Pl asma Processing Apparatus Field of the Invention The invention
relates to the field of mcroelectronics technol ogies, especially to a

pl asma processi ng apparatus. Background of the Invention A plasm
processi ng apparatus is a processing equi pnent widely used in the

sem conduct or manufacturing field. . Reference could be nade to figure 1
- which is a schematic di angaﬁmfa Braeeseing ApmraratesSnmon pl asna processi ng
appar at us. The pl asna processi ng apparatus usually conprises a shell
(for which no reference sign is shown), in which there is a reaction
chamber 11. Figld of ghe bivemitionr eact i on chanber 11 is provided with a passive

el ectrode 12 and to rounded ring 1 ury oundi.ng. t he passiye .el ectrode
T2 uhi ch are. | nshaEBETHOGTEEER bRy LT pEiGe ST G81RY 141 The
bottom of the r ,Qn .C I [ A with a radio frequency (RF)
driving el ectersggggggq%ﬁopqggﬁﬁgtptr%érﬁsaﬁié# gaﬂrﬁlg'ng 16 surrounding the RF
driving electrode 15, which are insulated fromeach other by a second

insulating ring 142. The RF driving electrode 15 is connected with a first

RF source 1BhchRikbuadsafaednRmtianir ce 172 respectively; the first RF source
has a | ower frequency, e.g. 2MHZ, and the second RF source 172 has a higher
frequency, e.g. 68NMasma procd¥sengappiratuseiset prowtssing ¢guipmevhaddelyand an
adjusting switch 121 is connected in series between the passive el ectrode
12 and the grusefdn thepentpendretosapamitfpsilyriagifield.- 12, the passive el ectrode

12 b I i I i f fil 81,
2 hi gh-pass 111t Rergongtgd faganar i ighte {piipar 1 3endiphe Ribesamc e
el ectrode 12 ganobgerdfl 64 SR B1RRBIEEsHh4 BFpdrkndsDr ough a bypass 184.

-

The plasma processing apparatus usually comprises a shell (for which no
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 secoﬁd 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



In the operation of the plasma processi ng apparatus, a workpiece (which
usual Iy conprises a wafer and ot her workpi eces having the sanme processing
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

pr oduct i on equiRIRghs BUGHRIAS it ABLAEULWHIRE A Belbl i B LhAYT ©) - |1

this state, process gas 1s delivered into e reaction c ia a gas

i nput devi ce j§Rfhced h@ivhel Botidde of itBe! k€iktioR R aMBerd PRI QKM 4 FhQnidl sie@d Isage i's
i nput between the passive electrode 12 and the RF driving el ectrode 15 by

the first RF moduwced 4ndl hakddin Hbe seadtiod Eanstenr tle by 72 vasuat prodbetidnhe
process gas and then to produce and hold a plasma environment with an
appropri ate dewimsnt saeh anarmaglege mps(not shevnin theefigerek dndbis. st@ee to t he

fact that plasma has a sfrong. ability to etc d .deposjt, the physical and
cheni cal r eadlfPEiSS 8a1i¢ Hellyered it ﬁwae&lﬁsﬁﬁmgwﬂ waae%muftf&%éﬁgtm asma
and the workpiec 0,4aS<1 0 _achi.e : t n.Qr . Siti | ayer as
required. By-%lggc?}ulzlt th%f ﬁ%‘ﬁgﬁp%fsﬁéjsggﬁ%‘%%hgfﬁ ‘téog £ éééﬁ?‘gﬁ@e?%%lt ﬂ%ned_ above
I s punped outyQfiy Ql%ct&&fﬁcltzé}iatﬁ@R’ﬁ’cﬁ{vi]?LgleIQ&’tr&d%elsVlﬁ%H@?rarlﬁdé{ﬁ&éeomdev' ce.

Respective flow paths of the RF current are schendtically shown by curves

with arrows idndtthe séio8dREF dource 172 RSactiale thoProvessigdsiidantn paplodaed ar
t echni cal processes have different requirenments to energies and densities

of plasma in dndeholdagldson aivirnbment with @andgppropuaferdensifs andaclepgyabmn kit y of t he
pl asma processing apparatus, that is, in order tqo achieve different

speci fi ¢ t ecHiriass offhe Pwsiguece Pus fethefacttht phasms I9s ashang Plglibteicy
: t , 1t i d.th t | dt .d it
DoP o st ed CBINASIORRDS PhiCH And iRy Teqehone Yyshoie. it aBd ERPRATRT ¢ e
tely. . - i L4 3. b
separately. oécﬁhgetg}é@x]l Pﬁﬁmayﬁg%ﬂ& wotkpfitlel o s etg"cz{cfﬁgﬁe gﬁg%ﬁ:&ﬁg“ency

mai nly influences t nsity of plasnma 1'n the r current

with a |ower drr £desiation Riyet ¥s irBduit@dn BRSprobiect P g EpHSRRADNnd BhéhRal €act i on
chanber. So, the adjustnent of the plasma energy can be achi eved by the

first RF sourreactibid mentienad phustenis ungfedt e ofl ths reactem shambarall be tlkchi eved
by the second RF source 172. Particul ar frequencies of the two RF source
are det er m nedcudBop@itnegiiono deviee. pRiespectiye  flaghinathswpf Ithe\dtF iserrgels €r6 bed any
nore here. However, duye to the, coupli.n tween the first RF source
171 and the SEhEREGRRY Shiwphy sves pithiagroysin A E¥€d- cont rol the pl asm
energy and the pl QEfWelPEﬂédvﬁElydfffé n‘f}g‘!#?éu'léf-tcchnicatl' o&%&?rffaw cﬁﬁl:r‘éﬁt the

probl em nenti oned above, di Tf €&ren er circui are selected by the

adj usti ng swWideghirehichtSR aferdies BhE \RAditiNEr Pashbifih 9 r@ktiéh ch#Agd. pne of the
first RF source 171 and the second RF source 172 fromflowi ng through the

passi ve el ectordetetoliderehdte adappatiliiguoftide plasnga pidcassthg hgpabatd, ahatgigplnded ri ng
16 can provide a return path for the RF current prevented by the filter

circuit. So, atderoigpachigyebdifisrant speeifi¢ itedmiqal pseaesses inameaand theesasaecond RF
source 172 can be achieyed prelimnparil y,,ﬁ\g\{gi ch achjeves i ndivi dual
controls of tHRSTA REQESSHIEe FRRATEHY EH8 THHUEHatab N PipsE epeps Sextent .

