen that, the flow rate of the etching gas, the power of the
excitation power supply and the power of the bias power supply during the period in
which the bias power supply is turned on for the second time is larger than those
during the period in which the bias power supply is turned on for the first time, and
from a2>a4, b2>b4 and d1>d2, it can be seen that, the flow rate of the etching gas,
the power of the excitation power supply and the power of the bias power supply
during the period in which the bias power supply is turned on for the second time is
larger than those during the period in which the bias power supply is turned on for the
first time. And so on, with the progress of the process, during two adjacent periods in
which the bias power supply is turned on, the flow rate of the etching gas, the power
of the excitation power supply and the power of the bias power supply during the
latter period in which the bias power supply is turned on are larger than those during
the former period in which the bias power supply is turned on, and during two
adjacent periods in which the bias power supply is turned off, the flow rate of the
deposition gas, the flow rate of the etching gas and the power of the excitation power
supply during the latter period in which the bias power supply is turned off are
smaller than those during the former period in which the bias power supply is turned
off. Other steps according to the embodiment of the invention are equal to those of the
embodiment illustrated in Fig. 1 and will not be elaborated herein.

In a further example of the invention, during the whole substrate etching process,
with the progress of the process, the switching frequency of ON/OFF of the bias
power supply may be changed gradually (that is, the period between turning on and
turning off of the bias power supply is changed), and correspondingly the switching
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frequency of switching on and switching off of the deposition gas is changed (that is,
the period between stopping feeding the deposition gas and starting feeding the
deposition gas is changed). In addition, with the progress of process, the switching
frequency of power levels of the excitation power supply may be gradually increased,
and/or the switching frequency of flow rates of the etching gas may be gradually
increased. For example, as shown in Fig. 3, during the whole substrate etching
process, with the progress of the process, the switching frequency of turning on and
turning off of the bias power supply may be gradually increased, and correspondingly,
the switching frequency of switching on and switching off of the deposition gas, the
switching frequency of power levels of the excitation power supply and the switching
frequency of flow rates of the etching gas are increased. Other steps according to the
embodiment of the invention are equal to those of the embodiment illustrated in Fig. 1
and will not be elaborated herein.

Although Fig. 3 illustrates the case that the plurality of process conditions may
be changed simultaneously during the etching process, it should be understood that, in
practical application, one or several process conditions among the plurality of process
conditions may be changed.

[n an embodiment of the invention, when the bias power supply is turned on,
impedance matching between the excitation power supply and the bias power supply
may be achieved rapidly by using the fixed matching method or the method
combining fixed matching and frequency scanning as mentioned above.

Fig. 4 is a diagram illustrating a structure of a substrate processing device
according to an embodiment of the invention. The substrate processing device
includes a reaction chamber 100, an etching gas controller 200, an excitation power
supply 300, a bias power supply 400, a deposition gas controller 500 and a central
controller 600. Herein, the central controller 600 is connected to the etching gas
controller 200, the excitation power supply 300, the bias power supply 400 and the
deposition gas controller 500, respectively. The etching gas controller 200 is used to
switch on or switch off an etching gas path for supplying etching gas into the reaction
chamber and to adjust flow rate of the etching gas. The excitation power supply 300 is
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used to apply radio frequency power to the etching gas in the reaction chamber 100 to
generate plasma in the reaction chamber 100. The bias power supply 400 is used to
apply bias power to a substrate to be processed. The deposition gas controller 500 is
used to switch on or switch off a deposition gas path for supplying deposition gas into
the reaction chamber and to adjust the flow rate of the deposition gas. The central
controller 600 is used to perform at least the following operations: controlling the
etching gas controller 200 to switch on or switch off the etching gas path and
adjusting the flow rate of the etching gas; controlling turning-on or turning—off of the
excitation power supply 300 and adjusting the radio frequency power of the excitation
power supply 300; controlling turning-on or turning-off of the bias power supply 400,
and adjusting the bias power of the bias power supply 400; and controlling the
deposition gas controller 500 to switch on or switch off the deposition gas path and
adjusting the flow rate of the deposition gas.

