Devi ce and Method for Controlling DC Bias of RF Discharge System Field of
the present invention The present invention relates to a technical field of
pl asma etching, particularly to a device and a nmethod for controlling a DC
bias of a RF 5 discharge system Background of the present invention

Pl asma etching technology is one of critical processes in integrated
circuit manufacture, and its object is to duplicate a mask pattern onto a
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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.

20 The 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,
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102. The RF power supply 101 is used to provide power, and the matching
network 102 is used for matching | oad i npedance so as to elimnate power
reflection and is used for outputting the power provided 5 by the RF power
supply 101 to an el ectrode of the discharge system The electrode of the
di scharge system as described herein can be either the top electrode of
the di scharge system or_ the bottom el ectrode of _the | scharge. system That
i s, since theedeFigiowen ngipdg a RFcpawstonpRrly Héﬂeﬂ@ |2 duatehing peiwerk
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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.

25 The 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

30 detect the DC bias of the bottom electrode of the discharge system and
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transmt the detected DC bias value to the anal og/digital conversion

nodul e 2022 in the formof an anal og signal; anal og/digital conversion
nodul e 2022 is used to convert the DC bias value in the formof an anal og
signal into a DC bias value in the formof a digital signal and s output
it to the DC bias controlling nodule 203. The DC bias controlling nodul e
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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.

30 Although the DC bias of the discharge system can be controlled by
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3 either the power controlling nmethod or the voltage controlling method in
the prior art, these nethods are applied separately in general, and can't
be selected flexibly according to the actual situation. For exanple, when
a certain process flowis carried out by utilizing the voltage controlling
5 nmethod, 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 eiteeptheposver contralingmedodaor thesveitage anntaoling naethd s
process flow is. based on the device for controlling the DC bias as.sho
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30 nodul e 2md seleFtigandretprasn dheg pesen ontrolling 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

20 the 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

25 controlling 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

30 module and a RF power providing module;
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4 said node selection nodule is used for receiving input information

I ncluding a paraneter and a type of the paranmeter and judging the type of
the paraneter, if the type of the paraneter is representative of being
related to power, outputting the paraneter as a power-rel ated
representative paranmeter to 5 the RF power providing nodule; if the type of
the paraneter is representative of being related to voltage, outputting
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t hgy devi cahbUnteins CONPIJIERS madgR: i bration nodul e, positioned between said
node sel ection rmg'ul e and 5 the RF power providing nodule, for storing a
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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.

30 In the above solution, the device further comprises:



30 In the above solution, the device further conprises: 5 a fault
detecti on nodul e, positioned between said DC bias controlling nodule and
t he RF power providing nodule, for storing a range of normal power val ues
obt ai ned previously; judging whether the power value calculated by the DC
bi as controlling nodul e exceeds the range of normal power values or s not
upon recei pt of the calcul ated power value, and if so, outputting a fault
al arm si gnal ; atfastwdstectiont paeduleg positiered bheswean psaidr Diahias wconsealingr
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anal og si o€l biasrooptrajlingenedulampenr decqipivef thacalsulatad povyrnvalng; t he
anal og si gnal garrnra}/éhr}%gt qutvggrlkfu O?t I%C.!:lt %‘ﬁ’g load impedance, and outputting the
power provided by the RF power supply to the electrode of the discharge
15 system.

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

20 device 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.

30 In the above solution, said DC bias detection module comprises:



value to the RF power supply. 30 In the above solution, said DC bias
detection nodul e conprises: 6 a voltage sensor, for detecting the DC bias
of said electrode of the discharge system and outputting the detected DC
bias value in the formof an analog signal to an anal og/digital conversion
nodul e; the anal og/digital conversion nodule, for converting the DC bias
value in s the formof an analog signal into a DC bias value in the form
of a digital shgweltagarsensat.pdior idejeeting Dbebl¥s brasuefi saidhelectiodeopt athe
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algorithm and providing the electrode of the discharge systemwth power
accor di ng ealculasiorapt the¥d hisswontiadling; 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. recetving 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.

30 In the above solution, between judging that the type of the parameter is



C. providing the electrode of the discharge systemw th power according to
said power-related representative paraneter. 30 In the above sol ution,

bet ween judging that the type of the paranmeter is 7 representative of being
related to power in the step A and the step C, the nethod further

I ncl udes: updating said power-related representative paraneter according to
a power calibration value stored previously. 5 In the above sol ution
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di gi tal m@x]alll],ated;powepmerel ated representative paraneter is carried in

I
adigital si gnfn the ggove 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

30 method further includes:



bet ween judging that the cal cul ated power val ue does not exceed the range

of power values stored previously and providing the el ectrode of the

di scharge systemw th power according to the cal cul ated power value in the

step B, the 30 nethod further includes: 8 performng digital-to-anal og

conversion on a digital signal carrying the calculated power value,
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di schar ge withtpowenaccarding ty thepoueeselated sepragentadivedparameser, she meetbod

bi as of said _electrode of the discharge 15 system an anal og-to-digital
conver si orfqrﬂl%éﬁﬁb\d%d on the detected DC bhias vaI ue in the formof an

obiai ned. 1n i ReHamovs dHee i ERplf ah@n&?ﬁsﬁ% el el R e
P e S R b e R g

they DC bi ggo&eflfrélatéd gré‘ééiﬁﬁﬂﬁz@ Mpatdifiefere Parkdl f@'ul‘{i’ﬂ.@ﬁn nﬂh@dsﬁalogo ry@nidli ng

t he DC bi value in the formof a digital signal into a val ue at can

parti ci patearryinghtheqriwer-adlated @presentiiiyvbipasametertolthe i poyarisuipply. | n
summary, in the device and the nethod for controlling the 1]_;1_)(: bi as of

the RF di schar e thysbewe sobptemcag detecting e DG hiasvalme, frpar tgs el Qcﬁ'é’d%de
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
20 detected 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

30 between the two different kinds of DC bias controlling methods can be made,



sel ection nodul e can receive the paraneter and the type thereof which are

I nput fromthe outside, and determ ne whet her the power controlling nethod
or the voltage controlling nmethod should be used to control the DC bias by
utilizing the judgnment result of the type of the paraneter, thereby a

fl exi bl e choice 30 between the two different kinds of DC bias controlling
nmet hods can be nade, . 9 sqg that the object of ¢o tibjlity can b