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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In addition, the plasma processing apparatus can adjust the plasm density
inits reaction chanber prelimnarily. The plasnma density in the
reaction chanber 11 can be changed by changing a bias voltage at the RF
driving el ectrode 15; the above nentioned bias voltage can be changed
notably by changing an effective area ratio of the passive electrode 12 to
the RF driving el e " BERL f } r tio can
be obt ai ned by ad?ﬁgfﬁﬂbdt g’%%ﬁ?@ﬁﬁmfPomﬁn%Q@ﬁ?ﬁﬁgﬁﬁgﬁg&ﬁgggﬁg%ﬁglectrode
12. The saehdds Ricngusow 1Td) 434 diffichitaoadvdue! WRNplasne Enbeghawl 8@y can
select four different paths, so that four different technical processes can
be adapt ed. |plasomedqmaity incdividumallyat h, the RF current of the first RE source
171 or the second RE source 172 flows through the passive el ectrode 12 or

doesn't flow t hr oligprdente prlue theeproblasm measonsl atwye, differendjfiliss chgpitswi t ch 121
can change the RFE c e flL.owi ng through t he passi electrode 12 so as to
o nce the & e Seged by dhe pibitismitin A s &5 obPer et th BE Cseitot Fie " e
A oot ! . t ! | G

ol eotroge $8NERR ind Br 8 K dued 150l e RLAS RYUOALG 78 ok iawingdf | Vi 1O

adj usting SWithfdﬂlgll%ﬁe passive EIQYRYRY 12;%1@&0?@3‘@%&%@%5 Qhli GHE teYb&t i n-the
pl asma processi ng apparatus of the above nentioned technol ogy. Si nce

t he top groungegshded #ihglld @ndrivide heétuanpgh dointle R ¢gun@nflpreacmedbpthirded
directly, no matter what kind of filter circuit is specifically selected by
t he adj ust i ndfiltaicirekit. 521 dedovplingbetwigen thefirsirRif seiwer 11lapdiBe sgednd RE bot t om
grounded ring 16 can provide a return path_for Ej{r%e RF ,cu(g]raient of the first
RF source 1730Hi§ 1A &an be aciucyed peelypinarilyy yhichpchicvesdagividual contrglsethg a
‘common RF path. [Therefore e desirabl ffect.of .decoupling of the plasma
processing a ﬁplﬁfﬂge’i{%ﬁ%@&ﬁ]@pW%&&&y%acer{afn?’ge re inportant that it

is di-fficult for ; p S| a f : i oned
technol ogy to adj %ﬁtﬁd(%i gﬁ’gﬁlaeshfaaglglﬁefglggesg@%e% Ive so,caly(;&a{]ﬁg?ﬂ]@tﬂl?sg{adi fficult

to adapt to raefisity @TRYesctioh cHhmbér molimimeiyi cal processes. AS
mentioned above, in the prior technology, the RF current is allowed to or

prohi bited to fl ofh¢ plasghdérsey pias thieveeaetiat chadber1 Pt logn divadgringgd thye pass
band of the filter circuit. QObvi ouigy such_ manner of changing the RF

|
current det erdhpnging @res voltagrmat the REdrivng chestrode 45; the abaye mentionedor t he

d RF ce 172 it her .fl ow, t h.th i | ect 12 at
cor 2 n speciliFCVBERER b chyiEed ARG EHTAR ™ REE Srpaats BbiFode 12.
So, such m“@%sigﬁglﬁ%ﬁwe 39 {4Shet RE. Bﬁdﬁgréié‘éﬁfodpeﬂs"‘@ﬁ@ aE@%é)nPeﬂﬂoﬁ d

specific val ~al en the effective area ratio of the aSS|ve_eectrode
12 to the RE difectivdstef£ti0ldaR 88 obfuikcdbyodlljsting ted@raacfoRingaRivugh fegher

val ue and a | ower value. That is, such manner can only adjust the above
ef fective ar qmssiet electbelevi®en two i sol at ed val ues.

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 arca
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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Therefore, the plasma processing apparatus in the above technol ogy can only
satisfy requirenents of a few technical processes and cannot adjust the

pl asma density in a |arge range. The adaptability thereof thus is poor and
cannot satisfy requirenments of many technical processes. So, problens
that require the persons skilled in the art to solve now are how to

effectively ad| USSinEQ‘%hePk@%uﬂ&&ﬁhhéchnaﬁd‘ﬁle%&ﬁﬂ@ ggi@slﬁ’ﬁgﬁgin%gl@%ar atus so

as to satisfy requirenent many techni cal proces ow to achi eve

a nore conpl edreuriiRE ARkl hoOmatid:f Wit adihd BEfiler EiediiitSis spSHfiBAKYselected AN
object of the present invention is to provide a plasma processing

appar at us, i rbyatheedpistiog sehenib2l, tath wiitehtop | groumaled menggh3 mainthbédottdinust ed i n

a large range, so that nany different technical process rgﬁ;lsrenents can be

satisfied.  groundedgingelt can Buwivide & rbvrabmwite forrtbp Rdheurrané of thestrst RFnvent i on
provi des a plasnma processing a ratus, _conprising: .a_RE.driving el ectrode
and a passi V SOBIoE ! il Chi PR RF soBrcR ) 7P pBich Fepilis i fominga Ry
surroundi ng t SSi vV i -fr i.yve. el ectrode,
a second gr ou@ﬁggﬁ'r ?fﬁ%rg%géﬁ ?@%ﬁ%ﬂ(ﬁ%@t e“'&‘@ﬁ&%@’ﬁlﬁ’& Oglr@é%ﬂrgsorg%&%ﬁéﬁn ul at ed

fromthe RF dphyi.0g Bh&fbeQginddhe RE driving el ectrode is connected with a
first RE source and a second RE source respectively; a first inpedance

adj usting el ementlti & e daipetantn tigerit cis Sighoude ot e phamiavproebiigr ode and
t he ground. Preferably, inpedance of the first inpedance adjusting

el enent is coppamatsus] theaghayst mishtéoned techrivlegye tabijpst the pfasmatenergyedance
adjusting elenent is a first variable resistor, Rl; a first filter circuit
connect ed i n Gifiiay.gorthatikes diffialt tpadaplogequizsments ofdifierenp teshiigaly bet ween
t he passive el ectrode and the ground; a pass band of the first filter
circuit is acﬁrﬁ , SO as to select RF current of at |east one of the

te
first RF source a{”‘ﬁéﬁ%ﬁ;ﬁﬁ’éﬁf@gﬁﬁl ﬁlgl.ﬂ’rﬁ)? t&%ggisogg ﬁgrlg“&ﬂ-ren?'is 3 t neither

