1111111111111111111 PLASMA PROCESSI NG DEVI CE*159 159* Field of the-— -
I'nvention The present invention relates to the field of “)| a

- processi ng 5t echnol ogy, specifically to a plasma processing deﬂmﬂm“m“ m&mﬂ

Background of the Invention Pl asma processi ng devices are
I n manufacturing process of integrat | Lt ( phot ovol t ai ciseed*l ————
with the 10 devel opnent of E?ﬂé&ﬂ‘ﬁ( Egﬁﬁ%ﬁégng%@ﬁéh on pl asma

processi ng devices which are suitable for etch, deposition or sone other
process is very inportant to the devel opnent of the manufacturing process

of | C or Fibid eYehedmy egrtion Currently, parallel plate Capacitively Coupled
Plasma (CCP) 15 processing devices are often used in the industry of 1C or

phot ovol t ai ¢ célhe prheentr imodmien aklatesetmtthagfipldofaphsmsachrodessiogs i s
very sinple: generally one electrode plate is applied with RF power, the
ot fer el ectedduwlpgys specifigabirioet plagina ecewsivg sleivése-and mai ntain of CCP
mainly rely on the RF electrical field between two el ectrode plates. 20
For exanple, Figure 1 shows a parallel plate capacitively coupled Plasna

Enhanced ' | &1.an (PECVD) device which is comonly used in
practice%@@m&%ﬁébﬁdes: a reaction chanber 80, a power supply
10 and a mat ch wauRld N dewifg BOtcashowd) vy dgsddiein aaahhipattahiaber 80,
an upper el ectrode 20 which locates in 25 the Teaction chanber 80 and is

connect ed Wrpfedsheobompegrited! yirtRit a(lghousdepheioseitaide c30l | wiihdethiehe
reaction chanber 80. Densely distributed gas inlet holes 40 are provided on

t @ upper desectomdenplaft @la0na ataydiodagly etR eswarcls0on splasova dewb dessingm of
the reaction chanmber 80; and a substrate to be processed | ocates on, the
grounded elds¥i¢asdwhach aspsuitehle %eg‘gbr%‘ﬂ?%tleﬂ QrEOIPERIBCHPFPERSS Inder a

sui tabl e very important to the development of the manufacturing process of 1C
or photovoltaic cell.
~  Currently, parallel plate Capacitively Coupled Plasma (CCP)

15 processing devices are often used in the industry of IC or photovoltaic
cell. The principle of generating plasma by such devices is very simple:
generally one electrode plate is applied with RF power, the other
electrode plate is grounded, and the generation and maintain of CCP
mainly rely on the RF electrical field between two electrode plates.

20 For example, Figure 1 shows a parallel plate capacitively coupled
Plasma Enhanced Chemical Vapor Deposition (PECVD) device which is
commonly used in practice. Such PECVD device includes: a reaction
chamber 80, a power supply 10 and a match coupling device (not shown)
outside the reaction chamber 80, an upper electrode 20 which locates in

25 the reaction chamber 80 and is connected with the power supply 10, a
grounded electrode 30 inside the reaction chamber 80. Densely
distributed gas inlet holes 40 are provided on the upper electrode plate
20; a gas outlet port 50 is provided bottom of the reaction chamber 80;
and a substrate to be processed locates on the .grounded electrode 30.

30 During the operation of the PECVD device, under a suitable
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111121112112121121212112121211211212111 *@&00002*  vacuum condi tion, process
gas is introduced into the reaction chanber 80 through the gas inlet holes
- 40; the process gas between the upper electrode 20 and t he grounded
el ectrode 30 is excited by the power supply to generate plasma 60; the

pl asma 60 i i he Pr D t : ]

deposits o&'\&gﬁ%ﬁs%é@glggl e @gé%gég %gflgrl%tg&ﬂﬁ%r%o %i }Hég \Ré/as le&ggglhgﬂ;oééuced by
such react i OHLE Wi gas- I to R0 rlﬁﬁ,telry,
however, rgg{}iﬂrré}lrggtat ng"? elﬁil%dggf\ersyg% Q#%;g?cgﬁ%tggéokl)%tg%encgﬁ Wth

respect toelucetdt 20 hidi thehiggblidedceleagede B0ais iescitéd byngder poher
condition of ensuring the quality of the etch process or the deposit
process, nenpplyr tagensrateeplasmabé60prthdydesimai 60incactsewdtimthe ismbsiratasr val .
In_order to nmeet such requirenment, device manufacturers increase ,B_g Si ze
of Spl asma aBdinteduebnf theisergtjon depppis of ther Yristipeso 2 FIm sed in
one process t'P i nprove the gr(%)%c%iévité of devices, 15 Al though the
commonl y u®EH!pa¥aste e$asPAPEY VHEBSTAGH T 4% 2 Wi oMt Vi) Y% 8% or m

pl asma corrB?h%g (KX %her pl asma devices (e.g. an electron cyclotron
resonance p asms processi ng device and an inductively coupl ed plasm
processi ng deviGgyrentiQWeyigiweWdr! hrédisiremeneass ahet Nadesas abf tT@ roaction
chanber and the increase of the area 20 of the el ectrode plates,

especi al | yphbedsw dlios cfaethudtic yesfect he prodactisitypisyhiighly ompraased viblay idi gher
a standing wave effect and an edge effect will occur in such parallel plate
CtP devi ceuntihe thearntiditionao€ asfstisigre shel quaditedelk tee fedeh Mavesyosahe

influence on the uniformty of the generated plas and usual |.y cause a
phenomenon 9ERAB1L PROCSS s MOTS: PTAdUEIE HResd dp bﬁdﬂr&r@&@ ofdt naﬂé Ragicy

hi gher density .apd t | asma, at_t he edge_ has I r.. densi at the
unigf orm ty%](ﬁ‘gtlﬂgery égﬁﬁ%ﬁiefpf%éﬂ%‘f p§%cg~g§%glhlée§xre8g§gv?c§ ﬁ?&psﬁf?%ﬁlr%%nced.
provi de a ' [ I,Ca: i g [

G ot i but i pe pcane SRS o hIdFaCBe 2GS LR RIGRRLE! 6 TaptR AT Rufs
processi ng cRhWepfocesBe @il Onel Proveky €o ihprabevBe tppoldatctiaityrsobéeidest he

pr esent :
15 Although the commonly used parallel plate CCP devices can
produce relatively uniform plasma compared to other plasma devices
(e.g. an electron cyclotron resonance plasma processing device and an
inductively coupled plasma processing device). However, with the
increase of the size of the reaction chamber and the increase of the area
20 of the electrode plates, especially when the frequency of the power
supply is comparatively higher, a standing wave effect and an edge
effect will occur in such parallel plate CCP device. The standing wave

effect and the edge effect have great influence on the uniformity of the

generated plasma and usually cause a phenomenon that the plasma at

8]
W

the center of the electrode plate has a higher density and the plasma at
the edge has a lower density, so that the uniformity of the result of

plasma processing process is thus influenced.

Summary

30 A technical problem to be solved by the present invention is to
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5 invention provides a plasma processing device including: a first
él ectrode plate and a second el ectrode plate which are arranged opposite to
- each other, a matching device, a power distribution device and a power
supply devi ce; the first electrode plate includes at |east

t.wo sub-el@%,r- e,.p 101 d hef ; otle supply
device is onr%ggt gd%%ﬁ?%eggg%grS%ﬁsgéf% ie%ﬁ)lagfe)%/i (gf:a ?Wragll}gﬁ tlﬁg%?chi ng
devi ce; t helRAWETJiirshiti Ot itRAs dBMpESVinG ¢RONGSTFBEMIY oTetid nebuR! o€t r ode
plate, for  inputting and distributing t fe power of the power supply

15devi ce t?laeﬁid’lpﬂfcdsb'ﬁlgpbe@dsectrode plates, and the power distribution
devi ce includes at | east a capacitor and/or an inductor. The power

di stribution déni oedénctaudesvat theagboveo tetlnicabupraemmi the preseminber of

the distribution units . i s the sanme as that .of the.sub-electrode plLates and
eath one oMveRdiad sPFIHdeEs oA Lﬂiﬁﬁ@ai Proeesangi QeNicy ISR & dibie

and cach onEchO e dReRTORY Hto bRuf e B Al Efa BRpBstialr o

i nductor. Jhe LRAURIO" J ShaRndds USSARES d POUROistiiBRtioAPAEVIQY ahd &n
b-e gleﬁ)g’l ates include a

adj ust abl e capaci tor. e at Teast tio su | ectro
first sub-gbeekisePply device;

the first electrode plate includes at least two sub-electrode plates

10 insulated from each other;

the power supply device is connected to the power distribution
device through the matching device;

the power distribution device is connected to the first electrode
plate, for inputting and distributing the power of the power supply

15 device to each of the sub-electrode plates, and the power distribution
device includes at least a capacitor and/or an inductor.

