PLASMA PROCESSING DEVICE Field of the Invention  The present invention relates to the field of
plasma processing technology, specifically to a plasma processing device. Background of the
Invention  Plasma processing devices are widely used in manufacturing process of integrated circuit
(IC) or photovoltaic cell with the 10 development of plasma technology. Research on plasma

processing devices which are suitable &M AdPdSiidP ol Némbhérirocess is very important to

the development of the manufacturing process of IC or photovoltaic cell. Currently, parallel plate
Capacitively Coupled Plasma (CCP) 15 processing devices are often used in the industry of IC or

photovoltaiqel dTHe thinEiple figanerating 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 maihie réfjesatthd IRECBIRHidEIAER Hewibsn tieddIeéBHS Platd¥ OS5 SEBexample,
Figure 1 shows a.parallel plate itivel | @ﬁd‘% hemical Vapor Deposition
(PECVD) devic%;%cvg %%o%yg(? %ﬁﬁ@%&é %ng ri%%ellge;) uc g&%@%%ﬁ\c/%e 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 povﬁ?%ﬁﬁﬁl‘}@@‘%’ﬁrﬂlﬁwé@ﬁf%@éﬁ@de 30 inside the reaction chamber 80. Densely distributed
U £ L T D
30During the operation af théREGEz devics; windeil € suitabl@hotovoltaic cell with the

10 development of plasma technology. Research on plasma processing
devices which are suitable for etch, deposition or some other process is
very important to the development of the manufacturing process of IC
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 1s
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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vacuum condition, process gas is introduced into the reaction chamber 80 through the gas inlet holes
40; the process gas between the upper electrode 20 and the grounded electrode 30 is excited by the
power supply to generate plasma 60; the plasma 60 reacts with the substrate; and product of the
reaction deposits on the substrate so as to form a film, white waste gas produced by such reaction is
drawn out via tHCHHE0GHBIBERBOPT 0TS fredithy | howE e esglivetn eftcof gas tivdu st Braer or
photovoltaic cellwith respect to productivity is highly increased, that is, 10 _under the condition of
ensuring the q%g”{cé of the ete gre(l)scelsr}si %%r)gh%lgsgp%éit tg%Sc%é%??nSSr@%Sro%Sﬁ‘%’sgg%et fo %gpp%r%duced

within the sameltigiedateryal. dndrees teroesiducheiegiicrivedt devieecimanubctiierpner@ase the
size of plasma devices continuously, so that a larger wafer can be processed in one process to

improve the prodRiRHVit of eeA6és. NE A IUYh e @éﬁﬁﬁi@n@%ﬁ@@%&r‘éﬂi@ﬁ dlatesebHidébices can
produce relativgly, ur}l(f)%%tpgaésga% _%8[{1&%{)%‘1&8%05@3@ p#%smg gﬁ(}ﬁgﬁﬁt@aes% a0 £leglan £¥slgtron

resonance plasma rocessin evice and an Inductively couple asma processing device).’However,

with the increagehibthesize ohthereaitianiciambesiand deeineréaserafthecarea 20 thbthaelectrode
plates, especially when the frequency of the power supply is comparatively higher, a standing wave
effect and an edgésdmeditwifl-occur in such parallel plate CCP device. The standing wave effect and

the edge effect havecgg?laetﬂﬂfgyenﬁgx%xy@ ”rﬁl%{g%igrﬁifeme qﬁne{%ed i@ﬁg{?@ngps%lly Sause a

phenomenon that the plasma’at 25 the center electrode plate has a higher density and the
plasma at the etgedas @aiowet ldensityscsp thattthe tnifocohityt of ithairglsiiit iofcptased phetessing
process is thus influenced. provide a plasma processing device capable of obtaining uniform plasma

didflibution, thidtRpri¥ing IRE Mty B tHdTestCoRridhia Prdbes S pPEREESS IR0 to solve
the above techpica propiei. {8e RIBSENpImieialaEPvides R PIRRMBRI oG sRHEvichincluding: a

first electrode plate and a second electrode plate which arc arranged opposite to each other, a
matching devidén@ paveer distiibutiodedemicenand supdwer@Lppiyceyickvice manutiecfitsteelectrode
Pl e B e e §ire b Dlashna devstes Connmaousty. so that a larger wafer
can be processed in one process to improve the productivity of devices.
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
25 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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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 15device 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 distriBiioianies, 80 MbEF OFeRE AEstribRitics usrd D the SAnRb iy MBLofWAE 8tH-electrode
plates and each one of the, distribution units is 20individually connected to one, sub-electro late.
The distributon R e e i) & GitarERE An) bachon D0 et it das helies a
capacitor and/praamindieioss shexinductosds an adjustable inductor. The capacitor is an adjustable
capacitor. 25The at least two sub-electrode plates include a first sub-electrode plate and a second
sub-electrode plate; ihe poddar didtribation ddicetieifietesinse thphtibleand dhechrasedbacitor; the

maiching devieg, s diregtly sonpagted fo e lirst sub-glectiode nlataand i epend gagagifor and the
second sub-elechode p?fatg are connected in para#%g, é%ln tu connectedﬁ to theﬁf%st capacitor in
series, and thenqanpéetedae and a second electrode plate which are arranged opposite