of RE current of ource and t on E source to ow
t hr ough. 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 doesﬁ’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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Preferably, the first filter circuit conprises a first branch circuit
consisting of a first variable capacitor d and a first inductor LI
connected in series, and a second branch circuit consisting of a second
vari abl e 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 inpedance adjusting elenent is connected in series
bet ween the ground and at | east one of the first grounded ring and the
second grougdmandryng. Preferably, inpedance of the second inpedance
adjusting elenent is continuously adjustable. Preferably, the second
i npedance adj ustifyg ebjetnof ithe apsasennhdnventioml s tespwmvide Re; plasmecond
filter circuit is provided between the ground and the first grounded ring
and/ or the s@EOPRFSIMEANPIERMUS, W reastionahgmberiofvdhich plasma energy $aRect ed

with the secgnd 4/.ari bl e resistor R2 iﬂéeries .fﬁnd ﬁfété_eogss and of the
second filt ePScRHBHEE s dgiesstansee 5 dhak ManYs iU pintechRfl EOeHSat | east
one of the firééﬁifgﬁeﬁg%raﬁ%e%' h?ﬁ second RF source to flow through, or

0 c e

sel ect neitheér urrent o first RF source and the second RF

source to flow t hoygler to solvel Eh&rIvE prbBleRECHY driddl ifklenGidht
conprises a third branch circuit consisting of a third variable capacitor

C3 and a t hi ppdoviddsicd gslasida cpruresding appaetusesconapdsiagf ar tRF drédwiag circuit
consisting of a forth variable capacitor C4 and a forth inductor L4
connect ed i n edenticals, andhe pastive elnctiods eovrted tiaemip fave; ndinshgtrunded circuit
are connected,in parall.el. .Preferahly, the pla processi n
apparatus is ralgpﬁ%%n%psﬁ#lﬁ@@ﬁw&r sleigode and msularcd Trom the passiv

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



Preferably, the plasma processing apparatus is a plasm deposition

appar at us. 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 changi ng
the band pass of the filter circuit, so as to switch anong different plasma

energi es.  petwddhthe dfah&fa}iéak§one}$@m@'ﬁ§r§o‘p{&eﬁ§§£ﬂ BORBEAHUS

provi ded by the present 1 nvention applies a conplete different i1dea to
adj ust the pl@asidegnaggy in the reaction chanber. That is, the present

I nvention changes current flow ng through the passive el ectrode by

adj ust i ng i npedarireferdbly, himpedamcet of Wie sévond anpedaicscadpistiogr delvetteisongs
(realized by adjusting the resistance of the inpedance adjusting el enent),
so as to charsgatinupaslyladipsteblenergy in the chanber reaction. The new

i dea provided b h t i ti dj ust t i tude. pf RF
current i n the pabEIRPDIENGE Rt TRReRPS AR T sIgEds » SEHEpRERE
processing a X ' .t he ' ' h b
et oned shOrPEOTEY BREh PlePYrlisa0n) be el AR MELEAE " B0V

sone certain graplded §the’ Kd/SS theP Qi od@ prb 1l 2PngTANE sbQMAMIRA ciRfupCRSSES Wi th
different plasma density requirenents in one and the sane reaction chanber,

so that adaptcahhdctddywith tHehRcdldasiable resie®s R2gn aaal aidis pass biand bOthed
greatly. Brief Description of the Draw ngs Figure 1 is a schematic
di agram of a sstanddilter eirafit is adjustable 31 asgnacloetdRle swireny of guliepstone 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 second filter circuit 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.

| 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



Figure 2 is a schematic diagramof a structure of a plasma processing
apparatus according to a first enbodi nent of the present invention;
Figure 3 is a schematic diagramof a structure of a particular enbodi nent

of athird filter circuit in Figure 2; Figure 4 is a schematic di agram
of a structure of a plasma processing apparatus according to a second
enbodi ment ofchidiBelleRSBAL | Nventi on; Figure 5 is a schematic diagram

of a structure of a plasma processing apparatus according to a third

enbodi ment of t heThy eseitea provédudiorthe prdent inventibg vireadustshemagdiamiet i ¢

di agram of a structure of a plasma processing apparatus according to a
fourth enbodiofeRF wirenhén gheestivé glestrodeonn Diaraéd wagbeSeor ithst plamef t he
Preferred Enbodi nent The object of the present invention is to provide

a pl asma pr o®BEASSHEE apRyastas providgdebethe prgeent imwenion queggmes the #Roxst i on

chanber 7 mentioned shortcoming that the plasma energy can only be switched among

some certain isolated values, and can realize more technical processes with
different plasma density requirements in one and the same reaction chamber, so

that adaptability of the plasma processing apparatus is improved greatly.

Brief Description of the Drawings

Figure 1 is a schematic diagram of a structure of a commeon 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
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of the plasma processing apparatus can be adjusted in a |arge range so that
requi rements of many different technical processes can be satisfied.

In order that the persons skilled in the art coul d understand techni cal
solutions of the invention better, further detailed description is nade to
the invention in connection with the figures and specific enbodi nents.

I'n nost coMUYT tk 35 A%n » PPEESSINpJapRahdt dipeSe adjuSteddid Mll{m_%eeﬂaﬂgé rsgde is
provi ded on the bottom of its reaction chanber and a passive electrode is
provi ded on tthet teqpiremenbeof maayidifferdnanédmicalfprooesseecan beisstigfissi bl e to
exchange positions of the RF driving electrode and the passive el ectrode,
that is, the RF dh wrder éhaicthodersanspekillededn dhet aw eapdotinderstandact i on
chanber and t he passi \{e_el ectrode i s‘prgvi de(% OE t he lﬁo tom of .the reaction
charber . tephpigalewpl Wionsoktheinuention hetel fagher ¢9A e%fiesﬁr&gww t he

present invent i(gn arg herei n. il Lustrat eg on| %t b¥ tafki r}? an £xa 1I e in which
the RF drivi ﬁﬂa § &8¢ P§gLnyd lﬁ’tno@lil JdEFUSH PR 5’t 16an TR e Rt g‘ﬁ chanber .
However, the piwdfklenfn scope of the present invention should conprise a

particular case In Ich the RF driving electrode is provided on the top of

the reaction chanhemostBastfodplatiig pesvebsnt SpirAtdeaseRFNEIGh elebth@lePer SONS

skilled in the prior art can obtain the technical solution in the case that
t he RF dri vi rig pedvadéd al¢hd botpomo wif dedreactionhehatudper afd ahmssieaelactodeisanber ,

wi t hout inventive |abor. Reference is made to Figure 2 which is a
schemati c vi drodfled ogt thectopr of d1e zeagtien rhambers cafsrogsappds aosublgcwor ding to

e Lt TSRt Bl RSB SR sl S B,
ST OB RS b S B S ORGP I

provi ded on thesilOBe@fodeli§ pFoRifeli Rthe BSERR bf the reaMdn ch@mB@ssi ve el ectrode