The power distribution device includes at least two distribution
units, the number of the distribution units is the same as that of the
sub-electrode plates and each one of the distribution units is

20 individually connected to one sub-electrode plate.

The distribution units can be identical or different, and each one of
the distribution units includes a capacitor and/or an inductor.

The inductor is an adjustable inductor.

The capacitor is an adjustable capacitor.

25 The at least two sub-electrode plates include a first sub-electrode
plate and a second sub-electrode plate; the power distribution device
includes a first capacitor and a second capacitor; the matching device is
directly connected to the first sub-electrode plate; and the second
capacitor and the second sub-electrode plate are connected in parallel,

30 in turn connected to the first capacitor in series, and then connected to

-
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pl ate and a second sub-el ectrode plate; the power distribution device
includes a first capacitor and a second capacitor; the matching device is
~directly connected to the first sub-electrode plate; and the second
capaci tor and the second sub-el ectrode plate are connected in parallel,

30in turn g t first capacitor in series, and then connected to
the matchi ngnlglgl\%@%g (?e\;l%The at |l east two sub-el ectrode pl ates include N

sub-el ectrode pglial eg; 1@55@0%ngﬁy-,elé&%o@@wﬁratés Stnchiil Iandsva@@trba@I udes M
capacitors, wherein the Mh capacitor and h sub-el ectrode plate are

connect ed pldtés;paccardeglandhé pewerodisedbet ohaddviee (Mlidel Mapapdditorsj n
series so as to formtpe (N-1)th series CI rcuit; the iN—l)th series
circuit, thhetein the M€ apak ot mndethel N esalmeleueo(lwp yteharsapernediedar e
connect ed in paral I el and then connected to t (M3)th capacitor |n series
sodas to fbt mar éel andthen sonpested; tacthe (Marda s“@plaélft?ﬁ AN H§E19S $0 d8riPes

cecond subTUTBCHE A pat %@%%3%”3&3%?&&@431“? iy Sihe e d i Tpar ai el
and then CQ“@%%&‘@H?@ E A ﬁ‘l%pfﬁsﬁgl G a%‘?tro'rdasras orftvedtd f1ar P‘gf"al {djr st

series CII‘CUIt |rst ser I't an irst sub-efectrode

plate are gpangdeheconmediadabl ¢le @vid3jheapaeitoedhestries §hasnat €himahdevi ce;
wherein 15M:2(N-1) and Nis an integral nunber no | ess than 3. The

capaci t or s(He2) %ldjemsztsadmlreunﬁaadl doofferth; untilTheseatesl emstitt farnsad-bel ebt r ode
pl ates are arranged so that they are paral lel, centrally symetric, axially
syfmetric GeregonBgneanasatary andisad-elecaoseantatear al $@0D(do suheclesty

el ectrode plate. OSha es of the at |east two sul-el ect b
Cdent| cal Bialg Sechmd (Rl Rl OBECE ¢ & Bpbalid Pkt e °°

square, circular, or eI t
9 connected to a ﬂrsP caggcﬂor in series so as to form a first series circuit,

and the first series circuit and a first sub-electrode plate are connected
in parallel and then connected to the matching device; wherein

15 M=2(N-1), and N is an integral number no less than 3.

The capacitors are adjustable capacitors.

The at least two sub-electrode plates are arranged so that they are
parallel, centrally symmetric, axially symmetric or concentrically nested
in a plane parallel to the second electrode plate.

20 Shapes of the at least two sub-electrode plates can be identical or
different, and the sub-electrode plates are rectangular, square, circular,
or elliptical.

The above technical solutions have the following advantages:

The power distribution device in the plasma processing device

25 includes at least two distribution units and the first electrode plate
includes at least two sub-electrode plates, and respective distribution
units are connected in parallel after being connected to a respective
corresponding sub-electrode plate which are insulated from each other.
At this time, the power supply device is connected to the power

30 distribution device via the matching device, and the power of the power

4



The above technical solutions have the foll ow ng advantages: The power
distribution device in the plasnma processing device 25 includes at | east
-two distribution units and the first electrode plate includes at |east two
sub-el ectrode plates, and respective distribution units are connected in

prate whi citogpl SRTRE LA Bbd R TRBRF PO RPL! EORENPERE B dar € ol y
d
evice is 3ﬁﬁﬂ6&t oF he % thﬂ’@é‘t%dé%h?ésr blpu E‘leoﬂrgegle%grds/dte?}%ute L@ ng

devi ce, e power o e power © supply device I's |nto

sever al porﬁd\@@;s diotriipsendisvided Wwirersiirbedciof péfrorb UBE etirct sofler pisat es of
the first electrode plate by the power distribution device, wherein each

portion of1nﬂanduuﬂy iispuindioviaduzdiryspowpdingt cud-electresieondatty aund- elnect r ode
pl ate, and an i ndividual electric field is obtained between each
sub- el ectr déél\plldélﬂe eé?ﬁirltchéleééclénﬁbaléédrb@eVQﬂnateéCh sworledtoda@laensi ty

dth I d d b- el d |

that  ad) usciEhtiefeond GroRete Makfe coaradbad @@ﬁqﬁ?%%ﬁ%q%nﬁgﬁtﬁnfﬁorm
Dy o S0" caflabmat FEiCHGiec, BRBGE oA B Sicclbndd bRMRLOP sBEY bERul RgRihe o
current flaws ;smceyg?esd1h%aﬁq9@%bhpévsecﬁw &Uﬂ%n‘ BAYGH 86 S ok gReks ‘%ﬁﬁﬂ%‘.ﬁe

energy as resistors, and the efficiency of RF power coupl eé)ré

el ectrodes Foafthég guﬁreartheeqaovaé&Brde&nBaa@ml Rievade Ofs t bendd@eedoby a In
connection wth the acconpanyi ng Figures, the above and ot her obj ects
f d& ures ambmbuamcmgeﬁ sMetdwaplt@sferamd;/mvecumeondmtdrsbednmeRﬁmwrempar ent .

In all thes g sanme .el enent js . indicated by the sanme reference
nuner al . ﬁwsrfi\fovgh,e eRRASIEATAVAhEBR Indyeloss dnDaE s0BSUNTARBCIEY | s

hf‘éé?iﬁ?& " RS E) SRTARR Bty i B BBios povmicn W Prd gl erfod& o™ €

can be guaranteed.

