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 plasma etching, particularly to a device and a nethod for
controlling a DC bias of a RF 5discharge system Background of the present
i nvention Pl asma et ching technology is one of critical processes in
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descgri bed [ 3ol ally referred to as a DC self-bias as well. 20The
mag%i t ude g C?Lde}ggzs}gbé?g?'as descri bed above can affect the energy of the

positive ions and the active reactive groups while they are bonbarding the
surface, of the fer, and in, turn i.nfluence sone process paraneters, such
as etc %@‘g@‘ﬂ\éﬁpg,thﬂdﬁﬁﬁwb'ﬁv% 8Bity, etc. In practice, in order to
achi eve better process effects, the DC bias used in the plasma, 25 etchin

process shoul d Hesnmnetdhingitedhimoldgwinoneanf keideat pspressasnin watagraked s,

one of which is a power control]ing t hod, t ther of whjch is a vaqltage
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mat ching n : I's"used for matching l'oad | npedance so as to i mnate
pover refl eeidignfrpmhenty)SEewiedltoobkrenized ditk thevieninsd adefbrins plasia. RF
power suppl'y 101 to an électrode of the discharge system The el ectrode of
the di scharg®Gy&dieecnsudest)itiad iscfeimed betbeen theplasmar apd dhecsudaee of
t he di scharge system or the bottom_el ect roqe of the discharge system
o% 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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That is, since the RF power supply 101 can provide the electrode of io the
di scharge systemw th power through the matching network 102, the DC bi as
can be indirectly controlled as |ong as the power output by the RF power
supply 101 can be controlled, so that the process flowis carried out
according to preset process paraneters. Fig. 2 shows a schematic di agram of
a devi ce ithevdiesfice v dn¢lagie 35RICpotwert supplyethbdind aurstchmg amtmairk he
DC bias. As shown in Fig. 2, the device includes a RF power providin
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bottom el ectrode of the discharge system and output the detected DC bias

val ue to ttop Debtmxlec @t the| dinghavdel sy2@3n dhetheChsittamdedectrode ebdthe
202 can include a voltage sensor 2021 and an anal og/di gital conversion
nodul e 202dischiggeisystem. vol tage sensor 2021 is used to 30detect the DC

bi f the b el he di sch d. ]
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control ling nodul e 203. I as controlling nodul e 203 cal culates a
power val URRagsewel nqupplya 131 bias lsentowntrollegl, akgothaththeypradéssz ftagwt e

detected DC bias value and a preset DC bias value input, and outputs a
si gnal carcgimgdhy actandingde presst praceas ParametRS.power provi di ng nodul e
201 so as 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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io to control the RF power providing nodule 201 to provide power according
to this power val ue. That is, the RF power providing nodule 201, the
bottom el ectrode of the discharge system the DC bias detection nodule 202
and the DC bias controlling nmodule 203 in Fig. 2, which can constitute a

f eedback 15 | oop, mamintain the DC bias of the bottom el ectrode of the
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out by uti |aicéi0@gil§]$‘l@o\tﬁi§ pow&EOopsnM.l ing 5 nethod, if it is found out that
there is a large fference between its processing result and a preset

result, it is riEkgeds; thoRFepowieedotovidtingi modnlen20 pptke mattonvleléctyode
met hod. At this tine, because the entire process flowis based on the
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met hod and the voltage controlling nethod, ther eba a flexible choice

bet ween t herpotiee, ¢bnhe A Fipowes tstigp 1and0 bbtikea wonsupply ihatseeoiyesan
be mde. 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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The second object of the present invention is to provide a nethod for
controlling a DC bias of a RF discharge system and the nethod acconmobdat es
both the power controlling nethod and the voltage controlling nethod,
thereby a flexible choice between the power controlling nmethod and the

power 25controlling nethod can be made. I'n order to achieve the first
obj ect of gftReprthegndwentitiolling haetlesdircle voltageoocontroplisgdmethodein
present invention i's as follows: a device for controlling a DC bias

of a RF ditdmharier systthresecorethods nayeaapplieds scparately nvdgeneral, Bodras 't
detection nodul e, a DC hias controlling. 30nodul.e.and.a power ovi di ng
nmodul e;  be selectedrblexibly @@@%ﬂlﬂﬁa&ﬁ%@fﬁ %C‘i}’@écﬁlﬂ&tl?‘ésgio\’ii %amﬁl@nw cn

information including a anet er and,a type of.;fthe para j j

the type of dtiainpiiedst AV isnbaftia ot e Hilialfer Bl Vo las SOnt it
of being r t:g poywer t| agrel:? ag; Féﬂ@é :
repr esent aﬁ@ésgarlgrr@t\é\g ]({qu?{%ﬂ‘{ét t@ﬁp?\?\g{&g?ovi ?ES rﬂ&ﬁg e; |f36?%etq€p%gs of
the par amepfScdSsinBPrERt ahlva pircbsi nesufl atteds t feadtd age, bowtifisd by he
paranmeter as a volTage-related representative paraneter to the DC bias
control | i ngtiizdtgethe power coaitrblbdgirastiued editi thisname,ebesausedhé oentire
detecting the DC bias of an el ectrode of the discharge system and

out put t i ngproeesieflooy 46 tpsedi as the devics for epatiodlimEthe b rbias 3y shemn e
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t he cal cul ated power value to t RF power providing nodul e; sai

power proviadingermdide betweed fle puwer deogtridibng eattiont aid tihe dicltige ge
systemw th power according to the power-rel ated representative paraneter
upon recei ponofollimeg pmthodr: el at ed representative parameter fromthe 20 node
sel ection nodul e; and providing the el ectrode of the discharge systemwth
power according to the power val ue cal cul ated by the DC bias controlling

nmodyl e Siﬁﬂ?lfl{ijlref%if'ﬁhegfregéﬁt v &ptighed power value. In the above sol ution,

t he devi ce her conpri ses:
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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a calibration nodule, positioned between said node sel ecti on nodul e and 25
the RF power providing nodule, for storing a power calibration val ue
obt ai ned previously; updating the power-rel ated representative paraneter
according to said power calibration value upon receipt of the power-rel ated
representative paraneter fromsaid node sel ection nodule, and outputting

t he updat ed powaid riabdtedeleetives anddulievés pasegirdber réceiwiaigd iRpupanformation
provi di ng nodul e. 30In the above solution, the device further conprises;:
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according to the power-related o representative paraneter upon receipt of

t he power - represemtatioprperemests toetheaD@etasrcondrad lipganoditlyy power accor di ng

to the power value _calculated hy the DC hias contrqlling dul e.ypon
recei pt of the said biag ¢eiwetonamedule 1s %eﬁaf@hgﬁ@cﬂég DG dnasrgfcan ng
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power - rel at'ed represen paraingter output to the RF power supply is
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RF power supply 1s carried in a drgital signal, and th device Turther

conpri ses: 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.

