
Device and Method for Controlling DC Bias of RF Discharge System Field of
the present invention        The present invention relates to a technical
field of plasma etching, particularly to a device and a method for
controlling a DC bias of a RF 5discharge system. Background of the present
invention     Plasma etching technology is one of critical processes in
integrated circuit manufacture, and its object is to duplicate a mask
pattern onto a 10 surface of a wafer. The general principle of the plasma
etching technology is that at a low pressure, reactive gas is excited by a
RF (radio frequency) power to be ionized and the ionized gas forms plasma.
A DC (direct current) bias is formed between the plasma and the surface of
the wafer placed on a bottom electrode, and positive ions of the 15 plasma
and active reactive groups are further attracted by the DC bias to speed up
bombarding the wafer surface, thereby accelerating chemical reaction on the
surface of the wafer and increasing etching velocity. The DC bias as
described herein is generally referred to as a DC self-bias as well. 20The
magnitude of the DC bias as described above can affect the energy of the
positive ions and the active reactive groups while they are bombarding the
surface of the wafer, and in turn influence some process parameters, such
as etching velocity, deposition velocity, etc. In practice, in order to
achieve better process effects, the DC bias used in the plasma 25 etching
process should be controlled. The DC bias can be controlled in two methods,
one of which is a power controlling method, the other of which is a voltage
controlling method.     Fig. 1 shows a schematic diagram of a device in
which the power controlling method is used to control the DC bias. As shown
in Fig. 1,  the device can include a RF power supply 101 and a matching
network 102. The RF power supply 101 is used to provide power, and the
matching network 102 is used for matching load impedance so as to eliminate
power reflection and is used for outputting the power provided 5  by the RF
power supply 101 to an electrode of the discharge system. The electrode of
the discharge system as described herein can be either the top electrode of
the discharge system or the bottom electrode of the discharge system. 



That is, since the RF power supply 101 can provide the electrode of io  the
discharge system with power through the matching network 102, the DC bias
can be indirectly controlled as long as the power output by the RF power
supply 101 can be controlled, so that the process flow is carried out
according to preset process parameters. Fig. 2 shows a schematic diagram of
a device in which the voltage 15  controlling method is used to control the
DC bias. As shown in Fig. 2, the device includes a RF power providing
module 201, a DC bias detection module 202 and a DC bias controlling module
203.     Wherein the RF power providing module 201 is used to provide the
lower electrode of the discharge system with power according to the 20
power value transmitted from the DC bias controlling module 203, and can
include a RF power supply 2011 and a matching network 2012, the functions
of which are similar to those of the RF power supply 101 and the matching
network 102 in Fig. 1, therefore the description of them is omitted herein.
25The DC bias detection module 202 is used to detect the DC bias of the
bottom electrode of the discharge system, and output the detected DC bias
value to the DC bias controlling module 203. The DC bias detection module
202 can include a voltage sensor 2021 and an analog/digital conversion
module 2022, wherein the voltage sensor 2021 is used to 30detect the DC
bias of the bottom electrode of the discharge system and  transmit the
detected DC bias value to the analog/digital conversion module 2022 in the
form of an analog signal; analog/digital conversion module 2022 is used to
convert the DC bias value in the form of an analog signal into a DC bias
value in the form of a digital signal and 5output it to the DC bias
controlling module 203.     The DC bias controlling module 203 calculates a
power value according to a DC bias controlling algorithm by utilizing the
detected DC bias value and a preset DC bias value input, and outputs a
signal carrying the calculated power value to the RF power providing module
201 so as 



io  to control the RF power providing module 201 to provide power according
to this power value.     That is, the RF power providing module 201, the
bottom electrode of the discharge system, the DC bias detection module 202
and the DC bias controlling module 203 in Fig. 2, which can constitute a
feedback 15 loop, maintain the DC bias of the bottom electrode of the
discharge system at a preset value by utilizing the DC bias controlling
algorithm, so that the object of controlling the DC bias is achieved. Of
course, in practice, if the RF power supply 2011 is a RF power supply that
receives analog signals, a digital/analog conversion module is also
required to be 20 added between the DC bias controlling module 203 and the
RF power supply 2011; if the DC bias controlling algorithm can't calculate
directly according to the DC bias value transmitted from the DC bias
detection module 202, a transformation and evaluation module is also
required to be added between the DC bias detection module 202 and the DC
bias 25 controlling module 203, which is used to transform the detected DC
bias value into a value that can be used to calculate by the DC bias
controlling algorithm. The digital/analog conversion module and the
transformation and evaluation module as described herein belong to the
prior art, therefore the details are omitted. 30Although the DC bias of the
discharge system can be controlled by  either the power controlling method
or the voltage controlling method in the prior art, these methods are
applied separately in general, and can't be selected flexibly according to
the actual situation. For example, when a certain process flow is carried
out by utilizing the voltage controlling 5 method, if it is found out that
there is a large difference between its processing result and a preset
result, it is needed to be verified by utilizing the power controlling
method. At this time, because the entire process flow is based on the
device for controlling the DC bias as shown in Fig. 2, it is difficult to
be transferred onto the device for controlling io the DC bias as shown in
Fig. 1 to be performed. As can be seen from this, the prior art can't
satisfy the actual requirement of flexible conversion and selection between
the power controlling method and the voltage controlling method. 15 Summary
of the present invention     In view of that, the first object of the
present invention is to provide a device for controlling a DC bias of a RF
discharge system, and the device accommodates both the power controlling
method and the voltage controlling method, thereby a flexible choice
between the power controlling method and 20the power controlling method can
be made. 