15 Brief Description of the Drawings
In connection with the accompanying Figures, the above and other
objects, features and advantages of the present invention will become
more apparent. In all these figures, the same element is indicated by the
same reference numeral. It is not intended to draw these figures in scale,
20 and it is intended to show the concept of the invention.
Figure 1 is a schematic diagram of a parallel plate capacitively
coupled PECVD device;
Figure 2 is a schematic diagram of a plasma processing device in

the first embodiment;

o
W

Figure 3 is a bottom view of a first electrode plate in Figure 2;

Figure 4 is a schematic diagram of a circuit of the plasma
processing device in Figure 2;

Figure 5 1s a schematic diagram of a circuit of another plesma
processing device in the first embodiment;

30 Figure 6 is a schematic diagram of a circuit of a plasma processing

5



Figure 2 is a schematic diagramof a plasma processing device in the first
enbodi nent; 25Figure 3 is a bottomview of a first electrode plate in
- Figure 2; Figure 4 is a schematic diagramof a circuit of the plasm
processing device in Fi gure 2; Figure 5 is a schematic diagramof a
circuit of danot her dg Sl n deV| ce in the first enbodi nent;
30Fi gure 6 R R eiqo(p ?’Q&P ’a circuit of a plasna proceSS| ng

device in the %ﬁgﬁ?@ 7%@9&15@95’( ¢ dla%ﬁrﬂl{{fea 190%11?%P83§H§ﬁ1”g%t 'c@lg_g i3 of a

circuit of a ma processi ng devi'e he “secon Igbre 8 is
a bottom vu@m@guﬁt}{é $&dorfl e&bloddmeRnt:ate in Figure 7; SFigure 9 is a

schematic di agram of another first electrode plate in the second
enbodi ment . Detighed 80sschottbmoniel dndbfidsteliricsrode plate in Figure 7;
5 Figure 9 is a schematic diagram of another first electrode plate in

the second embodiment.

Detailed Description of Embodiments
In order to make the above objects, features and advantages of the
10 present invention more apparent and easier to be understood, a further
detailed description is made to embodiments of the present invention in
connection with the accompanying figures. For sake of the description,
cross-sectional drawings indicating structures of the device are locally
enlarged not in genefal scale, and the schematic diagrams are
15 illustrative and are not intended to limit the scope of the present
invention when embodiments of the present invention are described
with reference to the schematic diagrams hereinafter. Moreover, in
practice, 3D size of length, width and depth should be included.
In order to emphasize the characteristic of the present invention,
20 parts which are inevitably and directly correlated to the concept of the
present invention are not shown in the Figures, such as a vacuum
obtaining device, a gas input device and so on.
In the following description, numerous details are set forth in
order to sufficiently understand the present invention, however, other
25  manners rather than the described manners could also be applied to
implement the present invention, and thus, the present invention is not
limited by the disclosed specific embodiments.
As previously mentioned, with the increase of the area of the
substrate to be processed, the plasma processing device in the art faces

30 the problem of uniformity of the processing result in the process such as

6



In order to make the above objects, features and advantages of the 10
present invention nore apparent and easier to be understood, a further
- detailed description is nmade to enbodi nents of the present invention in
connection with the acconpanying figures. For sake of the description,
Ccross-sectjona AW, : Lhdi:cat,in r u . I ally
enl ar ged n%)t(t%ﬂi é}r gﬁ@%@ﬁ’sﬂs%ﬁ%gaéﬁ tb ?1% E{sfghema? ‘%h(c:éfrgf agr gﬁgﬁ glr?%alhﬁgéa%%
illustratiy tﬁé“iri%f BNole FAUCERACEh AR Tidd HIE iAERAGe If HICaRLTEMhe
i nvention en enbodi ments of the present 1nvention are described with
reference gRctirlesphront éspatiaiyy anbehiahei fratjuency Mir v powernsupetisce, 3D
size of length, width and depth shoul d be i ncl uded. In order to
enphasi ze thmpahatieetyehighterca abmparapivedy nbviousstamting peave effdct landr e
i nevi tably and di reqtli/ correlated to the concept of the present invention
ar® not shawsomparavelyyuplsioususiiess effoelc il opearhi Wathdethicc dlagimgas
i nput device and. so on.. . In the Lol | ow n’g descri fi on, H;J{garo details
are set foPIRFSSRIng @EVies mythe arbniphy YRRGIEE ANAVE He Pt HhFa&S on,
hovever., OLASL: 1aRe RIS RARMIE" of B2 hRFIARES Idtethe BRREl R g dnfdl SO be

t e and thus,

I
applied to nplenen € present rnvention, ( e present 1 nvention
Is not i ”‘aﬁ&%ﬁbﬁl@"%aﬁbéﬁi dHReosReH tha RO ABMasat the center ofiSthe

previously nmentionéd, wth the increase of the area of the substrate to be
processed, etdterqleapi@mephaseshigigrdésngiey iand hlee glhshmaces tiddtedgephaplaem of
uniformty of the processing result in the process such as etch or

déPosi ti onlawpt idedsity, aotihgt sheanifarmitgrefthes redulh of Hdasmerprpsessme he
size of the reaction chanber and_the increas f the area of the el ectrode
pl ates, espEREeHs| ys whals tRHuePEeded8y VAEW H{feﬁg%r %‘hp@ieﬁepg WY FPEOR i vel y

hi gher, i | bvi di ff. d i |
obvi ﬁLﬁ SaBEoCrRSct Ript %oﬁtffﬁe%wz{a‘i‘ﬁehﬂcgepl“‘iﬁgﬁe&%%élgai‘s.”aﬁa&i&%@e?t’ﬁ&% he
art. The Sm}g' ig;glq@i\ﬁ% ef ekt tg%pFw—%le&'Qed@ s@gﬁs,%we;S)S%atof ) O;Jrgewé}ce on

t he unifor e “gener at e asma and u y cause a phen non t hat
the plasmasgppljnedeoideer iof inha elr6t rafe Eigribdiagd ahi dher rdgisitive and
the plasnma at t'he edge has a 10 | ower density, so that the uniformty of
thé resul t sob-gleasodepptes hyng poocesdistsibution ideviice moadtected bethef

that, the present invention provides a plasma processing device. The device
has a firsifiret etaotraite plateeso ibatudienstaading ysave ﬁffe%angltééterdﬁfee{fpat es,

and power of ower supply, devi.ce is_.input .into.and distributed on fhe
respgcti ve canaﬁaep suppress%%, ¥neé Uniform distiibution of plasma 1s obtained, ahd

the uniformity of the plasma processing process is increased.
In the following, a PECVD device is used as an example, and
20 specific embodiments of the plasma processing device of the present
invention are described in connection with the figures.

First embodiment

Reference is made to Figure 2, Figure 3 and Figure 4, wherein,
Figure 2 is a schematic diagram of a structure of a plasma processing
25 device in the embodiment; Figure 3 is a bottom view of a first electrode
plaie in Figure 2; and Figure 4 is a schematic diagram of a circuit of the
plasma processing device in Figure 2.
As shown in Figure 2, the plasma processing device in this
embodiment includes: a reaction chamber 7, a first electrode plate 3 and

30 a second electrode plate 4 which are arranged opposite to each other in

7



15 sub-el ectrode plates by a power distribution device connected to the
first electrode plate, so that the standi ng wave effect and the edge effect
- can be suppressed, the uniformdistribution of plasma is obtained, and the
uniformty of the plasma processing process is increased. In the foll ow ng,

2 PEOVD daloogehsids Shafipgh £¥aRlAcnil! G3pect I (nfhodi deho ffit he

pI asnma proces evice O He presen nvention are describ

connect i ong | td qu + i ' ppte devidmde to
Figure 2, neFL:@SBI}rbgte &%%?3’3@%@%‘%% HIEZ?EJCSrge’ aZpiOg%Eéf eg%'rschefrgte?éé%i agram

of a struciwdwimaoadsing deoims$hog sHove)i oed ian gabeinpuitodiévieat (ndti gure 3
is a bottomview of a first electrode plate in Figure 2; and Figure 4 is a

schemati c sh@agnam of a circuit of the plasma processing device in Figure 2.
As_shown in Figure 2 the plaspma processing device in this epbodi nent

i ntl udes: a redeRo8s hssentdie Trstelectndesplate Somelples Bva syhaelsetodscond.

| d whj i i -
?leiﬁi | §necﬁLﬁﬁ%§ 3t A S D e AP B at R 0TRG ORetFe AU Al oge
Pbtar nng AEvireflbd (it i pARHcE® e MBBLFDLCHRDWL AR EEAS piagtmL T

these, thejddindbdahaterRes dbaireds placd BdesndtRmstdt &) ewbr dde coudd 2 31 and
32 which are insulated fromeach other (Figure 3). It coul d be appr eci at ed

that in prandreahantte.nunber of the sub-el ectrode plates included in the
first electrode plate 3 is not limted to two, but could be nore than two.
10 The power supply device 1 is connected to the power distribution
device 9 via the matching device 8. The power supply device 1 in this
embodiment may be one of a RF power supply, a low frequency power
supply, and a high frequency power supply. |

The power distribution device 9 is connected to the first electrode

15 plate 3, for inputting and distributing the power of the power supply
device 1 to the two sub-electrode plates 31 and 32.