30 In the above solution, the device further comprises:



a digital/anal og conversion nodule, for perform ng digital-to-anal og
conversion upon receipt of a digital signal carrying the power-rel ated
representative paraneter, obtaining an anal og signal carrying the
power-rel ated representati ve paraneter and outputting the anal og signal
carrying the 25 power-related representative paraneter to the RF power

supply; and pegf €aitt nieteetion ahotlatanpdsidonedvieetsvenn wprh DECkiast cofitralling
digital signal carrying the cal cul ated power val ue, obtaining an anal og
si gnal carmgdddetdrs ¢he RIF apewepquevidinigumethdepdopstating a manga aifogosnghal

carrying the cal cyl ated power vaJue to the RF power supply. 30Iln the aboye
sol uti on, E@W@TD@'IJW%&}EPéﬁé&Er@W%&MIJ@ ng‘éth’r tﬁe POV Ve LeCy r,
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bi as val uegiatni §ignhbrathefwsediogipwiting hieadaleated bowdrivagué be shid RFasowat ue
in the formof a"digital signal to said DC bias controlling nodule. 1n the

above sol upreridingeathilece further conprises: a transformation and
eval uation nodule, for receiving the DC bias value 10 in the formof a
digital signal Intheaboweselutien.daid Bl posrararovidinggaodule eompersesng t he

LETSLZG%CD& ZL%igﬁf‘iaéﬁw%r%ﬂolﬁgfér?ﬁg&%‘ S Snfi 7 RRE (e ohbabeRaTBEl et
to t .
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the paraneter, if the type of the paranmeter is representative of being
rel ated to vol wagmtchineanietworke fpmmaateheng doad 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
represcntative 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:
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20 vol tage-rel ated representative paraneter and performng step B; if the
type of the paranmeter is representative of being related to power, treating
the paraneter as a power-related representative paraneter and perform ng
step C B. calculating a power value according to said voltage-rel ated
representative paranmeter, the DC bias value detected fromthe el ectrode of
the 25 di schar ge volisicensamsbra O€ detestingnthio/ DOndiad gaff isaidnelectdoge cofi dhag
the el ectrode of the discharge systemw th power according to the

cal cul at eddsoharge aystem, and ogtpyting diendetertede D¢ hiavizabic iméheiifennapigan
systemw th power, accordin 0 Sai.d power-r.el ate epresentati ve paraneter.
30In the aBBYOLHLne! Khan Bgﬁmalglw&wefﬂgp I{lﬁau{ﬁyge of the par gmeter i s

rechod further tenaagaiatd Giulds R Blodyie fF, a0l e PE Bk Natog 1
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r
above sol uti on, etween calfcurating the power val ue an provi

el ectrode Qﬁdtdiﬁﬂditﬁ@&[egE)G biae i liet ih feornaofar dﬁ?i@l tsbgridleocsid I Etlsids
power value in the step B, the nmethod further includes: j udgi ng whet her

t he cal cul ebrttoflivgmoaodhilee exceeds the range of nornmal power val ues stored
previously or not, and if so, outputting a fault alarmsignal o and exiting
the present fl dwthﬁtaﬂ?@ﬁ\%is@éutlﬁbnﬁherﬂﬁ‘ﬁge;f@ﬁL@F RPRPTINE: step of providing

A e
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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.

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



15 includes: a RF power supply provides power according to the cal cul ated
power value, and a matching network for matching | oad i npedance outputs the
power provided by the RF power supply to the el ectrode of the discharge
system sai d providing the el ectrode of the discharge systemwi th power
according to the power-related representative parameter in the step C
par ti cul ar fgpresentaties:of deihpechfed oovpovearnl thesteyy itdasd HumstepaC ctiredinethad
said power-related representative paraneter, and the matching network for
mat chi ng | adheminsdedese outputs t he power provided by the RF power supply
In the above sol ution,
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val ues stored previousl providing the e rode of the dISCh rge

system w t theoeYedir@ie of dhe%&ehéﬂge Spltem atlﬂﬂma@'@irdmg notthe dlewlabed
t he 30nmet hod further includes: perform ng digital-to-anal og

conver si onpowea viilge imthesigpab, thﬁmﬁithngl fughenimludessd power val ue,

obt ai ni ng an analog si gnal ying. th calcula ed po al ue,
out putting t he Jadging 1&%@@ draower é’albﬁ@ﬂc‘?%{ﬁe SVEANES @gnpﬁ@ahp
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representa I ve parameter, and outputting the anal og signal carrying t
pover - r el ataltulspdgsentavilve. paraneter to the RF power supply.
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

30 method further includes:



In the above solution, said detecting the DC bias value fromthe el ectrode
of the discharge systemparticularly includes: a voltage sensor detects the
DC bias of said electrode of the discharge 15 system an anal og-to-digital
conversion is performed on the detected DC bias value in the formof an

anal og signal, and the DC bias value in the formof a digital signal is

obt ai ned. Iperférenimipodégisal-ot-analogi converssirepnBa dfital esigabk chatyimg thoe
power val ue according to the voltage-related representative paraneter, the
DC bi as vacalsulaigd: powes vabie, toltashiag: eodanalog [vegnpls saayge shet ealcalatedne

DC bias controlli al gorithm .the.ste further includes: convertin
Che DC. bi aBOFRTLEAN. Al PUHMIGNERtNs GRele SIS Aty ea e calculRid. Bawer
participate_in thg c at.lon the DC bias controlling algorithm In
sumary, i Hai%’e{odﬁ‘ﬁ %Eé:‘#ﬁ&t g‘épﬁ&t hod for controlling the DCgbi as of 25

the sRF di schar qg §sitef ©F BERTESaRY P&B@i&ﬁg%ﬁgtﬁlﬁﬁ‘@d’é o¥the Qﬁ§§%ﬁs§@t&ﬁde

sel ecti on nodul e can recelve the paraneter an e type thereo are

i nput  f r omyhikle power dbording @ether power-rdlatdidbreprosemative paeaetdd, tignrethbdd
or the voltage controlling nmethod should be used to control the DC bias by
utilizing faghenispledes:result of the type of the paraneter, thereby a
fl exi ble choice 3Q0between.the two different kinds of .DC hias controllin
met hods can be ReEGRIMINg, digital-tonanaloge conversiindi abdngltzﬁ HgnabsatynS Bg,
ggg C?Pg[ ?2 ip%gs?ergll;@éf ‘ Zx;e;af);s:l LS E)%reﬁ%gte?‘,e O{fe{iﬁpnegf afl %‘ﬁ%ﬂgga %1egdnal I%:rairreging the
10 power-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
20 detected from the electrode of the discharge system and the DC bias controlling
algoi'ithm, 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,



S5Fig. 1 is a schematic diagram of a device for controlling the DC bias by

utilizing the power controlling nmethod in the prior art; Fig. 2is a
schematic diagram of a device for controlling the DC bias by the voltage
controlling nethod in the prior art; Fig. 3 is a schematic

di agram of a device for controlling the DC bias oaccording to the present

i nvention; so that-the oh{da of cempatbilitydcay tenadiieved, and wpiaratons od precess
enbodi ment for controlling the DC bias according to the present invention,;
Fig. 5 is apetasorscery be farthenadviantaged. control Iing the DC bias according to
the present invention; 15Fig. 6 is a flow chart of a nethod enbodi nent for
controlling the DC bias according to the present invention. Detailed

Descr i Brieh Difsckjtidh of ¢he Dir j ments In order to nake the objects, the
techni cal solutions and the advantages 20cl earer, the present invention

1L pe Tur e geq ok pethBRLAY NBolhait o Yoot SHPLSRERINGE 108 PO bigs by
Schere | SHIBIAITI poye oI stog g e 86 b1 2 of 2 7 dlschar e
can include a mge2sigl £ethemnatipdlibgraifilof a dvibe dor dehtrolling theddCebias by
the voltage controlling method in the prior art;
Fig. 3 is a schematic diagram of a device for controlling the DC bias
10 according 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;
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