The second object of the present invention is to provide a method for
controlling a DC bias of a RF discharge system, and the method accommodates
both the power controlling method and the voltage controlling method,
thereby a flexible choice between the power controlling method and the
power 25controlling method can be made.     In order to achieve the first
object of the present invention, the technical solution proposed by the
present invention is as follows:         a device for controlling a DC bias
of a RF discharge system, comprising a mode selection module, a DC bias
detection module, a DC bias controlling 30module and a RE power providing
module;       said mode selection module is used for receiving input
information including a parameter and a type of the parameter and judging
the type of the parameter, if the type of the parameter is representative
of being related to power, outputting the parameter as a power-related
representative parameter to 5 the RF power providing module; if the type of
the parameter is representative of being related to voltage, outputting the
parameter as a voltage-related representative parameter to the DC bias
controlling module;         said DC bias detection module is used for
detecting the DC bias of an electrode of the discharge system and
outputting the detected DC bias value to 10 the DC bias controlling module;
said DC bias controlling module is used for receiving the voltage-related
representative parameter from the mode selection module and the DC bias
value from the DC bias detection module; calculating the power value
according to a DC bias controlling algorithm by utilizing said DC bias
value 15  and the voltage-related representative parameter, and outputting
the calculated power value to the RF power providing module;     said RF
power providing module is used for providing the electrode of the discharge
system with power according to the power-related representative parameter
upon receipt of the power-related representative parameter from the 20 mode
selection module; and providing the electrode of the discharge system with
power according to the power value calculated by the DC bias controlling
module upon receipt of the calculated power value. In the above solution,
the device further comprises: 



a calibration module, positioned between said mode selection module and 25
the RF power providing module, for storing a power calibration value
obtained previously; updating the power-related representative parameter
according to said power calibration value upon receipt of the power-related
representative parameter from said mode selection module, and outputting
the updated power-related representative parameter to said RF power
providing module. 30In the above solution, the device further comprises:
a fault detection module, positioned between said DC bias controlling
module and the RF power providing module, for storing a range of normal
power values obtained previously; judging whether the power value
calculated by the DC bias controlling module exceeds the range of normal
power values or 5 not upon receipt of the calculated power value, and if
so, outputting a fault alarm signal; otherwise, outputting the calculated
power value to said RF power providing module. In the above solution, said
RF power providing module comprises: a RF power supply, for providing power
according to the power-related o representative parameter upon receipt of
the power-related representative parameter; and providing power according
to the power value calculated by the DC bias controlling module upon
receipt of the calculated power value;     a matching network, for matching
load impedance, and outputting the power provided by the RF power supply to
the electrode of the discharge 15system.     In the above solution, said RF
power supply is a RF power supply that receives analog signals, the
power-related representative parameter output to the RF power supply is
carried in a digital signal, and the calculated power values output to the
RF power supply is carried in a digital signal, and the 20device further
comprises: 



a digital/analog conversion module, for performing digital-to-analog
conversion upon receipt of a digital signal carrying the power-related
representative parameter, obtaining an analog signal carrying the
power-related representative parameter and outputting the analog signal
carrying the 25 power-related representative parameter to the RF power
supply; and performing digital-to-analog conversion upon receipt of a
digital signal carrying the calculated power value, obtaining an analog
signal carrying the calculated power value and outputting the analog signal
carrying the calculated power value to the RF power supply. 30In the above
solution, said DC bias detection module comprises:        a voltage sensor,
for detecting the DC bias of said electrode of the discharge system, and
outputting the detected DC bias value in the form of an analog signal to an
analog/digital conversion module; the analog/digital conversion module, for
converting the DC bias value in 5 the form of an analog signal into a DC
bias value in the form of a digital signal and outputting the DC bias value
in the form of a digital signal to said DC bias controlling module. In the
above solution, the device further comprises: a transformation and
evaluation module, for receiving the DC bias value 10 in the form of a
digital signal from the analog/digital conversion module, converting the
received DC bias value into a value that can participate in the calculation
of the DC bias controlling algorithm, and outputting the converted DC bias
value to the DC bias controlling module.             In order to achieve
the second object of the present invention, the 15 technical solution of
the present invention is as follows: a method for controlling a DC bias of
a RF discharge system, comprising:      A. receiving input information
including a parameter and a type of the parameter and judging the type of
the parameter, if the type of the parameter is representative of being
related to voltage, treating the parameter as a 



20 voltage-related representative parameter and performing step B; if the
type of the parameter is representative of being related to power, treating
the parameter as a power-related representative parameter and performing
step C;      B. calculating a power value according to said voltage-related
representative parameter, the DC bias value detected from the electrode of
the 25 discharge system and a DC bias controlling algorithm, and providing
the electrode of the discharge system with power according to the
calculated power value;      C. providing the electrode of the discharge
system with power according to said power-related representative parameter.
30In the above solution, between judging that the type of the parameter is
representative of being related to power in the step A and the step C, the
method further includes:     updating said power-related representative
parameter according to a power calibration value stored previously. 5In the
above solution, between calculating the power value and providing the
electrode of the discharge system with power according to the calculated
power value in the step B, the method further includes:     judging whether
the calculated power value exceeds the range of normal power values stored
previously or not, and if so, outputting a fault alarm signal o and exiting
the present flow; otherwise, continuing performing the step of providing
the electrode of the discharge system with power according to the
calculated power value.     In the above solution, said providing the
electrode of the discharge system with power according to the calculated
power value in the step B particularly 



15 includes: a RF power supply provides power according to the calculated
power value, and a matching network for matching load impedance outputs the
power provided by the RF power supply to the electrode of the discharge
system;     said providing the electrode of the discharge system with power
according to the power-related representative parameter in the step C
particularly includes: 20 the RF power supply provides power according to
said power-related representative parameter, and the matching network for
matching load impedance outputs the power provided by the RF power supply
to the electrode of the discharge system. In the above solution, said RF
power supply is a RF power supply that 25 receives analog signals, said
calculated power value is carried in a digital signal, said power-related
representative parameter is carried in a digital signal, and between
judging that the calculated power value does not exceed the range of power
values stored previously and providing the electrode of the discharge
system with power according to the calculated power value in the step B,
the 30method further includes:        performing digital-to-analog
conversion on a digital signal carrying the calculated power value,
obtaining an analog signal carrying the calculated power value, and
outputting the analog signal carrying the calculated power value to the RF
power supply. 5In the step C, before said providing the electrode of the
discharge system with power according to the power-related representative
parameter, the method further includes:     performing digital-to-analog
conversion on a digital signal carrying the power-related representative
parameter, obtaining an analog signal carrying the iopower-related
representative parameter, and outputting the analog signal carrying the
power-related representative parameter to the RF power supply. 