. L. np
achi eved, snthasgbeaebieat obrcompataudity aar be eichievgd, pn QPP??é}thﬁdvgﬂF%@f‘éé.
Brief Descriptjon of ;th awings.5 Fig. 1 is a schematic diagramof a
devi ce foroﬂfg'l"‘%orrﬁIclapdﬁt ﬁ’r@eﬁ@(ﬁ'%é’éagﬁd' utilizing the power controlling
nmethod in the prior art; Fig. 2 is a schematic diagram of a device for
controlling the DC bias by the voltage controlling nethod in the prior

art; FBgiefdDescriptiomeobithe Dyiaxgings of a device for controlling the DC bias
I 0 according to the present invention; Fig. 4 is a schematic di agram of the

strgcture of angYI ¢ aCErMh AR didgtam ©FTH devidentort é’tﬁlt’é&li@ifgaﬁleam iadbyt 0

the present inv lon; Fig. 51s aflow chart of a nethod for controlliing
the DC bi agilégiegrttienpwer colteopingserthodvethe prior 85t;Fig. 6 is a flow chart
of a method enbodi nent for controlling the DC bias according to the
present i nvent Fig.2 Dewaasdheanaic diagramoef« devisepfast eonteellmgrte Ratias by

order to ke the objects, the technical .solutions and the advantages 20
clearer, ﬁﬁs@%ﬁom | Rthed 0 the PUPT RS descri bed bel ow i n det ai |

erbodi ments. P 3 Fe? SGHUNL (iR A e80%, £F B ibe DC biashe
DCHpi as of &Or@flﬂiﬁﬁﬁgcﬁyﬁ%m@ﬁcordi ng to the present invention. As

shown in Fig. vice can Incfude a node sel ecti on nodule 301, a DC
bi as det ecti onFi@dliieadehdfhticadiagrimast tanstratture dfrdeviee3idbadimeniRfor

power providing nodule 304. wherein,
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;
15 Fig. 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
20 clearer, 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
25 302, 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

30 power, outputting the parameter as a power-related representative parameter to
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The node sel ection nodule 301 is used for receiving input information

i ncl udi ng a paraneter and the type of the paraneter and judgi ng the type of
the paraneter, and if the type of the paraneter is representative of being
related to 30 power, outputting the paraneter as a power-rel ated
representative paranmeter to 10 the RF power providing nodule 304, if the
type of the paranmeter is representative of being relatedq to voltage, .

out put t i nghehRIpapawstepraviding v sredige- Pédat sd theptyreneht thee pRRIRIER 1St o
the DC bias controllin dul e 303., The bi as detection modul e 302 is
used for d’@P@%ﬁqn%tlY%eg%(rB)%Pgsr pigd,do yollage ugtpngh CHRAAREHT &fsfem

modul e 303 s BRARRERTRERATRIY RarBetF £ 3ps TE Has SO RRR BRAUER,
vol tage-rel at e@‘htveg?ggﬁggtd%%éefforpﬁ{o%ﬁﬁé 8021 i5QiSetier we%’elﬁztﬁ%ﬁfet DENLIRB Bie301

and the DC bi as romthe DC bias detection nodul e 2, and
cal gul at i ndetzode pdwhe disthergeasatetinngnd ougpudfing the detotted Dihbiaal waluettom

by utilizing said DC bias value and the voltage-related representative
par anet er ,theddCobiiap ¢oninodling meodaleci0ht ed power value to the RF power

Bigzi i no fﬁ?uﬁg%'@dl&%&fy cohirodligBnanaaulys B is « Hsduder sEstsivingg the

] 0 N Wers
bower -1 ol Y Qubapakeh FERESETRLDE MR ER 3 Sh RO FURbiSh hifuie 00 e
di schar ge a:]t%’(f% tﬂi‘aé’@%@fe?,]a'gﬁ? AN Hids HEf‘eo?fatfﬁ@o\éﬁﬂilé@OQalagﬁl &q&ﬂaﬂiﬁghgé

DC bias co I'ng nodu 3 upon receipt o al cul at ed power va
Thag is, w?o@@aﬁ ¢EluRSasddihg o i DC diadrconmbdllinbealgeyithm By htikring sdid
20 power controlling method in Fig. 1 and the device utilizing the voltage
cont rol | i NgChbidsodalue didythe voltapetrehited reprgsentdtoud paraméten ark ontpigting
sel ection nodule 301 receives i n&% I nformation, i ncluding a paraneter and

the type dhe caleulgtechpewsr valueta theeREfpower proudetemediHetV4. udged, and i f
the t f th [ ' of bej | d . th
par amster as alBe BEBCWEEPIPRIAETPOTEIR ADTiS Yatit RiovidiTg s BRET e

RF power piovidl "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

30 voltage-related representative parameter as described herein can be a preset
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nodul e 304; if the type of the paraneter is representative of being rel ated
to voltage, the paraneter as a voltage-related representative paraneter is
output to the DC bias controlling nodule 303. The power-rel ated
representative paraneter as described herein can be a preset power val ue,
and said 30 voltage-rel ated representative paraneter as described herein

can be a preset 11 voltage value or other_ value,.as |long. .as the I.as
cont rol | i repliagsuvalugoar pHierevaibeeoas &@ng@rscthpdi)é bige W@W@%@%&@érls

val ue. On one,hand, jf.the,node sel egtion nodul e 301 outputs the judged
power - r el ﬁl@ﬁ’b@ﬁ?&@kﬁ‘ﬂ%ﬁb@ COLTSRRNEINE BOMEE VR 'Bower provi di ng nodul e