10



25302, a DC bhias controlling nodule 303 and a RF power providing nodul e
304. wherein, The node sel ection nodule 301 is used for receiving input
i nformation including a paraneter and the type of the paranmeter and judgi ng
the type of the paraneter, and if the type of the paraneter is
representative of being related to 30power, outputting the paraneter as a
pover - r el atled REppeseat girovedingr anetate t304,hdaf Rthepowpe mfovheli pgramelier e is
304, if the type of the paranmeter is representative of bejng related to

vol t age, otapresentavehef pbeiagetrelated t0 Voltagse- putpiting: she cRatumgteyeas a

e S02PusEE ik FaueSekil cohdaBRie e s Ml lSEbi s
Coniral P e o DG Bitldtibliign bISHAR S 6,504 RiiterkBhile e BCDiob bR
recgiving t tfé?i'etgqﬁfé istehgfggcﬁﬁteﬁﬁgﬁatddfggg%{%aﬂ% getdcr DO SHigPdalue to

sel ecti on nodule 3 an as val ue he DC bi as detection

nmodul e 302theaDC bilscedratolhigpglPodupe©®6B. val ue according to a DC bi as
controlling algorithm b{).uti l'izing said DC bias value and the
t

vol t age- r el at edheepD€S ebiast | sentpellimget mrodwded 363t pst tused tioe gecelving ethe

power value to the RF_power providing nodul ¢ 304, The, RF. power
brovi di ng Weliage Tetiicd SeEBENIa G PAIBRIR HAm gﬁl%é@%%ée%ﬁctmnm@éﬁa%%

Zﬁ?éﬁg; or  apd e RE RS %%‘1"1?%ir"oa%&ﬁpﬁﬁgelé@éﬁdq?‘aﬁ?%%Z%éiﬂei’i@fa%ﬁ%%@}a%h
bondr “var b Bl Val B a0indile (| TS BasueieOlig dI AR, 35 ifltate i ne
of the cal B@%iﬁ‘éivaﬁy@anﬁhﬁ%wg@rélﬁtedt Rpreseritaivepashieter andi @utpdt

make the device utilizing the 20 power controlling néthod in Fig. 1 and the
devi ce uti thetalguldied pomagealaeno the R gomatrippdvidingimodaledbhat i bl e. I n
particul ar, when the node sel ection nodul e 301 receives inpuyt inpfor matign

i ncl udi ng a parkeeRdt pameriproviding arodie 34 ivsed for proyidiag dheglectrode

paranmeter can pe judged, and jf the.type of the paraneter S representative
of being r@?attﬁﬁ [‘ﬁs £, YECPary tepogfgraaccgr({mg to the p wet felated

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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25 power-rel ated representative paraneter is output to the RF power
providing nodule 304; if the type of the paraneter is representative of
being related to voltage, the paraneter as a voltage-rel ated representative
parameter is output to the DC bias controlling nodule 303. The

power-rel ated representative paraneter as described herein can be a_Jpr eset
power val ueoltage vahue oB@thet sghier; alsdivag astheBntass cenprallane meodwe 303 1s
descri bed herein can_be a preset voltage value or other value, as |long as
the DC bi agnebledrtelqaleatmthe eorsespondingveer Yalugal cul at e t he

301 outputs iR OR diEhoL FBF Qe Spiection: MOGUE, AP AnBubRE ol Sidedd
s | | e e

o ovi o neORREERAN SepRSratsyi Furdndl Ty oA B Bl TRoiGind ihobfile 304,

powgr - 1 ol aliRURIERORERHraYidiAGRADAIIR! S04 A PIYVEdE I clédiRodioYf ge Biicharge

controlling the s as shown in Fig. 31s equivalent to the device as

shown i n Fegstei watid ﬁomrmcmirdi@gt fietled potvepdelaiéd rbpradentdipvegparaysdtem At t h
power by utilizing the power controlling nethod. oOn the other hand, if the

node sel ecthistimegihieedsdce dor pontrotlieg theip¥d bias anghows! iatléig. Sdsraspavalent ve
hoie: SostEshe e ShENDon e dF bty b el ab e it
el on SEnDRARTBA Nt b AR B A e E i ROAT Oy outout 15
thgycal cul at ed @ﬂ%@gldefﬁgggaha iﬁgaeégﬁ%cﬁgevg@eefieﬁ@oggm@q' Sutpfifts tﬁégggg%dm

power providi ng no provi ectro t he di scharge

wi th power yahagedenaed @%%ﬁé%eﬁ%*t'ﬁﬂé Paragharenes thaDE bidy comirsllingrmoduie 388,
power providing nodul e 4, the el'ectrode of the discharge system the DC

bi as det ecthoD@hias €odd]1king mbdulRC3bBasarc catoudatiei agpoveetuy alusoscdordFigyto 3,
which 20 constitute a feedback | oop, are equival e&t} to the d&\%ce s shown
in Fig. 2 theiveliagprelated representativcoparagneterathg Dénbiasevalperdstegiedrby s

Dy W1 B o, MOl 05 SO0 ST E IO ThS SRS S kGl AR 0
P95 LRl BB S Bl Sy SO ISE RSty b e
o whLe!pOU T NI felaatsace s rkinng St
such, if thdthpposrercarcbrdinig togthestdiodlated pesdrivalipe okt deisttimepther RiFopewef

t he di scharge systemw th power, it is possible to cause a change in_ .
30capaci t apteviding hmodube 1308l ethef ele\:ércu{% cHathge discliagge disten, tthe blledunse
of the 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

~-yoltage 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 is 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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DC bi as detection nodule 302, resulting in a small range of deviation in
the process result. In this case, if an accurate process result is
required, the power-rel ated representative paranmeter output to the RF power
provi di ng nodul e 304 by the 5 npde sel ection nodule 301 can be calibrated
i n advance, and the calibrated power-rel ated representative paraneter is

t hen out puDE dias aeleRectpovenogulsy 32 ngeswitingeindasmald range efhdepiationsin the
result achi eved by the device as shown in Fig. 3 by utilization of the
power contpﬁmﬁﬁﬁgeﬁ%ﬁhod is equivalent to that achieved by the device as

o oo ETE R AR, OSSR 00, SR B e v
e, P HLSAE RO AP SRt HRARIC)Btr 8 et bk ne

Wit pover nfydeliskldctiondnidtiul¥030 Ra@inc et édlibrafdl iRtdidincef and aleoealibtated

event occurs In the actual process environnent, it wll be very likely to
result in powks-reldtedr mepresbatagive parameber bisathefroougpuaingbe thef Rihepewies a
w de range of fluctuation in pressure within a reaction chanber, an |,

abnor mal  cpsoviding mhdubc 3dassonithat the quosess. regult mchigvade by; the evice as

cantt ”?Lké*s‘ﬁa%%fe%ﬂgigﬁf% BSb et of BERIVPEshioHis ReBoRR SBRvaleDt To
T e § EERActiEVd B he i e A sHidtn TR A G RA RS Y B oRfoRlie es,
conjyrol I i ngoww t%ﬁ%e?i‘%%ﬁgitli%‘?gfeg?@tﬁeﬁgﬁaﬂﬁ%!ﬁﬂy,p@%faiyﬂb&kﬁ'&pt%n Retll be

after the power value i DC bias ‘control I'i ng nodul e 303.