In this embodiment, the power distribution device 9 includes two
distribution units, wherein each distribution unit is individually
connected to one sub-electrode plate as above described, and the

20 respective distribution units could be identical. It could also be
appreciated that the number of the distribution units included in the
power distribution device 9 is the same as that of the sub-electrode
plates included in the first electrode plate 3. That is to say, when the
number of the sub-electrode plates included in the first electrode plate 3

25 is more than two, the number of the distribution units included in the
power distribution device 9 is correspondingly more than two and
equals the number of the sub-electrode plates included in the first
electrode plate 3.

The first electrode plate 3 locates in the top of the reaction

30 chamber 7, and is thus referred to as an upper electrode; while the

8



10The power supply device 1 is connected to the power distribution device 9
via the matching device 8 The power supply device 1 in this enbodi nent may
- be . one of a RF power supply, a |low frequency power supply, and a high
f.requency power supply. The power distribution device 9 is

Che pover dstopREelskiRiacthBE P 4E ORRLRE 1 nb Urdu BBV e RGsHELHE OUE "
and 32. he ﬂé&c?if&inscﬁm%@k”F,rtfnndeg%ﬁmgf}‘\@ﬂ'en‘t?cﬁfd LUt bR, MR ERcBrddec! udes

two distribution units, wheréi stribution unft I's individually

connect ed TRe AAgtchilg ed@htE Blethy ?bWeani@hQM@tiéﬂSd‘d\iibe@ adddthichpowrer
respective distribution units could be identical. It could al so be

appr eci at eshppigt déhieenlindsaallof ladade divgsrdebthe ognatiin shamdendgdand thbie power
distribution device 9 is the same_as that of the sub-el ectrode plates

i ntl uded i vaquEnfohtsiniagedevisgeyabieeazuitable viasupm kel teHihobangdinber of
t he sub-el ectrode Pl.at s.ncluded in the first ﬁl ec%rgig]'ei}_&léate i", 25 is
more than $9®, MHBRGH AN KRSy WACHOR | JHRIRET s/ i FUHted?i RP1RHB2 power

di st 11 but i g, JJevlen 9oL &CAeRRODAL b VR J A0 LIQ0 ARG UUBH-dibe

nunber of e su ectrode plates inctu n I rst ect e plate 3.

The first gheaitoohe RadtidndcnaaBELT. in the top of the reaction 30chanber 7,
and is thus referred to as an upper electrode; while the second el ectrode

plate 4 is conmird echdtion hagiloend fiirmhéhéaboaiasgonflet port dactridgashanber
7, and is thus referred to as a grounded el ectrode. The nmatchi ng device 8,
t H& power dilst rliddasi Hnofighececaxtrond dhaenlperwdr aseiphistribieteidc onl thie farsty

| ocate outsjde the reaction chanber 7, and the vacuum obt ai pi n evi ce
enabl es a §iﬂctt eepfﬁé%éjrﬁlsé‘g’éﬂatt% t%i’eom%eﬁ%ﬁ Z’P\‘éﬂt %ﬁ‘?‘ﬂ?dinné]& ﬂﬁglg%fg t he
reaction chanber 7 durin | a processin r ' t.he i,nput
Govi ce 1's T om R n<eng, B BTl B AR R IR s ety Rackrs
reaction cha : r h t d : i t hol es
(=501 o AR U AASn B 08 Bl TAE R0 fhrodihgt 1ol o
A substrat gntootHe r@d AE®s At 7sthevlighnthiehgad liglet €soleb o atirs pascdshe
second el ectrode plate 4 and faces the first electrode plate 3. During the
plasma progesdb nexagitaat bysthe pewrrosgys ygbstweern te dihat ededtnode tiater 8act i on
chanber 7 through the gas inlet holes 5; the process

and the second electrode plate 4 to generate plasma; the plasma reacts

with the substrate; and the product of the reaction deposits on the

substrate so as to form a film, while waste gas produced by the reaction

is drawn out via the gas outlet port 6.

20 As shown in Figure 3, in this embodiment, the first sub-electrode

plate 31 is a rectangular frame, and the second sub-electrode plate 32 is

also in a rectangular shape and located inside the rectangular frame of

the first sub-electrode plate 31, that is these two sub-electrode plate 31

and 32 are arranged to be concentric nested, wherein the second

25 sub-electrode plate 32 locates in the hollow region of the first

sub-electrode plate 31, and the inner second sub-electrode plate 32 and

the outer first sub-electrode plate 31 are spaced from each other by a

certain distance and are insulated from each other. |

As shown in Figure 4, in this embodiment, the distribution units

30 are capacitors, and the power distribution device 9 includes a capacitor

9



15 gas is excited by the power supply between the first electrode plate 3
and the second electrode plate 4 to generate plasma; the plasma reacts with
- the substrate; and the product of the reaction deposits on the substrate so
as to forma film while waste gas produced by the reaction is drawn out

first sub silectifan” Srbedian ¢2 SoRIT 4R el RadneltOu, 57 aEREHHRD - '

b- el ect 3 ' ' todid Bsid
sub- el ec rggﬁneé@d% o %tfﬁfeu%f‘%ubnel%cﬁ%ﬁte%ﬁ\i’é@gg?llgt[agf?seta@%:{r%ﬁ@ $ided Bsi de

the rectan ar frane o irst sub-el'ectro that'is fhese

two sub- el ggdtr fdeo I%lagt ehéleadid? @l eisacommgaddt © Hec FRE|NbLdlechoseed,
wherein the second 2 sub-el ectrode plate 32 |locates in the hollow region

of the fir platsubl elnelcthreodepptiadre C21is aodnetied rnehe secoamd sabbelettoideode
plate 32 and the outer first sub-electrode plate 31 are spaced from each
ot her by apdatet 32n airsspaeldvaneapacétarngnfattedcprigspendingoshbrelectrode

As shown in_Figure 4, in thid; er%{o}di nt, henglis ribut.'bon unjts 30are

capaci t or s P1al§dCORY TGN G DS IO PTaBehe @nd Aflc ATRiEEUE 0B, BERIG c1
and a capagit ar ; ch hese capacitors is respectively connected to
one of the%§%%98 e%tter%glglep%lfaé{eé's of the first electrode plate 3, that is to

say, the capacifQanChd skén ¢RANEL ?wae? dlﬁﬁuf ffdrh t%%bp@dvéﬁﬁlﬁ akaice 31 and
the capacitor C2 is connected to the second sub-electrode 5 plate 32; a

respective Igapfaei bein@nthpdduancermasiedd bpgtisdimlching alteied & eiscompiti tut e
one distribution branch, and all distribution branches are connected in
pdPal | el . into the poarerhdigabutionadevice Powles inpuppowarcm diseripuvtest byuppl y
device 1, after bejng inpedapce-nmatched by the matching. device 8, is input
10 into t héhpsapacHps (Gl Buditan caperider §2 imghe @@Merpwg byonidevic® s ed by

t he capacitor and the capacitor C2 in the power distrihutio vice 9,
and ¢ hen s e SERABERIS: Bt t LB eftbelietosplies Hh sBASEAET Che
first elec I ISty bt ' ' r t he
pover supplySagst eirdle Bl Y SRt At sh bR, PRS0t 0° 1
first el ectyde phglls devichel pertheheAkuballtcabdetplatezent andP3? tofofhet he
first electrode platé 3 can be nade to have different electric field

dilSt ri but i dixst ebectsod® pbmei 3 thieep &ti pinetiah panaeadethbemintemnpatthef dogéiref f ect

of electric field distribution of a big electrode plate, thus enabling the
pl asma pr ocdeetrade péateck cap hshmaids tarhaws dififeremtelectsie fiekd dfstyjbagion, dur i ng

the 20, Pr0Sessi 00, PLACESSs A TP LB N Ihd QT el SRR
field distribution of a big electrode plate, thus enabling the plasma
processing device to obtain an uniform distribution of plasma during the
20 processing process, and improving the uniformity of the plasma
processing.