304, 5 the RFO?loweh R0y dirngoLEE %gé?tlf@? 1%8\{1&936 hgodﬁk)ﬁfst rtﬁélﬁ]'[u;ﬂfﬁegge

di scharge system poweraccordi ng power-rela eprese

par anet er -ptﬁver&‘élhﬁ?&f eséiiive e gmctér beﬂIerR'_F*ib@ﬁeg b‘?ciﬂ@; b a0 dleSIEHN

in Fig. 31s equivalent to the device as shown in Fig: nd can provi’de
t hes el ect rihdeRBfpdwer proddatgenodylst 304 van Iprpeider theyelettrodei ofothichdi splavee
controlling nethod. 10 On the other hand, if the node sel ection nodul e 301

out put s t Ieysterigeith pewengecoulingda thepawentelaledergpiesentaive PAramEtaCAdi as
control ling.mdul e 303,. the DC bi cont | in dul e.3 can calculate a
pover val UBisBEM,dhegevice P‘H'e(’%m?li@&&@llége@aﬁ g’é’&‘ﬁé@%\%& géﬁ sHptv@lent e
DC bi as val ug det e [ ' : | AS
controlli ?lt@ ‘iﬁeﬁ?ﬁlﬁ%%g s?'é@éﬂ] i%tr‘%t ?’l%?q %g.ﬁigrﬁg ﬁka@%%g\@%%v%@gﬁlﬁ%ﬁ RF
power pr ovddi : FEltG }ﬁEﬂﬂi 304 provides the
el ectrode %}%lt%}ﬂe‘ggﬂlsﬂc(ﬁg%géyg@t&é%t%m@?ﬁeg%@\fggggg I ng tag t he cal cul ated
poygr val ue. ADf Hie othérehaddieifRhepoivde salectyorimeduiedsdd B odRgutst the judged

el ectrode of the discharge system the DC bias _detection nodule 302 and

t he DC bi asoltage-relbtédeproskritetige parameter. tohevilCchiag@ontred tinguneduale 303,

f eedback | oop, are equivalent to the device gs shown in Fig. 2 and _can

provi de t HaceDécbiasdeonirotimg amedwisr &3 opnt ﬁﬁma@%_apawer a?al@@ acrerdigettee
Vol L0l co Ol Pt Lo o0 Bl Wi eSS R RIS R By
the top el gt 0dee@Libl PnGdSR P Gnd DR Mbias 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.

25 It 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 1s used to provide the electrode
of the discharge system with power, it is possible to cause a change in

30 capacitance of the electrode of the discharge system due to the presence of the
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25 It would be noted that the DC bias detection nodule 302 is in
operational status regardless of whether the power controlling nmethod or
the voltage controlling method is used to provide the el ectrode of the
di scharge systemwith power. As such, if the power controlling nmethod is
used to provide the electrode of the discharge systemw th power, it is
possi bl e to cause a change in 30 capacitance of the electrqde of the

di schar ge B¢sbas detectiont modwle i aeselting in rosmellorangel of stemiafiondadhe
302, resulting in a,small range of deviation in the process result. In
this case, PHOCEShIGRMr at e process result is required, the power-rel ated

e sel ect  Bh thoaer e don hebhet dpbel B T Ras. FRG Hofuel Hershed' 1@
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devi ce as mpdevseledtidh dnoduly 301 tak & enlibfated einpadeangyrinidithe ralibeatedd
is equivalent to that achieved by the device as shown in Fi&].e 1. Regarding

how to calpdwet-ectaterl | reppesentatiet aperthmeter e sentheni vautput ateet RF power
particularly, .a detail description will be given in_the rtiﬁul r.
enbodi mentpreyidiag: madulendDbwso dmat itheopracess) mganlsi achigved dai the lcviee tage

case of prqviding ..he,el ectrode of e di schar stem ..wi{h power
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bias can' givea ihahegartichiaremipodioess aypdeseribes elow, andke onmitteesimreti.ng
measures in tine, resulting in failure of the entire process flow 20 In
order to find Imadditten,nim thencasgeof pravidimyths electiede; odetha dischargsesystemged

whet her the, power val ue calcul ated by the DC bias contralling nodul.e 303
exceeds thwl Q‘éfeﬁﬁj)hé‘ﬁ‘i’@lm&t rVQ}&%/gfeg()BFme‘i‘g me ’tlk@np%wé?ngéi geents

22: gﬂ: ZE :goc?éﬁrts NG s et HR88LR! LAt AL St 30T be'vaiSP1iRENP o YakliF 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.
20 - In 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.

30 In order to describe the solution of the present invention better, one device
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by the DC bias controlling nodul e 303 exceeds the range of normal power 25
val ues, a fault alarmsignal is output; otherw se, the cal cul ated power
value is output to said power providing nodule 304. The range of nornal
power values as described herein can be previously obtained by
experinments. The details on how to obtain the range of normal power val ues
can also refer to the rticular enbodi nent as described bel ow, and are
onitted heﬂnbﬁdnnenﬂﬁ(gﬁdebeddndkﬁaﬂﬁﬁéoﬁﬁe sol ution of the present
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also a |on no et ecti on nodul
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308. The functions of the node sel ection nodule 301, the DC bias detection
modul e 30Zalibratibe mheduleord(5! la Mgulodidtectios amtulne 306, pewehgitalianalogg
i o nbdul e 304 are the sime as those of t he éorr pondl nglﬁo les in Fig. 3.
Wier ei n, tomnversionasnoduie oV endma transtorop apg e via Bl ge sensor
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anal og/ di on m) f'or "converting t

t hey form ohoARI@BY409ré 'tﬁéadarhé'té% thd¥e B!fétheVéd)ﬁéspdhdlhg fydiled in Figl .t al
signal and outputting the DC bias value in the formof a digital signal to

the transf@imatimnhaDCdiad detectionmmddube 308 .cafhacRidegower provi di ng nodul e
304 can include: 20 a RF power_ su pldi/ 3041, for_providing power accordi ng
to the power-aarcltage sensossKitiatiovelgiectingithe Qéolwas&,%t electnode of said
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analog/digital conversion module 3022 in the form of an analog signal;

Pt

O

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:

20 a 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;

25 a 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 3035 is used
for storing the power calibration value obtained previously; updating the

30 power-related representative parameter according to the power calibration value
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cal cul ated by the DC bias controlling nodul e 303 upon receipt of the

cal cul ated power value; 25 a matching network 3042, for matching with

i npedance of | oads and outputting the power provided by the RF power
supply 3041 to the electrode of the discharge system In addition, in the
present enbodi nent, the calibration nodule 305 is used for storing the
power calibration value obtai ned previously; updating the 30 power-related
r epr esent dPore 16aeIDFe0Ethacpoweriglated  Iprawtative paramsten f\v@ﬂmgﬁe 1modgon
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IS possible to result 1n a deviation between the process result of the
present ecrdradisorihe DA bide detateas madulet 302 it stiliéni aperationbbatatus) i G.

