Pl asma Processing Apparatus Field of the Invention The invention rel ates
to the field of mcroelectronics technologies, especially to a plasna
processi ng apparatus. Background of the Invention A plasm processing
apparatus is a processing equipment widely wused in the sem conductor
manuf acturing field. Reference could be nade to figure | which is a
schematic diagram of a sPhﬁiﬂﬁr%rQﬁeseﬁlﬂsrﬁBﬁabﬂ%m processi ng appar at us.
The plasnma processing apparatus usually conprises a shell (for which no
reference sign is shown), in which there is a reaction chanber 11. The top
of the reaFiddef trehtyention i s provided with a passive electrode 12 and a

neul &t od 11 om eRhiEHEPREg i ertBE RACAF AP Mg eSS, fom o
t he reaction ﬁﬁﬁ; gi]plhﬁnfé éﬁgﬁqg‘%ﬁégﬁug adi o frequency (RF) driving

el ectrode 15 % tom gr surroundi ng the RF driving

el ectrode 15, which are insulated fromeach other by a second insulating
ring 142. The RF driving electrode 15 is connected with a first RF source
171 and a sBa@kgrondsoTuhe Envehiidbn espectively; the first RF source has a

| ower frequency, e.g. 2MHZ, and the second RF source 172 has a hi gher
frequency, e.g. 68NHasma rpeomssmgvepmr@tcmn@diepmesssngreaumt wittelan
adjusting switch 121 is Hnect ed ser.i ei]e? t ween the passive el ectrode
12 and the gr‘@ﬁ%lnthrw*ﬁﬁﬁﬁn F?F@rgtﬂ th@ng @h 12, the passive el ectrode

12,030 be 5el oot ek guRETSES ool L SR s BE o 1O
el ectrode 12 gan 182 64 @Gjmrrrﬁ) a0 yRdedsind &ifakdtust hrough a bypass 184.
In the oper atl on° o e p asnma CESSI ng apparatus, a workpi ece (which
usual Iy conpri sesTge i«ﬂ@éxﬁé pﬁﬁgssﬁigf'@bal\&ﬁi’skﬁhaﬁl?,&ﬁmﬁ;aﬁbﬁg stidlie faanEciprecessi ng

reference sign is shown), in which there is a reaction chamber 11. The top of

the reaction chamber 11 is provided with a passive electrode 12 and a top

grounded ring 13 surrounding the passive electrode 12, which are insulated

from each other by a first insulating ring 141. The bottom of the reaction

chamber 11 is provided with a radio frequency (RF) driving electrode 15 and a

bottom grounded ring 16 surrounding the RF driving electrode 15, which are

insulated from each other by a second insulating ring 142. The RF driving

electrode 15 is connected with a first RF source 171 and a second RF source

172 respectively; the first RF source has a lower frequency, e.g. ZMHZ, and the

second RF source 172 has a higher frequency, e.g. 60MHz.

The passive electrode 12 is grounded, and an adjusting switch 121 is

connected in series between the passive electrode 12 and the ground. Through

the adjusting switch 12, the passive electrode 12 can be selected to connect in

series with one of a low-pass filter 181, a high-pass filter 182 and a super

low-pass filter 183; or the passive electrode 12 can be selected to be grounded

directly through a bypass 184.

In the operation of the plasma processing apparatus, a workpiece (which

usually comprises a wafer and other workpieces having the same processing



1 principle as the wafer; the neaning of workpieces illustrated belowis
the sane) is placed on the bottom of the reaction chanber 11, and a vacuum
state is produced and hold in the reaction chanber 11 by a vacuum
production equi pnent such as a nol ecul e punp (not shown in the figure). In
this state, process gas is delivered into the reaction chanber 11 via a

gas input dev\ﬁ\gfgﬁip%&ﬂ%tthe HARMhE '?:lléaﬁﬁlfgfd;g%r ieced MusttARRIAPS 1A Sarly VoI t age

i's input bet passi ve el ectrode 12 and the RF driving el ectrode 15

by the first jRblssediogehd bbttomnef theerea@ivanchakbes AUy efd i Azicthwmagdte i@t e t he
process gas and then to produce and hold a plasnma environnent with an
appropri at e geodiced anddha@deingtheoreactien chambercéd! oy whwamunk praetioDue to t he
fact that plasnma has a_strong ability to etch and deposit, .the physical
and cheni cal cABipEENbmchsasch mpdeiccpurEp dneteshodm: indhe figurg). Bt s @zween
position

I dth kpi. . t hi. h. pat t . d
Cayer as eqdFReet BJS DA Ryt Facts, Gger L ekt 0iedebf one

menti oned ab ' u f .t [ rs acuum

o oduct i on ey InBHEERR; anf|rt Aprbiafht R vERGER! inble Bltled
schemati cal | agd¥ledidbde U GRS thd R dA%T@\WhectrBdd N b kiUfiet RF sésrcyey] known,
different particular technical processes have different requirenents to
ener gi es and agldnise $ecesd BIF gouasniy2itn actieate dmcprocsss ghandxkthen fto pragiuder to
increase adaptability of the plasma processing apparatus, that is, in

order to achias¢doli 4 plaswatenyisenmdnt avithetrhapnseprise densiy ésd icperghendhel t he sane
pl asma processing %p ' I red that the plasmg, ener

aratus, i IS requ and t he
pl asma densi wakpisce %wéﬁ%éh{happlaﬂaa bhysratfangapifity i et
preferable to_.adjust .t hem rately. J1n._a. E t RE . rent with
a hi gher frec?ﬂgﬁpc??o%!ﬂm ghys?cﬁf%cgﬁg%%wfl 52 (laotr%lg ?s{u f/lﬁg_ %%cflaagl@ade ESlﬁﬁﬁe reaction
chamber; RF GUIIr&Bhr WirhBe 1aéer§w§ﬁd fHceRNEBleke RO LY adHiVeURNGES phthen P! asna

energy in the reaction cha . So, the adjustnent of the plasma energy
can be achi evwgdh Bypdshnf lay&t aRfeqaired.CBy-product of the physical and chemical
reactions mentioned above is pumped out of the reaction chamber 11 by the
vacuum production device. Respective flow paths of the RF current are
schematically shown by curves with arrows in the Figure 1.

As well known, different particular technical processes have different
requirements to energies and densities of plasma in the reaction chamber. In
order to increase adaptability of the plasma processing apparatus, that is, in
order to achieve different specific technical processes in one and the same
plasma processing apparatus, it is required that the plasma energy and the
plasma density can be adjusted conveniently and effectively, it is preferable to
adjust them separately.

In a dual RF system, RF current with a higher frequency mainly
influences the density of plasma in the reaction chamber; RF current with a
lower frequency mainly influences the plasma energy in the reaction chamber.
So, the adjustment of the plasma energy can be achieved by the first RF source
171; the adjustment of the plasma density can be achieved by the second RF
source 172. Particular frequencies of the two RF source are determined

according to the prior art, which will not be described any more here.
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171; the adjustnent of the plasnma density can be achieved by the second RF
source 172. Particular frequencies of the two RF source are determ ned
according to the prior art, which will not be described any nore here. 2
However, due to the coupling between the first RF source 171 and the
second RF source 172, it is difficult to control the plasma energy and the

plasma density inghybdaddeyio thd ceflﬂﬁfg B ééhlt fee BerRPIselice 7 IBRliRoed above,

different filter circuits are selected e adjusting swtch 121 so as

to prevent tRecdRd RBrsogite P2, at is dEFAailt e eottolt the flashed eidfrgpatid ke 171 and
t he second RF source 172 fromflowi ng through the passive el ectrode 12;
t he top groumnplsthardensjtyliBdiambbatlize bott om grounded ring 16 can provide a

return path for the RF current prevented by the filter circuit. So,
decoupl i ng bet wed® QrHer o sove the pyeblemementiongd @bpye difersnigfiltgr cicyils ce 172

b hi d | jm i].y,. which [ i.ndi vi trol f th
o1 asr oner oy GHHLDY PR Gh AT.55 8 o el BT SRRERE (on, 't he

e P00 F A8t ARNAL A RFAB: BT hd IR BAEPsol NP1l oty Mdlifly | S201 1 O

chanber prelimnar sSma ‘densi t the reaction c 11 can be

changed by GRRQgh Mk Pakiv@Sel¥Hddedr; ahe kdif gfdundéd YinBd 3ehRr tHeOBRtokP; the

above nentioned " bias voltage can be changed notably by changi ng an
effective ar gpounded eingfl6tche prgvadesa weuralpadt foo tlee RP ctumerttipeevieRted rhiywvtheg
el ectrode 15; the above mentioned effective area ratio can be obtained by
adj usti ng t hdilsacirant Sp) despvfingthretuesn thefrst Bosoniee 181 aad thedecond RErhe
adjusting switch 121 in the abgve_ nentioned technol ogy .can sel ect . four
di fferent patsRércedd2 eambe schisved prelionnaily, whigh P%ﬁ?veﬁ F‘%ﬁ‘é‘gggscoeté sgE adapt ed.
In one partigular path, the,RFE current. of the fi RF source 171 or the
second RF s ?Blgsrﬁgﬁneﬁ%%fqlﬁp !ﬂ%ﬁ’ﬁ ﬁéétyggs?scleé%meeﬁg%{'r ode 12 or doesn't
flow through the ppasfiiNe Bkefihéns Hrdcessing appRanAdéats hajis ¥ pakind21 can
change the RF current

density in its reaction chamber preliminarily.