Moreover, the plasma processing device provided by the present
invention is not limited to the case of two sub-electrode plates and two
distribution units in the above embodiments, rather, it could includes

25 more than two sub-electrode plates and more than two distribution units,
that is to say, the power distribution device includes at least two
distribution units and the first electrode plate includes at least two
sub-electrode plates, and the respective distribution units are connected
in parallel after being connected to a corresponding sub-electrode plate,

30 and the respective sub-electrode plates are insulated from each other.

10



Mor eover, the plasma processing device provided by the present invention is
hot limted to the case of two sub-el ectrode plates and two distribution
“units in the above enbodi nents, rather, it could includes 25 nore than two
sub-el ectrode plates and nore than two distribution units, that is to say,

the firet el ccth bSO lufE hECHOREL PN Bt BT s IRty P *ana”
the respecyidfindtn §8%ckOaikiRaflifin Od”l%\ﬁefe,e&’nd'i ’ﬂhé’gj’oﬁ%ﬁbf fiid g'bwt&i ng
connected to a correspondi ng sub-el ectrode plate, 30and the respective

sub- el ect r gdppB} deeicearie disisibuaé@dnid aevesdhpoitheds correspoMindits thieme, the
power supply device is connected to the power distribution device via the

mat chi ng devimer ahdhd sebpdeetrode plhtegpodehe sfursplolecrvde eplate,divherdinut ed
into several portions corresponding to the nunber of the sub-el ectrode
pl ates of ehehfpodion|cdcthodowsrate inpHérte 8 sougsRORANE shbotlecH®dgoner i s

if :”EFB o oBiaencahtorhodnbaeneC b erBer U8 oo Tingd iR o88sncee tegi rode
te t .
Gach sub- oo BeTsanCRr AR by AF sbRinl THERRRY ey Rl PRI AR R BN Gbt i

an uni f or myRHORRS $ntehQith e plasnmAes & Fated WlePEAR deY.48cRbAY! age by this
enbodi ment can obtain an uniform plasma distribution, and the uniformty of

the deposi had flid Prosedshussilnds edswdadjusted Rioebbe#ibl ¥n ﬁﬁﬁoﬁ@pg@béws Cl1
and the capacitor C2 in the power distribution device applied by above

edBodi nent resWt.adhestiane.cthel BE€ApRcdeviae, pravidadtby hieispensrodameinit ednt o each
sub-el ectrode plate Calil be a justeg, by. adj usti ng tge val ue of th#(?| apacitor
connect ed ©&tRie A NBIQER PRSTRR afISTHbMELON, hande tRE t ynHeamife ohtdgsity of

pl asma gener at eg By.leachtsub.-ecl ectrode plate can be adjusted to increase
the unifor 'CPQS F pﬂé%rlr% }blbstg} he a capacitively coupl ed discharge of

the entire firsregbemiy o4 Rllheitd: @10ahlLARATIIGY (O ibNehnd GRMId: Of the

pl asma processing process s thus I ncreased. t her, as shown in

Figure 3, theribmicubdelret radsidd abgs abovandedBodiment Outdeddmdtblehr ough
hol es 5, and the through hol es on each sub-el ectrode plate are provi ded
wiltth t he saapasitaes, sohthaahe mhageappied2d tdeh sabeldemede yplat canlrese, in
practice, the size, the shape and the density of the through holes on

di fferent @dbusiedcbyoddipiting stheanyabiee dpf fdeeapacitor conneqtpdt ke Hisove
enbodi nent , H;%@gl stribytion units of the powe (illl st.ri bution device are all
capaci t or s SUPosiETEode; platescthuse thendensgiyi gnd the intensity of plasma

generated by each sub-electrode plate can be adjusted to increase the
uniformity of plasma obtained by a capacitively coupled discharge of
20 the entire first electrode platé 3, and the uniformity of the result of the
plasma processing process is thus increased.
Further, as shown in Figure 3, the two sub-electrode plates 31 and
32 are provided with through holes 5, and the through holes on each
sub-electrode plate are provided with the same size, the same shape and
- 25 the same density. Of course, in practice, the size, the shape and the
density of the through holes on different sub-electrode plates may be
different.
In the above embodiment, the distribution units of the power
distribution device are all capacitors. Hdwever, in practice, they could

30 also be inductors. As shown in Figure 5, a schematic diagram of a

11



" 30al so be inductors. As shown in Figure 5, a schematic diagramof a
circuit of a plasma processing device in which inductors are used to
replace the capacitors in the distribution units is shown. The difference
bet ween the plasnma processing device in Figure 5 and that -in Figure 4 is
that: the gj i bpt j t Male in aRfidihe ot [kdytipon 5
device 91 ?h@#ﬁdggE%ﬁﬂFﬁgﬁéﬁggéﬁ?hgngggﬁﬁfﬁ%i@tg% ngegggﬁq%nductor IS

respecti vely,|geaMRE caPatRofNen Phe IdIStrEtid 6h QafifOResRbRhe TS differdncest
el ectrode plate, that is to say, the inductor Li is connected to the first

sub- el ect r bdev@dmtlee Blasamal prbheessivtg dievicd th Fsgmenfexidethat an tigusedoisd
sub-el ectrode plate 32; a respective inductor and its corresponding 10
sub- el ect r this: phat distubutionuuaitsnerei isduickensi omdrthachowendditribution

di stribution prapches, afe connected . all.el,. Preferably,. the inductor
Li 5an:1I ;J h:adP‘ﬁ%ﬁ?c gﬂ“é@“&ﬁ@%ﬂ?&‘é@%l]Je{]iar%(aﬁl[ﬁ?dpgpcmr Lghe?ﬁﬁs‘n\%%&tﬁg power
applied to each,.sub-e| ectrod late i dj ust djysti t A f
Che | nduct SroREGHEL dtisersio D500 of aRELtsEleofE oo o 8 MRy "ana
the 1 ntensiidetlldPbRAERGANES & 38y DYhEaRlinelR- £l SRSt dedU8 ine ARSI ed

to increase the un rimty of plasha obtained by a capacitively coupl ed

di schar ge gfibtdlecente nfatd B9t apd ader adgpbale iandnnketaditd ahei seconid t he
result of the plasma processing process is thus increased. 20lt could be

appr eci at equblatciroder ptiate cd?; theredpsttivbuinductoni asd aite catrespondieg t o t he
above nentioned cases, rather, the distribution units could include both a
cdPaci t or anb-elacirpdectplate as@nstspect Pne ofistribpuenngbiamiohs cand dabe

i dentical of different. Th kil led in the art could abtai

i stri ot | QDT RringheRoRe oromien 1 peianicl o BreiesalBl i be B lrcor i ng
to the basi : i wvent j d as | the object of
the presont t AORIEE ondiakP i RS PRI EARO AT, B0 i onumi ts are

consi dered as fgyl ihfdd w4y0 b el p198d SePRACE! shh&1RERSEBE pidi¥eny i on.
In the above e oélil{%er‘lﬂt’ﬁ’t ﬁ%@ﬁﬁg g/‘i{:ﬁeﬂ():trode pl gtesi ncl udes twg

30sub- el ectadpaited! dyeadjhistiey ethe tvelupr efemhe i inkhrdtooncomsnewaed| kon thed to
| t1’5 sub-electrode plate, thus the density and the intensity of plasma
generated by each sub-electrode plate is adjusted to increase the
uniformity of plasma obtained by a capacitively coupled discharge of
the entire first electrode plate, and the uniformity of the result of the
plasma processing process is thus increased. _
20 It could be appreciated that in practice, the distribution units are
not limited to the above mentioned cases, rather, the distribution units
could include both a capacitor and an inductor, and respective

distributing units could be identical or different. The persons skilled in

the art could obtain distribution units in the form of other circuit

N
wh

constitutions according to the basic concept of the present invention,
and as long as the object of the present invention can be achieved, these
distribution units are considered as falling into the protection scope of
the present invention.