1. In order to calibrate this deviation, the difference value between the
power - r el gressibleetr essultain \ae desiatinn detweant the process peswdt ofathe prgsemi ch
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Firstly, is¥a 'certain‘process tlowis car out by“utiTizing the device

asghown imeshitdis dchieved tae 8 ShicoRed efititiyi Varics suehodidfstendd evalut hears dee
process flowis carried out by utilizing ' he power controlling nethod

i npl enent epedtedtdsethdepdwer calilsdation vdlueFi g. 3, and the corresponding
etching velocity is recorded, the iE)((])Jwer C Iibra%i o({1 val ye jn the .
experi ment her B praciteepéhe ppwesicalibaation yalueean berdatgepmeroby §xperiments.
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etching  expnlained 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 SO0W, and the required actual
power value determined by the experiment is 510W, then, 10W can be

30 previously stored in the calibration module 305. As such, upon receipt the

15



velocity achieved by utilization of the device in Fig. 1. Thereafter, the
di fference val ue between the actual power value and the power-rel ated
representative parameter is stored in the calibration nodule 305 as the
power 25 calibration value. As such, after the calibration nodule 305
calibrates the received power-related represent ative pararreter t he act uaI

be. obt af newwoFelaled pir%'se”ftg%urﬁao%ﬁ%%é?err@%@@ﬁ? bashie cobbiebia Madulectas,
500 d t d d
STON ¢ nerther SRR PG aRdy DS o Do LAk P%PJF?%W&E%S%%%&EW 5

As such, | t4h

500W by th@?@aﬁ.ﬁ‘éﬁaﬁ@m%ﬁfef@@@u’t O g R RENLE, (ke f“@‘ﬁffe‘”@m
power - r el b Sef RRIBSANSR WatGed i ARt ?rodé@ﬁifﬂ@ﬂst and AW RePedtiven powidrut .
O course,” In practice, there may be different power calibration values in

di f§erent g@ilimatienf value, ofirall tthe prxpesstilows poarebes obtdined aadourding de thic
all the process flows can be obtai ned accordlng to, the above-described

rrelt hgd anoatm\cﬁ:j ddscnba&aé@hodbmd storedoathe galsbratiesy muydule 30%.nEhereafter,
05 di lib
accor é?ﬁ%ﬁ%@:ﬁa ibsatian: rxﬁﬁhﬁkﬁ A% ohtp “f' CARTESPANGIRE améﬁ&@%bge%evalue
t h
o "obt af netCOBHaE cai Bt SREGHP TBRSCers (A0, RGRAEET it el 2l (Belo

for stori ﬁaﬁ r§1%gago mgré&eﬁ {ve @Q‘f‘%‘rget@ Hf%heb@cegsﬂ fnmva@wfum% 38%he

j udgi ng r va l'ated by t bias controlTing

nmogyl e SOSO@tﬁg@@ﬂgowcﬁﬁwa@ivamdml power val ues or not upon receipt of
t he cal cul ated power value, and if so, is outputting a fault alarm signal,
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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

30 calculated power value, obtaining an analog signal carrying the calculated
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After nultiple experinents are made in the above-descri bed manner, the
maxi mum power value and the m ni nrum power val ue recorded are stored in the
fault detection nodule 306 as the range of normal power val ues. The

di gital /anal og conversion nodule 307 is used for performng 25

digital -to-anal og conversion on the digital signal carrying the

power-rel ated representative paraneter, obtaining an anal og, signal
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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 0~60035 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 0~60035 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

30 module 303 as a voltage-related representative parameter. In the present
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20 participation in the calculation. O course, in this case, the

vol tage-rel ated representative paraneter input to the DC bias controlling
nodul e 303 by the node selection nodule 301 should be an integer in the
range of 0-60035 as well. That is, the node sel ection nodul e 301 judges
the type of the paraneter 25 upon receipt of input information including
the paraneter and the type of the _paraneter, If the type of the paraneter
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case in which the r ter is. t-he power-re r LV er
and a casdPUNFERORRG paraydakvE SngBeibouR) BaEih REpRb b gisRerts

par anet er ‘5&%‘9%%%1\5%%&%‘9@% %ﬁggﬂéﬂﬂetérfrew@ctmg}sa ection nodul e 301
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cahg bration nody endhandheif €l irhodéi sslesioh| modide UPORL @Stpule the judged
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val ue st orpowpr-egliated | nepaestnoatipeit sarahectapdat ¢hie galvienationl anedule 305, the
representative paraneter to the digital/anal og conversion npdule 15 307,
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in the RF
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

30 3021. The DC bias value in an analog signal is input to the analog/digital

18



provi di ng nodul e 304 provides power according to the power-related 20
representative paraneter, and the matchi ng network 3042 outputs the power
provi ded by the RF power supply 3041 to the el ectrode of the discharge
system so that the control of the DC bias by utilization of the power
controlling nmethod is achieved. On the other hand, if the node sel ection
modul e 301 outputs the judged 25 voltage-related representative parangter
to the DC cmmﬁcrs:l@mmokiujlmg 3 dor enalog/digited cooverdencam thg DG lasowmlve 1803
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15 RF 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 RF 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
25 can 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

30 controlling algorithm can calculate by directly utilizing the DC bias value
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supply that receives analog signals, thus when the fault detection nodul e
306 outputs the power value calculated by the DC bias controlling nodul e
303 to 20 the RF power supply 3041, it is also necessary to perform
conversion of digital signals into analog signals by utilizing the

di gi tal /anal og conversion module 307. In practlce if the RF power supply
3041 is a RF power suppl able of receiving digqgital S|gnals I.t Is not
necessary deie@t@df &xymtgo ﬁ@ detac@@mam0®lgnéﬂ i theo teansfegmatignaped
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transformation and eval uation nodul e 308 can be omitted as well. Re gardl ng
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accordance wth the specific actual situations. For exanple, in the case

that the Ryithothers c})emlﬁmadnt\um sitehtiens3 Ebreenamplesimethe chisgi that tisé ddalpoavet
the process flow does not require_accurate control of the DC bias, the

di gi t al / arpovadingmedsile A0dwsn wcebora digitehsigoal apd the @ﬁomlﬂ@wmsm be
modul o 0Bl AP EppIrobiolheag Sies, ang e ayanalos sl Aedile’
requires 2o’ BlCeAiARbidh Rodulé 385 Rl&??%c Befddfed. 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.