to each other, a matching device, a power distribution device and a

power supply 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 1s

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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the matching device.  The at least two sub-electrode plates include N sub-electrode plates;
accordingly, the power distribution device includes M capacitors, wherein the Mth capacitor and the
Nth sub-electrode plate are connected in parallel and then connected to the (M1) capacitor in series so
as to form the (N-1)th series circuit; the (N-I)th series circuit, the (N-.1 )th sub-electrode plate and the
(M-2)th capact Haedinactsy l&%arallel. and then connected to the (4-3)1h capacitor in series so as

fo fon, the (N-2)th seres gyeyl, and 58 farl. il @ ries G e b al 9 lteaging capacitors

and sub-electrode plates, a second sub-electrode plate ahd a second capacitor are connected in
parallel and them cennecteddong fiysthapaciter id iseries Hoaito form rclissteseNés aipaqit,cand the first
series circuit and a first sub-electrode plate are connegted in parallel and then connected to the

matching devi@é}_%ﬁ@?eﬁhqg‘l@lfz%ﬁlpfﬁ%% 3k Hie itegPAGIBEIONS 1BS hARSC SRR citors are
adjgstadle cangciiafiiicl L AERAPMROCIBARIIATDS ipatiasosk sedaatibeyars paralel

centrally symmetric, axially symmetric or concentrically nestéd in a plane parallel to the second
electrode plat¢o2@Shape§of the atderst wiocstib-efbetroNelpfitestan betdetiticth or Qfdneht, and the
sub-electrode plates are rectangular, sgsuare, circ éqg, or elliptical. The above teffhnical sqéuliions have

the following gﬂ%}é‘rﬁfl:f‘gféé‘??ﬁ Bl PRt device RRHL PR £ BROKEESiig Beb it 28 includes
at least two d'%*ﬁ'@U&%uwﬁ@émﬂetﬁf%@'m%@%?ai@ﬁw@ﬁ atigastiwa sub-qlsatiogr plates,

and respective distribution units are connected in parallel after being connected to a respective
corr_esponding(mﬁi“eshsoﬁze plateuihicmdrednfotabeduinorh @astristherirauthisaime dheypsler supply
de1\6|ce s conn g}ggg?ntgec%%vgglrtors 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 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
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30distribution device via the matching device, and the power of the power supply device is distributed
into several portions corresponding to the number of the sub-electrode plates of the first electrode
plate by the power distribution device, wherein each portion of the power is individually input to a
corresponding sub-electrode plate, and an 5 individual electric field is obtained between each

sub-electrode ﬁléﬁ’é’%?hdiﬁ‘{é@eé%rfg%@?ﬁ% Piage %8:‘(:%‘%&7%@ ABASHY AFRPHRGHIEN Y BE plasma
generated “ndﬁﬁ'ﬁﬂ?@r%?’ﬁ&%cgﬁg?e%%ﬁ&@et Ladiustmant of foe pracesriresHitcan beachieved to

obtain an uniform process result. Further, since the power distribution device is constituted by a 10
combination ofisowe cajetiibrg iand/desocae induetois, vdaeh Rozuroant fdwshthroughethescapacitors
and the inductars do not consume energy as resistors, and the efficiency of RF power ci)upled to the

electrodes can'BE'GUdHIHEed 1 DEBER DRsCIBIBH OB Brakibgd cctiRdonRétton tRe
accempanying figurR, fnS.AqYR, aRA RINRr OBIEGIS. de MG and-adyaniades ol present invention

will become more apparent. In all these figures, the same element is indicated by the same reference
numeral. It is netihtérdecttondrale thesdefiplaestin soalep2@hrdlitis infemdedio showm ki concept of

the invention. _Figure 1 is a schematic diagram of g parallel plate capagitively,coupled PECVD
device; Figﬁ@?@a&ﬂféﬁfgﬁ%%@&faﬁ% asﬁl‘aé?ilgcﬁm &sBi edé\(?ic@iﬂ tﬁ@ﬂ%%é%o iment;
25Figure 3 is ayRptiorgdew Qha HrsheleriradeiBlale IR igwe f an FigH6e 4 i5:1d sebemaligdiagram of

a circuit of the plasma processing device in Figure 2;
Further, since the power distribution device is constituted by a

10 combination of some capacitors and/or some inductors, when RF current
flows through, the capacitors and the inductors do not consume energy
as resistors, and the efficiency of RF power coupled to the electrodes

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;
25 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 is a schematic diagram of a circuit of another plasma
processing device in the first embodiment;

30 Figure 6 is a schematic diagram of a circuit of a plasma processing
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Figure 5 is a schematic diagram of a circuit of another plasma processing device in the first
embodiment; 30Figure 6 is a schematic diagram of a circuit of a plasma processing device in the
second embodiment;  Figure 7 is a schematic diagram of a circuit of a plasma processing device in
the second embodiment; Figure 8 is a bottom view of a first electrode plate in Figure 7; Figure 9 is a
schematic diagravasf enthherciienélesmdadipigietin the second embodiment. Detailed Description of