The plasma density in the reaction chamber 11 can be changed by

changing a bias voltage at the RF driving electrode 15; the above mentioned

bias voltage can be changed notably by changing an effective area ratio of the

passive electrode 12 to the RF driving electrode 15; the above mentioned

effective area ratio can be obtained by adjusting the current flowing through the

passive electrode 12.

The adjusting switch 121 in the above mentioned technology can select

four different paths, so that four different technical processes can be adapted. In

one particular path, the RF current of the first RF source 171 or the second RF

source 172 flows through the passive electrode 12 or doesn’t flow through the

passive electrode 12. So, the adjusting switch 121 can change the RF current

flowing through the passive electrode 12 so as to change the effective area

ration of the passive electrode 12 to the RF driving electrode 15, along with

which the bias voltage at the RF driving electrode 15 will change. Thus, the

plasma density can be adjusted by the adjusting switch 121.

However, some drawbacks as follows exist in the plasma processing

apparatus of the above mentioned technology.
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flowi ng through the passive electrode 12 so as to change the effective area
rati on of the passive electrode 12 to the RF driving el ectrode 15, al ong
with which the bias voltage at the RF driving el ectrode 15 will change.
Thus, the plasm density can be adjusted by the adjusting switch 121.
However, sonme drawbacks as follows exist in the plasm processing

apparatus of the ghove, t 50068kt 79! £4Yihe HoRbRC Srobifidedt geoipded ring
13 and the bottomglgrgé(;unde %'I?ng 16§§§e grouﬁdgd di ggctly,ﬁﬁ% matt er what

kind of filtafogided diectlys noRASkd: iviak kindsef Bledradrcult)s bfeeifhd]lyselectgd swi t ch
121, both of the top grounded ring 13 and the bottom grounded ring 16 can
provi de a r ethy the pdjustifgswittte 1 HE botlr ofthe top gtawadéd risg 1R@And dubetton1 71 and
the second RF source 172, which results in form'lrig a commpn RF pat h.

Therefore, t rasowklsd ring ¥ exy providgra wienpath 105 ey RF rarsntet e firgdBE si ng
appar at us cannot obt ai ned. is more.inportant that it is difficult for
e brasna provsedihgnd Bisierond RF shufRd 7280eh ranls BhRmine fRBE) ¢ o

adj ust the pl Lvel bk Al nf o-adapt to
requi renents %‘ﬁ%ﬁ%rg%fe’ ?{e%%%#%%g e%%?tg)gggg%i).lﬂlggfﬁrrlrgg{l%%{r?égb%eg%\%, in the
prior technol p¥raniskendirbeebfaiidl. i s allowed to or prohibited to flow

t hrough the passive electrode 12 by changing the pass band of the filter
circuit. Obviouslt, isstbe rmpogantofhac HangidifficutiefdrRFtheuplaams prdedseingi nes t hat

the RF current of the first RF source 171 or the second RF source 172 can
ei ther flow tdppauatis efhthepanyievmentianed rtgelmolapyato adivelr thei plagpeeney  val ue,

or doesn't flaow through the p ive electrode . 12. So, ch manner .can only
adj ust the RW%&PY%ﬁtSOHB%%QfﬁM tg,2dantie reglrentents of lﬁaenbﬁh%n t he

effective area rageio of the passive electrode 12 to the RF driving
el ectrode 15 PIRE°Snly be changed between a hi gher value and a | ower val ue.

'tI)'hat I's, such mﬂ@gﬁen@i@ﬂe&)ﬁﬂé(/efiﬂi {8 foribP GecBRAY By, §hd RELdu¥RnPIseM ot O

etween two isolate
to or prohibited to flow through the passive electrode 12 by changing the pass
band of the filter circuit. Obviously, such manner of changing the RF current
determines that the RF current of the first RF source 171 or the second RF
source 172 can either flow through the passive electrode 12 at a certain specific
value, or doesn’t flow through the passive electrode 12. So, such manner can
only adjust the RF current between zero and the specific value, and then the
effective area ratio of the passive electrode 12 to the RF driving electrode 15
can only be changed between a higher value and a lower value. That is, such
manner can only adjust the above effective area ratio between two isolated
values.

Therefore, the plasma processing apparatus in the above technology can
only satisfy requirements of a few technical processes and cannot adjust the
plasma density in a large range. The adaptability thereof thus is poor and
cannot satisfy requirements of many technical processes.

So, problems that require the persons skilled in the art to solve now are
how to effectively adjust the plasma density in the plasma processing apparatus
so as to satisfy requirements of many technical processes, and how to achieve a

more complete decoupling of different RF currents.
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val ues. Therefore, the plasma processing apparatus in the above technol ogy
can only satisfy requirenents of a few technical processes and cannot
adjust the plasna density in a large range. The adaptability thereof thus
is poor and cannot satisfy requirenments of many technical processes. So,
probl ens that require the persons skilled in the art to solve now are how
to effectively adjust the plasma density in the plasma processi ng apparat us
so as to satisfy requirenents of many technical processes, and how to
achieve a Summ&onpl ete decoupling of different RF currents. 4 Summary An
obj ect of the present invention is to provide a plasma processing
apparatus, in a raacobinst cofartber presenhiiokenficsn &nheprgyideart Masmdj usted in
a large range, so that nmany djfferent B‘g’éhni cal. pr.ocess requirenments can

be satisfied PIPRESSIEIPRAB2S) (P2 FHACHIQBSHEmMDEE B Sthick REASPIASURRY FAlent i on
provi des a plias I qcessing appar.at C [ $icng; rivi el ectrode
O P T CBARREY BBV il B o

and a passive e ace; I ISt groun

surroundi ng the.passhidealRCiAReeqand i nsul ated fromthe passive
el ectrode, ars cloﬁlé gr o&nc}%gl arii%ng surrounding the RF driving el ectrode and

insulated fromthm Rrdel itéi Belvel €led raidee phsblBin, ditieviphgseat eiventen i s
connected with a first RF source and a second RF source respectively; a
first inpedarprevaidpustplagmel prreessing spparettsedomprsenges Bdt webing he
passi ve el ectrode and the ground. Preferably, inpedance of the first
i npedance adjaleetrofy adkapassive ele@&@@ﬁﬁﬁ@uﬁ% facs tostags) a firpth grogndpdy  t he

7St medence, SLASLNG BeSlRibe Aefibohohe RRAHAE abp heRta R 2 1Tt
electrode, a second grounded ring surrounding the RF driving electrode
and insulated from the RF driving electrode; the RF driving electrode is
connected with a first RF source and a second RF source respectively; a
first impedance adjusting element is connected in series between the
passive electrode and the ground.

Preferably, impedance of the first impedance adjusting element is
continuously adjustable.

Preferably, the first impedance adjusting element is a first variable
resistor R1; a first filter circuit connected in series with the first variable
resistor R1 is provided between the passive electrode and the ground; a pass
band of the first filter circuit is adjustable, so as to select RF current of at least
one of the first RF source and the second RF source to flow through, or select
neither of RF current of the first RF source and the second RF source to flow
through.

Preferably, the first filter circuit comprises a first branch circuit
consisting of a first variable capacitor C1 and a first inductor L1 connected in
series, and a second branch circuit consisting of a second variable capacitor C2
and a second inductor L2 connected in series; the first branch circuit is parallel
connected with the second branch circuit.