In addition, 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

30 by software programs, and can also be commonly referred to as a node

20



systemruns stably conparatively and doesn't need performng fault
detection, the fault detection nodule 306 nay be unselected. In short, the
sel ectable nodules in the present enbodi nent can be sel ected in accordance
with the 20 specific actual situations, and the specific actual situations
are not exhausted herein. In addition, in practice, it may also be
required for the device in the resent enbodi mnent to comunicate with
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m crocontroller in practice. In this case, the node mcrocontroller can
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communi catiosrcommugicatng infeamakieon: with thgaiads micracsatiotlesos out puts a
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circuit or a field progranmable gate array (FPGA) and the like. Wth
respect t candhtheabikoe- described device for controlling the DC bias of the
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chart 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.

20 Step 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

25 performed.

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

30 calibration value stored previously. The power calibration value as described
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of the method for controlling the DC bias of the RF discharge system
according to the present invention. As shown in Fig. 5 said nethod can
i nclude: Step 501: Input information including a paraneter and the type of
the paraneter is received. 20 Step 502: The type of the paraneter is
judged, and if the type of the paraneter is representative of being
related to voltage, the paraneter is treated as a voltage-related
r epr esent SIeH gan e obtaingd D¥ capesioaents, the rmpthed; 0% Whigh cany frieptotthe
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exper i nentdischargensststen artd aHPEnhbigsrcangreliingealgheithae aad the elgcapderns the
function apd the principle of the ahave-described..caljbratio npdul e 305
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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

20 and 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

30 power according to the power-related representative parameter in said step can
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15 otherwi se, the step of providing the electrode of the discharge system
with power according to the calcul ated power value is continued to be
performed. The range of normal power values as described herein can be
previously obtained by experinents, the nethod of which can refer to the
description of the function and the principle of the above-described fault
detection nodule 306 20 and is onmitted herein. In addition, said method of
provi di ng speslizcallst noaludss theeRE PONETgBUPRLYs DEYIEHES DOBRE ACSOEGING Yy the

t he cal cul at ed wer, val ue in.said step can ecifically, inglpde:; e RF
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COFd espondiiag defedtith BAGREBRI302T8hBAUCEBRRdigRPéllinghinodule 603 ¢ise RIe powdts
sel ection nodul e 301, the DC 10 hias detection modul e 302, the DC gi as

cogt IroI gggmdvﬁ@im}gemlmﬁlée 1304, RRe palibragoovindidnte 308utke $adli detecteen impeditlieon
nodul e the fault detection nodule 306, the digjtal/anal conver si.on
modul e 30730Mmdthealigitalianalogacoaiersion wesila3®h arshihe @éest%%we@\il@mnﬁnfihe

DC bi as detecti dyl kel . . .
1 as eva(iuﬁt?cr)]n nn%oﬁufe %8% Wﬁefjeqrel;s the DC bias detection module 302 includes

the voltage sensor 3021 and the analog/digital conversion module 3022, and the

15 RF power providing module 304 includes the RF 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

20 including 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

25 power, 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 vaiue
according to the voltage-related representative parameter, the DC bias value
detected from the electrode of the discharge system and the DC bias controlling

30 algorithm, and outputs the calculated power value to the fault detection module

23



t he vol tage sensor 3021 and the anal og/digital conversion nodule 3022, and
the is RF power providing nodule 304 includes the RF power supply 3041 and
the matching network 3042. Fig. 6 is a flow chart of the present nethod
enbodi mrent. As shown in Fig. 6, the present enbodi ment can include: Step
601: the node sel ection nodule 301 receives input information 20 including
a paraneter and a type of the paraneter. Step 602: the nodel selection
nodul e 3013@@dges the type of the paraneter, if the type of the paraneter
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direc

value in the form of a digital signal into a value that can be used for the DC bias

15 controlling 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.

20 In 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

25 carrying 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

30 the analog signal carrying the calculated power value to the RF power supply
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directly participate in the calculation, it is not necessary to convert the
DC bias value in the formof a digital signal into a value that can be
used for the DC bias 15 controlling algorithmby utilizing the
transformation and eval uation nodule 308. Step 604: the fault detection
nodul e 306 judges whether the cal cul ated power val ue exceeds the stored
range of normal power values or not, and if so, step 605 is perforned,

ot herwi se,3&tkp 606 is performed. 20 In practice, if the systemruns stably

conparatively and it .is npt. n sar t o det whet her the .bias Is
abnor mal or notl Hrﬁﬁtlg?eé‘g tbﬁiﬁg‘(s)@oé%‘ﬂ' SePP m%ﬁ‘leld cag; Eﬁ%ﬁ%:agltﬁhﬁlgn%]lsar m
signal is t,: =151 €] , kon
o anel 1 SN iRl HEGRIGP b o PSS BL AN ol byl
val ue to tfe digﬁar/ahél%gaé&ﬁzeggi%%u% Apqutifit i8Qhe sRFBOFQEn BdBmitted.
di gi t al / anal’og®conver ston nodul e 307 perfofns digital-to-anal og conversion
on 4 he digital Se668: ¢lae R IwWéIGSlq?lyu}Mbdemims the ainabog eigrmEl caraying
anal og signal carrying the cal cul ated power value and outputs 30 the _anal og
si gnal carthgi calcutated apowenteaiupoamd pravides: powes srcqrding teuths galaateda .
In practice, if the RF power supply 3041 can receive digital, signals
directly, PQWEE vabge.nan sfi'l\gr natehing ﬂ@F‘ﬁpaﬁ S’IQA@I %?’i)-r%@f&ﬂgbg dgad mapeangs
utilizing the, djgital/analo NnVAr si I ' t t 07
can be oni QYtOYts %\H%Bé‘?‘”%ﬁ@%ﬁﬁﬁbf’ompgﬁgﬁ P@Plg'ggﬁo‘}t?‘%.t@@l?ﬂg’@n‘g%
si gnal carj§:yj t | ifhes power according to
t he calcuI%%g@%%§6§§95§aﬁﬁ%ﬁagﬁgggﬁggH%?@ﬁ?ﬁgﬂﬁ%ﬁ&g¥¥ﬁ§042 for matching
| 0ggl i npedancey Qitkpstits chibdJIRIEE, BiOGkEL BB tb tcREtepoves @epal bradehlforo
the el ectrode of 'the discharge system ‘then the process returns to the
step 603. ¢antrollimeethenDCeblasdyratilizing ehe veltage Tontrol heg shefhosiandrthedDC
branch for _controlling the DC bias by utilizing the yol{age ﬁgﬁFrfgéing
net hod, anbiasHietextion module 302, the transformation and evaluation module , 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
20 controlling 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.