Embodiments In ordégr to ma/ke the apove 9b'e ts, features and ad ar%lgajels §>f thiﬂlgceg%?g t invention
o] t 0

are, 7,15 a schema agram of a cirtcuil 0L .aplasma
more apparent and 48187%d BE fingets ooql, a further detaile cfescrlptlo IS made to em ments of

the present invgntinR i GerRNestioNWth Hagi ageempanying figures. For sake of the description,
cross-sectional drawings indicating structures of the device are locally enlarged not in feneral scale,

and the schematic difigrains dfeal battRrativevand aréirit shesitiedetd it hd s88p@ Of the present
invention when embadiments of the present.invention ar f ith ref cet schematic
(én %d ure § IS a sghe natlgrsi‘:i‘s%%e?%rﬁédar{g%ﬁ%&%ﬁﬂ f;}"fj}g (égé?t&c?e %f%?e ﬁp

. . T .
diagrams herelnafter.llgloreover, n prachce, ould be included. In

order to emphagize dbercharaptedistie f 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

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 general 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
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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 beprlocesskgpabigiplasinaipeccessinhigenics infthether faces, 30ilk phcbieat ofimiformity

of the processing result in th h tch or d ition applied to a bi Furth :
ith 10 ncroath WTahe 128 oF e Ao G HHRLR oA hIAER e (e QYeabor ot Eldbtrods.
plates, especi@hédﬁyﬂ%*et?rﬁﬁ@gy%aﬁwfam? RONET SHBPIY g FomRatmtively higher, agimpasatively

e

obvious standing wave effect and a comparatively obvious edge effect will occur with the plasma
processing deviemipatiadizie] sThégdtandingomaver atiest srnebthio sd géasttbachavey grebitcnfiaadce on the
unifé)rmity of the %enerated? Iala;ma %nd usuaII}{l cause.a ghenoH\enon that th pl?ﬁéna eitatl?gacenter of
theelectrode palat HERY H §Y’|% Ydeh }ﬁloélr?d ﬁegSIagmg a tr%ledgoecﬁgg a"10 Tower dgnsﬁy, So that the

uniformity of the-sesulieloplasia dracegaingmroress ik dhdsiafluenceds freviewad thiad, thegeresent
invention provides a plasma processing device. The device has a first electrode plate including at least

two sub-electréditeplateasy argr priwabe ensewen siisplyridorsaisinplt oz théethited B8 the

respective 15 subyelegtiode plates by apawer distibution devies cannagtad dodng, fist dlggirode plate,
so that the standing wave -effect and the edge effect can he suppressed, the uniform distribution of

plasma is obtaieekraae theawsifesmity bf theplasmatproeabsing plocess istintreastgk Ihdbeafollowing,
a PECVD device is used as an example, and 20specific embodiments of the plasma processing
delfite of the prewesrt donsiiionsard ks thip stnid UERHSCHSIVtH hBIRUrdd 2RTRa BAfSSEIHRSL

Reference Is made {0, FIre & Mg 2 AN Pl WY PO iR B sehemate fiagiam of a

structure of a ptfasma processing
provides a plasma processing device. The device has a first electrode

plate including at least two sub-electrode plates, and power of a power
supply device is input into and distributed on the respective
15 sub-electrode plates by a power distribution device connected to the
first electrode plate, so that the standing wave effect and the edge effect
can be suppressed, the uniform distribution of plasma is obtained, and
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
plate 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
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95 device in the embodiment; Figure 3 is a bottom view of a first electrode plate 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 30a second electrode plate 4 which are arranged opposite to each other in
the reaction chAREFE MBS Bevice 8 CBAHEIRA 16 ENECHrsB eRbtipRI patkO3 thepdivet

distribution device 9, a,power supply device.l, a yvacuum obtaining device (n gas input
device (not shg\fverlc)%ggf%gwn%{?hgtg,){fﬁg 1‘€|§rrs§1 é?glcltrgg{eogla 2" (iﬁ%daeg?v‘%é g%%-%ggg’t%eaz&p%;tés 31 and
32 which are inswlated froriaachiatheddtigure )t Istoweh be appracigsedithat indraptice:tbe number

of the sub-electrode plates included in the first electrode plate 3 is not limited to two, but could be more
than two. 10TH&PBWer supply device 1 is connected to the power distribution device 9 via the

matghing device 8 e pSE Bk device Lin iR RTRAMEIL ARG Q1P SIATERONR! suppl.

a low frequency power sup%ly, and requency power supp he power distribution
device 9 is conslactsdito theifst eletttodec 1bpladecd, foomputtihgaher diStguring)thie powker of the
power supply device 1 to the two sub-electrode plates 31 and 32.  In this embodiment, the power

distribution deR€ePREIGHES i tistHbDtidR isitst ieh SEmRsACR IR LIBIE LTS SaRlatesly
connected to o -alectrade plate.as. ribed, he: 20 1, ive, distribytion. units
could be identi?ﬁ.]ﬁi{ﬁéeo%?éq ali[?s% g%%p%?%%?ﬁ@f tﬁgé:t%e? %%rﬁggrlg}ﬁr%gd@;%bﬁﬁnﬁéﬁr%ﬁged in the
power distributianmdestioa Yisothe 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

elddrode plate 3 is mdte RN HVSUIHE HUIRBAT DltHE GRIMIRAISH titthin dRTBEris thE 5aMAaR
distribution devige .is W@Sﬁf@mg@lﬁge@%@fm aﬁﬁeegu%fhgua@ew}b%%&eﬁqﬁ-@ﬂﬁgtmde

plates included in the first electrode plate 3. The first electrode plate 3 locates in the top of

the reaction 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
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30chamber 7, and is thus referred to as an upper electrode; while the second electrode plate 4 is
connected to the ground via the housing of the reaction chamber 7, and is thus referred to as a
grounded electrode. The matching device 8, the power distribution device 9 and the power supply
device | usually locate outside the reaction chamber 7, and.the vacuum obtaining device enables a
suitable vacuusedevel tolbetuhiaindd and nraicnanedtatite the reactiod chianiber lrodwiing alplasma