In the above solution, said detecting the DC bias value from the electrode
of the discharge system particularly includes: a voltage sensor detects the
DC bias of said electrode of the discharge 15  system, an analog-to-digital
conversion is performed on the detected DC bias value in the form of an
analog signal, and the DC bias value in the form of a digital signal is
obtained.     In the above solution, in the step B, before calculating the
power value according to the voltage-related representative parameter, the
DC bias value 20detected from the electrode of the discharge system and the
DC bias controlling algorithm, the step B further includes:     converting
the DC bias value in the form of a digital signal into a value that can
participate in the calculation of the DC bias controlling algorithm. In
summary, in the device and the method for controlling the DC bias of 25
the RF discharge system proposed by the present invention, because the mode
selection module can receive the parameter and the type thereof which are
input from the outside, and determine whether the power controlling method
or the voltage controlling method should be used to control the DC bias by
utilizing the judgment result of the type of the parameter, thereby a
flexible choice 30between the two different kinds of DC bias controlling
methods can be made,  so that the object of compatibility can be achieved,
and operations of process operators can be further advantaged. Brief
Description of the Drawings 



5Fig. 1 is a schematic diagram of a device for controlling the DC bias by
utilizing the power controlling method in the prior art;     Fig. 2 is a
schematic diagram of a device for controlling the DC bias by the voltage
controlling method in the prior art;            Fig. 3 is a schematic
diagram of a device for controlling the DC bias oaccording to the present
invention;     Fig. 4 is a schematic diagram of the structure of a device
embodiment for controlling the DC bias according to the present invention;
Fig. 5 is a flow chart of a method for controlling the DC bias according to
the present invention; 15Fig. 6 is a flow chart of a method embodiment for
controlling the DC bias according to the present invention. Detailed
Description of the Preferred Embodiments In order to make the objects, the
technical solutions and the advantages 20clearer, the present invention
will be further described below in detail with reference to the
accompanying drawings and the particular embodiments.     Fig. 3 is a
schematic diagram of a device for controlling the DC bias of a RF discharge
system according to the present invention. As shown in Fig. 3, the device
can include a mode selection module 301, a DC bias detection module 



25302, a DC bias controlling module 303 and a RF power providing module
304. wherein,     The mode selection module 301 is used for receiving input
information including a parameter and the type of the parameter and judging
the type of the parameter, and if the type of the parameter is
representative of being related to 30power, outputting the parameter as a
power-related representative parameter to the RF power providing module
304, if the type of the parameter is representative of being related to
voltage, outputting the parameter as a voltage-related representative
parameter to the DC bias controlling module 303. The DC bias detection
module 302 is used for detecting the DC bias of the 5  electrode of the
discharge system and outputting the detected DC bias value to the DC bias
controlling module 303.     The DC bias controlling module 303 is used for
receiving the voltage-related representative parameter from the mode
selection module 301 and the DC bias value from the DC bias detection
module 302, and calculating 10 a power value according to a DC bias
controlling algorithm by utilizing said DC bias value and the
voltage-related representative parameter, and outputting the calculated
power value to the RF power providing module 304.     The RF power
providing module 304 is used for providing the electrode of the discharge
system with power according to the power-related 15 representative
parameter upon receipt of the power-related representative parameter, and
providing the electrode of the discharge system with power according to the
power value calculated by the DC bias controlling module 303 upon receipt
of the calculated power value. That is, the device as shown in Fig. 3 can
make the device utilizing the 20 power controlling method in Fig. 1 and the
device utilizing the voltage controlling method in Fig. 2 compatible. In
particular, when the mode selection module 301 receives input information
including a parameter and the type of the parameter, the type of the
parameter can be judged, and if the type of the parameter is representative
of being related to power, the parameter as a 



25 power-related representative parameter is output to the RF power
providing module 304; if the type of the parameter is representative of
being related to voltage, the parameter as a voltage-related representative
parameter is output to the DC bias controlling module 303. The
power-related representative parameter as described herein can be a preset
power value, and said 30voltage-related representative parameter as
described herein can be a preset  voltage value or other value, as long as
the DC bias controlling module 303 is enabled to calculate the
corresponding power value.     On one hand, if the mode selection module
301 outputs the judged power-related representative parameter to the RF
power providing module 304, 5  the RF power providing module 304 can
provide the electrode of the discharge system with power according to the
power-related representative parameter. At this time, the device for
controlling the DC bias as shown in Fig. 3 is equivalent to the device as
shown in Fig. 1, and can provide the electrode of the discharge system with
power by utilizing the power controlling method. oOn the other hand, if the
mode selection module 301 outputs the judged voltage-related representative
parameter to the DC bias controlling module 303, the DC bias controlling
module 303 can calculate a power value according to the voltage-related
representative parameter, the DC bias value detected by the DC bias
detection module 302 and a DC bias controlling algorithm, then output 15
the calculated power value to the RF power providing module 304. The RF
power providing module 304 provides the electrode of the discharge system
with power according to the calculated power value. At this time, the RF
power providing module 304, the electrode of the discharge system, the DC
bias detection module 302 and the DC bias controlling module 303 in Fig. 3,
which 20  constitute a feedback loop, are equivalent to the device as shown
in Fig. 2 and can provide the electrode of the discharge system with power
by utilizing the voltage controlling method. The electrode of the discharge
system as described herein can be the bottom electrode of the discharge
system, or the top electrode of the discharge system. 25It would be noted
that the DC bias detection module 302 is in operational status regardless
of whether the power controlling method or the voltage controlling method
is used to provide the electrode of the discharge system with power. As
such, if the power controlling method is used to provide the electrode of
the discharge system with power, it is possible to cause a change in
30capacitance of the electrode of the discharge system due to the presence
of the 