| f the powgiverdinthephtlddaeembpdimenbes dicssribedbeidw] med iodmiittedtkreinceeds
the range of normal power 25 values, a fault alarmsignal is output;

ot her wi se, t he Inaddditianedn thewase aif providiogttheteleetrede ofpbastisgharge diystem
nodul e 304. The range of .nornmal.  power val ues descyi hed. herein can be

pr evi ous| y Wbl 10veer By whiliang i é’\gﬁﬁﬁé %tﬁ@]l?ﬁlgoﬁlqéﬁﬁi o 8Bt IH)I'{TF?Q Fee

descr1 bed DEFBIN IBAE aciunaces faviontndl 4P Sillche By dBRF e s ftin an
sol fét }on Ofabhgglingli f&%@gg\'lvﬁ'}’ AL BT B4l Chor WENISN GE thefPadi BHide Pange of

described in
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 failurc 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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Fig. 4 is a schematic diagramof the structure of the device enbodi nent. As
shown in Fig. 4, the device of the preset enbodi nent includes not only the
node sel ection nodul e 301, the DC bias detection nodule 302, the DC bias 5
controlling nodule 303 and the RF power providing nodul e 304, but also a
calibration nodule 305, a fault detection nodule 306, a digital/anal og
conver si onembddimed0is destribad andétailnbalow. eval uati on nodul e 308. The
functions of the node selection nodule 301, the DC bias detectio dul e
302, the DC bi &dgcérisraosehemgatiodlingrasnviahe strectnte gdibe Cfﬁ‘rVdW @nﬂgommﬁsm e

f’ he :DEebfg SR 18,1 i duitie S8V IS AT TRE Phcast EriBodirggnt thelhdes, gt SEELHE"
tecti th > _hi t | dj

tranen o1 s eigEliol Bhdile g, ShETDE Bl HeBR D hRIAE I Z YHeEDIC Mas

modyl e 30224 opigf‘gs%\gg&m%fm@ ANPHRY BF Pilver ia%ovﬁﬂn@ﬂﬁbﬁﬁl@“?@ﬂt, f&iut also a

conver si on nodu for converting the DC bias value in the formof an

anal og si gpglibtation ambdube a305al aiefault t Hetecoiom ahodult g306) =i digatalandlog
outputting the DC bias value in the formof a digital signal_to the
t r ansf or matowversieh madulati0dnambddtranstosn andeewruptioamedulg 3Hg nodul e 304

SRR WG L R ML N T AR
cat cul at cantapulB S G ThEIRCCR R ol BRIl STt e O el PRt ©
e R 0L e R et e MfEpiam e e
3041 to thgygbRreh  @RDOf biakelcléathenusdilgI0ean include: I n addition, in the
present enbodi nent, the calibration nodule 305 is used for storing the
power cal i br at isonolage senbemB02l, foredetmating thepDt inas ohidhe Ghecteode of axidi
O e A ehatge - Systen “and. anemitting . the detecied "DC ias “vafue 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:

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 305 is used
for storing the power calibration value obtained previously; updating the

30 power-related represéntative parameter according to the power calibration value
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upon receipt of the power-related representative paraneter fromthe node
sel ection nodul e 301 and outputting the updated power-rel ated
representative paranmeter to the digital/anal og conversion nodul e 307. \Wen
t he power controlling nethod is utilized in the present enbodi ment, 5
because the DC bias detection nodule 302 is still in operational status, it
i s possi bl apbn resupt dfnthe geosver-relatdde representasiver paeametars ffamothe mode
present enbodi nent and_the process result of t e@gevi ce as shown in Fig. 1.
In order t&elegtioprmoduleidd1dand Quipnttingdhe iurn%ﬁ POWeigalse: Rpsasemative

- | at ed tati. 1 dth 1 | by whi ch
e e, opotube 38 e S AN B E st an edRR L T e o Ve sumh
diff | . : i i )
heti oac® pa! MELEAtE AR GGl SR s §RNIzRA (8 preselft embadilent,
t he 5f ol | owpagaude the 10k Odetdtish Mndidude 312 POYEN fRloperatid®dl ¥ahue it Ss

expl ai ned by an exanple of the etching velocity as a process paraneter.

Firstly, 1possibds ttai resulodess déviation batwead thet piocessi tosnimoftthe pesseone
as shown in Fig. 1, and the etching velocity is recorded. Then, the sane
process f| embadiowentiand the: piocess iresult of thédepstes sbownon Figy Indnhader to

i R N R
can e 1 Ch R0 SRarEAg: shd hE%eBACuberyBhE S SO PL AR, DPORSs,
{SpeLCM PRl 96TAGHIERBERER RCCRENIGETRMN|NaE ST FRLAR Yol BHoBebY

bet ween t hereatddias tiROPEIveY @bUBratieh vatugovwer -rel ated representative
paraneter is stored in the calibration nodule 305 as the power 25

cal i brati on vallnepragtice,tie, pakeecalibmtoal valuetdambenddtdrenifed boatxmeramests. he
recei ved power-related representatiye paraneter, the actual gower val ue .in

the experi krthe fallawing, theemsthed: &y determiping the ingwensabbratemiviadee isor
le, if t -rel at ] ter is 500 dt.h

Coqur e acKhBNBE IS al S AR CahE ran e YRIRRYIE & Aent s abwter FaRt ow
be 30 ' | [ - cal i ' diyl .

c0are, CRR U oR A B s BB LR RE 80 gl in PR 1

cal i brati og,gaHel @ciBy; ,vél_B@itg iMeesrie Bt dhetsatte pRECRMSWIilAEEd out

representative paraneter i1s Updated to 510Wand then output. Of course, in
practice, bheutdlinmyg the phweecentropling nneﬁloidbim%]ementeddgsthmddi/fcb&tﬂhown
process flows, and the respective power 5 calibration value of all the
process fl| tnsFigan3beansbithenedrrgspondingy etehinge vebesity déste¢drdadnshropowet

353 S TLATAAT: TRk SO AT SR SIS TS
O en et B DR R R M e AL B e

pover cal i BHRtON o¥8AWly, until the etching velocity reaches the corresponding etching

Dy

~yelocity “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

30 previously stored in the calibration module 305. As such, upon receipt the
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The fault detection nodule 306 is used for storing the range of nornal

power val ues obtai ned previously, and judgi ng whet her the power val ue

cal cul ated by the DC bias controlling nodul e 303 exceeds the range of

normal power val ues or not upon receipt of the cal cul ated power val ue, and
if so, 15 outputting a fault alarmsignal, otherwise, transmtting the

cal cul at edppwmwelmed:eepmsehtatmegpammanabtﬁ@wm tliooalicition sodule 305The
range of narmal power val ues as .described herein can be obtained by

experi nent ﬂleasl%gﬁ cani be added| thu POCHT TEPERACILAtE MAsAGLRT B

o ovl ded” bpdated o SfaRPR éih' o Ol R ollse 8 pasts BSShay b fifferent
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bove descPPRES salfirafion TAILER| EHREERTEROC QBRI G e Fespective power
recerded aééhﬁfa@fcﬁﬁ valud R hRUHe PROESS! ﬂawgoéuhebé%taﬁlécmce@aﬁﬁ%oﬁo the

nor mal power values. The digital/analog conversion module 307 is u

per f or m ngaBovehdgstdbed anetivddgnd swrsds iwnhe watibeativyirheduks 304! T@ereaﬂdsm
the power-related representative_parameter, obtaining an anal og sjgnal
carrying tthe ma]véxraﬁienanﬁnﬁulepB%eﬂbalns/ecme@mcbng pawwuc@lmbltam@ maéue
anal og signal carrying the wer-related r present atjve ter,to t RF
power pr ovﬂ‘él‘FQféh%d@q’e 13@)4‘11%@@“& ARG gﬁ Wﬁial 5)s) oc rapdatcynt cI"le

Sl nal car PSS B %@E%‘%ﬁﬂi@ﬁ%&%&?ﬁ?ﬁ?ﬁﬁe@ﬁéﬁa@%ﬁtﬁbﬁfg A die g e
ggal car F{Bt%iﬁea?ﬁ“‘?&lé&mﬁ'ﬁﬁe value to the RF power providing m)dul e

ran rmation an eva ‘uati on nodul e 308 is used for

convert i ng the e Bidls deadeton Mbleald 306 Bf usedlifat kedrisg ghal rahwenof hermal
anal og/digital conversion 5 nodule 3022 into a value that can participate

in the cal pokeri values obtaiDedbipasviomsty, obhdngndgiggr ivletherandhet parveeti twalue
the converted DC hiias value to the DC,. bias gontrol | i ng nodul e 303. The
t r ansf or maclsnlated b the, BC biasrsantrelling medelesiVs sxaceds tharange b m»em

val ue-t hat PR {eélﬁrs"@ o R B o S e et outerd Al ith gt 50,
of The. bot PRFERTY ot alaf YEhA SRNPRRRG (rhnitfhe tihe, afeplilBg o gers

ou put to {hmcAhRaligial/ahl oSV Skith ARMYIE 309md a digital signal

i ndi cative of 600V is~then obtained after analog/digital conversion and is
output to the tFansdmyenaf honmahgower 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