[ , and th input ice | dto] t i h ti hamb
e oo BBl GARE P & AL ol oA I ol S0 PR R S B Beton
chamber 7 areydistriguteion tag irst elecifads piate 3iASWRRTAHE 4@ bR Brocessed(nghshown in the

figures) locates on the second electrode plate 4 and faces the first electrode plate 3. During the
plasma processimg rotess;thé procddy dasdsdnmodidedirorgreteatidronagtber Ztdréigh the gas
inlet holes 5; the §>rocessb 5 asgigexcited b t];e power g{:ﬁ betweep thq firsgele trode Blate 3
and’the second Bi8&FodE g‘f& et %‘éhceera%% %smaa§ %Hé";pﬁl 4785 Rt the Subs r%%(rel;e and the
product of the geactigndeRAsits ontRedsubgiate-spcarte faRumiler, whilgyraste gasmmdueed by the
reaction is drawn out via the gas outlet port 6. 20As shown in Figure 3, in this embodiment, the first
sub-electrode platecssing peeeasgulanfiame, satd thplHedendsubselsatfotie Piatet 30 IS afssin a

rectangular sha%)lg anr{d I&(l:ateed in[%i)%e the r5ei§:€t§§2m/gular frame of the first sub-electrode plate 31, that is
these two sub-gfctrode p?a%e and 32 are arranged to be concentric nested, wherein the second 5

sub-electrode plate 32hlocaigstin the hotayeregigaehthelisst sulb-aleciiode plete 81,aand the inner
second sub-electrode plate 32 and the outer first sub-electrode plate 31 are spaced from each other

by!4 certain distlteterigsare induldtedmastivacebamper 7 are adisHaRm S FRjurths, ks
embodiment, g gislRY R 2085 63RCHS BLprL U oSSR fEn R inelydes o
locates on the second electrode plate 4 and faces the first electrode plate
3. During the plasma processing process, the process gas is introduced
into the reaction chamber 7 through the gas inlet holes 5; the process

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 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
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Cl and a capacitor C2; each of these capacitors is respectively connected to one of the sub-electrode
plates of the first electrode plate 3, that is to say, the capacitor Cl is connected to the first
sub-electrode plate 31 and the capacitor C2 is connected to the second sub-electrode 5 plate 32; a
respective capacitor and its corresponding sub-electrode plate constitute one distribution branch and
all distribution Ganehds are copmeidted it paraltelh  off cthrebe seepatisothe isowesmapterom the

power supply device |, after being impedance-matched by the matching device 8, i input 10 into the
powor ciatbuiBHEEYES QO E o POWHP e HEtTBUed ) he AR ¢ s feleiBactor o2 i
the power distiibulion gevies 9 tARAIAERASRNAAtElYINRI AR SRedWE $HE-EiRatrods-Blates sdeand 32 of
the first electrode plate 3. By distributing and inputting the power of the power supply device 1 to the

two sub-electrodiztpldtbs131 dhd 32phentor1 S Arss efeutrunidgslate 3hehscpenghewdplet tindithe center
partsof the first il? %trrgc%e plate 3 car)[‘be made to_ have different electric field distriguti n,.so as to avoid
effe

the standing W t ahd thé %%Iglé/ eefFe%Q%?%Perctrarg mf&%i%&%ﬁﬁ%%no 13‘%@% —Efed

e ro&tl-:-op Ste, thus

enabling the pisma pHRGESRING deNdcailaQblainan biniferA) distibution: of-plasioa dyFingthe
20processing process, and improving the uniformity of the plasma processing.  Moreover, the
plasma procestifig gavieetpeovideatsyltle present invention is not limited to the case of two

sub-electrode plates,and two distribution units in the above emhadiments, rather, it.co I%in ludes 25
more than two sub-e eccterl(r)l\(ljvtéepIgaei(eegl i%%tng%?ﬁﬂgne{w%u?i%% b?aﬁt% @rﬁtgg t §Et isﬁkgpslgy,gt ‘é—:-lcp%ower

distribution device ficlutesat leags ddendistibatioiednty and thedfidtialeciode plateinduges at least
two sub-electrode plates, and the resgect_ive distribution units are connected in parallel after being

cohtected to é%&ré‘%ﬁd?ﬂiﬁ@fsdbsél o8 &ﬁfé,cgoandhﬁei%ﬁeﬁﬁ%%uﬁ-éiéﬁﬁﬁﬁé%@é are
insulated from gach, ttﬁj@fior t}@f% tt'ﬂ%ebgheac?%\bv? r@fﬁﬁ%&f’fyg%g‘ ?ﬁg{}ﬁfﬁ?{?&? 1S RQAer
the power of t ply ae

distribution device via the matching device, an power sup vice is distributed
into several postidnshearrespangiopytatha nwnbies aftbesin-clestrode plates of therdiiss 2ledirode

plate, wherein ‘ ,

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

15 first electrode plate 3, the peripheral part and the center part of the first
electrode plate 3 can be made to have different electric field distribution,
so as to avoid the standing wave effect and the edge effect of electric
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