DC bias detection module 302, resulting in a small range of deviation in
the process result.     In this case, if an accurate process result is
required, the power-related representative parameter output to the RF power
providing module 304 by the 5  mode selection module 301 can be calibrated
in advance, and the calibrated power-related representative parameter is
then output to the RF power providing module 304, so that the process
result achieved by the device as shown in Fig. 3 by utilization of the
power controlling method is equivalent to that achieved by the device as
shown in Fig. 1. Regarding how to calibrate the io  power-related
representative parameter particularly, a detail description will be given
in the particular embodiment as described below, and is omitted herein.
In addition, in the case of providing the electrode of the discharge system
with power by utilizing the voltage controlling method, if an abnormal
event occurs in the actual process environment, it will be very likely to
result in an 15  abnormal change in the DC bias. For example, if there is a
wide range of fluctuation in pressure within a reaction chamber, an
abnormal change in the DC bias will be caused. At this time, if the
abnormal change in the DC bias can't be found in time, process operators
can't take corresponding measures in time, resulting in failure of the
entire process flow. 20In order to find the abnormal change in the DC bias
in time, it can be judged whether the power value calculated by the DC bias
controlling module 303 exceeds the range of normal power values or not,
after the power value is calculated by the DC bias controlling module 303.
If the power value calculated by the DC bias controlling module 303 exceeds
the range of normal power 25  values, a fault alarm signal is output;
otherwise, the calculated power value is output to said power providing
module 304. The range of normal power values as described herein can be
previously obtained by experiments. The details on how to obtain the range
of normal power values can also refer to the particular embodiment as
described below, and are omitted herein. 30In order to describe the
solution of the present invention better, one device  embodiment is
described in detail below. 



Fig. 4 is a schematic diagram of the structure of the device embodiment. As
shown in Fig. 4, the device of the preset embodiment includes not only the
mode selection module 301, the DC bias detection module 302, the DC bias 5
controlling module 303 and the RF power providing module 304, but also a
calibration module 305, a fault detection module 306, a digital/analog
conversion module 307 and a transform and evaluation module 308.     The
functions of the mode selection module 301, the DC bias detection module
302, the DC bias controlling module 303 and the RF power providing iomodule
304 are the same as those of the corresponding modules in Fig. 3. Wherein,
the DC bias detection module 302 can include:     a voltage sensor 3021,
for detecting the DC bias of the electrode of said discharge system and
transmitting the detected DC bias value to an analog/digital conversion
module 3022 in the form of an analog signal; 15  an analog/digital
conversion module 3022, for converting the DC bias value in the form of an
analog signal into a DC bias value in the form of a digital signal and
outputting the DC bias value in the form of a digital signal to the
transformation and evaluation module 308. The RF power providing module 304
can include: 20a RF power supply 3041, for providing power according to the
power-related representative parameter upon receipt of the power-related
representative parameter; and providing power according to the power value
calculated by the DC bias controlling module 303 upon receipt of the
calculated power value; 25a matching network 3042, for matching with
impedance of loads and outputting the power provided by the RF power supply
3041 to the electrode of the discharge system.         In addition, in the
present embodiment, the calibration module 305 is used for storing the
power calibration value obtained previously; updating the 30power-related
representative parameter according to the power calibration value 



upon receipt of the power-related representative parameter from the mode
selection module 301 and outputting the updated power-related
representative parameter to the digital/analog conversion module 307. When
the power controlling method is utilized in the present embodiment, 5
because the DC bias detection module 302 is still in operational status, it
is possible to result in a deviation between the process result of the
present embodiment and the process result of the device as shown in Fig. 1.
In order to calibrate this deviation, the difference value between the
power-related representative parameter and the actual power value by which
the same process io  result is achieved can be checked firstly, and such
difference value can be treated as the power calibration value.     In
practice, the power calibration value can be determined by experiments. In
the following, the method for determining the power calibration value is
explained by an example of the etching velocity as a process parameter.
Firstly, 15 a certain process flow is carried out by utilizing the device
as shown in Fig. 1, and the etching velocity is recorded. Then, the same
process flow is carried out by utilizing the power controlling method
implemented by the device as shown in Fig. 3, and the corresponding etching
velocity is recorded, the power calibration value in the experiment herein
can be initialized to be zero. If there 20 is a difference between these
two etching velocities, the actual power value is adjusted gradually, until
the etching velocity reaches the corresponding etching velocity achieved by
utilization of the device in Fig. 1. Thereafter, the difference value
between the actual power value and the power-related representative
parameter is stored in the calibration module 305 as the power 25
calibration value. As such, after the calibration module 305 calibrates the
received power-related representative parameter, the actual power value in
the experiment, in turn, the expected etching velocity can be obtained. For
example, if the power-related representative parameter is 500W, and the
required actual power value determined by the experiment is 510W, then, 10W
can be 30previously stored in the calibration module 305. As such, upon
receipt the power-related representative parameter of 500W by the
calibration module 305, the 1 OW can be added, thus the power-related
representative parameter is updated to 510W and then output. Of course, in
practice, there may be different power calibration values in different
process flows, and the respective power 5 calibration value of all the
process flows can be obtained according to the above-described method and
stored in the calibration module 305. Thereafter, the calibration module
305 obtains corresponding power calibration value according to the
different process flow carried out, and updates the power-related
representative parameter of the process flow according to the 10obtained
power calibration value. 