16



15 eval uation nodule 308. If the DC bias controlling algorithmin the DC

bi as controlling nodule 303 requires that the paraneter input should be an
integer in the range of 0-65535, it is necessary for the transformation and
eval uation nodule 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

control i raxgoweﬂ bUa@ué’;Péncfl ButpQtthdg tthei Anllbgnsibal karsang that ¢aloulatéd puwee,
Se,

inthis c the voltage-rel ated representative paraneter input to the DC
bi as cont rudluerig the®RF @os@s prpvidiagmodubeB4t i on nodul e 301 shoul d be an
integer in the range of 0-65535 as well, That_is,_ the node selection dul e
301 judges t heThgpzansformetipar ant exalumtiamarodudesi It iopse ﬁ@ECPﬂY@ﬁﬁ?ﬂnﬁ@n

8 R Ao WA b G R
oUTRU 0 iRt TR Bad Sap he Rl s A AR SEEDI B

lated t - i ' bl
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ge-related representative paraneter. In the present

enbodi mntbiagajo@tmnﬁgm@ﬂaleemj,,epr esentative paraneter can be a preset
power value, said voltage-related representati ve paraneter can be a preset

vol tﬁge val ue El“hr?gtrg.nsfomiajﬁﬁl 1ah|dt ev:@lmgtianfcm(ﬁhdg tmhwrdm hgrqm\émn_
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and a cas€ I'n para er 1Is volitage-r representative

paraneter gRepde! V€600V oah daldandgnhl indecdibae GRIGOON oy wdpht t380the
outputs the judged power-Tel ated representative parameter to the )

cal i br at i oanatog/digitaDbonyasicamddule] and modigital 3hal pudivativered 600V is then
power-rel ated representative, paranmeter by utilizing the power calibratio
val ue st orebtapned afies lapakogidigital nanversionpengd &% optiriorthiedrarsformation an

e ot alfah oy Tontis S T DG A e Bl ) BB s
ey vl codfo R Mdlie 2D BaniRt Tt i Pyl hARhdlithe A integer in
out put s ittlfeorélji%e Rt Qo88535! iié”ri&e%' for3te t-ARIGIMAGYET arkd RRIaYuARAL

in the RF power providing nodul e 304 i des power according to the
power - r el afReiu1O IO gRRAETY Ve RAsAAESRNAl dndicahivens 600 Woimetanitkegor!

out puts the power provided by the power supply 3041 to the el ectrode of
t he di schatlgerangs eff0~66588aand loatpainttriol thef DCE@IMQDEIQHB% modulead D fonf
thgo POReET ggrr'gitcrigétliérrll ginn%ﬁg Oc?al!:ﬁla%%g. e&%déourse, 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

30 module 303 as a voltage-related representative parameter. In the present

17



On the other hand, if the node sel ection nodule 301 outputs the judged 25
vol tage-rel ated representative paraneter to the DC bias controlling nodul e
303, the DC bias controlling nodul e 303 can cal cul ate the power val ue
according to the voltage-related representative paraneter, the DC bias

val ue and the DC bias controlling algorithm The DC bias val ue as descri bed
herein is ehbddimengssaidipoevetetalateddrdpresertatve pacameotér win bdra pliesethpower
system by the voltage sensor. 303021. The DC bias value in an anal og sjgnal
is input twaluee sadl vojtagerrelaicd cepraseniatiy arpatamckr20an dpe dnpresstaveitase

i on, d the DC bi I int f f di,gi tal si
bt i no. PRI, of AeEreAuFS Ak deecalsb v ARt Zotssonbiiie Pevlro bt Present
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range of nor mallnphreefollewvitgs the pedeessit iprosedureudPuhe deviewlaf heapresent
signal; otherw se, outputs the cal cul ated power value to the digital/anal og

conver si onemixhdimeddis eXphidediin aletaihacoordingterascane mowhich gorpammeter 4s
the power 10 value ip the formof, a digital signal into glli&gvi(;r val ue in
the form oth&powesirekted geprcsgpitiieRURPICIEY apAQ@ CRSRS WAICI the\PERINSISE A of

digital si |, d i he .RF . i di dule 304; th

gF :og:/vte? s%b&ggegﬁﬁeﬁlgg@pﬁgte%—a&%wto taﬂfe&% 'S%\é%ﬁxgb?\él SBZQp?gviudgs powe£ ©
di to t d: | t i

oututs The. poudh BhE MAEC O MEmbBe SelZon Bodiiel 30790BGIS" the dideed

of the di sphafcdachated efdpreSenitbfivet Pardinsleroto ofhet kalibtatthsmbutde303) thge
controlling algorithmis achieved. In the present enbodi nent, the RF

power supptyliBftibn mehRE Fewarpdatgspthe pbatersretatbd aepaereintafivd pasdmetarhos
when the fault_ detection nodul e 306 qutputs the power val ue cal cul ated é)g

the DC bi avtitiging dhe pegrarealitgation vauestered rrevioudly anderipdsehe undat

by ut1 11 21 RGWeRGCUTGH aRPRsEaI < DRERIeb O bR BNl (R medti
oy A |  PractT te,

G dhar e, 1 0ns sy At SORe IR, oY 07 i ify MhPoePhiitlarcy
anal og si gﬁhléseﬁﬂaﬁwei Farablef igithal forArbeG @ gaqg%'ggm RdUilR ﬁ@%e%’i}eme@e

omtted. n the present enbodi nent, when t I i

I as detection nodul e
302 out put gepregemi@tivegsrualeter inottichforBCobanambog sigral rmgdrmctghﬁs 1803 theRF

calculation, it is also required to convert the detected DC bias value into
a val ue t hpowexnptayidingl nthodulehd08C theaBFc patwes suppiyaBgéli ihihe HRltepeweri n
practice, ip;mt/i ?ng?c n?(i)(%fle 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,
s0 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
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30controlling algorithmcan calculate by directly utilizing the DC bias

val ue detected by the DC bias detection nodule 302, the transformation and
eval uati on nodul e 308 can be omtted as well. Regarding the DC bias
controlling algorithmas described herein, there are many al gorithnms, such
as a neural net algorithm a fuzzy controlling algorithm a