S each portion of the power is input to a corresponding sub-electrode plate, and an individual electric
field is obtained between each sub-electrode plate and the second electrode plate to control the
density and the intensity of plasma generated under each sub-electrode plate, and the process result
is thus adjusted to obtain an uniform process 10 result. Therefore, the PECVD device provided by this
embodiment can obtain tisutiform Blasmerdistribtutiy, daditte Wnifomiy GAtHe ddsoBitstiIm is thus

increased. P.refeBabI. th%?capacitor | and th caé)%citor C2in tt%g power di%tfi%tion device applied

by above emb((:ifdgl%lenl‘fta?é1 adjustable c%ﬁ%%l %}ér,l ot ‘éltcﬁ’ieafalgwer a%%Weeé {3 each'8Ub-electrode

plate can be aﬂuﬁigﬁ By eriesting ibe ialuedot the Garasitprrammesiesiedbpsubeiectyode plate,
t

thus the density and the intensity of plasma generated by each sub-electrode plate can be adjusted to

increase the uniferiety of shematosispee by aleapacivily dbinblediegidenisrge dkthe BatReirst

electrode plate 3,.and the unifopmity of the result of the plasma processi rogcess | jncreased.
Further, as shcc))“\z}vcnhinplé)llgﬂ;tﬁpen 3,0 tlftg%:vop s?u\ig?élelétrélagupﬁa%%s%f (é%rg Og%%plﬁ’goéggde v%lg%ﬁicrigugh holes

5, and the thrgslgicoles @n gachsiib-riecrodedqlate artqimdvidedhwyitithd samessize, thedame shape
and 25 the same density. Of course, in practice, the size, the shape and the density of the through

holes on differ&nb<tliseieede ddairmwrdridy e emtaiectrode |nlgie ApGREMboBf RIS

distribution units of t r_istribut ice.ar itor e cgy they could
= 1ate

30also be indugcﬁég.ﬂgs%%%lv%gﬁ I%”&%Qg?%}{s ﬁgﬁﬁé%?gggaér% g? ?X%r%éit%%%?gsmga %)ro’cessing

device in whichriddyhtors@recysetetmtepiacehtne adpasitorstin tiediistripution forite ipshosss. The

difference between the plasma processing device in Figure 5 and that in Figure 4 is that: the

didftibution unk&saE-indetsferandhe SowdilidsinGtoR Vade ¥ 1HHe SHRRAH RELEHGRLi and an
inductor L2 eaglljRguolRr RARFRSRTANGIRANCRSHER AN O 118 SuRseRATRARAIAIes of fhe frs!

electrode plate, that is to say, the inductor Li'is connected to the first sub-electrode plate 31 and the
inductor L2 is depaagited tolthei seband suteekecirode plate 32; a respective inductor and its

corresponding 10 sub-electrode plate constitute one distribution branch, and all distribution branches

are connected in pafaiicErRidrabls thahneiieiort | afikhd i d3RBr L9 afeladRistAbIP MiGEtors.

distribution device applied by above embodiment are adjustable
15 capacitors, so that the power applied to each sub-electrode plate can be
adjusted by adjusting the value of the capacitor connected to the
sub-electrode plate, thus the density and 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 plate 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. However, in practice, they could

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

11



In this way, the power applied to each sub-electrode plate is adjusted by adjusting the value of the
inductor connected to the 15 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 processirgiptoetss iBlasueanpreassdiPDIesing ba apprediated ¥saeTa Hsctite dhi
distribution units gare not limited to the above mentioned cases, rather, the distributj its.could
include both a%eé)pggff‘otrthéin aé)na?r%(tj%l&stolrr} gganraggé@gﬁ\geogis%ﬁ%sﬂasg S{J}#ﬁ)t\sg%oﬁtl@%g %Eé%%ézlgor
different. The priispps:skilled insihe gt caudiabtaindistibutinnuusits imthentarin o ithey dinsuit
constitutions according to the basic concept of the present invention, and as long as the object of the
present inventidr Gariie ditiidbed hese HRstabetBHUATRIAre MBS P ALl T tHrotection
Scope of the pr SF L fqtrlloﬂides an 'nclirtllé@graﬂ?vgn%%%qgﬁ'aﬁ?}’oﬁhidﬂrsé?&?lcﬁ%?&i@ Q@qgncludes
two 30sub-electrods plates, however, the présent invention is not limited to it, rather t%e first electrode

plate may includepgaere/#1an twarsthglectrasiecplatesh @ndibeetydinglis thiantimbértbkthérdistribution
units in the power distribution device may also be mare than two, In the followi g,C%he second
S

embodiment ofl§eRamalBFecdbaindsstevier: phavideeusyAhd drdSefP IHRSIEN 1R 16¥d in detall

in connection Wi 10 Bk es- aeonts emRpqieflay cfdaure G & apsehemaric diagrata of gerouit of
the plasma processing device provided by the second embodiment. 10As shown in Figure 6, the

plasma processiitg elevio® geovidlead bg2: a respective inductor and its corresponding

10 sub-electrode plate constitute one distribution branch, and all
distribution branches are connected in parallel. Preferably, the inductor
L1 and the inductor L2 are adjustable inductors.