The fault detection module 306 is used for storing the range of normal
power values obtained previously, and judging whether the power value
calculated by the DC bias controlling module 303 exceeds the range of
normal power values or not upon receipt of the calculated power value, and
if so, 15  outputting a fault alarm signal, otherwise, transmitting the
calculated power value to the digital/analog conversion module 307.     The
range of normal power values as described herein can be obtained by
experiments as well, for example, when the process flow is carried out by
utilizing the voltage controlling method in Fig. 3, the power value
provided to 20 the electrode of the discharge system in a normal process
flow is recorded. After multiple experiments are made in the
above-described manner, the maximum power value and the minimum power value
recorded are stored in the fault detection module 306 as the range of
normal power values. The digital/analog conversion module 307 is used for
performing 25 digital-to-analog conversion on the digital signal carrying
the power-related representative parameter, obtaining an analog signal
carrying the power-related representative parameter, and outputting the
analog signal carrying the power-related representative parameter to the RF
power providing module 304; performing digital-to-analog conversion on the
digital signal carrying the 30calculated power value, obtaining an analog
signal carrying the calculated  power value, and outputting the analog
signal carrying the calculated power value to the RF power providing module
304.     The transformation and evaluation module 308 is used for
converting the DC bias value in the form of a digital signal from the
analog/digital conversion 5 module 3022 into a value that can participate
in the calculation of the DC bias controlling algorithm, and transmitting
the converted DC bias value to the DC bias controlling module 303.     The
transformation and evaluation module 308 as described herein can convert
the value input from the analog/digital conversion module 3022 into a 10
value that participates in the calculation of the DC bias controlling
algorithm. For example, if the voltage sensor 3021 detect that the DC bias
of the bottom electrode is 600V, an analog signal indicative of 600V is
output to the analog/digital conversion module, and a digital signal
indicative of 600V is then obtained after analog/digital conversion and is
output to the transformation and 



15 evaluation module 308. If the DC bias controlling algorithm in the DC
bias controlling module 303 requires that the parameter input should be an
integer in the range of 0-65535, it is necessary for the transformation and
evaluation module 308 to quantify the digital signal indicative of 600V
into an integer in the range of 0-65535 and output it to the DC bias
controlling module 303 for 20 participation in the calculation. Of course,
in this case, the voltage-related representative parameter input to the DC
bias controlling module 303 by the mode selection module 301 should be an
integer in the range of 0-65535 as well. That is, the mode selection module
301 judges the type of the parameter 25 upon receipt of input information
including the parameter and the type of the parameter. If the type of the
parameter is representative of being related to power, the parameter is
output to the calibration module 305 as a power-related representative
parameter, and if the type of the parameter is representative of being
related to voltage, the parameter is output to the DC bias controlling
30module 303 as a voltage-related representative parameter. In the present
embodiment, said power-related representative parameter can be a preset
power value, said voltage-related representative parameter can be a preset
voltage value or other values that can calculate the corresponding power.
In the present embodiment, the electrode of the discharge system can be
either the bottom 5electrode of the discharge system or the top electrode
of the discharge system.     In the following, the processing procedure of
the device of the present embodiment is explained in detail according to a
case in which the parameter is the power-related representative parameter
and a case in which the parameter is voltage-related representative
parameter respectively. ioOn one hand, if the mode selection module 301
outputs the judged power-related representative parameter to the
calibration module 305, the calibration module 305 updates the
power-related representative parameter by utilizing the power calibration
value stored previously and outputs the updated power-related
representative parameter to the digital/analog conversion module 15 307;
the digital/analog conversion module 307 converts the power-related
representative parameter in the form of a digital signal into the
power-related representative parameter in the form of an analog signal and
outputs it to the RF power providing module 304; the RF power supply 3041
in the RF power providing module 304 provides power according to the
power-related 20 representative parameter, and the matching network 3042
outputs the power provided by the RF power supply 3041 to the electrode of
the discharge system, so that the control of the DC bias by utilization of
the power controlling method is achieved. 



On the other hand, if the mode selection module 301 outputs the judged 25
voltage-related representative parameter to the DC bias controlling module
303, the DC bias controlling module 303 can calculate the power value
according to the voltage-related representative parameter, the DC bias
value and the DC bias controlling algorithm. The DC bias value as described
herein is the DC bias value detected from the electrode of the discharge
system by the voltage sensor 303021. The DC bias value in an analog signal
is input to the analog/digital  conversion module 3022 for analog/digital
conversion, and the DC bias value in the form of a digital signal is
obtained. Then, the transformation and evaluation module 308 converts the
DC bias value in the form of a digital signal into a value that can be used
for the DC bias controlling algorithm, and outputs the 5 value to the DC
bias controlling module 303 for calculation. Thereafter, the fault
detection module 306 judges whether the calculated power value exceeds the
range of normal power values or not, and if so, outputs a fault alarm
signal; otherwise, outputs the calculated power value to the digital/analog
conversion module 307. The digital/analog conversion module 307 converts
the power 10 value in the form of a digital signal into a power value in
the form of an analog signal upon receipt of the power value in the form of
a digital signal, and outputs it to the RF power providing module 304; the
RF power supply 3041 in the RF power providing module 304 provides power
according to the calculated power value, and the matching network 3042
outputs the power provided by the 15RF power supply 3041 to the electrode
of the discharge system, so that the control of the DC bias by the voltage
controlling algorithm is achieved.     In the present embodiment, the RF
power supply 3041 is a RE power supply that receives analog signals, thus
when the fault detection module 306 outputs the power value calculated by
the DC bias controlling module 303 to 20 the RF power supply 3041, it is
also necessary to perform conversion of digital signals into analog signals
by utilizing the digital/analog conversion module 307. In practice, if the
RF power supply 3041 is a RF power supply capable of receiving digital
signals, it is not necessary to perform conversion of digital signals into
analog signals, that is, the digital/analog conversion module 307 25can be
omitted.     In the present embodiment, when the DC bias detection module
302 outputs the DC bias value to the DC bias controlling module 303 for
calculation, it is also required to convert the detected DC bias value into
a value that can be used for the DC bias controlling algorithm. However, in
practice, if the DC bias 