In the above embodiment, the first electrode plate includes two

30 sub-electrode plates, however, the present invention is not limited to it,
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rather the first electrode plate may include nore than two sub-el ectrode
pl ates, and accordingly, the nunber of the distribution units in the power
- distribution device may al so be nore than two. In the foll ow ng, the
second enbodi nent of the plasma processing device provided by the present

enboa mon: Tatner TEHHEF el GAE blate S RERIAE Pudbet bl B0 B B3R Dl o
processi nggﬂﬁg& canfl’ QUéseEnbY t g Srﬁﬁngr e&’f‘)‘%ﬁé ”&ﬁ?ribéﬂ'ﬁ% aRgAN ik pki gure
g deVi ovi ded by t

6, the plaShma processin cde pr e second enbodi nent iIs

basi cal |y poWidralistribitien deasd@mpiyosigeshéenctevihaa trqvi ded by the first
enbodi nent, wherein the first electrode plate 3 includes the first

sub- el ectrode fhathe f3llcanmmhg, thessecond embodiment ofehplpdasmaZprodessnegr, t he
di fference between these two 15 enbodinents is that: the power distribution
defi ce 92 daviagdeyoniddd dy cthsapresentCinvendon eckwaribggadnt getadk inand t he
mat chi ng device 8 is .d‘i%rgctfl%11 connected to the first sub-electrode plate

31, while FABNCERORIVIERALEIHIHCE2 and the second sub-el ectrode plate 32 are

connected in p |l al, | r.n.connected to the first capacitor C1 in
series, and thasre% B cmbBdiiefs the matching device 8. It is
equi val ent t hatgibhige PEr & | £1 sdHedRglic CaMdrahedoPfa téieceRCoRdiiRdplabaat rode

pl ate 32 and the~second capacitor C2 is connected to the first ‘capacitor C
1 to form greesdstrsg diewfud provided byt tiee secomb eniboaliiiend i s then connected to
the first sub-electrode plate 31 in parallel. ~In the follow ng, the

t A0r d enbodi mems chomtre ipl BEiguae pr,odes plasgmagroces pngvdaidde rovinde b bes ent
invention is described. in_ detail] |n connectigon w tﬂ?th figures. Third
enbodi ment the second embodimeng isnbasicallyaguntlar fpg eepiasmacw%%éwga

Do re L b A P3O b 1 fird” MBS AMRA™ HHAEH? ThRTAHS RR AR do
plate 3 includes the first sub-electrode plate 31 and the second
sub-electrode plate 32. However, the difference between these two

15 embodiments is that: the power distribution device 92 includes a first
capacitor C1 and a second capacitor C2, and the matching device 8 is
directly connected to the first sub-electrode plate 31, while the second
capacitor C2 and the second sub-electrode plate 32 are connected in
parallel, in turn connected to the first capacitor C1 in series, and then

20 connected to the matching device 8.

It is equivalent that the parallel branch consisted of the second
sub-electrode plate 32 and the second capacitor C2 is connected to the

first capacitor C1 to form a series circuit A, and the series circuit A 1s

then connected to the first sub-electrode plate 31 in parallel.

I
wn

In the following, the third embodiment of the plasma processing
device provided by the present invention is described in detail in
connection with the figures.

Third embodiment

Reference is made to Figure 7 which shows a schematic diagram

30 of a circuit of the plasma processing device provided by the third

13



enbodi mrent. As shown in the figure, a first electrode plate in the plasnma
processi ng device includes three sub-electrode plates, i.e. a first
- sub-electrode plate 31', a second sub-electrode plate 32' and a third
sub-el ectrode plate 33'; the power distribution device 9° in the plasma 5

Phira capecrpblieshhnd s et s dpberaorece st WETEARE SRR I Wecon”
First oreckPodt proasBiE RedicnIRlis THRE RERIRPAR: BIRRLFS. St Al g
capaci tor &ehanskith@e fstdtd 31°1Q% gapakd L b-Sledf&d@diad B0t i@ PRWET

distribution device 9, and the fourth capacitor and the third

sub- el ect r ogle- et redSPlasy 83totepoactri dispdbatibal devioetdr in chanpdatied to the
third capacitor C3 in series to forma series circuit B, and the series
ci¥cuit B proadsemgdeviest agludes Adirstcapdcisah (dl,ecseasmal papawat@2C2i a

paral lel. ﬁ?Preferably, t he capacitors in the enbodi nent are adjustable
capaci t or sthisthgapaeitppher angd @ faadth apaeRos (it el ect rode plate can be

adj usted by adjustin e aci tance values of the capaci.tors fe.qg.
capaci tors’ ¢ 1 bt 8, BRI er B, iR aR TasRE O e
uniformty_of_ i : It el i -and 20
the uni fof Sty T e Aty I ‘aqtied iFEPRRL HISE HeCOHBE ol SRR,

i ncreased. efdbodttich®, anlde acadadinkdy s thenhinedpabive CBYalé theplfasad by

i nductors, or replaced by a conbination of capacitors and inductors.

A0 f or thecspagpies 04 ahe dddesl istobtlel powaddigtibutiodldevicee9Seanddhe

sub- el ectrode gl ate 32' and the third sub-electrode plate 33" in the 25
enbodi nent founbycapagites Gésanhthe thirdssubselerdinds plate3 Fi aie eosneeted

le, th tri i I - de .pl . (the first
b6l cotr Sugeptitie 1 urh g ad dRe ThEL ERBRByTER anstetiemtd Fhem i o
b-el ectrod t ' t Q. be.nest.ed, i
"o al Ly abr SHaE e dbr B ShERRes BtRICE el FOpReSET ke lE
30sub- el ectasigd RhBiGedBodwiglBte3 M Y patall@di us is located in the center,

15 Preferably, the capacitors in the embodiment are adjustable
capacitors, and the power applied to each sub-electrode plate can be
adjusted by adjusting the capacitance values of the capacitors (e.g.
‘capacitors C1, C2, C3, C4 and so on), so as to further improve the
uniformity of plasma obtained by a capacitively coupled discharge, and
20 the uniformity of the result of the plasma processing process is thus
increased. Of course, the capacitors mentioned above may be replaced

by inductors, or replaced by a combination of capacitors and inductors.
As for the shapes of the first sub-electrode plate 31°, the second
sub-electrode plate 32’ and the third sub-electrode plate 33’ in the
25 embodiment, they may be nested circles as shown in the Figure 8 for
example, three concentric circular sub-electrode plates (the first
sub-electrode plate 31°, the second sub-electrode plate 32’ and the third
sub-electrode plate 33°) are arranged to be nested in each other and are
radially arranged in order of size of radiuses, wherein the circular

30 sub-electrode plate 33 with a minimal radius is located in the center,
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and the circular sub-electrode plate 31' with a maximumradius is | ocated
at the periphery. Further, the distribution densities of the through hol es
-on the three sub-electrode plates are different, and are gradually
i.ncreased outwardly, i.e. the distribution density of the 5 through hol es

¢ lﬂet i stri BUg: ﬂi’edicéﬁ@ilﬁé’d%b”%ﬂéﬁc?f N A e i e
31
Gensity of \PRaelnad i P RAle Putbel %S%Stmééﬁ%ﬂf THEEE 38 10t oa

bet ween t hefipoi@h hob&f Waemd hRfec0Bubh@letirode pRRES a‘?lae@iffél‘éﬁtpbﬁﬂear%l and

that on the third sub-el ectrode plate 33'. I't is noted that in
practice, ghedwdidpeimfrebade sobtvedrdty s ode. phat eistsibwton i densidy t of tthe shapes
in the above enbodiments, and it could be a rectangle, a square, a circle,

andel | | psetbl‘ro%fbbﬁiﬁsnaﬂltbﬁ thivedk 80b- el@ﬁtr@@ﬁeplaéq@malpénte%unghetcmlte:rns and
obvi ous variants to t of the rese \Y; i on. Fur her, the
distribut i oh GWesHand tag dip Hm%g%nﬁbqyee 6hettﬁ@¢@s§@i@s o8 g{?o i&tect r ode