In this way, the power applied to each sub-electrode plate is
adjusted by adjusting the value of the inductor connected to the

15 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

25 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,

12



the second embodiment is basically similar to the plasma processing device provided by the first
embodiment, wherein the first electrode 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 Cl and a second capacitor C2, and the
matching devicethig direcflystorinetted topthdirstsunelecteodwoptatd 81 twhilsuthecseetind eapacitor

C2 and the secand sub-electrode plate, 32 ted | llel, in. d.to the first
capacitor CE irP %tﬁés, ) tﬁ%%oégb%%lryectt 0§ t?ﬁ%egﬁgtcl n%%tr’?ae\ﬁb%{%%gaﬁr?g %%%fi%a%?nt %a![rtshe

parallel branchcapsistadiefihie SecRnd stibnglecirede plate 22 @nd heosecond capacitor C2 is
connected to the first capacitor Cl to form a series circuit A, and the series circuit A is then connected

to the first sub-electrbué!piatel Bivinngarédiel sesimthefoliodinge the thifd erodmer afshid plasma
processing device provided by the present inventign is described in detail.in connection with the
figures. Third emfﬁ?mgﬁ?“ eg kpy R?ﬁféré)r{géc@qmé%\é%tﬁélurg7 WHICH & %(?Wlsn aé% aeﬁr;a{ﬂc diagram

300f a circuit of: g RlasHmapracensimgdevice provided by the third embodiment. As shown in the
figure, a first electrode plate in the plasma processing device includes three sub-electrode plates, i.e. a
first sub-electrode pl&tecend £BErOdHERIH-electrode plate 32" and a third sub-electrode plate 33'; the

power distribution deyie, 1, IS SRIPES 19 HRAPCdRH I8 ISt FPAREI Ol socond
processing device provided by the second embodiment.

10 As shown in Figure 6, the plasma processing device provided by
the second embodiment is basically similar to the plasma processing
device provided by the first embodiment, wherein the first electrode
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 & 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 1s equivalent fhat 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 is
then connected to the first sub-electrode plate 31 in parallel.

25 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
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third capacitor C3 and a fourth capacitor C4.  Compared to the second embodiment shown in Figure
6, one sub-electrode plate is added into the first electrode plate of the third embodiment, and
accordingly, the third capacitor C3 and the fourth 10 capacitor C4 are added into the power
distribution device 9', and the fourth capacitor C4 and the third sub-electrode plate 33" are connected
in parallel, in tunmizodnectet t\thesthing wapacitor Gznrseries foforalecsaribs gitatit Bnatitethe series

circuit B is then connected to the second sub-electrode plate 32' in parallel. 15Preferably, the
capacitors in tRe&oBIRERT SEatfidthiRE ‘i%?t& At éekdeé? Blil%eﬁ) bacristibsElectrode

plate can be adjusteghby-adiusiingdhs capacilanss yalugs QbiherPilers 0.9. sapaciigrs € 1. C2,

C3, C4 and so on), so as to further improve the uniformity of plasma obtained by a capacitively
coupled dischange; eladtttredaniftriaity30f thecrgsut@f the plhsitiaprdeessing proctlss isldrmsadncreased.

Of , th it tioned agb b laced by jnductors, laced by
combination oREASSERBYE A INGLAHEHATES AHSF (HOGHANIS of il TS0 Ui CARRHBHE bt the
second sub-elegtrerepiate 3¢ @ndiihie shitdisub-glpaktode plate 33" in the embodiment, they may be

nested circles as shown in the Figure 8 for example, three concentric circular sub-electrode plates (the
first sub-electrode pléter8patheé secdhd sebeeledtretebsidiensatantatethird sugwiecthoderplate 33")

are arranged to he nested in each other re radiglly arranged in order of size of radiyses, wherein
petihapoh izt o B E it b (i RS St ot it
sub-electrode plateofinvdtiy a maKiawEN@dius,is locatediad thaparipheny Furhertibe istihution

densities of the through holes on the three sub-electrode plates are different, and are gradually

inctased outwaiigiier the disgituitad dersityher thewroulRthidlesion Wethirl Subaneciidrle plate

33' located in t?e %%Aélter isalc;l\%veljs%%gnetglﬂt&et dés%ﬂli)y%osn 9nlséit %f he ég%%ugg,hglrescoon trpee Er%t
sub-electrode p?al%e 1“18¢hted atthe periphery s ig’ﬁes?, whild thePdistribation gensﬁy BF the through

holes on the segopgkaiiclestioge plaie S dacaiath batween e fallstetivesaribatonfibiedirst
10sub-electrode plate 31' and that on the third sub-electrode plate 33'. It is noted that in practice,

the shape of the §abLefe sttt ipiBte i Aothititsdies e shapel instHa above s tRimEntEhand it

could be a rectangle, @ square, a circle, ipse ar a bination thereof, or other equivalent
substitutions ar%il o%vﬁ%%%vggé%ﬁsgé)gtﬁé%?cﬁep%ofp t rélcfl?g? present invention. Further, the distribution

densities of the througle helebign thegespgetiieosub-alecttadeduttiodcavlet baidenii¢al aabiterent,
and preferably, the distribution density of the through holes on a sub-electrode plate in the middle is

looser, and the“8i#GBiRISn adksith OMRE#Hraugt Ksletosacbusiieetisdendiad lithe paribhery is