Preferably, a second impedance adjusting element is connected in series
5



resistor R is provided between the passive el ectrode and the ground; a
pass band of the first filter circuit is adjustable, so as to select RF
current of at least one of the first RF source and the second RF source to
flow t hrough, or select neither of RF current of the first RF source and
the second RF source to flow through. Preferably, the first filter circuit

conprises a fuef\ﬁenhﬁ@gﬁﬂn& iah& it leastCRSIrShé Aigst @rovddbd Fsk aMdha@dcBndapaci t or
C and a first inductor connected in series, and a second branch

circuit consigssundgd eihga second variabl e capacitor C2 and a second inductor
L2 connected in series; the first branch circuit is parallel connected

with the second bli‘rafetabllmmdancem%th@r sasbyd impedsnen ddjusivegl gearenhds ust i ng

el enent is connected i W& 5 between the ground and at |east one of
the first gr SORERwLsly ﬁalué % he second grounded ring. Preferably,

| mpedance of the SShel, DEARS fuBla G SL SRR b, (L808 uAS| Y

adj ustabl e. Prefe eUAnCE I'Nng &enent4%%a second

variabl e re%s?%t&rRBZa s&oﬁ@gﬁadc&duhtt@ r&haéatue&wee% fRE %Ydlﬁ@%@%é"ﬁ%ﬂ the

ground and the tirst’ grounded ring and/or the second grounded ring; the

second filt ergréindediring snd/GOtheeSk el \Wrduhded eingp einsecsad ifitel eircaisiist or R2 in
series, and a pass band of the second filter circuit is adjustable so as

to sel ect RF conmaceadtwidl thatsetwuistarigble redistohR?2 irf sariss, 4RE aspgs bandaefdhe he second
RF source to flow through, or_select neither of RF current of the first RF

source and t HeconddBisy ciguibisddivetapls sojasp §ﬂ?‘8|§§“r1cur¥ﬂinéf’%¢td%ﬂs§/°nec‘?fé %econd
vari abl o capdtr SeucS At e pan RGeS S FavcriER: €I n8er &L, and a
o Mol A et B 1
forth branch cirgdfdaty, etheososed el Nineait aonrises a th1rd branch circuit

consisting of a third variable capacitor C3 and a third inductor L3 connected in

series, and a forth branch circuit consisting of a forth variable capacitor C4 and

a forth inductor L4 connected in series; the third branch circuit and the forth

branch circuit are connected in parallel.

Preferably, the plasma processing apparatus | is a plasma etching
~ apparatus.

Preferably, the plasma processing apparatus is a plasma deposition
apparatus.

As mentioned above, the technology described in the background art
allows RF current to flow through the passive electrode or prevents RF current
from flowing through the passive electrode, by changing the band pass of the
filter circuit, so as to switch among different plasma energies.

Different from this, the plasma processing apparatus provided by the
present invention applies a completely different idea to adjust the plasma
energy in the reaction chamber, That is, the present invention changes current
flowing through the passive electrode by adjusting impedance of the loop to
which the passive electrode belongs (realized by adjusting the resistance of the

impedance adjusting element), so as to change the plasma energy in the
6



Preferably, the plasma processing apparatus is a plasm etching apparatus.
Preferably, the plasma processing apparatus is a plasnma deposition
apparatus. As nentioned above, the technol ogy described in the background
art allows RF current to flow through the passive el ectrode or prevents RF
current fromflow ng through the passive el ectrode, by changing the band
pass of the fihb&resdibguit, so as to switch anong different plasnma
energies. Different fromthis, the plasm processing apparatus provided by
the present invertdw dpppiceiled byahpprebalt ynvehfidrecanridjust the rhapnitdfleist t he
plasma energy in the reaction chanber. That is, the present invention
changes cur r @fitRF fduowithdp tthe @aspive blscipedssinve largestrange By @djplesmag

i npedance of the loop to which the passive el ectrode bel ongs %realized by
adj usting t h@r9eessing apRagatyy prayided; %@&%&@nha}vag%%a%?%‘%ﬁa 8¥ as to

h th | ; int 6 chanb ti .. The. id i ded
Change e P S RvEh S ot B of FRRER Sy 2GRN, TR hAFR 7 o
passive el eCEshlgléecehginaisbﬁfeqe&aw&[‘gﬁd ol ’reélﬁgtxﬁ$x%st€@f]n1'@di @c%gseegaéﬁppar atus

provi ded by present 1 nventlioh overcomnes e above ntione

short com ng tdifredtBashl ARt ERQLBIMERD IO e)and @hsiniClaecticarsha@bels 89Te certain
i sol ated values, and can realize nore technical processes with different

pl asma densi ttyatmdapabibtyerfttise plasromproaedingtappaats is mguovedgredtbber, so t hat
adaptability of the plasma processing apparatus is inproved greatly. Brief
Description of the Drawings Figure 1 is a schematic diagramof a structure

o 2 T Bk oE e Bral e U 21 schemati . di agram
empodi ment of t heFi%{JFeSF% a schematic diagram of a structure of a common plasma
processing equipment;

Figure 2 is a schematic diagram of a structure of a plasma
processing apparatus according to a first embodiment of the present
invention;

Figure 3 is a schematic diagram of a structure of a particular
embodiment of a third filter circuit in Figure 2;

Figure 4 is a schematic diagram of a structure of a plasma
processing apparatus according to a second embodiment of the present
invention;

Figure 5 is a schematic diagram of a structure of a plasma
processing apparatus according to a third embodiment of the present
invention; and

Figure 6 is a schematic diagram of a structure of a plasma

processing apparatus according to a fourth embodiment of the present

invention.

Detailed Description of the Preferred Embodiment
The object of the present invention is to provide a plasma

processing apparatus, wherein the plasma energy in a reaction chamber
7



I nvention; Figure 3 is a schematic diagramof a structure of a particular
enbodi nent of a third filter circuit in Figure 2; Figure 4 is a schematic
di agram of a structure of a plasna processing apparatus according to a
second enbodi nent of the present invention; Figure 5 is a schematic

di agram of a structure of a plasma processing apparatus according to a

third embodi nignje ?lastnti@ Bwﬁgﬁgsarygﬁi’eﬁﬂé 8N betdubftedUh G firk® rangeChiemati c

di agram of a structure processi ng “apparatus according to a

fourth enboditignteqafreinbtspsfateny differeanidchnicaDpictichad daader dapistied. of t he
Preferred Enbodi nent The object of the present invention is to provide a

pl asma  processi nigp appar tiaisthewpersens skiegl ias tise emtrogpld mngderséand i on
chanmber 7 of the plasma processing apparatus can be adjusted in_ a |arge
range so t haechndenlisobmignssofghe pnysptinnf bettesnturthes fstailad ¢seHRECRES can be
satisfied. In oc{dﬁr %at th ersons skilled in,the art coul d unfderstand
t echni cal sol#4%ne thEHRYeHt iGH™B ?rérvf”d?u'ihtehﬁlguﬁeét gflﬁlfe?e(%é%ri ption
is nade to td Jd@l‘ﬁ%ﬁfsi.on in connection with the figures and specific

enbodi ments. Tn noSt conmon pl asma processing apparatuses, a RF driving
el ectrode is propiged cBfnidieplRhd procedsidgl HphRastd, QRE davg elahdd@ passive

el ectrode is provided on the top of the reaction chanber; of course, it is
possi bl e to iepedadigecrpds bottoas obfits trieetiBf clambemanded petsheddearndetihe passi ve
el ectrode, that is, the RF driving electrode is provided on the top of the
reaction charevidehe¢nt the topagfsthgereattian chambdars of rovrsged BnPesPIHE? t om of

the reaction chanber. . . .
exchange positions of the RF driving electrode and the passive electrode, that is,

the RF driving electrode is provided on the top of the reaction chamber and the
passive electrode is provided on the bottom of the reaction chamber.

In view of this, the technical solutions provided by the present invention
are herein illustrated only by taking an example in which the RF driving
electrode is provided on the bottom of the reaction chamber. However, the
protection scope of the present invention should comprise a particular case in
which the RF driving electrode is provided on the top of the reaction chamber.
Based on the contents disclosed herein, the persons skilled in the prior art can
obtain the technical solution in the case that the RF driving electrode is
provided on the top of the reaction chamber, without inventive labor.

Reference is made to Figure 2 which is a schematic view of a structure
of a plasma processing apparatus according to the first embodiment of the
present invention.

In the first embodiment, the plasma processing apparatus provided by
the present invention comprises a shell (for which no reference sign is shown),
in which there is a reaction chamber 21.