30 Step 610: the digital/analog conversion module 307 performs
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bi as detection nodul e 302, the transformation and eval uati on nodul e 308,
the DC bias controlling nodule 303, the fault detection nodule 306, the

di gi tal /anal og conversi on nodul e 307, the RF power providing nodul e 304 and
15 the el ectrode of the discharge system as descri bed herein, which can
constitute a feedback |oop, can performthe controlling calculation
continuously according to the detected DC bias value and the

vol t age- r edigitaltto-amaleg mosaviersiopapanihice digitalnsignal reasTyingh e poaysroslated

t he di scharge system at the DC hias represented y the. vol.t age-rel at ed
repr esent JPBW%‘E@%%@F&%JE%{S 0?’62115@ h‘?lg\?élaf% Sb%?aac?a%ymgz Hic %ﬁtwﬁffr]ieitlﬁﬁdt he
DC bi as by, ilJzation VO ge ok i n od; e ol
calibrati Jﬁﬂ%#&%%a%Sp%%épgeg’ t h}elapo%&&%gel gljtléed%nra};& eglé%ﬂ%glt !%\?e pgga@{:er
accordi ng ] i i t g@g@ﬁ'gﬁl ; d outputs

t he di gi taé&g?ﬁﬁ%@%ﬁﬁeﬁ?é%ﬁ?ﬁgémﬁﬁ?ﬁltgﬁgg@lﬁ presen t?,\?gqgar aneter to
thes digital/ank @a@@weifsﬂleﬁ)@ol\a&ﬁ%pl?%(Ml warc recadve ithe tdigitabwegnal
cont rol Iigcgl nmet hod is used, there is a small range  of deviation in_the

process r edin¢etlylit is oot hecessarydoqarfornidigital-taanalpg semeersiorsby mtilezingi f
t he proce is not required to is . no need, to

use the cﬁﬁ%ﬁ%&@ﬁnﬁl@&ﬂ@mﬁ@mﬁuﬂ%Sgﬁg{l{aﬁggﬁgﬁﬁéﬁt‘ Bil ﬁ_tc‘@& be omitted.
670 “the. di gi ¢ SISPARL oo S RuTeswld 2086 78BS g il SEhal CartYiil
di gi tal - t a8n3ha%rRIEd Tebfedthrdtife Badhiitter HBHIGRAPEWR%addding to the
power -rel at'ed® representatfve paraneter, obtai'ns an ahal og Si gna} gcarryl ng

t hep power -yl RolaicePiepreicatarive PparmRster, aRdd thyt pvitehine iRAlona S0dgal

carrying the power-related representative paraneter to the RF power supply

3041. 5 | roytpacs theepowkr phevidedipntdre RifppdweBeupplya304 b te the eldotrodieg f thie

signal directly, it is not necessary to performdigital-to-anal og
conver si ordisghaiigiel §y8te15. t he di gital / anal og conversion nodul e 307, that is,

PR A R W ST o I N
P ot or ARG SEIGEHGh ML M1 At Bl A0E () Bhfibfdh” 3 he' tyffe 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

20 can 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

25 incorporated into the protection scope of the present invention.
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out puts the power provided by the RF power supply 3041 to the el ectrode of
the discharge system In the application of the solution of the present

i nvention, because the nbde selection nodule 301 can receive the paraneter
and the type of the is paraneter input outside, and determ ne whether the
power controlling nethod or the voltage controlling nmethod should be used
to control the DC bias by use of the judgnent result of the type of the
parameter, the flexible selection betwegRihhe two different nethods for
controlling the DC bias can be enabl ed, the obj ect of conpatibility can be
achi eved, and operations of process operators 20 can be further

advant aged.

I n, copcl,usi on,. the above enbodiirents are o .h referred
embodi nents, ahd MofSYie (PR ?‘Pﬁﬁoﬁﬂg ot ggﬁ?@ﬁ Qto?)eﬁﬁ/ (ilﬁéh Bt s Spyten,
i nventi on. l4f:1 | Y . SELI Lt d : t e
like fall iﬂbﬂ%{\ﬁe{lﬁgﬁ ipfel (’pﬁ‘? gggggﬁd%@@hggg%e{%{"o : Qc%élgg%@q@%ﬁ@e%g %fr?‘g
shal | all i rat hid0 | p: I i
i nventi on.&%gc@ilﬁgaﬁ% %ggv}jgies 19 %ﬁﬁgg%ﬁ gﬁ’fiﬁg g.ﬁ%cﬁblfégsﬁgfeg II%Igefdllrlg
di sghar ge mpdutsn characterized in that the device conprises a node

sel ection nodule, a DC bias detection nodule, a DC bias controlling nodule
and a RF powver sgidowaede gselecthoniumedudais wsed S aeesizingroapué infouzetionor

bar amet or InFLilinBga EAmser and: RyPBapRiBe dharatsdent ety B bive RE the
DA o o SREE S B AR S RYBE PSRy B R
P, 473 8k Sl B R Rl B SSAR pahei o
(SR USTIREemAl i A Moo oo parmath e e
di schar ge Issiagenmehted ot pubitage, aoutputtingd th¥ parsnetet uest a twdtage-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
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15 DC bias controlling nodule; said DC bias controlling nodule is used for
receiving the voltage-related representative paraneter fromthe node

sel ection nodul e and the DC bias value fromthe DC bias detection nodul e;
cal culating a power value according to a DC bias controlling algorithm by
utilizing said DC bias value and said 20 voltage-rel ated representative
paraneter, and outputting the cal cul ated power value to the RF power
provi di ng ¢JBPIees:sai d RF power providing nodule is used for providing the