It should be understood that, the central controller 600 may be implemented in
hardware or software, which is known to persons skilled in the art and will not
elaborated herein.

In an embodiment of the invention, the central controller 600 performs the
following operations throughout the substrate etching process: controlling the
excitation power supply 300 to be kept in a turn-on state, controlling the etching gas
controller 200 to keep the etching gas path in a turn-on state, controlling to switch off
the deposition gas path while turning on the bias power supply 400, and controlling to
switch on the deposition gas path while turning off the bias power supply 400.

In an embodiment of the invention, throughout the whole substrate etching
process, with the progress of process (i.e. with the increase of the etching depth), the
central controller 600 may control process parameters such as the power of the
excitation power supply 300, the flow rate of the etching gas, the power of the bias
power supply 400 and the flow rate of the deposition gas in the following manners.
For example, the central controller 600 controls the etching gas controller 200 to
adjust the flow rate of the etching gas, and/or the central controller 600 controls the
power of the excitation power supply 300 and/or the power of the bias power supply
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so that during each period in which the bias power supply 400 is turned on, the flow
rate of the etching gas, the power of the excitation power supply 300 and/or the power
of the bias power supply 400 are kept constant or increased gradually; and/or the
central controller 600 controls the etching gas controller 200 to adjust the flow rate of
the etching gas, the central controller 600 controls the deposition gas controller 500 to
adjust the flow rate of the deposition gas, and/or the central controller 600 controls the
power of the excitation power supply 300 so that during each period in which the bias
power supply 400 is turned off, the flow rate of the etching gas, the flow rate of the
deposition gas, and/or the power of the excitation power supply 300 are kept constant
or decreased gradually.

For another example, with the progress of process, the central controller 600
controls the etching gas controller 200 to adjust the flow rate of the etching gas,
and/or the central controller 600 controls the power of the excitation power supply
300 and/or the power of the bias power supply 400 so that during two adjacent
periods in which the bias power supply 400 is turned on, the flow rate of the etching
gas, the power of the excitation power supply 300, and/or the power of the bias power
supply 400 during the latter period in which the bias power supply 400 is turned on
are equal to or larger than those during the former period in which the bias power
supply 400 is turned on; and/or the central controller 600 controls the etching gas
controller 200 to adjust the flow rate of the etching gas, the central controller 600
controls the deposition gas controller 500 to adjust the flow rate of the deposition gas,
and/or the central controller 600 controls the power of the excitation power supply
300 so that during two adjacent periods in which the bias power supply 400 is turned
off, the flow rate of the etching gas, the flow rate of the deposition gas and/or the
power of the excitation power supply 300 during the latter period in which the bias
power supply 400 is turned off are equal to or smaller than those during the former
period in which the bias power supply 300 is turned off. For another example, the
central controller 600 may control by combining the above two controlling methods.

In an embodiment of the invention, throughout the whole substrate etching
process, the central controller 600 controls the switching frequency of ON/OFF of the
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bias power supply 400 to be increased gradually with the progress of process, and the
central controller 600 controls the deposition gas controller 500 so that the switching
frequency of connection/disconnection of the deposition gas path is increased as the
switching frequency of ON/OFF of the bias power supply 400 is increased.

According to embodiments of the invention, the etching operation is kept to be
always performed throughout the whole substrate etching process and the deposition
operation is sometimes inserted into the substrate etching process so that a single
etching operation mode and a combined operation mode, in which the etching
operation and the deposition operation are performed simultaneously, are circulated
alternately. When the combined operation mode is performed, the substrate is etched
by plasma in the reaction chamber while the deposition operation is performed so that
at least a part of deposited polymers formed by the deposition operation on a sidewall
of an etched section are etched away, to make the sidewall of the etched section of the
substrate smooth, increasing process quality of the substrate.

Moreover, compared with the existing Bosch process in which the etching
operation and the deposition operation are performed alternately, by supplying etching
gas into the reaction chamber and keeping the excitation power supply to be in a
turn-on state throughout the whole substrate etching process, the process parameters
(such as power of the excitation power supply, kinds of gas, etching gas and gas
pressure) may be adjusted conveniently during the substrate etching process and the
substrate etching process can reach a stable state rapidly, thus increasing the process
performance.