22 is groundéd via a first variable resistor RL as a first inpedance
adj usting el enent In Aewiof'shisothe tevtiaital sabhgtichis povided b thetpresepbimivestéonel ect r ode
22, and the first grounded ring 23 and the passive electrode
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
pfesent 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



8 22 insulates fromeach other by a first insulating ring 241. Cbviously,
the first grounded ring 23 should be grounded. Qobvi ously, the first
vari able resistor RL can be replaced by ot her inpedance adjusting el enents.
For exanple, a resistor and a capacitor can be connected in series to act
as the above nentioned first inpedance adjusting el enent. A RF driving

el ectrode 25 Josinfilgieé 66 &dhlofeer b9td B Hsulakifig mgczuuoombaﬂ?ethe%lst and the
RF driving electrode 25 is electrically connected with a first RF source

271 and a segpoauhdeEringl8choddbeigemmeed.i vel y. The difference between the
above two RF sources in frequency is great; the first RF source 271 may
have a | ower frecderieyslyuie ﬁsstzwblfam@slawre Rde ¢amh dberrepdangd cly zﬂtlzerhas a

hi gher frequency such as 60%2 Eecond rounded I’IB 26 surrounds the RF
driving el ectiFBgdans Sa diysiing flemeatso GETSISHG D8 LGRS R P81 i vi ng

el ectrode 25 %ﬂ’?]e enegé &?g%:h bove enbr}'oned rgt ﬂ'gpedagﬁu'% g%lgrl ng 242.

The second gr P50 e grounde d be
under st ood 't hptnhde vaI ues of frequenci es nentioned above are just
illustrative and are not intended to limt the scope of the present

i nvention. - TAERF idrisingRElest@sticC 5 39 braxnded be the boten R theuesgiod72 shoul d
be connected with a first matching unit 291 and a second matching unit 292

respecti vel y chawbers2k, anddhé &l”edﬂivipg@htvtmdcrﬁﬁdhie}eguicaby chatecedf with enci es of
t he above two RE sources _can reach a_hi gher |evel. Ref erence i s nade

to Figure 3 WHPICRF jsquige Idhanelta secand fFarausse 272 respratiyely. She diffsencecul ar

embodi ment Of éerly tﬁe a{)clnlfet fi¥o rsColfl.lréeslnrll ﬂ'zquency is great; the first RF source

271 may have a lower frequency such as 2MHz, and the second RF source 272
has a higher frequency 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
rcspectivelj, 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



In order to avoid a nmutual interference between the first RF source 271 and
the second RF source 272, a third filter circuit 283 should be connected
bet ween the above two RF sources and the RF driving el ectrode 25. In
particular, the third filter circuit 283 conprises three ports, Port A
connected with the RF driving el ectrode 25, Port B connected with the first

RE source 27Le¥imd BSoukéd 312 WKV eBshdRhich#S hnitadd Port C connected with
the second RF source 272 via the second natching unit 292. There are

a capacitor C511 Tinde afe anchpatiesr €51 andRacihaaeton LSerdoaseddal weegriddort A and
Port B, and one termnal of a capacitor C512 is grounded and the other
term nal theretfeanParbArmadtRedt Beawkbene tehroinahpha icapacit@SCI1 2isdgrotmdeidnduct or
L51. There are a capacitor C521 and an inductor L52 connected in series

bet ween Port andhgiothey ternpinalthercof fsrgonagctest befweem thsicppaciios €511 andjthsunded and
t he ot her ter.m nal ereof is connecte tween the c I tor 21 and the
i nduct or L52'1H21uc?or ﬁ%agg"eﬁeaﬁ??sa 8?pa§1tP‘é&§BE§\ﬁﬁ a&rfﬂg'é"t?r?gﬁi BIRECLGNE gure 3
can be made t t}pl[}g | t . f . : and the
second RF sousrglge_ é@? &s&e?"g‘(l?%iilﬁgp(g’acﬁfaér%e eliflél%gfa ({aﬁgecla (()}\?/Sgélﬁsg Bé%%a?dve

el ement s apprfihdéBbdiertipal thdfeof 1 doaRbct&f bdthiter iehpdditod 08D andihk cannot
pass Port C and current of the second RF source 272 cannot pass Port B,

t hus avoi di ngnduetdriis@c f er ence between the two RF sources. As

menti oned above, the purpose of the present invention is to adjust the

pl asma energy in t Resshaads pba ledhparbend 21ight pastef Kighsg 3 gaacberadgtiodsna ener gy

can be changed acc¢ordi ngly. by changing a bias voltage at _the RF driving
el ectrode 25 respsctiysly a to tthﬁg:‘r Q%ESWP?%E@‘E‘EW%%@C@PA&BS&“W ZRangi ng an

ol ectrode 25 0vaeuit BiphitRrERiBedheft FbERIE el bl ot it

Vbi as' (Al / A2)current of the first RF source 271 cannot pass Port C and current 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:

Viias < (A1/A2)"

Wherein, Vs represents the bias voltage at the RF driving electrode 25,
Ay represénts 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 (A;/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



Wherein, Vbias represents the bias voltage at the RE driving el ectrode 25,
Al represents an effective area of the passive electrode 22, A2 represents
an effective area of the RF driving electrode 25, the paraneter n is
dependent on the geonetrical structure of the plasma processing apparatus
and the range thereof is from1l to 4. The effective area ratio (Al/ A2)
can be changgdiRyid#its RENEviRE elbtrddd 23 Mhefdbové RigntibhcdUsiihd Semprasesi ve

el ectrode 22. By referring to Figure 2, currents of the first RE
source 271 anhret paths eice radpdiic fionu thecR P dziviransopaces2 3 tor the ghssiveeeleaadei on
chanber 21 along different paths fromthe RF driving el ectrode 25. The
above nenti ofdda pathhior dheRF skiving dectpoder?d, tojthe firsy gramded risg28wadRFE dri vi ng
source 25 to the_passive _e|ectrode 22, ath fromthe RFE driying el ectrode
25 to the fi gt &PﬁhﬁﬁeﬂFr‘iW@@ﬁgﬁﬁﬁg%zgégﬁh?rs rHgoweed ng %6 g‘Pectrode
25 to the second, grounded rin 6., AN initi.al. di.stribution.ratiq.of the RF
currents in Eﬂ%‘%g‘g@’g’uﬁgﬂ{?%%gﬁ%e%ﬁg&l Ve “Sél%%%b".t"se rg%nél&g%ﬁl E%&’Fﬁwget er m ned
by the detail dj i f dQact | : : ces of