A passive electrode 22 is provided on the top of the reaction chamber 21,
and the passive electrode 22 is grounded via a first variable resistor R1 as a
first impedance adjusting element. A first grounded ring 23 surrounds the

passive electrode 22, and the first grounded ring 23 and the passive electrode
8



In view of this, the technical solutions provided by the present invention
are herein illustrated only by taking an exanple in which the RF driving
el ectrode is provided on the bottom of the reaction chanber. However, the
protection scope of the present invention should conprise a particular case
in which the RF driving electrode is provided on the top of the reaction

chanber . Ba%qngiﬁa&%ﬁo&%hﬁ OiRr ﬂksacﬁ@tsﬁgulﬁﬁﬁgahﬂg 2 NOREEERNShskist | ed in

the prior art can tain the technical solution in the case that the RF

driving el ectgi-@ﬁﬁedslngasehdnﬂ&degfbuhbeitop of the reaction chanber, w thout
inventive |labor. Reference is nmade to Figure 2 which is a schematl c view of
a structure of &Obviassiy theobist svanigblepparstaruBl acaobdi reglaced tberther st

enbodi ment of the present invention. In the first epbodi nent, e plasm

processi ng apFRPEANGS apiushncielampyts- Fofeexgpmples §resipion AR B17aRASHEF F%‘b a shel |
f whi ch f { t
Chanber 21, Ropeetiav B sris if ahtas B Doy shuilhed it AErPuRe RaRER cact i on

chanber 21, and the passive electrode 22 is grounded via a first variable
resistor Rl as a first inpedance adjusting elenment. A first grounded ring

23 surrounds the Aqﬁwnwmfeéle&idd@dzs 22 proaitdkdt &ie tHe béttond ofUhéleghctibing 23 and
t he passive el ectrode 2 insul ates ?rom each other by a first insulating

ring 241. Obvhaembéry?1,tdné the R$t drigngeledizdde 251gs @8ctsihallyl connectgd suthded.
Obvi ously, the first variable resistor R can be regl aced by other
i mpedance adjfusttRHgomcer%ﬁhtagd apsseorsk Ripioarcea2 Patsprocyelyntheadidigpaes t or can

be connecte |n se to act.as the,ahove nention st edance
adj usting el %W%#ﬁgsogcgﬁl"? duIYils gb‘?agstﬁ o%ll"lrsr%éw%ot t om of

e o R s e A S Rt g 5
respectivel y.padReni gk fiRGBARS such as 60MHz. A second grounded ring 26 surrounds

the RF driving electrode 25, and the second grounded ring 26 and the RF

driving electrode 25 are insulated from each other by a second insulating ring

242. The second grounded ring 26 should also be grounded.

It should be understood that the values of frequencies mentioned above
are just illustrative and are not intended to limit the scope of the present
invention.

The first RF source 271 and the second RF source 272 should be
connected with a first matching unit 291 and a second matching unit 292
respectively, so as to achieve impedance matching, so that efficiencies of the
above two RF sources can reach a higher level.

Reference is made to Figure 3 which is a schematic diagram of a
structure of a particular embodiment of a third filter circuit in Figure 2.

In order to avoid a mutual interference between the first RF source 271
and the second RF source 272, a third filter circuit 283 should be connected
between the above two RF sources and the RF driving electrode 25.

In particular, the third filter circuit 283 comprises three ports, Port A
connected with the RF driving electrode 25, Port B connected with the first RF

source 271 via the first matching unit 291, and Port C connected with the
9



bet ween the above two RF sources in frequency is great; the first RF source
271 may have a | ower frequency such as 2MHz, and the second RF source 272
has a hi gher frequency such as 60MHz. A second grounded ring 26 surrounds
the RF driving el ectrode 25, and the second grounded ring 26 and the RF
driving electrode 25 are insulated fromeach other by a second insulating

ring 242. T gco%gqgﬂ%g Ve%#%dﬁgﬂ{eis%na%aﬁtaﬁﬂégm@bﬁﬂ be grounded. It should

be understood that t es of frequencies nmentioned above are just
illustrative and Hiege AfS aidapsidedC310 dddhd itidiktcrclofie codnecfed iprsesient
invention. The first RF source 271 and the second RF source 272 should be
connect ed wi thetveeehiBostt A rmad Portrid, andi ancerminaldbiz eapacitnd GARdkigraynded t 292
respectively, so as to achieve inpedance matching, so that_ efficjencies of

the above twedte atberteraingldhereabisonngsiegrisiweem e camreie GHdenddhemde to
Fi 3 which, i tic di t i cul
enbo ment o Rl fITFeect PRFEon (o7 B 8t SEOH g B B %
mut ual |nterfsg{i§slr{$egw tEER a}l@@oydé’%‘g?{fﬁ%ﬁ"ﬁ?g"gga%it"‘a@z%i@%g‘ﬁ%%d RF

source 272, a 11ter circult € connecte et ween t he

above two RF ;50w @RerdBnihehieotisicvhimgted ROV E0Re Sipacitér OSTItdnduhar, the
third filter circuit 283 conprises three ports, Port A connected with the

RF driving elishick@de225, Port B connected with the first RF source 271 via
the first matching unit 291, and Port C connected with the second RF

source 272 via t hePssscands aba bl prgt mﬁﬂalgp.aﬁnfﬁ@raﬁéaabeaﬁgm B¢ C511 and
Cermnal of dCTSHREAY Gleniss® e ComgtnaBti AuahEeSeREr REFRERSR ™ her oo i s
conneet o beyR B HAEoFARREH. T pEIRRG 0 FhE BB LI RLTL .2,
Port C, one tGrahibH thOfirs RFCRAREIDN Gmidot Pass B6:P ENAR@Gurrent of the second
RF source 272 cannot pass Port B, thus avoiding an interference between the
two RF sources.
As mentioned above, the purpose of the present invention is to adjust
the plasma energy in the reaction chamber 21 effectively. And the plasma
energy can be changed accordingly by changing a bias voltage at the RF
driving electrode 25. As well known, the bias voltage can be changed by
changing an effective area ratio of the passive electrode 22 to the RF driving
electrode 25, a particular relationship between them are as follows:
Vbias > (A1/Az)"
Wherein, Vyi,s represents the bias voltage at the RF driving electrode 25,
A represents an effective area of the passive electrode 22, A, represents an
effective area of the RF driving electrode 25, the parameter n is dependent on
the geometrical structure of the plasma processing apparatus and the range
thereof is from 1 to 4.
The effective area ratio (Aj/A;) can be changed by adjusting the RF
current flowing through the passive electrode 22.
By referring to Figure 2, currents of the first RF source 271 and the

second RF source 272 can pass through the reaction chamber 21 along different
10



and the other termnal thereof is connected between the capacitor C521 and
the inductor L52. Pass bands of a |left part and a right part of Figure 3
can be nmade to be respectively adapted to the first RF source 271 and the
second RF source 272 by selecting paraneters of the above respective

el ements appropriately, so that current of the first RF source 271 cannot

pass Port C %ﬂls%rﬁ%RPfdrﬁvﬂfgoeﬁ@&fHﬂ@ 25RTh abéwemerifored Ppags Bapsiseort B,
t hus avoiding an interference between the two RF sourcés. As nentioned

above, the pulfpepethefi.d hepath GsantheiRE drivingsoinse 26 tadheipdssive eiecpbdsma ener gy
in the reaction chanber 21 effectively. And the plasma ener%; can be

changed accor2di aghth fhym theaRidnying décirode @b ttethe fanst groundrd ringy 23/4mskp2 el ect r ode

25. As well known, the bias voltage can be changed b changi an
effective ar @3ty FomothgrR¥ leivings electeods) 23 {9 Rifes nvgcgr%lqﬁlge%p fé

el ectrode 25,. . rticular relati hi t t h . f ol [. :

Vbi asC( A1/ Az)m&ﬁg&é%fﬂl?,“ VNS ?@%}%3@@&%‘381{?%@“’%1%2%’% ﬁeg‘égn%fref’?%éh%\gﬁdri Vi ng

el ectrode 25,4l jsr SRLERAN HUefthnflel 5 MV d8hAA AmbdiforP BB The/ Felifict r Ode 22,
t'he RF dr

A2 represents an effective area o Iving el ectrode 25, the
parameter n ichagiegendent on the geonetrical structure of the plasnma
processi ng apparatus and the range thereof is froml to 4. The effective
area ratio (Al /AZmpedadee of Hrenapede imentidpadstespregti vdpatiRi-canche adjusted bpwi ng

t hrough the passive electrode 22. By referring to Figure 2, _currents of the
first RF sourchangirg themesistaece ofdbe fiest Reridhe rasts %&1,éa%1%mkf KEGEHh t he

b RS RDAR DBRAR PL
RF drivin r b 2, - RF
g sou Ce“%lgn %)%.S]{I]EEI&?]?[? ﬁéﬁ%r eh& gf%%dedzééhglr']%@%& HaftfPet EE

driving el ectrode grounded ring
for example when a via hole or other patterns with a higher aspect ratio are to

be etched in the surface of the workpiece, the resistance of the first variable
resistor R1 can be reduced, then the impedance of the RF current loop where
the passive electrode 22 is located is reduced and thus the current thereof will
increase. So, the effective area ratio of the passive electrode 22 to the RF
driving electrode 25 (A1/A;) and the bias voltage at the RF driving electrode 25
will increase accordingly, thus the plasma energy in the reaction chamber will
be increased. |

Obviously, when the value of the resistance of the first variable resistor
R1 is zero, the plasma energy in the reaction chamber 21 can reach a maximum
value (when other factors are not considered; influence of other factors on the
plasma energy are not considered hereafter either).