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 & 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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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. 25Moreover, the arrangement of the at least two sub-electrode plates is
not limited to thenthahrersiic theralsave dmttodieptsytand the withast tmasubieiectatie plases could

be arranged to be parallel, centrally symmetric axially symmetric ar concentyically .nested or other
equivalent subéﬂﬁ?ﬁSﬂz ahdBBviBEE DafLYts %dlfﬁgq{onégﬁt %%)B%ée FH‘R))élrﬁorf?PFc}Lgxample,

as shown in Figufg g ffouriectanguis swhselectiode-plains.am avanged lnfe aaralichpnddespective

sub-electrode plates are spaced and insulated from each other; accordingly, the power distribution
device includegdistibllyon neitsasespectivelgrcdrespenditg todiiséribut restadgukat subielébtrode

plates. 5 It is also noted that in practice, the number of sub-electrode plates included in the first
electrode plate i RYEH '%%focf%oﬁb? e a?ﬁl‘@iﬁf)ﬁé’ th %tgb%%eké)rﬁﬁ)@cgfnﬁgnﬁ?b(fﬁ%tgﬂld be
more than thregy i B first §leptragie piate Iuay deeuds Nsyleeleciada nlates, wiharrindyds an

integral number no less than 3. Accordingly, the power 10 distribution device may include N

capacitors, wherdinadactrof ¢he brpadildrd is idividuatlyecormephed toisnbigliselectrbde diage, as
described in the first. embodiment; of cqurse, similar to the second and third embadiments, the power
distribution de éét%}&'g}té?gb a:%lﬁﬁé@'hﬁ)%;ﬁ]fci%fé%%ber}%ﬁﬂ%l:%ﬁﬁ%, RN Gs Salgbih%egcrélor%mber no
less than 15 3,yyhereinthe Mt capagitanand thenNih sebteledeade plataiate connasted firparallel
and then connected to the (M-1)th capacitor in series so as to form the (N-1)th series circuit; the

(N1Dth series civduie] esdr(die pladb-2lectiad dlplateranict ki (-2 i ekgsdenoe arkatoddected in parallel

and then connected {g the (M- 344, capaciiordp series s03¢.0 30 fprm fhe (N U serigs cirquit, and
so forth; until a series circuit formed by alt foregoing "‘capacttors and sub-electrode plates, a second

sub-electrode platelandtabeeoriskcapasioriareiconivsieddmpaidiiacand thad cennadiedto aa 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 coffiféaRel i parsdBRrEnd theirebhnastetl Pt Matehfingtaviatlon chirepaodeedi that each
oot B R A TR S R Ay s e
congected to difieyanitgas vepyipaseges.caNd e distribution densities of the through
holes on the respective sub-electrode plates could be identical or
different, and preferably, the distribution density of the through holes
on a sub-electrode plate in the middle is looser, and the distribution
density of the through holes on a sub-electrode plate at the periphery 1s
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

15



30amount of gas flowing out from respective sub-electrode plates are 16 controlled individually, so as
to adjust gas field distribution of process gas above the substrate, thus adjusting the distribution of
plasma, and further increasing the uniformity of the result of the plasma processing process. 5It could
be appreciated that the plasma processing devices provided by the present invention have been
described abovetbylexdnpgle opthtcPEGND devdeeg ¢tbwiverb [actide! tharBoviesrestivited

structure that the first electrode plate includes at legst twqg sub-electrode plates and the power
distribution detsl}g%' %%%Hé@teé)%tfé thEat Fé’fscﬁa/ G ﬁagh i

o &b-elet roéteeplates could also be applied to

other plasma pracsssinggeviaes suaasAB el demicee Ak Suehl plaamaipoitrRsNg devices also
fall into the protection scope of the present invention. That is to say, the above description is only

preferred embuelirsiy bt presepniivhtiohanty i iecteeaubiimitnel prasedt Mlidation in any
forr$. It could be appre iated t a, Ig%ol%gh thetpcrgs nt invention is-disglosed. by mean:

f
preferred embodiments; t?ﬁes ABBVE EmbodimEAts dreno oPHnI%}tmg the protection scope (??%he

present ?nVentﬁfﬂ@lJ@@chfﬁQH§ skilladdrethe At cpuidemiake manynedifications andtkasiants to 20 the
present invention without departing from the principle of the present invention. Any modification,
equivalent sub@tﬁntﬂ(ﬂmﬂwpﬁoﬂ@ﬂgﬁ@? e st FamRT Swithih gnbdrits BhEISEbHEEsE the present