S5proport i ocohmesgomimoduldi 3022 fort amalogigitaDronvepsiin,tand tiecDC biasTralueone

sel ection nmodul e 301, the DC bias detectjon nodule 302, the DC bjas .
control | i n@%ﬁ@ﬂn@fﬁé}glﬁlem&mlpﬁvéﬁaﬁﬁdﬂﬂl% tﬂ@dm%@nnaﬁlﬂntam Pradyatien
enbodi nent _are .ne sar but, t alibration |l e 3@5, .the fault, .
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t he presengjgioghdm®ectipticonmbeisaier Wallle dut giedforhoof exdigitsl sighal madd
sel ection nodul e 301 recéives input information containing a paraneter and
the 25 typeubputshetpshald poweamtrovidinganbdule864; thenRibopoiver 30ppbuBidd ana
fault al arm signal when judgi ng that _the power val ue exceeds the ran of
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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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m crocontroller in practice. In this case, the node mcrocontroller can
Interact with outside by utilizing a certain comunication interface, that
is, the node sel ection nodule 301 receives the input information via the
comuni cation interface, and the fault detection nodule 306 outputs a fault
alarmsignal via the 5 comuni cation interface. The outside as descri bed
her ei n candétectedhdsy ihenidCerbieondetectiont anodelen 2, nitle orensfiosmagion sanch

as a personal caonputer, for comrunicating ipformation wth, the no X
ni cr ocont reévalgation m Ul@o§9§e,caﬂh@enﬁﬁﬂ?é{]@t |V&5‘?4[|n3%ﬁg% Qlﬁ,thehiﬁgcbﬁsas
controlling nodyl e 303,.1he calibratiioqn modyl e 305, the fauli, detecti on
rodul o 306CRIOLE 2GRS A8 ArseT DR JRICEY hEs PonmiAg A 20sbatS S6th 85 ae
i npl ement e har re, a apal o J.f cui field gpmabl
gate arrayg? ) g‘#ﬁ thgfé%g%?’ a"g\i’thg?ée% pept&?@{r?ﬁleﬁéabov%- eS(P:lrl’bedae
device for ﬁg{&ﬁi@hLim@%ﬁaﬁ%ntﬁiﬁ%@fﬁtiafiohf(?IBSaqi §etlahgetcsystem the present

I nvention 0 provi des a netho or 15 controlling the DC bias of the RF

di scharge syst gthe Figgle Sclebtiva motiuteviOiarthe ACt hiasnddtbotdon anodule BOR) il
the DC bias of the RF discharge systemaccording to the present invention.
As shown i PGribgas Spntraillingenadule 3A3i the RIE: power prepidsng  mpdplg 304 in the

I nformation including a paranmeter and t he par

r fec e ihv ed. DISSEEp @@lem@tt Ise nSFeﬁﬂ@fEY:pgﬁE%g E‘Ta?{tg%]lgeg@@?ﬁ% ggqgf’ S@‘ﬁefaﬂlbe
par anot or fEeCHR: JHOdBIE J0P; i€ - e IARIBE AP RO HPELs PO 7.nthe
Stqp 903 | faRefdidiR ahfl RAuAUAE RIS biE #RS AREIGI bE Jehited IR! AldotBante
bei'ng rel ate 0 power, the paraneter is treated as a power-re ate(?

repr esent afyifte i@ EPEE RN act@Bl sEugHoR A 06 eRaplé Ofttk case tHat theakFi pewet f
the power-related representative paraneter is required to be calibrated,

between t hprgwidgnemodilat3dhean yeeeive atdigitahstgral endi therprpcessefioat does oot

being related to power and the step 504, said net.h can further, i ncl ude:
updat i ng tmlpmmmmt@mt@m%ﬂbmmmms,pﬂwagfﬂl ‘i?@@i@g d;qvg’erféomﬂogﬁﬁr

socalibratpgn va e S0hatidl Sadie' 05 Thsy BRscielibl! A'dadf £57'HEniic, 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
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herein can be obtained by experinents, the nethod of which can refer to the
description of the function and the principle of the above-described
calibration nodule 305 and is omtted herein. Step 503: A power value is
cal cul ated according to said voltage-related 5 representative paraneter,
the DC bias value detected fromthe electrode of the discharge systemand a
DC bi as conticeddonigplidrgnn pravticeardd tHis cakecthededefmidrecdhtrohler gansydemet i s
provi ded wi th power according to the, cal cul ated power value. In practice,

if it is reqgth outside e utidtzonged cevfain eenvRBR1GANNS, miFriagenihatyes, éléwnw&.

t he DC bi as,, between fhe | cul ati ng,t he power. val ue and tﬁe rovidi.ng.t he
el actrode BéleeHencmaEiws G0k Feeehcd; rnfoReyaliong Vi, T & QRGN

P dged wheeraheand Pl PR dRisSE GRRye 308 0Bhys BB ihrsh Siatta the. v
val yes or eg@mggﬁakﬁons (intefl"ﬁefc@ﬂl Thel gh@iaé 9p@! déseribddP Heraht dahe b @saiYst

fl ow ends erw se, e step of providing the el ectrode of the

di scharge gyfipriteicbhnectedrtoattrondde gnicvotdrtrobes Wrheds poyesonal cemputer,
continued to be perforned. The range of normal power val ues as

descri bed her edpmnuamichtingriafomoatign sothathedode reicpecontsoller. t he net hod of

which can refer_to the description of the functi and the . principle of the
above- descr i bedF ffurselethe tmedenselacionos d%m’ otg]iet E%@ fqgsei(:ﬁ_ntro?llng n

i th pover BRAPRGHCR, 08 ceRbrRion i Hifaheiiidlenolul T RE kA e
caRul at o FBRRRTYATR, 20 (YRt AR 08 o DA R SRkl Bnl@ 169

i npedance fhrdWads QhP § driatoP QRNIPOP Y Hell ProdrasmitEbRovere anayl(fPr@Aghe
el ectrode of the discharge systém Step 504: The el ectrode of the

di scharge apdtthenlike. provided with power according to said power-related

representati veﬁg{ar amet er . Sai d _net hod of providi n%@é he .
el ectrode of thWithi raspeeiyto theabaveidascabgdviavier éor gppgolleng pe DC bias of

el . : . ‘
PORT-T€ a%l?ed lilgp&%%ﬁglggaet Is%’rs?te?rir r[3‘:"%)@}%56':& isriax}e%tisc}negls%a%rov1des a method for

15 controlling the DC bias of the RF discharge system. I'ig. 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

21



specifically include: the RF power supply provides power according to the
power-rel ated representative paraneter, and the matching network for

mat ching with i npedance of |oads outputs the power provided by the RE power
supply to the electrode of the discharge system 5In order to explain the
met hod for controlling the DC bias of the RF discharge sgstem according to
t he presenhetei &ani ba dithirexd, by emdrodertshdhie maathdds oéxphaihnean irafatetoatiie
bel ow. Fig. 4 is a schematic djagram of the device caorrespondi g to the
present nedesdipionelf thatfinghpsrandtiapsiaciple oholde akoedessil Gl ion
the DC to bi dgbscti n nmodul e, 302, the DC bias controlling nodul e 303,
the RE pov@oa(ﬁ#l% i%ﬂmm%e B8IChe cal i bration nodul e 305, the fault

T anst ormat s on Sk 0031 Ao VAR 18 B ARRAE Rk SRR A SaidOYoftAte ke
modyl e 3021%5%#@5@35 gf‘argﬁig&«?zﬁ%hé qNEokiad Oatuditthed anshP e blickd)de of the

conver si on e 15RE power providing nodule 304 includes

the RE povgischHiR yysiedilandd DI bimd controllived whydeithdd2and the Elgtrdile of the
flow chart of the present nethod enbodi ment. As shown in Fig. 6, the
present entistharge systeni risl puderided with power Siegerdong te tbenealeulpsed power
nodul e 301 receives input information 20including a paraneter and a type of
t he par amevahe. Step 602: the nodel selection nodule 301 judges the type

of the paraneter, if .the t.ype of .th raneter .S represen | ve of I
related to vol ﬁ%d@’?‘:@ﬁ% 16'[&1}/&%?%1}11'?& t&i@a@“ﬁ‘?da}nﬁ €3 Elpbz?ftg{c;g?al e
reqresent at,| :.an | - :
et or - PR BIREIBICRATOCR it BIPcalPuPRINL U ow el vally M@ briifing
treated astif BRWRFodELLALRE diSEhASeNiWeMewitH puRFeET acdttdiiEno GO8 dalculated
per f or ned. Step 603: the DC bl as control ling nodul e 303 cal cul ates a
power val uFowofradik@m the step 03 tageprainbe furthpr axduded  mewhaolnitas gudgede