t he above msr?fa ?lgniesgﬁir% gfsf%g%fid\?{eéﬁgé%eﬁss%atﬁ@%r@gj@ EISI?%%ISI%I;/ °§ht§lﬁg? ﬁégiﬁ’tﬂhe

resi stance ofchhfaBefar st variable resistor R, so that the RF currents wll
be redistributed on the basis of the initial distribution ratio. When
pl asma havi ng hi ghgpedemes gf thesabose shashtioned tospeatiare paths cam befadjusted byf or
exanpl e when a via hole or other patterns with a higher aspect ratio are to

be etched i n chpeging thegegstance ofdhobirstyiasakle resigor; RL; sorthatctbe BF qumientsi r st

vari abl e resist.qr can he reduced,.then.the ijmpedance of the RF current

| oop where tﬁ’ghg’isrgi%%me @Prtgﬁga%oﬁti‘e P%Eﬂt‘ﬁﬁiﬁ@orneraﬁ%ed and thus the
current thereof wyhl. i . . AVE-E j passi ve
electrode 22 to t eeﬁpﬁgéiﬁﬁ ﬁ‘_gngz?%%"% ? ggggagﬁ%éﬁé‘?ﬂh@g%%ayﬁghﬁ%éga\q/bI tage at
the RF drivi ngr 8i8G)1€ ¥8@n 4¥idvhble drfih@dutes GAMRNA Rhir adpbiSratid @rddloasma
energy in the reaction chanber will beincreased. vi ously, when the
val ue of t he beastlsddainabe atrfidecof thesworkpiccabthe resigamsiecr! tRd first wagiable t he

pl asma energy in the reaction chanber 21 can reach a maxi mum val ue (when

ot her fact or gesister Rbtcag bagedieaeddthen ih¢ iraprstanest obthisdiF ruenddeomwher¢e pl asma

energy are n%tw gz(t)sglsvlede%c%rgdg 35 ei? Bcgtredeils E‘Q{ﬁlrc d and thus the current thereof will

increase. So, the effective area ratio of the passive electrode 22 to the RF
driving electrode 25 (A/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 ofher 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 (Ai/A;z) and the bias voltage at the RF driving electrode 25 will reduce
11



When pl asma having | ower energy is needed in the reaction chanber 21, for
exanpl e when a porous filmwith a low dielectric constant is to be forned
on the surface of the workpiece, the resistance of the first variable
resistor RL can be increased, then the inpedance of the RF current | oop
where the passive electrode 22 is |located is increased and thus the current

thereof will peftdmgly, §ﬁstﬁé}ﬁaﬁﬁiéﬁ%mtﬁée&cﬁ@ibmﬁerm@b@mw@ el ectrode
22 to the RF driving electrode 25 (Al/A2) and the bias voltage at the RF

driving el ectrodeOBvhowdl},| whendthe & alueadahel idsiptance ofitise fitse valiaderpeststr gy i n
the reaction chanber will be reduced. Qovi ously, when the val ue of the
resi stance ofR} teaclics the magmnab iveluecthie plasmaRmergyaiotthe reandomeldmhenial ue, t he
pl asma energy in the reaction chanber, 21 can rea(;‘glI m_ni nrum val ue. The

mi ni mum val u€aNEach aRRIPIRSTRltce 4 8f gynimym valye i ih DRSMARISER LBy

changi ng the nmaxi mum r.esi.stan of. the first variable resis . A
cor r espondi ng®4<8 Sl r??h?}ﬁngg‘g eﬁh@ﬁglgph’:fsf?&x%‘g}lgrﬁmﬁﬁn?eh(g%&é%%}fton
chanmber 21 a%&@gr&%@é nce of the first variable resistor Rl can be

est abl i shed i n advance. ien the plasma energy in the reaction chanber 21
needs to change agGkdifdading rdiatibaign betrren Mflhsid OFRES 85 tHea@itioAeNt s, a
resi stance of the first variable resistor RL can be precisely selected
based on the chinaba @enindnke resistamsp ofidiha gfirse| wariables hésfstors R 1asart deobt ai n
plasma with an expected energy in the reaction chanber 21. The pl asna
processi ng apptablshed infadvenecep ihe i masans PRAEZ it hey Fragtiqioalanthes |2}

different idea to adjust the plasma.gner {n the reaction.chanper 21. That
is, in the pr”é@‘isnfo Fh%"@ﬁt ?c&ﬁ,d?‘?ﬁlégﬁ? ?&ﬁﬁgeéi‘%‘f’a]t REOCPEED IeWEFESh @ passi ve
electrode 22 js.lo i h dj i.ng.. ' t he
first vari abIrESI?%%C:%g’ttfgl?e Eff?v'%ba%g%%% 8@:{ rgnééﬁéi%te g&(l:stuernf Seeﬁl{é ‘ﬁs%a\%&ﬁg“ e_r ough the
passive el eCtaBQ?@n%ﬁﬁoﬁé&“éorFé&ﬁ&ﬁiﬂi@ ré1§oRhHS I8 /N6 dbYaih DldshR wWRAGH On
chanber 21. The new i dea provided by the present invention can adj ust
the magni t udexpéctédeneRly @uthé mrattiomcHahtbepassi ve el ectrode 22 in a |arger
range. So the plasnma processing apparatus provided by the present invention
over conmes t he abolle plhemacuotesginghappatates pf durpreserdr igyension emplpyba swit ch
anong sone certain isolated points, and n?an carry out nore technjcal

processes wi tRMEHGelE diterent idsado adingt the nlasms suspBhinsthe feastion Shempfe same
ti h 21. Th daptability t f i i d d t tchi

o he et Par At in, o o4 PRRR A vildon J6E ERbedslict PR Tt g g, 0" N
i st wh : i t i el th

resistor Oﬁ’ﬁgﬁf??%%@%f%ﬁgﬁql&%ﬁ% éﬂw%&wr?a 5 Btk Leidlaflcdsr e t her

sel ected as e resistor hi s” case, 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



current of the RF current |oop where the passive electrode 22 is |ocated

can be changed continuously. So, it can be realized that the plasna energy
in the reaction chanber 21 can be changed continuously. The adaptability of
the plasma processing apparatus is further inproved. Ref erence i s nade
to Figure 4 which is a structural schematic diagram of a plasma processing

appar at us ac &%Q&Qﬂ,tﬁ@Rﬁ RREANGoS WeFl thB Phsstle d1B&rdde 2298 lochiv ik ben. _
In the second enbodi nment, the pllasma procCessing apparatus provided by this

enbodi ment i sham@e @nfitidusBl Solpr eate e viealinedt thet Hrsplasmi ehbagyfinr the

enbodi nent . As nentioned above, in order to widen the adaptability of
t he pl asma prestssichgmbepat atanshe pharmed tcontinumishe i TheealaptabHitplafstha i n t he
reaction chanmber 21 should be able to he adjusted. The paraneters usually
i nvol ve the [PIaEWPTORSAENE YPPAKHUS 15| Tudthel TBNEPGY. the plasma flow etc. The