I | .d d
Beﬁts?fycﬁ? sEheekfStbno Rty bt ol crtelnbe BEhEREEhAR Hrighe. Wikl 4 .
| ooser, ‘éléétﬁ‘ﬁnﬁio?& de%h'goaf C{ﬁesﬂhtrbu%h hBi-’est Bhoﬂgﬁ sBOLES Ub-Blectrode
sub- el ect r ode pl ate at thé periphery is denser. Apertures and shapes of

the throughlfel e onocheed ebeweddry ettrdih- fﬂaﬂﬁt eewephatthst conl ghdefirstent i cal
or different. In summary, shapes, apertures and distribution densities of

t A8 t hr ougkubetlestrade pletead éland thakootbiecthik smm-mhectpmi@plaﬁe 13e
respective supply power sub-devices, and can be gbtained by lLimted, tines
of experinent. Izarvm@@deﬁhattlné)r@prlaﬁgéh%&ﬁlaaﬁ Qmﬁleaﬁubeeégetrp% plate is

b- el d | h
anbodi mont J0C ARG AT GREPST " geﬁggtq”lﬁﬁggﬁaé@staeﬁuﬁd%@dab?a%ged to
be par al I el 68IAE LI Yo SHITeS [ifel 261 i 9 TR LGBl SO0 Sk S

nested or o ’UIV ent ’subs utions nd obvi ouS vari ants

concept of dtfi@r %aﬁfv%‘-iéﬂﬁ shlﬁ‘é’cﬁml‘o‘ﬁ@ arfP ObOXGWPY §riaffs ﬁ“%cbﬂcé:pt%'f thed, four
rectangul ar sub-el ectrode plates are arranged to be parall

rdspecti ve prebertl énvemden plRairelserar thes ptisgibwtion i dsmhahedofrmm ehmjnodt her ;
accordingly, the power distribution device includes distribution uni t s
r especti velhplesr pms pimdmsgecbw heub-mlecirede antatear ceulst é}eeatdueaa@abl @tes. 5

ncl uded | hEIGER r41d aTEEABDe &eahﬂsetpi‘»‘ﬁa%r (BRPEQ B (TBFE] RS as
TEn oned. b WSy HATE b oL, B S SRRl L0
integral nymeh:N8r tES $hidldh RolddC6R' détﬁ‘@-éfecfr@@e PRt at the periphery is
20 denser. Apertures and shapes of the through holes on the respective
sub-electrode plates could be identical or different. In summary, shapes,
apertures and distribution densities of the through holes are related to
the choice of input power of the respective supply power sub-devices,
and can be obtained by limited times of experiment.
25 Moreover, the arrangement of the at least two sub-electrode plates
is not limited to the manners in the above embodiments, and the at least
two sub-electrode plates could be arranged to be parallel, centrally
symmetric, axially symmetric or concentrically nested or other
equivalent substitutions and obvious variants to the concept of the

30 present invention. For example, as shown in Figure 9, four rectangular
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10 distribution device may include N capacitors, wherein each of the
capacitors is individually connected to one sub-el ectrode plate, as

- described in the first enbodi nent; of course, simlar to the second and
third enbodi nents, the power distribution device may al so i nclude M
capacitors, wherein,M2 1),..an | S. AN, ntegral e o] than 15
3, wherei nsPh'ee%Wftﬁoggpé’gé\ﬁe& aéﬁdddflﬁgeﬂﬁcﬂ %(nggl é)?:atr?ggzg pl}d]at gésg'}%gtlélgnnect ed
in parallel, ar c t t ( t hhGARRS tQonh N eSBhi &theL as to
formthe (kﬁ?@eé{e}r@%s%@?@gu%}? &ﬁ;g@?ﬁ- %‘ﬁ] sesrqllqes circuit, the (NNI)th

sub- el ect r gdgoRliabhy, aft plosvdrMiditibutrnaGicvite dhelirieRndisteibuitionpamadsl el  and
then connected to the (M3)th capacitor in series so as to 20 formthe

(N-2)th serégrectiviedyicorrespdnding oo the foot réctangelaresibeelantradd phated by al |

foregoi ng capacitors and sub-el ectrode plates, a second sub-el ectrode plate

and a second cdpdsialsr natesd thatnecpragtios, phe aluneberanti suhetlcetrdediatest o a

first capacitor, in, segi (gts so as to forma fi rstl. seri,es gi rcuit, and the
AdIESLf§

fi rs]t I sleri é%d@ir?teéu}r% t legtrodgppiatecisr Bk Lgnded t dwes ot EER 135 i n
. ( . Toh
ol ) kG0 P 36E S b oubBRalE A, Mg g hplapeen 1

each sub- e 04 series and p clrcurt

formed by the puUb-tacsdOa R ﬁfa?ﬂﬁﬂuawcﬁibaéiécw%ﬂe glateﬁuwéeéirﬂme, t he

respective sub-el ectrode plates y also individually be connected to

di fferent gasannfutedgrassagasberanth t hess30hanurd. ohcgaslingbyi nheoytovierom
respective sub-electrode plates are 16 controlled individually, so as to
adjoust gas diseihtdorstdéboei omyofinphotkeN gapaciborse whersinbsuacht of theus
adjusting the distribution of plasma, and further increasing the uniformty
of the resanpaéftorSheISp|1@@wad9aléﬁe§§nn§0tﬁdoé@s99655sz?&9%03§ &E%F—ec?isat ed

that th I ] i ng devi i ded by the. i [ h
boon descr I GOUNBOE DF BAShmEINbCoR oD PECU et BUT T B 0B CCPRT Rkt | co.
th b ' t TN ] : t

| oast two STNLPRRHE I biRer, JRe bLBonCHErE R TARE AR @

connect ed tQ,10ifhe @Fhet@AN=NN-3Ybakd 8¢ 4§ AdeinkdBrab nueAbédnalless Bearappl i ed
to other plasma processing devices such as an etch device, and such plasm

prigcessi ng Jlewikasirl ge M dapacitone apdotthet Nh sdepteatodhepteserd
invention. That is to say, the above description is onI\a/)t referred .
enbodi ment scaxieched pneperalldlnerdtthen, canaectednte theedVi-d) [ i ganacites 1n

series so as to form the (N-1)" series circuit; the (N-D™ series circuit,
the (N-1)" sub-electrode plate and the (M-2)" capacitor are connected
in parallel and then connected to the (M-3)" capacitor in series so as to
20 form the (N-Z)th series circuit, and so forth; until a series circuit formed
by all foregoing capacitors and sub-electrode plates, a second
sub-electrode plate and a second capacitor are connected in parallel and
then connected to a first capacitor in series so as to form a first series
circuit, and the first series circuit and a first sub-electrode plate are
25 connected in parallel and then connected to the matching devi_ce. It can
be seen that each sub-electrode plate corresponds to a series and parallel

circuit formed by the sub-electrode plate and two capacitors.
Furthermore, the respective sub-electrode plates may also
individually be connected to different gas input. passages, and the