DC bias value detected fromthe el ectrode of the discharge system and the
DC bi as comthethér 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
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
clectrode 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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30al gorithm and outputs the cal cul ated power value to the fault detection
nodul e 306. In practice, the nethod for detecting the DC bias val ue
fromthe el ectrode of the di scharge 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 formof an analog signal to

t he anal ogpegificallycimoledei ¢ine Bupewsd 22ippiyiepravadesy/piveétt accomhugrtsi dine
nodul e 3022 perforns _anal og-to-digital conversion, obtains th tli&)}g bi as,

val ue in tpewesriglased zepresentative parametshansl thsymatehingnetmeork i Sn@chmg on
and eval uati.gn. modyl e 308; the transf.ormation and, eval uati modul e 308
conver £ HtDEBEdateRPLL0AdY oGRS i B e drgvided T the R RPRetsTPRIX 19 ue
that can b r =i | 1ing algorithmand outputs it to

t he DC bi aglécjgﬁ?ﬁ%)l(aleii@&%ﬁ%@&%@ag&’cour se, if the DC bias controlling
al ggrithm al l owg sRferDle Rixprainative méthode fé0tBhabling! et BIC Big9af e RF
directly participate in the calculation, it is not nécessary to convert the
DC bi as valdighiangéd heydtenm afcardihgi tal the gpadsennt inventidebtttet, eanmethoded
for the DC bias 15controlling algorithmby utilizing the transfornmation and
eval uat i onemizxhdimednds explainsd ép detil belesvf aul t det ection nodul e 306 j udges

T N e
ot ' necessHgnPg aPRE Rk whikh kAR e Indug Sele R A3 '
604,606 CaBiz%e%’fs&ﬁbﬁ%oéh?ﬁP36Q5%h%]%%gi:iés %bﬁp#a@llﬁftlggg{)dﬁﬁ: 993%{&% g

present flow e Sie t he ection

g:ﬂg P ;J; |S/ ; Egrﬁgﬁ;i%%"ﬁgﬁi?%ﬁ?%ﬁﬁﬁ cliBeatidie neddiile! 303 dthieofrilt dateetiononidutle
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
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 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

30 algorithm, and outputs the calculated power value to the fault detection module
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307. Step 607: the digital/anal og conversion nodul e 307 perforns
digital -to-anal og conversion on the digital signal carrying the cal cul ated
power val ue, obtains an anal og signal carrying the cal cul ated power val ue
and outputs 30t he anal og signal carrying the cal cul ated power value to the
RF power supply 3041. In practice, if the RF power supply 3041 can
receive di §06al signals directly, it is not necessary to perform

digital -to-anal og conversion by utilizing th i.gi tal/anal gg conversion
modul e 307, thdn Pfﬁ9t1@¢seth§t@§ﬂ‘63037f‘éléﬂeﬂ%g8&i tﬁ@iﬁ& bias stalpe tgﬁ&lﬁﬁr%@@\er
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the step 603 to the step 608 are a branch for controlling the DC bias by
utilizing BOQZthéamalcgrdigabl icomveesibad mahdet B2 DG drifarms edrealogo-diggbal e

302, the transfornmation and eval uation nodul e 308, the DC bias _cantrolling
modul e 303conversien) pbteing dhieoPGrobias evalos, in the diogm 41f/ andigitp! csignal, sansh

nodul e 307, the RF power praviding nodul e 304 and 15 | ectrode of .the
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andgMmai nt Ak den B80! chRDEILSES 68 M TICYTa8 ednolRhgMigdrithm and
represent ed Dy the ¢o age-ref:ate representative paraneter So ds to

achi eve thgughitgcit t6f thkODIDtHIAY |ddi'ﬂrdlliﬁ§Dﬁﬁd@1ua§ 303, uDIf | gorabeé,off tHe D@ bias
vol tage controlling nethod. Step 609: the calibration nodule 305

updat es t heoptroling elgdrithm apioseethicaDC bigavavetierthedoonmdofig digitahsignato
calibration_ val ue stored previously, .and, outputs the digital si

carrying tderegﬂ?oavart@imt@dnrtbgw@é@ﬂﬁapnvéﬁc ﬁamh(arﬁﬁféissw éo?vgﬁtggg}%@ég%
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305 to cal hpgate the power-related representative paranmeter, that is, the
step 609 can be omtted.

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

24



30Step 610: the digital/anal og conversion nodul e 307 perforns

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

power-rel ated representative paraneter, obtains an anal og signal carrying
the power-rel ated representative paraneter, and outputs the anal og signal
carrying the power-rel ated representative paranmeter to the RF power supply
3041. 5 In3pdactice, if the RF power supply 3041 can receive the digital
signal directly, it is not necessary to performdigital-to:analog

conversi on by Uni praitieg, t fethit RE apowesl sjgm:lyn%%u oan nisgeive 3bgitak isignals
the step 610 c be, om tted Step. 611: wer su pIy
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type of the 15 paranetér input outsi de and erm ne whether the power
control | i ngposedrhoaluey aﬂdetlwc)lmagmmgrmetwmknao#ﬁtfmdlrEitohulng ibmdmmpetdance
control the DC bias by use of _.the | %errg result of the t pe of 5

par anet er ouﬁ@utsnb@ mvséersenoe@dq:cbhyﬁb@ POVFRE SURP M|3f0f4e1r@n erlepagde s the
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not for Ii n scop e pres I nventT on
modi 1 cat eant&%%%heecm% tM‘il'lﬁ'ih Py Y. gee@m%uiﬂyrﬂethedf ahdl the DC
within the sprits and the scopés of e present invention shall

25i ncor por &fgddercaonheaeiude SO, Qhe&mnﬁ"onﬁaubﬁ emcbeealfualtmnemomﬁe 3(E ghes
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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1. A device for controlling a DC bias of a RF discharge system
characterized in that the device conprises a node selection nodule, a DC
bi as detection nodule, a DC bias controlling nodule and a RF power

provi di ng 5nodul e; sai d node sel ection nodule is used for receiving
input information including a parameter and a type of the paraneter;

j udgi ng th&ig\qlﬁam?oﬂfjndlag CHATRION ondfisk IdigithP sli%/@cﬁ e RRE apEwer-rélated
representative of being related to power, “outpufting the paraneter as a

pover - r el atepicsanatsepahinatepatitabiseant analog sigraReapyieg theoyowengelated
modul e; if the type of the parameter is representative of being related to
vol tage, oteppesantagve hgarameier, eangs quipits agber einaleg rsagnalsepdmying the
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cal cul at i ngheadip@MandRigleoreesich AtbduleB(ICthatais, tanitep!d ileam bewmitted. by

utilizing said DC bias value and said 20 voltage-rel ated representative
paramet er, andStep Gilt ithg REepoeer sippbd3pdiarcceniasetheoandlogRigpealvearrying
provi di ng nodul e; said RF power providing nodule is used for_provi d}ilng
the el ect ribige powartiglaied creprgeeriphive ripaiametgbvdrovddes mawer @scexding to the

o s o iR G o G R s, bbb
val e cal condudtthy Bofiet HSERESHE EFRT PR NGRply 3041 BanERIEAFoAEHE the
cal cul at eddﬂgl‘liﬁf#é[’%m@m 2. The device according to claim1,

characterize at the device further conprises: a calibration
nodul e, positi ¢nehebgpplicaticmiof thedeohsicr iofotherpeedont antentiod, Becauseithe
provi ding nodule, for storing a power calibration val ue obtai ned

pr evi ous| ymaded aelectionhsnqubvier 30 &1 care deceivce e tparamstermeadeths type wlithy
to