30controlling algorithm can calculate by directly utilizing the DC bias
value  detected by the DC bias detection module 302, the transformation and
evaluation module 308 can be omitted as well. Regarding the DC bias
controlling algorithm as described herein, there are many algorithms, such
as a neural net algorithm, a fuzzy controlling algorithm, a
5proportion-integration-differentiation (PID) algorithm, etc.     The mode
selection module 301, the DC bias detection module 302, the DC bias
controlling module 303, the RF power providing module 304 in the present
embodiment are necessary, but the calibration module 305, the fault
detection module 306, the digital/analog conversion module 307, the 10
transformation and evaluation 308 and the like can be selected in
accordance with the specific actual situations. For example, in the case
that the RF power providing module 304 can receive a digital signal and the
process flow does not require accurate control of the DC bias, the
digital/analog conversion module 307 and the calibration module 305 may be
unselected. Again for example, in 15 the case that the RF power providing
module 304 requires receipt of an analog signal, and the process flow
requires an accurate control of the DC bias, but the system runs stably
comparatively and doesn't need performing fault detection, the fault
detection module 306 may be unselected. In short, the selectable modules in
the present embodiment can be selected in accordance with the 20  specific
actual situations, and the specific actual situations are not exhausted
herein. Inaddition, in practice,it may also be required for the device in
the present embodiment to communicate with outside, for example, the mode
selection module 301 receives input information containing a parameter and
the 25 type of the parameter, and the fault detection module 306 outputs a
fault alarm signal when judging that the power value exceeds the range of
normal power values. In the present embodiment, the mode selection module
301, the DC bias controlling module 303, the calibration module 305, the
fault detection module 306 and the transformation and evaluation module 308
can all be implemented 30by software programs, and can also be commonly
referred to as a node 



microcontroller in practice. In this case, the node microcontroller can
interact with outside by utilizing a certain communication interface, that
is, the mode selection module 301 receives the input information via the
communication interface, and the fault detection module 306 outputs a fault
alarm signal via the 5 communication interface. The outside as described
herein can be a host computer connected to the node microcontroller, such
as a personal computer, for communicating information with the node
microcontroller.     Of course, the mode selection module 301, the DC bias
controlling module 303, the calibration module 305, the fault detection
module 306 and the 10 transformation and evaluation module 308 can also be
implemented by hardware, such as a analog circuit or a field programmable
gate array (FPGA) and the like.     With respect to the above-described
device for controlling the DC bias of the RF discharge system, the present
invention also provides a method for 15 controlling the DC bias of the RF
discharge system. Fig. 5 shows a flow chart of the method for controlling
the DC bias of the RF discharge system according to the present invention.
As shown in Fig. 5, said method can include:     Step 501: Input
information including a parameter and the type of the parameter is
received. 20Step 502: The type of the parameter is judged, and if the type
of the parameter is representative of being related to voltage, the
parameter is treated as a voltage-related representative parameter, and
step 503 is performed; if the type of the parameter is representative of
being related to power, the parameter is treated as a power-related
representative parameter, and step 504 is 25performed.     In practice, if
the power-related representative parameter is required to be calibrated,
between the judgment that the type of the parameter is representative of
being related to power and the step 504, said method can further include:
updating the power-related representative parameter according to the power
30calibration value stored previously. The power calibration value as
described 



herein can be obtained by experiments, the method of which can refer to the
description of the function and the principle of the above-described
calibration module 305 and is omitted herein. Step 503: A power value is
calculated according to said voltage-related 5 representative parameter,
the DC bias value detected from the electrode of the discharge system and a
DC bias controlling algorithm, and the electrode of the discharge system is
provided with power according to the calculated power value. In practice,
if it is required to be informed in time when abnormal events 10 occur in
the DC bias, between the calculating the power value and the providing the
electrode of the discharge system with power according to the calculated
power value in the step 503, a step can be further included, in which it is
judged whether the calculated power value exceeds the range of normal power
values or not, and if so, a fault alarm signal is output and the present
flow ends; 15  otherwise, the step of providing the electrode of the
discharge system with power according to the calculated power value is
continued to be performed.     The range of normal power values as
described herein can be previously obtained by experiments, the method of
which can refer to the description of the function and the principle of the
above-described fault detection module 306 20and is omitted herein.     In
addition, said method of providing the electrode of the discharge system
with power according to the calculated power value in said step can
specifically include: the RF power supply provides power according to the
calculated power value, and the matching network for matching with 25
impedance of loads outputs the power provided by the RF power supply to the
electrode of the discharge system.     Step 504: The electrode of the
discharge system is provided with power according to said power-related
representative parameter.             Said method of providing the
electrode of the discharge system with 30power according to the
power-related representative parameter in said step can  



specifically include: the RF power supply provides power according to the
power-related representative parameter, and the matching network for
matching with impedance of loads outputs the power provided by the RE power
supply to the electrode of the discharge system. 5In order to explain the
method for controlling the DC bias of the RF discharge system according to
the present invention better, a method embodiment is explained in detail
below.     Fig. 4 is a schematic diagram of the device corresponding to the
present method embodiment, which includes the mode selection module 301,
the DC to bias detection module 302, the DC bias controlling module 303,
the RE power providing module 304, the calibration module 305, the fault
detection module 306, the digital/analog conversion module 307 and the
transformation and evaluation module 308. Wherein, the DC bias detection
module 302 includes the voltage sensor 3021 and the analog/digital
conversion module 3022, and the 15RE power providing module 304 includes
the RE power supply 3041 and the matching network 3042.     Fig. 6 is a
flow chart of the present method embodiment. As shown in Fig. 6, the
present embodiment can include:             Step 601: the mode selection
module 301 receives input information 20including a parameter and a type of
the parameter.     Step 602: the model selection module 301 judges the type
of the parameter, if the type of the parameter is representative of being
related to voltage, the parameter is treated as a voltage-related
representative parameter and step 603 is performed; if the type of the
parameter is representative of being related to 25power, the parameter is
treated as a power-related representative parameter and step 609 is
performed.     Step 603: the DC bias controlling module 303 calculates a
power value according to the voltage-related representative parameter, the
DC bias value detected from the electrode of the discharge system and the
DC bias controlling 