Sour ce 271; i he A EERHGR eI it AreisroreeBry Shembid iepiody ou by
the second Rp BAYKE Subddsing afp&%%ggwdiﬁ O%ea %w{@%ﬁﬁgdﬁ{&t% ghgted in

order to adapt eren processes, It is better to control
the plasma depsbhtinddfiohhe plasma energy separately. However, it is
difficult to'realize the separate control of the plasm density and the

pl asma ener gy duentthe §drtend empbding:nhehsplamh peodesdisg afpfarawprogided byand t he
second RF source 272. In order to realize the decoupling between the
first RF souithie efsodiment: isemgde anthiriher Joprassnenp ogothgsbases eﬁr%her &ustt he

pl asma density and the plasma energy separately, a first filter circuit 281
coul d be conﬁé@Pgﬂn‘f”ﬁ seri es between the passive electrode 22 and the first

‘vari abl i stor, Rl t . the, fi.rst. ' ' R d th

oround. The: pass A Bnh @R i Ofieh «b Mia s WaBebARY i Blesl ' T e

adj ust ed, an?;ﬁé&?siﬁ PR Oaa?arﬁaeﬂshssseeia&dpaﬁﬁl pBRmAC i dhé Seadionhoul d at
e frequ ft

| east cover cl es he first RF sourcé 271 and the second RF
source 272, ichabélel] {oukEbesble th ®c REjustedr The patameters eanlly dnwled thewo RF

sources to flow through the passive el ectrode 22, or prevent the RF current
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 energy 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 density 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
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of both the two RF sources fromflow ng through the passive el ectrode 22.
The band pass of the first filter circuit 281 can be adjusted so that it
coul d becone a lowpass filter. At this time, |owfrequency current of the
first RF source 271 can flow through the passive el ectrode 22, and

hi gh-frequency current of the second RF source 272 is prevented. At this

time, the ! iqroo @HRNERHTohtkel fofl ol i 1HREONhehlindBtidag)26 provi de a

| oop for the requency current o sécond RF source 272.

Li kewi se, the banth@aasd phsstdrethbifirst filtkd tReuic28 Chd b2&EBRA fethatjiust ed so
that it could becone a high-pass filter. At this tinme, the high-frequency

current of theukeswotheHosopass dilt27 Atdhis tithedowHregughcyt dverepnekibedirstl ect r ode
22, and the |l owfrequency current of the first RF source 271 is prevented.

At this tinmeREpeures 23t cgr Bawdbepughibe passivgrleaeds ddomnd Bebdrrgeensyi ng 26
rovide a |oop for the | owfreguenc rent of the first. RF souyrce 271.

Thus. the decBEs Ab e sReH RHesiroes e ks queveairds At (i trte Bedbila Re
source 272 ¢ e Leal | i gh- - fent

I ow—frequenc%q%]gl}dregn@gmésﬁmgg@giStr??(gr%‘#]gr%eﬁn\t}m&fgﬁg%p%{q{%% Qalﬁglp(rlrtglﬁ teh% So, the
pl asma densi tmg@mqﬁgﬁgygh&&%fmeggmfﬁp sB&ceomirol |l ed separately. As

illustrated in"Figdre 4, in a particular enbodinent, the first filter
circuit 281 of theiketwieethe band @akd oNtheEftsCRlgRTdisait@8M icaf thelidpuzedd i r cui t
and a second branch circuit which are connected in parallel. The first
branch ci r cuithatdbomild becomiie ahighrpsass {ilter. A (this ¢imea diet igh-Glequentyacufrientst

i nductor Li which are connected in series, and the second branch circuit

consi sts of PideetcandBEsenkcs27Esandgwihrough e passive elsetrode hized ther o

connect o, | M a5tk e el SHPE R SobeF LRt By B
capaci tor 01 ERdO P A RS b FlQfroct AL e ing 26 Bl e Jdeblor 1R 7 e
The first br qaﬁtﬁgdu@@yéuﬁ@t @fm@\ﬁrgtq&qmpat h. When it is required that
the I owfrequency current in the first RF source 271 shoul d be selected to
flow through the Phssthesleebepdinpduwew@m the tfiestRE sturacel 1labidehe sgaod Rér G can
be adj ust ed 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 = (ZE\/IT )-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



so that the resonance frequency of the first branch circuit equals to the
frequency of the first RF source 271. The second branch circuit is a

hi gh-frequency path. Wien it is required that the high-frequency current in
t he second RF source 272 should be selected to flow through the passive

el ectrode 22, the second variable capacitor C2 can be adjusted so that the

resonance fr E&um@yﬂlggr%%ﬁgn&eﬁ%ﬁg?ﬁga@p lheC iﬁ%tejﬂ.)r%%ﬁﬁ #gfh‘?it tetgH£1get°f fgauency of

t he second RF source I nstant e first filter
circuit 281 usgfueh¥PoftheRedd RE dotkbet2y1. because the frequency of the first RF
source 271 is greatly different fromthat of the second RF source 272 (in

t he i nstant enbodilhestcond bearchtcirenit isa RiphtfreqentshpathoWhen )it isAsquirdt | oned
above, the resonance frequency is f = (2n LQ-1 , if the first filter

circuit 281 ctbapthe bigh-serupneneurmant iicthie seeondiRE saueee 2/2rshaniddre selestsd of t he
capacitor and the inductor is.toqQ broad, So it is beffer tqQ u two branch
cireuits.  togay rpughide rPé%‘“Yesaﬁﬁﬁ@e&& %egﬁs?@dsvwﬁ%wapgﬂfgr?ﬁrﬁet ur al

schemati ¢ di agr ol & BEARIRBRREE TG Uh SRS AEARLIL AL e Lhi 1o

enbodi ment of present i nventi on. odinent, 't he

pl asma procesgiRgs: ERbiihe REQOUH FGs R FWs enbodi nent is made an
i nprovenent on the basis of the tirst and second enbodi nents. In the

first and second girbeding®ant embbéditheht, thé figstofileatagrctit i1 Azea o thignchecond
grounded ring 26 both are grounded directly. In the instant enbodi nent, a
second var i abtiguitgshestupe tR2 fizguencyaddhe firstRId aowee 3d] us greaty differentt can be
connected in series between the first grounded ring. 23 and fhe ground,

and/ or bet weeliombatod demzecond BHeurceidlq (Dothg ieptank emypdimsat, the lattgiigi | ar to
(ne, above, e ohd b Shu e 881 ISRk Sl MRSERIACNREETRE |
Charml o, 2 T LR 906 Ak oearost i s Reempyeuned, oo L1
is further sefebAriaftinushgd MBEJRFRAOInd tE inductor is too broad. So 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



current paths conprising the first grounded ring 23 and the second grounded
ring 26, thus all inpedances of respective current paths can be changed.