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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5 said power calibration value upon receipt of the power-related
representative paraneter fromsaid node sel ecti on nodul e, and outputting

t he updated power-related representative paraneter to said RF power
provi di ng nodul e. 3. The device according to claim1l or 2,
characterized in that the device 10further conprises: a fault detection
nodul e, positioned between said DC bias‘gﬁgbhglllng nodul e and the RF power
provi di ng nmodul e, for storing a range of power val ues obt ai ned

previ ously; judgi ng whether the power val ue calculated by the DC bias
control ling nodul e exceeds the range of the n r ower 15 val ues or not
upon receipt ofl.t Ke @& lﬁﬁlﬁtl’ed?(w&\’ﬂghngalaué) Ca SfO ¢ Bt édﬁ(ihaﬁ&e aSYhei,
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power supp or providi ng power accor power - rela
representahky lear amet er upon recei pt of the power-related representative
par anet er; pf ovi di ng power according to the power val ue cal cul ated by

the DC bi as corsta[dalﬂnoﬁﬂe geléctionupnodukec ds phseai foreremicingatingup dnformatioe;
25 a matching network, for matching | oad i npedance and out putting the

power pr ovin@duding tahpaﬂﬂnptm/ean@ wpiype taf the mlr@mterdeudgmg]éhmtypﬁaa@éhc
system devi c ccording to claim4, .chargcteriz é
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signal carrying the power-rela representative paraneter, obtaining an
anal og si gneppresemtayivegarametentr theeDél bmsr@pnefslhmngamodelqgar ameter and

out putting the anal Oé S|gnal carryl ng, t he power related re rez) ntative

paraneter to t gl 19ﬂlmd%6®riﬁﬁ§€ gPltéﬁﬂl%mgn © Qdﬂ@ércsﬁlan
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trJttshggp@%lﬁ%ﬂgoﬁhgg%o&ﬂéryl ng the cal cul at ed power value to the RF

said DC bias controlling module 1s 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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6. The device according to claim4, characterized in that said DC bias
15det ecti on nodul e conpri ses: a voltage sensor, for detecting the DC

bi as of said el ectrode of the discharge system and out putting the detected
DC bias value in the formof an anal og signal to an anal og/digital
conversion nodul e; the anal og/digital conversion nodule, for converting the
DC bi as vat@ggkﬁegﬁ the formof an analog signal into a DC bias value in
the formof a digital signal and outputting the DC bias vaglue in the for

of a digital siagalibraiosanadole,pasitioned b@g\W% Sartshm%fe selection module anghe

devi ce accor.di to claim.q, characterized.in that the,.device further.
S5conpr seshid RE powsLATiAiAg MBIl atar apingbAoh GrUDTist valld Ftaingde
DC bi as value.in i he LM o I.Qj ' : e%!] | QL. &
conver si onPTEF‘onBP%{Y ? C%@ﬂéﬁg &lééltlﬂje"g éltégéel?f/éé"ép%eglélgﬂgl&gl Be [ n‘fq%{' g‘{c%gkuegt Boat
cansparti cipat §olar thginzalien! #dil rB8eipt df i poMeralcldted et At
andsout put %@ﬂgﬁ?@rcﬁ\%ﬁlgg g%%%mb}]%a% r\gg?l?g to thg DCrbieas controlling ©
modul €. paraméter Aftozh heaidf enodenselettiongneodilepiand adutpuRingi thenarpgiated
system characterized in that the nmethod includes: A receiVving input

i nf or mat i opoiverirelited repreaentasiver panameter ypsaidf REmoweparexiding lgudgi ng
the type of the parameter, if the type of the parameter is representative
of being related to voltage, treating the paranmeter as a voltage-rel ated

representative ,paranmet er and £ form pQg. st s e 0 .
parameter is rép?tgfgﬁf’éﬂqev@c%& g @8@025“?«3 M&@r{z&@a&q ﬂjqattﬁﬁg device
par.anmet er = ated representative paraneter and perform ng step
C Yo B cgl?réﬁ?lgwﬁgr%}%%omr val ue according to said voltage-rel ated

represent ati ve p@@rel&ectibhembdud, apovisioneddbesesat shidmMChbial eohtrotléngf
t he di scharge system and a DC bias controlling algorithm and providing the

el ectrode aioddle aiidcherRE pysicenpruvidingpweodres dodistgring a rangel eflnereal
power val ue; 15C. providing the el ectrode of the discharge system Vill t{1

power accopadiey 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
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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to said power-related representative paraneter. 9. The net hod
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 nethod further includes: updating said

power-rel ated representati ve paraneter according to a power calibration

val ue st or ggprpsentitive Iparameterl utpittetontich BF pow@rdupplyasctatiedsinoa digital
characterized in that in the step 25 B, between cal cul ating the_power val ue
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cal cul at ed power val The method according“to claim 10,

char act er i Zgstebénthtiat Rahthepen wblaingnd anhenatbg clignalecartyingethti powar-gelated
system wi t h ‘power according to the calcul ated Bower value in the step B

par ti cul ar fgpresentative: par®Retevweand uppiputpngvithes apeleg aignal dicarying t Hee
cal cul at ed power valge, and a matching network far matching | pad i npedance
out puts ¢ hEOBFIRiea icpEesanfative TRIAMSAET 10 ie KR PO SHERD: RETOIMING
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supply to the el ectrode t he” di scharge system
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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12. The met hod according to claim 11, characterized in that said RF power
supply is a RF power supply that receives anal og signals, said cal cul ated
power value is carried in a digital signal, said power-rel ated
representative paraneter 20 is carried in a digital signal, and in the step
B, between 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 systemwi th power according to the cal cul ated power val ue, the
met hod further 8indl u[d@fiiOdpefﬁf oeontiellingia PG dandod dBhvdrssharge system,
digital signal carryjng.the 25 cal qul af ed power val ue, obtaining an anal og
signal car ehanegtereedlr that dhe mstheding - and outputting the anal og

signal carrying, the cal cul at ed. r.-val - 1 e AYA
before said pr ﬁ%"%“&?‘&?ﬁ%@aﬁﬁt #gcl%ﬁ?lsnggr@e:msys fe%ﬁ\% ?htgrggv\%t; the
accordi ng I Lk I HRiERY tide
Somet hod-f BT i B R B e R B o e B e o
on a digi t gpresamativearotyibeing heclaewer to eveltage,r ergativgnt dici \parpacteret®s ,a
obtai ns an anal og signal carrying the power-related representative
par amet er , valtdgeuthed repeesentdtong parpmeter sand, patforming siep -Beifathsutype of
representative paraneter to the RF power supply. 5 13.. The net hod
accor di ng the patameter is Eppricseni@tv b@ﬂﬂ@ﬂﬁ?at@éit& RRVEbiTeRiing epargmeter
value fromthe el ectr.o of the di.scharge st e i | y~i ncl udes: a
vol tage sef$@PQEeLEla DEeSENALVE par eﬁe@ﬁ%@%@fﬁég{eﬁ Sthar ge 10
system an anal®g-to-.di.gital ,C i i : d
bi j@ val ue in the {:%lrc %%*ﬁﬁn % ?{%?sﬁ}g)dr%gﬁ %g%épqlﬁgd@]bﬁgg Vgpgg@ﬁﬁeﬁ%d
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cha

claim13, racterized in that before 15 cal cul ating the power val ue

‘accor di ng disdhaegey dyisage- aatlaheDC eiass eontroilieg paganthey, , andepeidings the

val ue detected fromthe el ectrode of the discharge system and_the DC bi as

control | i ngledtoude ofithe discherga system widh powsr BCEOFdIRSO;tHE| ated 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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converting the DC bias value in the formof a digital signal into a val ue
20t hat can participate in the calculation of the DC bias controlling

al gorithm

10

15

20

25

30

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
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;

said 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

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
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
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

method further includes:
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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.

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
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
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

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