When plasma having lower energy is needed in the reaction chamber 21,
for example when a porous film with a low dielectric constant is to be formed
on the surface of the workpiece, the resistance of the first variable resistor R1
can be increased, then the impedance of the RF current loop where the passive
electrode 22 is located is increased and thus the current thereof will reduce. So,
the effective area ratio of the passive electrode 22 to the RF driving electrode

25 (A1/A) and the bias voltage at the RF driving electrode 25 will reduce
11



path fromthe RF driving el ectrode 25 to the second grounded ring 26. An
initial distribution ratio of the RF currents in the above nenti oned
respective paths is specifically determ ned by the detail ed di nension of
the reaction chanber 21. Inpedances of the above nentioned respective

pat hs can be adjusted by changing the resistance of the first variable
resistor R, os0itigh e uf¥nlsid Gidksy inthd fealtfor/ BinbEr WtSeagiaat he basi s of
the initial éll stripution ratio. Wien plasma having hi gher energy is needed
in the reaction ohewibgsly, adhen theakafphereslBncaot/ihe flrsl warableatdistor pat t er ns
with a higher aspect ratio are to be etched in the surface of the

wor kpi ece, t Rl reedics tlanmexiofun welut, the plasamaicabigy in thesteattion dhamban?be
reduced, then the inpedance of the RF current |oop where the passive

el ect rode 22 P8 rqagh giaigimum vahige Ehe Byimugy kalps whichthe plasnf EpEr8Y oo | |
increase. So, the e cti,ve area ratio of the .passive electygde.22 to the
RF driving éFaé’E‘t? SCWE/“{AS’Y dKgeinget ﬂ%’“&%’ﬂ 5%%“3{(3%??;815@%& vi ng

el ectrode 25 i i e accordingly, thus the plasma energy in the
reaction chan‘%ﬁé}%l\%\fésm&g@s’i ncreased. Obviously, when the value of the
resistance of theafbfrédpording ablaBods@f Bdt@een Me plEnteéRrgy Methphagton energy in
the reaction chanber 21 can reach a maxi num value (when other factors are
not consi der eflambef Rlemsk tid rodistencef af tthe sfirsn viatiable plesistvn Rhesagybar e not
considered hereafter either). Wien plasma having | ower energy_is needed in
t he reacti on establithed inrdvarcgr Wheanthe elasmanengrgyoinods reagtionghamber 2bw
dielectric consqﬁﬁznt Ls to be forned._.on the surface of the. workt i ece, the
resi stance off®e¢et changeagcoudiis tq differery, tegpuicql PrORRSSTSISAULERE!S fien t he

i npedance of the RE curreni. | r [ h LS | ocated
IS increased ré%ﬁa‘%ﬁ?t?gﬁ%%%ﬂarnfag%tr\é@ 8?5@)2 gnvmggﬁiserc iéglayégie@%g,bg%%hoéz% fective

area rati o ofynb he nRARSINCcERAEMIAIErdRidNibNS: BE (Sobimglashasiitiode 25

(Al/A2) and the bias voltage at the RF driving electrode 25 will reduce 11
expected energy in the reaction chamber 21.

The plasma processing apparatus of the present invention employs a
completely different idea to adjust the plasma energy in the reaction chamber
21. That is, in the present invention, the impedance of the loop, where the
passive electrode 22 is located, is changed by adjusting the resistance of the
first variable resistor R1, so as to change the current flowing through the
passive electrode 22, thus changing the plasma energy in the reaction chamber
21.

The new idea provided by the present invention can adjust the magnitude
of the RF current in the passive electrode 22 in a larger range. So the plasma
processing apparatus provided by the present invention overcomes the above
shortcoming that the plasma energy can only be switch among some certain
isolated points, and can carry out more technical processes with different
plasma density requirements in one and the same reaction chamber 21. The
adaptability thereof is improved, and the matching of the reaction chamber 21
can be easily realized.

In addition, a resistor whose resistance can be continuously adjusted

could be further selected as the first variable resistor R1. In this case, the
12



accordingly, thus the plasma energy in the reaction chanber will be
reduced. Cbviously, when the value of the resistance of the first variable
resistor Rl reaches the nmaxi mum val ue, the plasma energy in the reaction
chanber 21 can reach a m ni mum val ue. The m ni num val ue which the plasna
energy can reach could be changed by changi ng the maxi mum resi stance of
the first vagLahl & heRFThRETbe &he&rth@?mmler&uﬁaé 8% i OREktbd chiFbyeen the
pl asma energy 1 n the reaction c%anber 21 and the resistance of the first
vari abl e resicsited Rlontitibusly. Sestitban bbeealized abatathe eplasilic endrie iplthsma ener gy
in the reaction chanber 21 needs to change according to different
techni cal proestiseshamber 2erenths, cranged siostinueselyoThe rdaptabibity ehrthebl e
resistor Rl can be precisely selected based gon the above nentioned
cor r espondi nPlasBIARTPespsiRg ppPasausis fughes pmaroved| asma with an  expect ed energy
in the reaction er 21. The_pl aspma.processi ar at.us. of the present
i nvention enpl oyg‘}g%grgeﬁerﬁﬁlr%atdglt?/lz ?%Wéﬁ@?&@g—“&%ﬂigﬁﬁ ah{:ﬁg%a}nég ener gy
in the reactio 21. [ ' # t o j e
i npedance of % ﬁ‘é‘%@?ﬁ?sﬁmﬁ@ eap}%g&uspg%cgwrelére} ezgtsf@o g %29‘?@&]%%122%‘&%, IS
changed by agjésehtiiGerkidg. r esi stance of the first variable resistor R, so
as to change the current flow ng through the passive electrode 22, thus
changi ng t he pl aslmeheseoad embodilent, dlxcplasina pleepdsing appiratublpeovided bydea
provi ded by the present invention can adjust the magnitude of the RT
current in tHeispasbidiment| scmpdeie fmthen improyement parife bags efhtepfisgt g
processi ng appgrgtus provi ded by the present invention overcones the above
short com ng ’c”l‘@tpl asma energy can only be switch anbng sone certain
i sol ated points, ap n [LYy out nj . ' i fferent
pl asma density re‘%ﬁ?l}eéﬁ%ﬁ sabl&r({e’o#lemlaﬁ%%?? h@&iﬁa{#%aérdg 8??1 nagﬁée\rg\%ltg%}ngl. The
adapt abi l ity X&&%@ﬁﬂg dpPataliR PiEAnetd8 dadshGaiB Gith NBladtha tiRe tHeeaGiclion Cchanber
21 can be easily realfized.

chamber 21 should be able to be adjusted. The parameters usually involve the

plasma density, the plasma energy, the plasma flow etc. The adjustment of the
plasma energy is usually carried out by the first RF source 271; the adjustment
of the plasma density is usually carried out by the second RF source 272.

When the above parameters are adjusted in order to adapt to different
technical processes, it is better to control the plasma density and the plasma
energy separately. However, it is difficult to realize the separate control of the
plasma density and the plasma encrgy due to the coupling between the first RF
source 271 and the second RF source 272.

In order to realize the decoupling between the first RF source 271 and
the second RF source 272 so as to control the plasma dens'ity and the plasma
energy separately, a first filter circuit 281 could be connected in series between
the passive electrode 22 and the first variable resistor R1, or between the first
variable resistor R1 and the ground. The pass band of the first filter circuit 281
should be able to be adjusted, and the range over which the band pass can be
adjusted should at least cover the frequencies of the first RF source 271 and the
second RF source 272, in order to select the RF current of at least one of two

RF sources to flow through the passive electrode 22, or prevent the RF current
13



In addition, a resistor whose resistance can be continuously adjusted
could be further selected as the first variable resistor RI. In this case,
the 12 current of the RF current | oop where the passive electrode 22 is

| ocated can be changed continuously. So, it can be realized that the

pl asma energy in the reaction chanber 21 can be changed continuously. The

adapt abi | i ty @hofiRe tvid Rﬁ%u&ém&ﬁﬁﬂdaﬂngaﬁaﬁ@tmé phstivkWdch8de 221pr oved.