So, the proportion of the current flow ng through the passive el ectrode 22
can be adjusted in a larger range, the plasnma energy in the reaction
chanber 21 thus can be adjusted in a |arger range too. It should be

poi nted out that.f : 1 &ﬁ.@gh C jzed just
by setting the secgﬁggggl}ll %ﬁﬁgtdr“gg?%tg%r gﬁlghfeﬁ; Eﬁg%&%ﬁoﬁg@?&st
grounded ri NGimB26 Wlist dMEinfPe@ititds oPfesP@EVE ekt Hafi CaR Be Ghaippdlegh, iy 26 and
the ground. O course, a better technical effect can be achieved by setting

t he second varropdrtion rafsthetanreR? flootilg higouglenh¢ pessiver slecigodeudPladnrbeng 23 and
t he ground and between the second grounded ring 26 and the ground

si nul t aneous|agjusted in 3 fargaydhngep the plasrag ienergy iniloseeagtian chambee 2¢ dhushe

conti nuously ch%g%gjd cegul d _be further selected as the second variabl e
resistor R2, €8 usieddpa lTBe98%9R- be adj usted in a larger range.

Pl ease referring Lgur i i stru r schematd.c, di agram of a
pl asma processi ngf%%(g%lg?te 3’3 %g%dc%?tﬁ‘ﬁ%tgtﬁ? %b%vef%‘rgri%n?grﬁegg{“ﬁgﬁ f%%? ¢ present
invention.  reqlidel jhdt%yf Qiddd GEREDNEBAtablEsiRbARIRBECESFE he ratus Is
made an i nprovenent on“the basis of the above nentioned first to third
enbodi ment's. groundeASinFEIR ireihd gehidMdeor bétweenltHe seboride@bimdedinily ZEamup! i ng
between the first RF source 271 and the second RF source 272, thus to

~real i ze cont rtbelgrowydt OFf cpimas,mbetten Sedimicahdffedicap baswhicveieby yettinglithei dual | vy,
the first filter circuit 281 can_be connected in series between the passive

el ectrode 22 s§fend wariable Esistarr RAboth befwiesn dhe fust sxpungded wnenld ped the st

vari abl e resistor, RL d.the ound. This can,reali th ecoupl i ng

bet ween the 15Patd Rk Jietvieen, the iecopd . swndd) R s O6 &nd % Bpwader | ¢ he

decoupling cag alized conpletely. The reason is that the first
SGhaguly

grounded rin e second grounded ring 26 are grounded directly, or

grounded through fheddifiéh,Si Q6sistol Whobd @&sBsthrfceadanalys cantn_ﬁfohszpfcﬁahged
hi gh-frequency current and the | ow frequency current which can fTow 16

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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through the first grounded ring 23 and the second grounded ring 26

si mul t aneousl y. In order to obtain a better technical effect so as to
make the decoupling between the first RF source 271 and the second RF
source 272 nore conplete, a second filter circuit 282 can be connected in
series between the first grounded ring 23 and the ground, and between the
second gr oundffbuih Nthe2 GiretNGroulBed @M D3 and theSsBidndl ghRnb&E g 96 il ter
circuit 281, a pass band orf the second filter circuit 282 should al so be
abl e to be adjimshlt@agtousind t he range over which the pass band is adjusted
shoul d cover at |east the frequencies of the first RF source 271 and the
second RF source Rrordet to ehtainra hebtes tdchnicak ¢ffecREo g5t make tfe daconplingt one of

the two RF squrces to _flow through the first grounded ring 23 and the
second gr oun&?&”ﬁ"qﬂ e Sigst R squge évaé}ﬁltthﬁéﬁwnfl%gnﬁwwng‘n?w‘{?ﬂ%etﬁhe first

grounded ring 23 angd the s d ounded ring 26 The, pass, bhand of
Phe Tirst 1 Erof fetrifredl 282 CrPhELiinRrIel el prtsveen fhectist H0REhe o

| ow pass fil t&y ngdt ’gpaﬁﬁ A ool o] Ul i's

si mul t aneousl yga%i?ustetg@ ot é?ﬁﬁqls)e%%emﬁgzsgone édﬁkgﬁf gggsﬁgﬁdtgréz At this
time, the | owrbiriguency current of the first RF source 271 can flow through
t he passive el ectrode 22, and the high-frequency current of the second RF
source 272 is preSantaede thiifirst filber dirayit- 281 qupassybandrofetht seforidhBiltaecond RF

source 272 can flow through the first grounded ring 23 and the second
grounded ri ngitgsit 2874 showld alsbe pblguterke adiusted randdthe rameer oves twhigh $eur ce 271

i d. | hj ol i h 21, d i
15 Pow andtimeshpithds sy Peutosiyer ob G Fien oGS PL 16 FMREr equency
current and tsgﬁrcg 9 'mtl(ﬁ ﬂﬂ%@?@g Iﬁ"":é(é Q# i’lf? B Qﬁ'le{' Foaée;l&g&fm&rgén? lof{at