In addition, in the embodiments of the present invention, different process
parameters can be adjusted synchronously, for example, feeding of deposition gas and
turning off of the bias power supply may be performed synchronously; as another
example, stop feeding of deposition gas and turning on of the bias power supply may
be performed synchronously. Compared with the existing Bosch process in which
different process parameters can be adjusted sequentially, the invention can save time
required to adjust process parameters, thus increasing process efficiency.

In the description, terms “an embodiment”, “embodiments”, “examples” or
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“particular examples” etc. means that particular features, structures, materials or
characteristics described in conjunction with the embodiment or example are includes
in the at least one embodiment or example of the invention. In the description,
illustrative expressions of the above terms do no exactly indicate identical
embodiments or examples. Moreover, the described particular features, structures,
materials or characteristics may be combined into any one or more embodiments or
examples in any proper way.

Although embodiments of the invention have been illustrated and described, it
should be understood for persons skilled in the art that, various modifications,
changes, substitutions and variations may be made to these embodiments without
departing from the spirit and essence of the present invention and the protection scope

of the present invention is defined by the appended claims and the equivalents thereof.
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CLAIMS:

1. A substrate etching method, including:

S1: placing a substrate to be processed into a reaction chamber;

S2: supplying etching gas into the reaction chamber;

S3: turning on an excitation power supply to generate plasma in the reaction
chamber;

S4: turning on a bias power supply to apply bias power to the substrate;

S5: turning off the bias power supply, and meanwhile, starting to supply
deposition gas into the reaction chamber;

S6: stopping supply of the deposition gas into the reaction chamber, and
meanwhile, turning on the bias power supply; and

S7: repeating steps S5-S6, until the etching process is completed.

2. The substrate etching method of claim 1, wherein with the progress of process,

During each period in which the bias power supply is turned on, the power of the
bias power supply, the flow rate of the etching gas, and/or the power of the excitation
power supply are kept constant or increased gradually; and/or

During each period in which the bias power supply is turned off, the flow rate of
the deposition gas, the flow rate of the etching gas, and/or the power of the excitation

power supply are kept constant or decreased gradually.

3. The substrate etching method of claim 1 or 2, wherein with the progress of
process,

As for two adjacent periods in which the bias power supply is turned on, the
power of the bias power supply, the flow rate of the etching gas and/or the power of
the excitation power supply during the latter period are equal to or larger than those
during the former period; and/or

As for two adjacent periods in which the bias power supply is turned off, the
flow rate of the deposition gas, the flow rate of the etching gas and/or the power of the
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excitation power supply during the latter period are equal to or smaller than those

during the former period.

4. The substrate etching method of claim 1 or 2, wherein with the progress of
process, the switching frequency of ON/OFF of the bias power supply is increased
gradually, and the switching frequency of connection/disconnection of the deposition

gas is increased correspondingly.

5. The substrate etching method of claim 4, wherein with the progress of process,
the switching frequency of power levels of the excitation power supply is gradually
increased, and/or the switching frequency of flow rates of the etching gas is gradually

increased.

6. The substrate etching method of claim 1, wherein
When the bias power supply is turned on, impedance matching of the excitation
power supply and the bias power supply is achieved respectively by using a fixed

matching method or a method combining fixed matching and frequency scanning.

7. The substrate etching method of claim 1, the excitation power supply is a radio

frequency power supply.

8. The substrate etching method of claim 1, wherein the etching gas is at least
one of fluorine based etching gas, chlorine based etching gas, and bromine based

etching gas.

9. The substrate etching method of claim 8, wherein the fluorine based etching
gas includes CF4 and SFg, the chlorine based etching gas includes Cly, BCls, SiCly,
SiCl,H», and the bromine based etching gas includes Br, and HBr.

10. The substrate etching method of claim 1, wherein the deposition gas is at
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least one of C4Fg, C,F4, CoHF, and CCly.