Ref erence is nade to Fligure 4 which is a structural schematic diagramof a

pl asma processi noTiPp@idepass oAahe FastnBiltdr ccirtult X80 nehnelieb adiusted so ahattibe

present invention. In the second enbodi nent, the plasma processing

appar at us pr eeikidectaye atlbwspassrfilseti A s timentode fraqiency emertpf tley/Brsent on t he
basis of the first enbodinent. As nentioned, above, in_order to w den the

adaﬁt abi | i ty Bf squiee B laeamallows throusls thegpassipe electiade 2a anddigh Teaneasti at ed

ith pl in th ti nb houl d b le to be.adjusted. Th

E“?r Bt or o usHEPRy of o pand e B A7 2udn oievgnet Y s e mBr BT the |
il . adj h . i ed

but by the f rodRtTbd ShE3RE sOronls\GrouleAcHRy SACHGYidE 3 Nehota Mg 21 11 52

usual |y carrm&gkgaﬁmgyyg@gﬂﬁgg@@qmﬁﬁdqugﬁﬁbééﬁQ= When t he above paraneters
are adjusted in order to adapt to different technical processes, it is

better to controlLikbwisp) the hand pasi dfitha figst tfheer pirash281 encbgydjegpdsat el y.
However, it is difficult to realize the separate control of the | asma

density and ttha iptaubdrbecomeralyighmpess BlterhAt Buuiimentye bighneueniecyrenst RF

sou 271 th d RF 272, | der .t lize the, d | i
between t he (Aeq SRl sewce 31 oy Auoudy S e Lapinge S ondghec ro” O
control the R3S aR0Shltn PRt BPSHRce £HGS Ho3RRAT A floimd he ! S!

filter circuit 0 e connéec I n Series between e passive

el ectrode 22 @ad-bigielidnpt2Md ARlsBcdn@SirsiuRled Ring 2 prB¢idv@EBop 6t the 1 St
low-frequency current of the first RF source 271. |

Thus, the decoupling between the first RF source 271 and the second RE
source 272 can be realized, and the high-frequency current and the
low-frequency current will not interfere with each other any more. So, the
plasma density and the plasma energy can be controlled separately.

As illustrated in Figure 4, in a particular embodiment, the first filter
circuit 281 of the present invention may comprise a first branch circuit and a
second branch circuit which are connected in parallel. The first branch circuit
consists of a first variable capacitor C1 and a first inductor L1 which are
connected in series, and the second branch circuit consists of a second
capacitor C2 and a second inductor L2 which are connected in series.

The resonance frequency of a circuit is f = (27:@ }-1. So, when
values of the first inductor L1 and the second inductor L2 are given
respectively, ranges over which the first variable capacitor C1 and the second
variable capacitor C2 change can be determined.

The first branch circuit is a low-frequency path. When it is required that
the low-frequency current in the first RF source 271 should be selected to flow

through the passive electrode 22, the first variable capacitor C1 can be adjusted
14



vari able resistor R and the ground. The pass band of the first filter
circuit 281 should be able to be adjusted, and the range over which the
band pass can be adjusted should at |east cover the frequencies of the
first RF source 271 and the second RF source 272, in order to select the
RF current of at |east one of two RF sources to flow through the passive

el ectrode 22,,0faPhgY ¢8lonite & queHEy 1t the 18rsP forRRhNcit it E 1 SR&ir ces from
fl owi ng through the passive el ect rode 22. The band pass the first filter

circuit 281 deubeyadjtiusfistiRBgotrbap7l.t could becone a Iow pass filter. At
this time, lowfrequency current of the first RF source 271 can flow

t hrough the passi ke sicend budeh 2cuitisch hightireqnenpyartly Wher tdnreqoired he second
RF source 272 is prevented. At this tinme, the first__grounded ring 23 and
the second grtbﬂﬁ%@\’f*ﬁrﬁ@w@sm%‘?}}td%t@ segenst REsoptce 273 Showld pe ¢l eﬁe@ current

of the secon 72. Lik and the |rs f||ter

ol rourt 281 damion el e Resstye SR 22065 AR aBANE Bl stibe 1 ror .
this tinme, t Iﬁ%ﬁﬁ g@ﬁp&gn can flow
t hrough t he %gdge\gre}‘oe{l%gﬁe%b‘n@gé dencg frﬂfé requeﬁgy currgnth%f t he
first RF sours@fréqilentyoPthe¥&dh@RF Murdeld73. time, the first grounded ring 23
and the second grounded ring 26 provide a loop for the |owfrequency
current of the filnstheRhstamuercleodidnt, THeufirst tilter dircaiti@Bl ngesbstovbrmctt he first

RF source 271 and the second RF source 272 can be realized, and the
hi gh- f r equencjrceils; bepausa e fraeuenpy @i theefise RE swies SHt isvgrpatlhdidierant er f er e

be. contr ol | edr Y af Biasccotd RI Foeet 270 e poign) & dd@%%%i?@?e%?ii o
ebodl ment . 130 el Sthe! Forfueh), AL fitlldbnéPlindle i PLERARE HONRALS 90

conprise a first 5P anch CIr second ranc Clrcul are
connected in parall®gl )lThiethE'f"rs‘itﬁltléf &iRGHH ZHIr&)ﬁiﬁnseé:&H?bﬁéﬁraﬁf:h @ircfdxtr st

vari abl e capaci tor CI and first inductor LI are connected in
series, and tﬂ‘ﬂ@v&&ﬁlﬂﬂdaﬂgeaﬁ@lﬁb Gipacitirtand (ﬂﬁESinﬂtlétof)fS t@o Beadrsh it is better
to use two branch circuits.

Now a reference is made to Figure 5 which is a structural schematic
diagram of a plasma processing apparatus according to the third embodiment of
the present invention.

In the third embodiment, the plasma processing apparatus provided by
this embodiment is made an improvement on the basis of the first and second
embodiments.

In the first and second embodiments, the first grounded ring 23 and the
second grounded ring 26 both are grounded directly. In the instant embodiment,
a second variable resistor R2 as a second impedance adjusting element can be
connected in series between the first grounded ring 23 and the ground, and/or
between the second grounded ring 26 and the ground.

Similar to the above mentioned first variable resistor R1, the second
variable resistor R2 can also be replaced by other impedance adjusting
elements. For example, a resistor and a capacitor connected in series can be
used as the above second impedance adjusting element.

The second variable resistor R2 is further set to adjust impedances of the
15



capacitor C2 and a second inductor L2 which are connected in series. The
resonance frequency of a circuit is f = (2n LO-1 . So, when values of the
first inductor LI and the second inductor L2 are given respectively,
ranges over which the first variable capacitor C and the second variable
capacitor C2 change can be determ ned. The first branch circuit is a

lowfr equenc%u%ﬁt}‘paﬂ){éy‘gd?n%ﬁsiﬁgst}feeﬂ‘d{ ddeting DB MG bERHIPRGMAIEYT Fent i n
the first RF source 271 should be selected to flow throughthe passive

el ectrode 22, rifg®®, thuks all impedambésofaagpreiitedurient pahs &m mdjhusgeddSo,te so t hat

t he resonance frequency of the first branch circuit equals to the
frequency of properfipn of {RF coventcBowing, throughs theoprssive abesitrods r22utan be a

hi gh-frequency _ path. Wen it is re(iui red that the | ow frequency current in
the second RPAisisdde alprges pngedthslawiaencesy iy e reastion Khanbe 1hdupassi ve

el ectrode 22 ariabl e %ggaci tor d can be adjusted so that the

, fi ;
resonance fré:aﬂg’ﬁ&‘gfué%frhv% AL SME°IP%Unch circuit equals to the frequency
of the second RF ﬁ%@?g%%ﬁi—ntédrbtﬁ et itl’fb's%b%% n%ﬁ@%grfg&hﬂcaﬁ Qﬁeétic%ﬁP%fi | ter

circuit 281 uses two circuits, because t requency o e first

RF source 27%kedl&ed @bl etinkftes eitbnd Maedblé Raist?RY bighe Demitdn e figvur ce 272
(in the instant enbodinent, the latter is 30 times the forner). As

ment i oned abgreyndet eing@Samdrhe gfouaduerteywéen thé secon groundyd fing 26 andhe fir st
filter circuit 281 conEri ses only one branch circuit, the variation range
of the capacith®groand ©neourpruchatier feshiigy eifeshenn mpaghicvied byeseiting the o use two

branch circuits. Now referenge. i made tQ Flgure 5 i.ch.LsS tructural
schematic diSSEgnYaR fﬁﬁla@ﬁg%l’%@e‘&‘iv?@ %ﬁp‘i‘g‘aﬁ?ém%f‘\gg’a%?hgﬁﬂg&ﬁ? he third
enmbodi nent of e pre in t] I t hi i t | asnma
processi ng a;%%';nglt u@dpfog{\%?%d\{ﬁé; éet%ﬁ]ilds grr?%%gﬁdrrg\r[gdl?brr% :ar{g% grr?pwgvgrre?\t on
the basis of ¢hgifiebsdy.and second

In addition, a resistor whose resistance can be continuously changed
could be further selected as the second variable resistor R2, so the plasma
energy can be adjusted in a larger range.