I d f th di sch i i
power - el at ed READERRPATORTIE pPTHAnsY BESTForeeaR Rt sefetiSmodule andg
Lo t _ . _; ri
tho ot ect 1 RIP BoRE FOvVIARE MmB8ufe 87 Rfy Ty Sdwer ERbEafior AR ARl
val ue cal e%li&mgg luygatigg ﬂi@f;o%tfe%tba%grwﬂhﬁv@ ahR%6 BEcOidiiP o

cal cul at ed power - The“device according to claim1, characterized
in ghat thaidegyower calibration 27alwe mpors esceipt of ahebpewesnelsbetl repregeniativened
bet ween sai d node sel ection nodul e and_ sai d RF_power providing nodule, for
stori ng a panametenl fromtsadd modee sebectioredmoghls;i end putpitiaag rihet npdated
power-rel ated representati ve paraneter accordi to 5 said,.power

Ral | brat | APWET-GelatibeTesenaive parsaetaie i d K pawezrovidinganodule.
paranmeter from said node sel ection nodul e, and outputting the updated
power-rel ated representative paranmeter to said RF power providing nodule.

3. The device ac di j C i b et i

to further corrg'r ﬁg@sﬂé’gc%g%ﬂo?%@é‘g)%aﬁmngdu gf tcggiéﬁ?%%ée% 1@25%1\&}\/%21%: ggyicf’%%c
bi g¢ cont rRIrtlietCompeseés and the RF power providing nodule, for storing a
range of normal power val ues obtained previously; judgi ng whether the
power val ue cahcfault edtediion meoddehipositioned detimegnneaid! B xbias deorithallingnge

of the normal power is values or not, ypon receipt of the cal cul ab&d power
val ue, andnodude ansutlsBE Rpwer pagyidiag gyntor SOrmg & sago ol premmaly
the cal Cu';?ct)v%gr altes g‘t?t'a?ﬁe %rés\?ilo%sﬁff 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
20 providing 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

30 supply is a RF power supply that receives analog signals, the power-related
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power providing nodule. 4. The device according to claim3, characterized
in that said RF power 20 providing nodule conprises: a RF power supply,
for providing power according to the power-related representative

par anmet er upon recei pt of the power-related representative paraneter; and
provi di ng power according to the power value cal culated by the DC bias
control ling nodul e upon recei pt of the cal cul ated power  val ug;

. 25 a . .
mat chi ng répvesciktative paearsptenoutpat to the RHRowaH sBpphuis ragiehen apdigital
provi ded by the RE ovve& u to the el ectrode,of.the dischar,ge system
B OThe: deviB8ala b He G e RRLPAEr \alus SBHuH Pane Rttt RS s sitfedao
supply is.a . F p Cel.MES i gnal s, the power-rel ated
28 represéﬁtagg}éiga\fgégiaﬂegéaﬂg%?%‘lﬂ{ceet@ e Ig\g\%sf supply is carried in a
digital signal, I I o] t 1 BE-1BoAYRA]
supply is car %eg@?ayégﬁé(?%l %a ‘?@?g)nlgloﬁgi%@’t F\fgrdgeﬁg?n}i%%t ﬁé%l%cot%pri sggz
di gd t al / ansdraGrsiony &ipfin0 r‘reae%ml of flw digithdr signgl deayiryalg ttheapahag-refated
conversion upon receipt of the digital signal carrying the power-related
r epr esent aepveseniatine parameteradbiamyingnamaankag sﬁ@ﬂilcanammg( ithe) pomwecr-related

power-related representative paragneter and ouytputting the anal og .si gnal
carryi ng tIeRreseaidiive epﬁfaé@etﬁépla@aerﬂlapuﬁgl%)al? arglog, sigea 36%6@8 the

ooF Al S o b B ERR e RAPBRCE R gt
i onal cardiaRphafy HRictGonl BBk tedift WI° R Pl MehdI ARG the,
deyj ce acchylgh ;aeed ggr@?ﬂs Raftue,C OBEARIRS i@fecarﬂamg hapnshicrinpi #e cAleulated

detection nodule c es: a voltage sensor, for detecting the DC bias of
sai d el ectpower ofaltideinddontheting thes aaalemndignalpoarrying the cdétwatesd po@eri as
value in the formof an analog signal to an anal og/digital conversion
nmodul e;  value to the RF power supply.

6. The device according to claim 4, characterized in that said DC bias
15 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

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
25 comprises:

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

30 DC bias value to the DC bias controlling module.
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t he anal og/digital conversion nodule, for converting the DC bias value in
20 the formof an analog signal into a DC bias value in the formof a
digital signal and outputting the DC bias value in the formof a digital
signal to said DC bias controlling nodule. 7. The device according to
claim6, characterized in that the device further 25 conprises: a
transformati on and eval uation nodule, for receiving the DC bias value in
the formof a digital signal fromthe anal og/digital conversion nodul e,

fhe cal 53' 2t &n A moBoscles Fontenlife i RE B oinf Rinclsbeyee: FRgcrhe.
3 Di ' Il dule. 29 8. A