Li kewi se, the pass band o er clrcul can be adjusted so

that it coul defeeREB fheltiveRIPSGTCds thifRiw 1RGELH e ﬂe&s%io@ﬂeérﬁa Hhggsecond

filter circuit 282 is sinultaneously adjusted so that 1t coul’d becone a
| ow- pass fil tthe secAhd grounded fing 26her fogwedane Yothn@ym dlowing throfigh the firky st RF
source 271 can flow through the first grounded ring 23 and the second
grounded ri ngrowded ning2Band 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
{ime, 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
17



hi gh-frequency current of the second RF source 272 is prevented; while the
hi gh-frequency current of the second RF source 272 can flow through the
passi ve el ectrode 22, and the |l owfrequency current of the first RF source
271 is prevented. In this case, in the reaction chanber 21, the plasm
density is high and the plasma energy is | ow Decoupling between the

| ow: 1 equenCy; gufrédithoR it Mg Vel dRIRE ol U PR prethed; Sfhifiereal i zed
conpl etely. course, it 1s also possible to connect the second
filter circuihighfeqicAcyetires oNkhe BRbUERTF 8o@cof272heant flowothesupdether i Ngs and
the ground. However, this can only increase effect of the decoupling to a
certain ext epassiendeatrdet22; end thedowrieeqhencyuplrieng of thepfitst BFysource 2711 n a
particul ar enbodi ment, the second filter circuit 282 of the present

i nvent i on nmys RieHHed dn this ease dnfihersestion shamber dhdharkena densityazhighi r cui t

ted i llel. The third .Ci it i f third
connected | 4B iGs bkvon b T i 5 ERERGSH bEeke RS Rhef bt
forth branch aﬁhE&L{_iélg?é%ﬁ&égé&?gfs}gn&aflg{s}?q)e\{,ga[ﬁzg&)Iﬁg?ﬁ%w| tor &4 and a forth

i nductor L4 connec he "reaso he second filter
circuit 282 uses OHPBuREARCHR A §wsme kS coiRcOBMERedshd fiRér diRbittd8e ihi r st
filter circuit 281, and will not be discussed here any nore. I n order
to increase tshfestirls betwdennealfeh@two groundedisingo and) diec@dend. Hovpdvasg M
density, a nmethod has arisen recently, in which a third RF source (the
frequency of thinicah only insteas¢ githetgdicthetdesoumipigHp) a certain ¢atenbewiddwes’tt he above
mentioned first. and second RF squrces. It should be pointed out that the

i nventive coneadise gfiscopplingcommletaly. sol utions of the present invention al so

-apply to this casge. . .In the.abo t he plasnma.pr Si appar.at us
orovi ded by ¢ he AP mtieyi ehPraeRY the serf IR Rulep 287 Ve BRRRHC! T o
the present inventi It |arrp£h i : j -ng-
illustrative exaﬁ% 3@?’?%%’\%‘[8%?, t gﬂg ovié ﬂefbmt?glﬁde?g;r@og%ﬁfég&%}te only
used to hel p contefedt AN ghrabelt MTheNBiiddOBraath tcir@uit NeoRsibisO6f ahirg! Variablei t s key
concept. It should be pointed out that the persons skilled in the art could
make many noaapacitat iBnandadhirdrindutter 1.8 ¢dnacited amtsenes; vihe Houh hdewphr ti ng
fromthe principle of the present invention, and these nodifications and
variants ar e Sitpgibraagists ofba foridy viereablevicepacior Hed 98 farh dedigierd Ly t he

acconpanyi ng cl ai .of the present invention.
ITp y g connecpe% 111 Series. p

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
examples, 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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Cl ai s 1. A plasnma 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 el ectrode (22) and insul ated
fromthe passive electrode (22), a second grounded ring (26) surrounding
the RF driving el ectrode (25) and insulated fromthe RF driving el ectrode
(25); the RF LN ; i A o f ource
(271) and a SoncHi”RMoREd bESBYERbul I 1RD BElEs M b e R %
first inpedangskeachusy i n@defiedtiois iandconfRatedol Rhéefriveatibat waedthe
passive el ectrode (22) and the ground, and the first inpedance adjusting

el ement is adepaging/dromblitee rpdinsipbe ¢Rihe ardsenstinfedtier, andcthdse(281)
connected in series with the first variable resistor (Rl) is provided

bet ween the paedifigatiansard yaeapsaredntendsd tgbsuingludedewithinsthefydoper circuit
(281) conprises fi,rst. branch circuit operahle at a.first frequency

Cons! st i g, ofs donpd DR EEPBrRRHaS laiby of Reasatiny S omhauct o {L1)
connected in series, and a second branch circuit operable at a second
frequency consisting of a second variable capacitor (C2) and a second

i nductor (L2) connected in series; the first branch circuit and the second
branch circuit are connected in parallel. 2. A plasma processing
apparatus as claimed in claim11, characterized in that a second i npedance
adjusting elenent is connected in series between the ground and at | east
one of the first grounded ring (23) and the second grounded ring (26).

3. A plasma processing apparatus as clainmed in claim2, characterized in
that inpedance of the second inpedance adjusting el enent is continuously
adj ust abl e. 4. A plasnma processing apparatus as claimed in claim 3,
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) 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 |east one of the
first RF source (271) and the second RF source (272) to flow through, or
sel ect neither of RF current of the first RF source (271) and the second RF
source (272) to flow through. 5. A plasma processing apparatus as
claimed in claim4, characterized in that the second filter circuit (282)
conprises 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. 6. A plasna processing apparatus as
claimed in any one of clainms 1 to 5, characterized in that the plasna
processing apparatus is a plasma etchi ng apparat us.
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7. A plasma processing apparatus as clainmed in any one of claims 1 to 5,
characterized in that the plasma processing apparatus is a plasm
deposi ti on appar at us.

Claims

1. A plasma processing apparatus, comprising: a RF driving electrode (25) and a
passive electrode (22) mounted face to face; a first grounded ring (23) surrounding the passive
electrode (22) and insulated from the passive electrode (22), a second grounded ring (26)
surrounding the RF driving electrode (25) and insulated from the 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 impedance adjusting element is connected in
series between the passive electrode (22) and the ground, and 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; the
first filter circuit (281) comprises a first branch circuit operable at a first frequency consisting
of a first variable capacitor (C1) and a first inductor (L1) connected in series, and a second
branch circuit operable at a second frequency 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.

2. A plasma processing apparatus as claimed in claim 1, characterized in that a second
impedance adjusting element is connected in series between the ground and at least one of the

first grounded ring (23) and the second grounded ring (26).

3. A plasma processing apparatus as claimed in claim 2, characterized in that impedance

of the second impedance adjusting element is continuously adjustable.

4. A plasma processing apparatus as claimed in claim 3, characterized in that the second
impedance adjusting element is a second variable resistor (R2); 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 RY 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.
20



5. A plasma processing apparatus as claimed in claim 4, 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.

6. A plasma processing apparatus as claimed in any one of claims 1 to 5, characterized

in that the plasma processing apparatus is a plasma ctching apparatus.

7. A plasma processing apparatus as claimed in any one of claims 1 to 5, characterized

in that the plasma processing apparatus is a plasma deposition apparatus.

21