Please referring to Figure 6, which is a structural schematic diagram of a
plasma processing apparatus according to a forth embodiment of the present
invention.

In the forth embodiment, the plasma processing apparatus is made an
improvement on the basis of the above mentioned first to third embodiments.

As mentioned above, in order to realize the decoupling between the first
RF source 271 and the second RF source 272, thus to realize controlling the
plasma density and the plasma energy individually, the first filter circuit 281
can be connected in series between the passive electrode 22 and the first
variable resistor R1, or between the first variable resistor R1 and the ground.
This can realize the decoupling between the first RF source 271 and the second
RF source 272. However, the decoupling cannot be realized completely. The
reason is that the first grounded ring 23 and the second grounded ring 26 are
grounded directly, or grounded through the resistors, so, there is always a part

of the high-frequency current and the low-frequency current which can flow
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enbodi nents. In the first and second enbodi nents, the first grounded ring
23 and the second grounded ring 26 both are grounded directly. In the

i nstant enbodi nent, a second variable resistor R2 as a second i npedance
adjusting el ement can be connected in series between the first grounded
ring 23 and the ground, and/or between the second grounded ring 26 and the

ground. Sim liRbuke ﬂheeﬁ?s@()%uﬁ'@at irpgedsf b tihy addeai] Sro@ideat hgRbe the
second variable resistor can al so be replaced by ot her inpedance

adj usting elsanulidnsousiwr exanple, a resistor and a capacitor connected in
series can be wused as the above second i npedance adjusting el enment. The
second vari abl e rlestrderdo dbtain g Hetten teehnieal teficet m&jgtmﬂwﬁéqgmghng the 15
current paths conprising the first grounded ring 23 and the second grounded

ring ﬁes, thusbeafmeni%gﬁ ﬁ@éguw%’fésaﬁé&lm $F80 ??éﬁ?r%gﬁ%gwesﬁorsgletenanged.
So, t ti t flow.ng. through th i I de 22
can b ad uersteiger elpge s Sithe confidiPin et tp b R AT e o "
charmber 21 t zf%ﬂdtageoggiuuat%?dib&“ﬁceh &8kcohd R8-ridd 26hay! e be

poi nted out that the a menht i oned technical effect camm be realized just
by setting thgoagficond variable resistor R2 either between the first
grounded ring 23 and the ground, or between the second grounded ring 26 and
the ground. O cotinsler ta the firs riiltee cdmeinit A81 e hfpess bewmh ob ¢heasdviond didteby setti ng
the second variable resistor R2 both between the first grounded ring 23

and the grofifguibg2 shevldebso broablede e afiustade aad thepnge oXagwhick the ound
i mul t ly. ddi t.i i st i st b
cont i nuous!y REimhEuGT eUbRE shotifroner 6 g Pedt b e SEIEh GR BT ab o

CPELLY 2, k) Ao ST A SRR RO
least one of the two RF sources to flow through the first grounded ring 23 and
the second grounded ring 26, or to prevent both from flowing through the first
grounded ring 23 and the second grounded ring 26.

The pass band of the first filter circuit 281 can be adjusted so that it
could become a low-pass filter, and the pass band of the second filter circuit
282 is simultaneously adjusted so that it could become a high-pass filter. At this
time, the low-frequency current of the first RF source 271 can flow through the
passive electrode 22, and the high-frequency current of the second RF source
272 is prevented; while the high-frequency current of the second RF source
272 can flow through the first grounded ring 23 and the second grounded ring
26, and the low-frequency current of the first RF source 271 is prevented. In
this case, in the reaction chamber 21, the plasma density is low and the plasma
energy is high. Decoupling between the low-frequency current and the
high-frequency current can be realized completely.

Likewise, the pass band of the first filter circuit 281 can be adjusted so
that it could become a high-pass filter, and the pass band of the second filter
circuit 282 is simultaneously adjusted so that it could become a low-pass filter.
At this time, the low-frequency current of the first RF source 271 can flow

through the first grounded ring 23 and the second grounded ring 26, and the
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pl asma processi ng apparatus according to a forth enbodi ment of the present
invention. In the forth enbodi nent, the plasma processing apparatus i s mde
an inprovenment on the basis of the above nmentioned first to third

enbodi nents. As nentioned above, in order to realize the decoupling
between the first RF source 271 and the second RF source 272, thus to

real i ze cont rkﬁ%ﬂ-h@ﬁ’uéa@f cuﬂkﬁsmhe%&ﬁw@%ufc@eml BSIFBveRtt hilendé vi dual 1y,
the first filteér circult 281 can be connected in series between the

passi ve el ectiigil@req@nancutiest 6f kst second iRdblseurce 73t @n Mbw throughttheen t he
first variable resistor R and the ground. This can realize the decoupling
bet ween t he fpassve BlBctsalerXe and thednw-fréemiesexcontent pEthedirstcRE 39wce Bolwever, t he
decoupl i ng cannot be _ realized coppletely. The %{setgson is.that the first

grounded ri ngs Pvangd-tnshis eassnia the rariIchambgt g Rlastga densifsds e ect 1y, or
rounded thro the resistor.s t her.e | I t f

gi gﬁ-f requen(?;lggh? PE’ﬁPazflﬁﬁrgy H& 1‘?‘%\%? ?‘P@H(’fé%e h%w%ﬁ?%ﬁlto%ﬁﬁ c{:enc aﬁurHﬁgw 16

th h the f}] i t ded ri 26

Si ;n(jlu?aneoﬁsI%/na%*enﬁggﬁgﬁ%oc&gcg%g%ﬁbag gtl{%gﬁaq%‘gﬁﬁflgg%gf feec[I 28 as to make

the decoupling berweaseine dlbd pbssi¥ife 3@ UsmiRPhE setshdt filterseoin @8R sour ce
272 nore conplete, a second filter circuit 282 can be connected in series

bet ween t he fsetisd ojiydhended onei efgh? Bvaugdounkied gngsiant thengtowet. \Wesvevehe second
grounded ring 26 and the ground. Simlar to the first filter circuit 281,
a pass band chist¢pa andy dprsedse leffept ofcthecdecounpiine o aettpin esnband a8’ tt 0 be
adj usted, and the yange aover which the pass band is adjusted should cover
at |east the rﬁﬂ&wé%@qgcggplg}gqq%pl?tplryst RF source 271 and the second RF

sounce 272 0 ) STt SRbobRal S RERRLRL Bl 25K (el e (e
grounded 1iNGnd&ioR mhP FHuHRBta BRtd thaRE &@NY BSH h R0 Brdnbe difchit
connected in parallel. The third branch circuit consists of a third variable
capacitor C3 and a third inductor L3 connected in series; the forth branch
circuit consists of a forth variable capacitor C4 and a forth inductor L4
connected in series.

The reason that the second filter circuit 282 uses two branch circuits is
the same as that for the first filter circuit 281, and will not be discussed here
any more.

In order to increase the dissolution rate of ion so as to increase the
plasma density, a method has arisen recently, in which a third RF source (the
frequency of which is usually higher than 60MHZ) is added besides the above
mentioned first and second RF sources. It should be pointed out that the
inventive concept and the technical solutions of the present invention also
apply to this case.

In the above, the plasma processing apparatus provided by the
present invention is described in detail. The principle of the present
invention and its implementations are explained using illustrative
cxamples, however, the above mentioned embodiments are only used to

help understanding the method of the invention as well as its key
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grounded ring 23 and the second grounded ring 26. The pass band of the
first filter circuit 281 can be adjusted so that it could becone a

| ow- pass filter, and the pass band of the second filter circuit 282 is
simul t aneously adjusted so that it could becone a high-pass filter. At this
time, the lowfrequency current of the first RF source 271 can flow through
the passive ghegitr addodld bapdidtb® olit Bt i LANRDRY siEilel 8AkhOhrtiddalsecond RF
source 272 is prevented; while the high-frequency current of the second RF
source 272 qaikd |mwhy himodificdtivasl iandt vgrianrdad theginRéntasd tvivkosecond
grounded ring 26, and the |owfrequency current of the first RF source 271
i s prevent ed.departintghifsomadlee pmingipte rafadhé opregeniniieyemntivn, t aed pthgsera density

is low and the plasma energy is high. oupl i.ng hetween the | owfrequency
current and tAedifiryang P@aeféﬁés}tscwrlgwggfiﬁo & IPgléHdFQé’&ﬂélBr%BFéP%J’?.