30algorithm, and outputs the calculated power value to the fault detection
module  306.       In practice, the method for detecting the DC bias value
from the electrode of the discharge system can include: the voltage sensor
3021 detects the DC bias of the electrode of the discharge system and
outputs the detected DC bias 5  value in the form of an analog signal to
the analog/digital conversion module 3022; the analog/digital conversion
module 3022 performs analog-to-digital conversion, obtains the DC bias
value in the form of a digital signal, and outputs it to the transformation
and evaluation module 308; the transformation and evaluation module 308
converts the DC bias value in the form of a digital 10  signal into a value
that can be used for the DC bias controlling algorithm and outputs it to
the DC bias controlling module 303. Of course, if the DC bias controlling
algorithm allows the DC bias value in the form of a digital signal to
directly participate in the calculation, it is not necessary to convert the
DC bias value in the form of a digital signal into a value that can be used
for the DC bias 15controlling algorithm by utilizing the transformation and
evaluation module 308.      Step 604: the fault detection module 306 judges
whether the calculated power value exceeds the stored range of normal power
values or not, and if so, step 605 is performed; otherwise, step 606 is
performed. 20In practice, if the system runs stably comparatively and it is
not necessary to detect whether the DC bias is abnormal or not, the steps
604-606 can be omitted. Step 605: a fault alarm signal is output, and the
present flow ends.             Step 606: the fault detection module 306
outputs the digital signal 25carrying the calculated power value to the
digital/analog conversion module 



307.      Step 607: the digital/analog conversion module 307 performs
digital-to-analog conversion on the digital signal carrying the calculated
power value, obtains an analog signal carrying the calculated power value
and outputs 30the analog signal carrying the calculated power value to the
RF power supply  3041.     In practice, if the RF power supply 3041 can
receive digital signals directly, it is not necessary to perform
digital-to-analog conversion by utilizing the digital/analog conversion
module 307, that is, the step 607 can be omitted. 5  Step 608: the RF power
supply 3041 receives the analog signal carrying the calculated power value
and provides power according to the calculated power value, and the
matching network 3042 for matching load impedance outputs the power
provided by the RF power supply 3041 to the electrode of the discharge
system; then the process returns to the step 603. 10In present embodiment,
the step 603 to the step 608 are a branch for controlling the DC bias by
utilizing the voltage controlling method, and the DC bias detection module
302, the transformation and evaluation module 308, the DC bias controlling
module 303, the fault detection module 306, the digital/analog conversion
module 307, the RF power providing module 304 and 15  the electrode of the
discharge system as described herein, which can constitute a feedback loop,
can perform the controlling calculation continuously according to the
detected DC bias value and the voltage-related representative parameter,
and maintain the electrode of the discharge system at the DC bias
represented by the voltage-related representative parameter so as to
achieve the object of 20controlling the DC bias by utilization of the
voltage controlling method.     Step 609: the calibration module 305
updates the power-related representative parameter according to the power
calibration value stored previously, and outputs the digital signal
carrying the power-related representative parameter to the digital/analog
conversion module 307. 25  In practice, if the power controlling method is
used, there is a small range of deviation in the process result due to the
introduction of the voltage sensor 3021. But if the process result is not
required to be very exact, there is no need to use the calibration module
305 to calibrate the power-related representative parameter, that is, the
step 609 can be omitted. 



30Step 610: the digital/analog conversion module 307 performs
digital-to-analog conversion on the digital signal carrying the
power-related representative parameter, obtains an analog signal carrying
the power-related representative parameter, and outputs the analog signal
carrying the power-related representative parameter to the RF power supply
3041. 5 In practice, if the RF power supply 3041 can receive the digital
signal directly, it is not necessary to perform digital-to-analog
conversion by utilizing the digital/analog conversion module 307, that is,
the step 610 can be omitted.     Step 611: the RF power supply 3041
receives the analog signal carrying the power-related representative
parameter, provides power according to the to voltage-related
representative parameter, and the matching network 3042 outputs the power
provided by the RF power supply 3041 to the electrode of the discharge
system.     In the application of the solution of the present invention,
because the mode selection module 301 can receive the parameter and the
type of the 15 parameter input outside, and determine whether the power
controlling method or the voltage controlling method should be used to
control the DC bias by use of the judgment result of the type of the
parameter, the flexible selection between the two different methods for
controlling the DC bias can be enabled, the object of compatibility can be
achieved, and operations of process operators 20can be further advantaged.
In conclusion, the above embodiments are only the preferred embodiments,
and not for limiting the protection scope of the present invention. Any
modification, equivalent substitution, improvement or the like falling
within the sprits and the scopes of the present invention shall all be
25incorporated into the protection scope of the present invention.  Claims 



1. A device for controlling a DC bias of a RF discharge system,
characterized in that the device comprises a mode selection module, a DC
bias detection module, a DC bias controlling module and a RF power
providing 5module;     said mode selection module is used for receiving
input information including a parameter and a type of the parameter;
judging the type of the parameter, and if the type of the parameter is
representative of being related to power, outputting the parameter as a
power-related representative parameter to  io the RF power providing
module; if the type of the parameter is representative of being related to
voltage, outputting the parameter as a voltage-related representative
parameter to the DC bias controlling module;         said DC bias detection
module is used for detecting the DC bias of an electrode of the discharge
system and outputting a detected DC bias value to the  15 DC bias
controlling module;     said DC bias controlling module is used for
receiving the voltage-related representative parameter from the mode
selection module and the DC bias value from the DC bias detection module;
calculating a power value according to a DC bias controlling algorithm by
utilizing said DC bias value and said 20  voltage-related representative
parameter, and outputting the calculated power value to the RF power
providing module;     said RF power providing module is used for providing
the electrode of the discharge system with power according to the
power-related representative parameter upon receipt of the power-related
representative parameter from the  25 mode selection module; and providing
the electrode of the discharge system with power according to the power
value calculated by the DC bias controlling module upon receipt of the
calculated power value.      2. The device according to claim 1,
characterized in that the device further  comprises:     a calibration
module, positioned between said mode selection module and said RF power
providing module, for storing a power calibration value obtained
previously; updating the power-related representative parameter according
to 