ﬁg?\ﬁgét ?orcﬁﬂ%ﬁkﬁﬁg\@%@e{)ﬁlg@%@ Ba%lﬁﬁé%i ggm’; Se Isggt renr)n : ghar acteri zed

in that the ”ehh%céﬂﬁ#lgt Pt AnfoReRion qﬁchﬂﬁﬁ% d% ?frf]igérﬁ%’ééroﬂnﬂ rzpltﬁ%h o the

paranmeter and a type o s paraneter and | the type of"the
paranet er , paranidier hﬂ@?udgilighﬁlep@rm@f tite parameter,eifeht dypy @fchelmramete Bt ed
to voltage, treating the ga'ramater as a voltage-rel ated representative

par anet er @pdespatitiver off bemg Belated: Heo ™obtagef treangatheeparameter as a
representative of being related to power, treati the parapeter, as a
pover - r el aYQlirgeFrlatshienresentghvenRAtameia ape p ﬁ%ﬂﬂﬂ’&ﬁ@ﬁ’ 5 1§(§hg_typc of

| cul ati I di t0.sali -rel '
par anet er | CerRABRRPLE FRrGeTet bE L P PE IS b 2. BeBng/ e TR Rk

t ' ' j e . el ectrode of
the. di sondos POy Rrasidis regceehtf CRsmtllr 3 P R R e * Ve Lo
15,4 providing t f&l@\hlﬁﬁh?Od@ Howre YhRfhanscorelnss enoW daid powsltagecredadidng
to said power-related representative paraneter. 9. The nmethod according to
claim 8, clepressreative parametert theDEdiaj vahua detadied from thepeleotrodheot the

paraneter i s representative_ of being related to power in the 20 step A and
the step Glischergeespsient ianthez Phc/igecontrolling algorithm, and providing the

electrode of the discharge system with power according to the calculated power

value;
15 C. 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

20 step 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

30 and exiting the present flow; otherwise, continuing performing the step of
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updating said power-related representative paraneter according to a power
cali bration value stored previously. 10. The nethod according to claim8 or
9, characterized in that in the step 25 B, between cal cul ating the power
val ue and providing the electrode of the discharge systemw th power
according to the cal cul ated power value, the nethod further includes:

j udgi ng whet her_ the cal cul af ed power, val ue exceeds .t he range of nor mal
power val udovadingethg elsstegly pf dhedischatge sysiem vath powsnaceondang dothgr m

signal 30 _gnd exiting th resent flow, otherw se, continuing performng
168isted hoRr gt

the step e el ectrode of the discharge systemw th power
according to the calcul ated power value. 11. The nethod according to claim
10, characterized in that said providing 5 the electrode of the discharge

system wi th poyer TAeGREMIA% IRl ERrtRAL B LhaavRlizZéd! iHahhDsdiderdvatin
particularly includes: a RF power Ssupply provides power according to the

cal gul at ecthgoglectrodeuef theedischuege lsystem ewithr power acocetdinign tlcadalonbattdnce
out puts the power provided by the RF ng‘mr' supply to the electrode of the

di schar ge pyweenalu® isdhe siepvB dpargiculaslyliackudsae aoRFt pewer seipply @reyitesm
Step C parRPVEr AceqTding: ke Caliated BoRr SU Fh6 8 BLINBB B vieskoRd ng
For " mat chi Harotige oR inhERRERE T Bbt  eREP R R Broy R RY R R B S
supply to {hg ' ' rge system 12. The net hod
according to gf‘é&?ﬁl‘???%éﬁ%?gg{cg%l?%gyiﬁﬁﬁf}hat said RF power supply is a RF
poyer supply tbaid presedinesthendbogode ofahe disciadge sl stenatwth powssr accatdiagi s
carried in a‘uhdi gi tal ;]Jiage;ial , said power-rel ated 1Eﬁepr es\eﬂgt at I'c;;/uel plg{r.arrehgier 20
i s carri edoithegpaiwgi-relatex rapresentati ve parameterem e siep e particwgilygnchuaest he
cal cul at ed_power. val ue does _not exceed the range qf power \alues stored
previ ous! ythgndRBr dlﬂvmfngSWYeﬂ?é@ﬂ{g‘de RSFWETh eAGHOTEHES gk s%aerﬂQW@mfeﬂéﬂﬁér

representative parameter, and the matching network for matching load
impedance outputs the power provided by the RF power supply to the electrode

15 of 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 outpufting 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

30 method further includes:
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according to the cal cul ated power value, the nethod further includes:
perform ng digital-to-anal og conversion on a digital signal carrying the
25 cal cul ated power val ue, obtaining an anal og signal carrying the

cal cul ated power value, and outputting the anal og signal carrying the

cal cul ated power value to the RF power supply; before said providing the
el ectrode of the discharge systemw th power according to the .

power - rel at ed perfoovneng atglgnefinaaaakxglconﬁetmn SQCTC (i‘!glgﬂrleSIgBQI patrysag the
further includes: 31 performng giagi t al -to-gnal og conver si.on gn a digi&hal
si gnal carRAwegTelated FRRUSSCRBHIYEPATARFIEE PPIARY @N3NAI0E: BNl CALEYIRE She
anal og signal car,ryi t he wer - r I I r

Ut put's A AT Iate] irsenARYE R EhRush s OFRIE} Eht ABaRaL S, canftife
par anet er R : j o claim11,
char act erit;‘lg&} d|bﬁet e&%ﬂeﬁ%%?%%tw%gaﬁrﬁg@&ag?gﬁglsﬁgrg Irug 1){"he el ectrode
of 4§he discharge systemparticularly includes: a voltage sensor detects
the DC bias of the electrode of the discharge io0 system an i
anal og-t o- di gi {3 Themietisidoacdordimeg foclearh d)g, charadterizedein et saubdetegtiog i n
the formof an anal og signal, and the DC bias valye.in the formof.a
digital sitleaDG sbiest walugdfrom . thenelessradsy <tht diseharse cvster particularly

characteri.zeﬂg’in_that before is calculating the power value according to
t he vol t agd“t¥lEt ed representative paranmeter, the DC bias val ue detected

fromthe electro | S e ' r '
algorithmin the‘q@lt%e E,g%(ﬁjeagt%éggh%pﬁ]?ﬁ?{bgc udgggt@(ﬁ\s/gfﬁ P’%g&]itE E%&%S
bi a5 val uegidetngnf f g t ir6ioal isl péfopmed! i the Uetéabd BA bi
partici pates S?%ﬁlf %g %‘gﬁgltgf‘? rllﬂf(l)f@tnfﬁr%%ﬁblisagé cgnt rolling algorithm 312as
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

20 that can participate in the calculation of the DC bias controlling algorithm.
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