Li kew se, the nd,of the first fi.lter.circuit 281 can be adjusted so
Chat 1 ¢ coul dBRERRE o4 Heqgrefoanydk i Sl Ae RS Seai@hor®, fe’ second
filter «circuit 282 is simultaneously adjusted so that it could becone a

| ow-pass filter. At this tine, the Iowfrequency current of the first RF
source 271 can flow through the first grounded ring 23 and the second
grounded ring 26, and the 17 high-frequency current of the second RF
source 272 is prevented; while the high-frequency current of the second RF
source 272 can flow through the passive electrode 22, and the

| ow-frequency current of the first RF source 271 is prevented. In this
case, in the reaction chanber 21, the plasma density is high and the

pl asma energy is | ow. Decoupling between the | owfrequency current and the
hi gh-frequency current can also be realized conpletely. O course, it is

al so possible to connect the second filter circuit 282 in series only

bet ween one of the two grounded rings and the ground. However, this can
only increase effect of the decoupling to a certain extent, and can't
realize the decoupling conpletely.
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In a particular enbodi ment, the second filter circuit 282 of the present
invention may conprise a third branch circuit and a forth branch circuit
connected in parallel. The third branch circuit consists of a third
variable capacitor C3 and a third inductor L3 connected in series; the
forth branch <circuit consists of a forth variable capacitor C4 and a forth
i nductor L4 eqpReted in series. The reason that the second filter circuit
282 uses two branch circuits is the sane as that for the first filter
circuit 281, and will not be discussed here any nore. In order to increase
the dissolution rate of ion so as to increase the plasma density, a method
has arisen recentl.yA plasmghprobessinghipparaRis, sompasingt h&F drivggetesirodd which is
usual | y higher _than 60MHZ) is added besi des the above. nentiogned first and
second RF souf®deand 7 passhs alertiode &t nmeunted faceriaifagen @ firshgronpdeder®®ncept and

t he technical,solutions of the .present.i nti,o I t 0 .t hi )
|t he_above CPnats e e guselt wilhes A hsteid BB S i Esant
N Ci ) ! ; ; il _ ti
o 1t 1ot SAERBLG N9 1 B broud R Clef frdlndifle ECREMriyihgvent ! on
however, the shavge (%Ehha)ﬁﬁdlam RRRE daikRigUMctrods €15){ e RFEddving

under st andi ng the nethod of the invention as well as its key 18 concept.
It shoul d be gk@imie5pistconhatted With pdirstRIS saked (28¢) amal 4 dveorad RF sowrkel  nake
many nodifications and variants to the invention wi thout departing from

the princi pl €259 respsciyyabycaheracteriaed irothat a figst impedanceradinstingaeleseny isnd
variants are inte%ed to he inclyuded within éh@éicotg%ﬁgs gefi ned by the
acconpanyi ng CP3EHRS 1B FEHEPRY ELLRT PISFVE FCERde (Fg) Epdihfground.

2. A plasma processing apparatus as claimed in claim 1, characterized in
that impedance of the first impedance adjusting element is continuously

adjustable.

3. A plasma processing apparatus as claimed in claim 2, characterized in
that the first impedance adjusting element is a first variable resistor (R1); a first
filter circuit (281) connected in series with the first variable resistor (R1) is
provided between the passive electrode (22) and the ground; a pass band of the
first filter circuit (281) is adjustable, so as to select RF current of at least one of
the first RF source (271) and the second RF source (272) to flow through, or
select neither of RF current of the first RF source (271) and the second RF
source (272) to flow through.

4. A plasma processing apparatus as claimed in claim 3, characterized in
that the first filter circuit (281) comprises a first branch circuit consisting of a
first variable capacitor (C1) and a first inductor (L1) connected in series, and a
second branch circuit consisting of a second variable capacitor (C2) and a
second inductor (L2) connected in series; the first branch circuit and the second

branch circuit are connected in parallel.
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1. A plasma processing apparatus, conprising: a RF driving el ectrode (25)
and a passive electrode (22) nounted face to face; a first grounded ring
(23) surrounding the passive electrode (22) and insulated fromthe passive
el ectrode (22), a second grounded ring (26) surrounding the RF driving

el ectrode (25) and insulated fromthe RF driving electrode (25); the RF
driving electrode (25) is connected with a first RF source (271) and a
second RF source (272) respectively; characterized in that a first

i npedance adj ust i igA plagiiie ProdesSsing appreatheds clainkel inesy ket wdele tihiensphssi ve

el ectrode (22) and the ground. 2. A plasnma processing apparatus as clained
in claimi1, dhds soarastériasd inghattahsgrondy ancs aslijusting efenpent 19 eqnaeeied e
adjusting elenment i s contjnuously . adjustable %FF A pl as pracessi ng
appar at us as 1BPESTREWen dhegrapnd andyatleast eng ofdhe tg?f%laae Hee £33 88d | npedance
adj usting elﬁﬂent i% a.fé%Ft W?rgable resistor (RI); a first filter
circuit (281) TRt Fsy™ %8 with the first variable resistor (R) is
provi ded between the passive electrode (22) and the ground; a pass band of
the first filter circuit (281) is adjustable, so as to select RF current

of at least one %.Agmanﬁbf&ksdﬂfgwamds%iéihxeamdclahﬂsw@@m@a%ds@urce
(272) to flow through, or select neither of RF current of the first RF

source (271) thatdinipedarse catihthe Riecosb impalandy 2djusting ElemenhisoogttinuduslyA pl asma
processing apparatus as clained in claim3, characterized in that the
first filter adjiustles (281) conprises a first branch circuit consisting of a
first variable capacitor (C) and a first inductor (LI) connected in
series, and a second branch circuit consisting of a second vari able

capaci tor (C2) anfi }?ng&gggg%géﬂg%’%ﬁr@%at&}@ clﬁﬁ‘f%ﬂ?ﬁ: Eﬁ‘iﬂn i6n81?ag%éti&?]z;edtiﬁ]e first

branch circuit and circuit are conné parallel. 20
5. A plasma BhAGRSSdcBEd ARRAAALRREnG lcfintiRe id NscRBYd PRbRS rebibRr (RBE ™ 1 to

4, characterized in that a second i npedance adjusting elenment is connected
a second filter circuit (282) is provided between the ground and the first
grounded ring (23) and/or the second grounded ring (26); the second filter
circuit (282) is connected in series with the second variable resistor (R2), and a
pass band of the second filter circuit (282) is adjustable, so as to select RF
current of at least one of the first RF source (271) and the second RF source

(272) to flow through, or select neither of RF current of the first RF source
(271) and the second RF source (272) to flow through.

8. A plasma processing apparatus as claimed in claim 7, characterized in
that the second filter circuit (282) comprises a third branch circuit consisting of
a third variable capacitor (C3) and a third inductor (L3) connected in series,
and a forth branch circuit consisting of a forth variable capacitor (C4) and a
forth inductor (L4) connected in series; the third branch circuit and the forth

branch circuit are connected in parallel.

9. A plasma processing apparatus as claimed in any one of claims 1 to §,
characterized in that the plasma processing apparatus is a plasma etching

apparatus.
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in series between the ground and at | east one of the first grounded ring
(23) and the second grounded ring (26). 6. A plasma processing apparatus
as claimed in claimb5, characterized in that inpedance of the second

i npedance adjusting elenment is continuously adjustable. 7. A plasna
processing apparatus as clainmed in claim@®6, characterized in that the
second i npedance adjusting elenent is a second variable resistor (R2); a
second filter circuit (282) is provided between the ground and the first
grounded ring (23)0.2nglagna ploeesspapgargts us driinéd inGing 26} of tlhaimskeeaofid filter
circuit (282) is connected in series wwth the second vari abl e resistor
(R2), and a dhasstetizgitlinothat He plesondrddessing apparaus is ¢ 2Beinaj depasifiont abl e, so
as to select RF current of at |east one of the first RF source (271) and
t he second RPEPB#HEWEe (272) to flow through, or select neither of RF
current of the first RF source (271) and the second RF source (272) to
flow through. 8. A plasna processing apparatus as clainmed in claim?7,
characterized in that the second filter circuit (282) conprises a third
branch circuit consisting of a third variable capacitor (C3) and a third
i nductor (L3) connected in series, and a forth branch circuit consisting
of a forth variable capacitor (C4) and a forth inductor (L4) connected in
series; the third branch circuit and the forth branch circuit are
connected in parallel. 9. A plasma processing apparatus as clainmed in any
one of clains 1 to 8, characterized in that the plasm processing
apparatus is a plasma etching apparatus. 21 10. A plasma processing
apparatus as clainmed in any one of clainms 1 to 8, characterized in that
the plasma processing apparatus is a plasna deposition apparatus. 22
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