11. A substrate processing device, including:

A reaction chamber;

An etching gas controller, for switching on or switching off an etching gas path
for supplying etching gas into the reaction chamber and adjusting flow rate of the
etching gas;

An excitation power supply, for applying radio frequency power to the etching
gas in the reaction chamber to generate plasma in the reaction chamber;

A bias power supply, for applying bias power to a substrate;

A deposition gas controller, for switching on or switching off a deposition gas
path for supplying deposition gas into the reaction chamber and adjusting the flow
rate of the deposition gas; and

A central controller, connected with the etching gas controller, the excitation
power supply, the bias power supply and the deposition gas controller, respectively,
and for performing at least the following operations:

Controlling the etching gas controller to switch on or switch off the etching gas
path and adjusting the flow rate of the etching gas;

Controlling turning-on or turning-off of the excitation power supply and
adjusting the radio frequency power of the excitation power supply;

Controlling turning-on or turning-off of the bias power supply, and adjusting the
bias power of the bias power supply; and

Controlling the deposition gas controller to switch on or switch off the deposition
gas path and adjusting the flow rate of the deposition gas;

Wherein throughout the substrate etching process, the central controller controls
the excitation power supply to be kept in a turn-on state, controls the etching gas
controller to keep the etching gas path in a switch-on state, controls the deposition gas
path to be switched off while the bias power supply is turned on, and controls the

deposition gas path to be switched on while the bias power supply is turned off .
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12. The substrate processing device of claim 11, wherein with the progress of
process, the central controller controls the etching gas controller to adjust the flow
rate of the etching gas, and/or the central controller controls the power of the
excitation power supply and/or the power of the bias power supply so that during each
period in which the bias power supply is turned on, the flow rate of the etching gas,
the power of the excitation power supply and/or the power of the bias power supply
are kept constant or increased gradually; and/or

The central controller controls the etching gas controller to adjust the flow rate of
the etching gas, the central controller controls the deposition gas controller to adjust
the flow rate of the deposition gas, and/or the central controller controls the power of
the excitation power supply so that during each period in which the bias power supply
is turned off, the flow rate of the etching gas, the flow rate of the deposition gas,
and/or the power of the excitation power supply are kept constant or decreased

gradually.

13. The substrate processing device of claim 12, wherein with the progress of
process, the central controller controls the etching gas controller to adjust the flow
rate of the etching gas, and/or the central controller controls the power of the
excitation power supply and/or the power of the bias power supply so that during two
adjacent periods in which the bias power supply is turned on, the flow rate of the
etching gas, the power of the excitation power supply, and/or the power of the bias
power supply during the latter period are equal to or larger than those during the
former period; and/or

The central controller controls the etching gas controller to adjust the flow rate of
the etching gas, the central controller controls the deposition gas controller to adjust
the flow rate of the deposition gas, and/or the central controller controls the power of
the excitation power supply so that during two adjacent periods in which the bias
power supply is turned off, the flow rate of the etching gas, the flow rate of the
deposition gas and/or the power of the excitation power supply during the latter
period are equal to or smaller than those during the former period.
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14. The substrate processing device of claim 12, wherein the central controller
controls the switching frequency of ON/OFF of the bias power supply to be increased
gradually with the progress of process, and the central controller controls the
deposition gas controller so that the switching frequency of connection/disconnection
of the deposition gas path is increased as the switching frequency of ON/OFF of the

bias power supply is increased.

15. The substrate processing device of claim 14, wherein the central controller
controls the switching frequency of ON/OFF of the excitation power supply to be
increased gradually with the progress of process; and/or the central controller controls
the etching gas controller so that the switching frequency of connection/disconnection

of the etching gas path is increased with the progress of process.

16. The substrate processing device of claim 11, wherein when the bias power
supply is turned on, the central controller controls impedance matching of the
excitation power supply and the bias power supply, respectively, and a method to
achieve the impedance matching is a fixed matching method or a method combining

fixed matching and frequency scanning,

17. The substrate processing device of claim 11, wherein the excitation power

supply is a radio frequency power supply.
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