5 said power calibration value upon receipt of the power-related
representative parameter from said mode selection module, and outputting
the updated power-related representative parameter to said RF power
providing module.             3. The device according to claim 1 or 2,
characterized in that the device 10further comprises:     a fault detection
module, positioned between said DC bias controlling module and the RF power
providing module, for storing a range of normal power values obtained
previously; judging whether the power value calculated by the DC bias
controlling module exceeds the range of the normal power 15 values or not
upon receipt of the calculated power value, and if so, outputting a fault
alarm signal; otherwise, outputting the calculated power value to said RF
power providing module.             4. The device according to claim 3,
characterized in that said RF power 20providing module comprises:     a RF
power supply, for providing power according to the power-related
representative parameter upon receipt of the power-related representative
parameter; and providing power according to the power value calculated by
the DC bias controlling module upon receipt of the calculated power value;
25  a matching network, for matching load impedance and outputting the
power provided by the RF power supply to the electrode of the discharge
system.             5. The device according to claim 4, characterized in
that the RF power 30supply is a RF power supply that receives analog
signals, the power-related  representative parameter output to the RF power
supply is carried in a digital signal, and the calculated power value
output to the RF power supply is carried in a digital signal, and the
device further comprises: a digital/analog conversion module, for
performing digital-to-analog 5 conversion upon receipt of the digital
signal carrying the power-related representative parameter, obtaining an
analog signal carrying the power-related representative parameter and
outputting the analog signal carrying the power-related representative
parameter to the RF power supply; performing digital-to-analog conversion
upon receipt of the digital signal carrying the io calculated power value,
obtaining an analog signal carrying the calculated power value and
outputting the analog signal carrying the calculated power value to the RF
power supply. 



6. The device according to claim 4, characterized in that said DC bias
15detection module comprises:     a voltage sensor, for detecting the DC
bias of said electrode of the discharge system and outputting the detected
DC bias value in the form of an analog signal to an analog/digital
conversion module; the analog/digital conversion module, for converting the
DC bias value in 20 the form of an analog signal into a DC bias value in
the form of a digital signal and outputting the DC bias value in the form
of a digital signal to said DC bias controlling module.             7. The
device according to claim 6, characterized in that the device further
25comprises:     a transformation and evaluation module, for receiving the
DC bias value in the form of a digital signal from the analog/digital
conversion module, converting the received DC bias value into a value that
can participate in the calculation of the DC bias controlling algorithm,
and outputting the converted 30DC bias value to the DC bias controlling
module.        8. A method for controlling a DC bias of a RF discharge
system, characterized in that the method includes: A. receiving input
information including a parameter and a type of the 5 parameter and judging
the type of the parameter, if the type of the parameter is representative
of being related to voltage, treating the parameter as a voltage-related
representative parameter and performing step B; if the type of the
parameter is representative of being related to power, treating the
parameter as a power-related representative parameter and performing step
C; to B. calculating a power value according to said voltage-related
representative parameter, the DC bias value detected from the electrode of
the discharge system and a DC bias controlling algorithm, and providing the
electrode of the discharge system with power according to the calculated
power value; 15C. providing the electrode of the discharge system with
power according 



to said power-related representative parameter.         9. The method
according to claim 8, characterized in that between judging that the type
of the parameter is representative of being related to power in the 20step
A and the step C, the method further includes:     updating said
power-related representative parameter according to a power calibration
value stored previously.     10. The method according to claim 8 or 9,
characterized in that in the step 25 B, between calculating the power value
and providing the electrode of the discharge system with power according to
the calculated power value, the method further includes:         judging
whether the calculated power value exceeds the range of normal power values
stored previously or not, and if so, outputting a fault alarm signal 30and
exiting the present flow; otherwise, continuing performing the step of
providing the electrode of the discharge system with power according to the
calculated power value.      11. The method according to claim 10,
characterized in that said providing 5 the electrode of the discharge
system with power according to the calculated power value in the step B
particularly includes: a RF power supply provides power according to the
calculated power value, and a matching network for matching load impedance
outputs the power provided by the RF power supply to the electrode of the
discharge system; 10said providing the electrode of the discharge system
with power according to the power-related representative parameter in the
step C particularly includes: the RF power supply provides power according
to said power-related representative parameter, and the matching network
for matching load impedance outputs the power provided by the RF power
supply to the electrode 15of the discharge system. 



12. The method according to claim 11, characterized in that said RF power
supply is a RF power supply that receives analog signals, said calculated
power value is carried in a digital signal, said power-related
representative parameter 20 is carried in a digital signal, and in the step
B, between judging that the calculated power value does not exceed the
range of power values stored previously and providing the electrode of the
discharge system with power according to the calculated power value, the
method further includes: performing digital-to-analog conversion on a
digital signal carrying the 25 calculated power value, obtaining an analog
signal carrying the calculated power value, and outputting the analog
signal carrying the calculated power value to the RF power supply;
before said providing the electrode of the discharge system with power
according to the power-related representative parameter in the step C, the
30method further includes:        performing digital-to-analog conversion
on a digital signal carrying the power-related representative parameter,
obtains an analog signal carrying the power-related representative
parameter, and outputs the analog signal carrying the power-related
representative parameter to the RF power supply. 5      13. The method
according to claim 11, characterized in that said detecting the DC bias
value from the electrode of the discharge system particularly includes: a
voltage sensor detects the DC bias of the electrode of the discharge 10
system, an analog-to-digital conversion is performed on the detected DC
bias value in the form of an analog signal, and the DC bias value in the
form of a digital signal is obtained.      14. The method according to
claim 13, characterized in that before 15 calculating the power value
according to the voltage-related representative parameter, the DC bias
value detected from the electrode of the discharge system and the DC bias
controlling algorithm in the step B, the step B further includes: 



converting the DC bias value in the form of a digital signal into a value
20that can participate in the calculation of the DC bias controlling
algorithm. 