30 amount of gas flowing out from respective sub-electrode plates are

16



15present invention in any form It could be appreciated that,
al t hough the present invention is disclosed by neans of preferred
- enbodi ments, the above enbodinents are not for limting the protection
scope of the present invention. The persons skilled in the art could nake

many nodifications .and variants to 20 f.he present. inyvepntj.on w thout

depart: ng F?B?ﬁoflﬁa lﬁﬂﬂ%@auﬁh > 010 ?ﬁéopﬂ"bél% ay ﬁe@ﬂt dis _1Bg\h§)n \A%Pf(?%ezftsi on,
equi val ent _substitutio i 0 t:0L,: i al li ng w thin,t sprits
and t he scEB%sa%&V"*t‘lﬁ'@ g?%éstg%e’}‘[ﬁ\gg%legéltl{éggthienﬁgsﬁ{}g’g‘lutog' gpul%éc 3H§§dwithi n
the scope gfREPYEGELSMOThd NBiRABREN o tRECTISUONof 2R | ihg A

pl asma progﬁersts?'ngﬁﬁgv?icg,O c%]ar zlactreri%étgd In I!trétﬁat , 0i %c? l}g}?%g:gsparofcfﬁsslt °

el ectrode pkgégysand a second el ectrode plate which are arranged opposite to
each other, a matching device, a power distribution device 5and a power
suppl y device; It couhk bér sppetaataddthatl dhe ipheimdepraceisengt dewices

sub-el ectrode plates insulated from each other; t he power supply device
i s connect dioyisledhdYpdher MapseRt HOVEBHOBeVRYE tWBu&?SPng%@?HVﬁglbd’evi ce;

10he pover, 0 S BYCET BRXER e R RhRL . SACaEhet AL 2L,
st o oo TR PLRLES ind OIS SAHEAL PIaRD iHANUES drabflEh ot
sub-electrode plates and the power distribution device is connected to
10 ‘the at least two sub-electrode plates could also be applied to other
plasma processing devices such as an etch device, and such plasma
processing devices also fall into the protection scope of the present
invention. That is to say, the above description is only preferred
embodiments of the present invention, and is not used to limit the
15 present invention in any form.

It could be appreciated that, although the present invention is
disclosed by means of preferred embodiments, the above embodiments
are not for limiting the protection scope of the present invention. The
persons skilled in the art could make many modifications and variants to

20 the present invention without departing from the principle of the present
invention. Any modification, equivalent substitution, improvement or
the like falling within the sprits and the scopes of the present invention
are intended to be included within the scope of protection of the present

invention.

N
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152. The plasma processing device as clainmed in claim1, characterized in
that the power distribution device includes at |east two distribution
“units, the nunber of the distribution units is the sane as that of the
sub-el ectrode plates, and each one of the distribution units is
i ndi vidually connected to one sub-el ecgflg (plate. 20 3. The plasma
processing device as claimed in claimZ, "characterized in that the
di stribution unitg [fhEmiadffdesdingCletide] &tthetedi deAL AN enSluding: a
distribution units includes a capacitor and/or an inductor. 25 4. The

pl asma progigsisengtetrid pars aaliah nedond eldvitnadel pdate3wiibhr@et arrangedi n t hat
the inductor is an adjustabl e inductor. 5. The pl asna

processi ngoppusite taseadhaitieet, iannwdtehing device, a pooverr distebured devickat t he
capacitor is an adjustable capacitor. 18 6. The plasma processing
deYi ce as &ndianReWEhSBPBRINEVICEharacterized in that the at |east two

sub-el ectrode plates . include a . first sub-electrode plate;and ) d

sub- el ectrode ﬁi“at &Sty SCBBaErplglt%ilg‘flﬁ%t?ﬁt?to%aégswggs’iﬁ?ﬁl%@égg% pﬁﬁ%@t

capaci tor itor; the matching device is directly connected
to the fi r;ﬁmls%u eﬁiﬁ@@fr"%@‘g%ﬁ‘%’?e; and the second capacitor and the second
sub-el ectrode phatgowee wPPIgcdedicenisPabankeled itd fher podanestddutiont he

first capacitor in series, ahd then connected to the matchi ng device. 10
device through the matching device;
10 the power distribution device is connected to the first electrode
plate, for inputting and distributing the power of the power supply
device to each of the sub-electrode plates; the power distribution device

includes at least a capacitor and/or an inductor.

15 2. The plasma processing device as claimed in claim 1,
characterized in that the power distribution device includes at least two
distribution units, the number of the distribution units is the same as
that of the sub-electrode plates, and each one of the distribution units is

individually connected to one sub-electrode plate.

20
3. The plasma processing device as claimed in claim 2,
characterized in that the distribution units are identical or different, and
each one of the distribution units includes a capacitor and/or an
inductor. |
25

4. The plasma processing device as claimed in claims 1 or 3,

characterized in that the inductor is an adjustable inductor.

5. The plasma processing device as claimed in claims 1 or 3,

30 characterized in that the capacitor is an adjustable capacitor.

18



7. The plasma processing device as clainmed in claim®6, characterized in
that the at |east two sub-electrode plates include N sub-el ectrode pl ates;
- accordingly, the power distribution device includes M capacitors, wherein
the Mh capacitor and the Nth sub-electrode plate 15 are connected in
paral l el and then connected to the (M1)th capacitor in series so as to
formthe (NN1)th series circuit; the (NN1)t series circuit, the (NN1)th

sub-el ectrode pl at n ( iGePIViOE ake SomEst ed idlaparall el and
t hen connect edBt'o t ég ?H%ﬁ%h%g%%%lt%r inlseri es so as to forzrinthe (N-2)th

series cirgpatact@igedonftint the uhlédstavwsesibseletrode tpla@sniadl2de hyfisdt
foregoi ng capacitors and sub-el ectrode plates, a second sub-el ectrode plate
and a secosub-cdparoder plate corhezt sdcomd panhiélettradd phate; coheepoadrto a
first capacitor in series so as to forma first series cjrcuit, and the
fiPst seri dstpbugign davigeancivdes & fhstcappedae apla seemd eapraéeodhen

I el d th ted, .t h t chi devi ¢ce; 25wh in.M 1), d
NT o an | nEGEAIIRBERE b dibed]y rapmscred TogfRerhEst FRIEGBaEutols ley e
| ai med_] [ 6 ter] ' hat 1.t [
) ust abl e b8 fhf Spelhdefoadiit, ML M ChecBelt SRR ARREC ahalel A7

claim1l, ghanacledr iz pdralielt Nattuthe@indtasito!t the Hl-E@lpReitrde péhtss are
arranged so that they are parallel, centrally symetric, axially synmetric

or concent phdahky dwesiceted to shephanehirgr devle.t o the second el ectrode plate.
510. The plasma processing device as clained in claim1 or 9, characterized
i W0t hat shapes of the at |east two sub-el ectrode plates are identical or

different, and the _sub-el ectrode plates are rectanqul ar,, squar,e, cigcular,
or elliptical. Ao The p?asma procgssmg device®as™ Claimed 1A claim® 6,

characterized in that the at least two sub-electrode plates include N
sub-electrode plates; accordingly, the power distribution device includes
M capacitors, wherein the M™ capacitor and the N sub-electrode plate
15 are connected in parallel and then connected to the (M-1)™ capacitor in
series so as to form the (N-l)th series circuit; the (N-1)™ series circuit,
the (N-1)" sub-electrode plate and the (M-2)™ capacitor are connected
in parallel and then connected to the (M-3)" capacitor in series so as to
form the (N—2)th series circuit, and so forth; until a series circuit formed
20 by all foregoing capacitors and sub-electrode plates, a second
sub-electrode plafe and a second capacitor are connected in parallel and
then connected to a first capacitor in series so as to form a first series
circuit, and the first series circuit and a first sub-electrode plate are
connected in parallel and then connected to the matching device;

25 wherein M=2(N-1), and N is an integral number no less than 3.

8. The plasma processing device as claimed in claims 6 or 7,

characterized in that the capacitors are adjustable capacitors.

30 9. The plasma processing device as claimed in claim 1,

19



10

characterized in that the at least two sub-electrode plates are arranged
so that they are parallel, centrally symmetric, axially symmetric or

concentrically nested in a plane parallel to the second electrode plate.

10. The plasma processing device as claimed in claim 1 or 9,
characterized in that shapes of the at least two sub-electrode plates are

identical or different, and the sub-electrode plates are rectangular,

square, circular, or elliptical.

20