invention are infenged o e INFIBRNITNILY'S: ReRRR AUPLBIE iR RD e PERRNINGUIANS

is an integral number no less than 3. Accordingly, the power
10 distribution device may include N capacitors, wherein each of the
capacitors is individually connected to one sub-electrode plate, as
described in the first embodiment; of course, similar to the second and
third embodiments, the power distribution device may also include M
capacitors, wherein M=2(N-1), and N is an integral number no less than
15 3, wherein the M™ capacitor and the N™ sub-electrode plate are
connected in parallel and then connected to the (M-1)" capacitor in
series so as to form the (N-1)"" 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
20 form the (N-2)" 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 device. 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
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Claims A plasma processing device, characterized in that, including: a first electrode plate and a
second electrode plate which are arranged opposite to each other, a matching device, a power
distribution device 5and a power supply device;  a substrate to be processed locates on the second
electrode plate and faces the first electrode plate;  the first electrode plate includes at least two
sub-electrode ghaxae lheditnslridadhchsetrier: teoase wovarssisp) disidbuslosnaédEA®Sthe power
distribution device thro‘LllghdtlheSrﬂfg)\tsc;[hg1 i

g deiee s fover dFion devics i samnegied o the

first electrode %ilastee,l Sr mput%ng and (%stri e po the power supply ‘device to each of the

sub-electrode plathsr and @A indiichiahalersienis fiefdtiscobtainebpatwepmeach stirelgttrgde and
the second electrode plate to control the density and the intensity of plasma generated under each

sub-electrode PIASSS. the power dis_tribution o!evice_ includes at least a capacitor and/or an inductor.
i oS R R HD e e et
same as that gfiheidul-elactrdde patssnandsagitie dfdhe distsbutipemiisds above by
example of the PECVD device; however, in practice, the above
mentioned structure that the first electrode plate includes at least two
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.

25



25individually connected to one sub-electrode plate. 3. The plasma processing device as claimed
in claim 2, characterized in that the distribution units are identical or different, and each one
distribution units includes a capacitor and/or an 30in MCSLA.P 4. The plasma processing device as
claimed in claims 1 or 3, characterized in that the inductor is an adjustable inductor. 55. The plasma
processing device as claimed in claims 1 or 3, charactefigag ¢ that the capacitor is an adjustable
capacitor. 6. The plasma processing device as claimed in claim |, characterized in that the at least
two sub-electrode plafes An@Nnainsoaesing alsctiotle PraeraidigeddonthatnidetrHag phite; the

power distributin.deviee palydes,a lret egpaclior and aiseeoniloppadlauihmaching.deviee is
directly connected to the first sub-electrode plate; an t%e second capacitor and the secon%
sub-electrode plgpg asétsonnealeld vripearakiekinttdrimgodoented to phevinstdiapabitordn skrase 15and
then connected to the matching device. . 7. The plasma processing device as claimed in claim 6,
charatterized indARRORFESURRY AP H&etrode plates include N sub-electrode plates; accordingly,

the power distribution geyjgedngludgspe processed locates on the second electrode plate

and faces the first electrode plate;
the first electrode plate includes at least two sub-electrode plates
insulated from each other;
10 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
device to each of the sub-electrode plates, and an individual electric
15 field is obtained between each sub-electrode and the second electrode
plate to control the density and the intensity of plasma generated under
each sub-electrode plate;
the power distribution device includes at least a capacitor and/or

an inductor.

20
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
25 individually connected to one sub-electrode plate.

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

30 inductor.
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20 M capacitors, wherein the Mth capacitor and the Nth sub-electrode plate are connected. i [ lel
and then connected to the (M-1)th capacitor in series so as to form the (N-1)th series circuMzilgg1
(N-1)th series circuit, the (N-1)th sub-electrode plate and the (M-2)th capacitor are connected in
parallel and then connected to the (M-3)th capacitor in series so as to 25 form the (N-2)1h 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 gonnecte? in parallel and then connected to a
first capacitor in serie§ sol A€ i@ 1aFM & MEP Se8BIrdEY Shthe® ﬁ%i&cﬁ@%ﬁ%c} afrst>

sub-electrode pgie 316 AGOECIRYMRATAIAD] 106 cRNSHBIkIalg Tgiching device: MCSLLP

Wh_erein _M-2(I_\I- , and N is an integral number no less th 8. The plasma processing device as
claimed in claims 6 or 7, characterized in that the capacitors are adjustable capacitors. 9. The

plasma processing devic%ﬁs ;%iimed in claim 1, characterized inlthat the at Iezilst two fub-elgctrode
plates are arranged sd thafith %?glﬁalparlfé“r?éémgalées?’x}ﬁ?nétsricc, AR sYRétHE br conceritrically

nested in a plangparalielipdie SeRanthlealaeBlals an akjulhieRlaspadesessing device as

_claim_ed 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. 15

6. The plasma processing device as claimed in claim I,

characterized in that the at least two sub-electrode plates include a first

10 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, in turn connected to the first capacitor in series,

15 and then connected to the matching device.

7. The plasma processing device as claimed in claim 6,

characterized in that the at least two sub-clectrode plates include N
sub-electrode plates; accordingly, the power distribution device includes

20 M capacitors, wherein the M™ capacitor and the N sub-electrode plate
are connected in parallel and then connected to the (M-1)" capacitor in

. . . h . . .
th series circuit; the (N—l)t series circuit,

series so as to form the (N-1)
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
25 form the (N-2)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

30 connected in parallel and then connected to the matching device;
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15

MCSLLP

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.

9. The plasma processing device as claimed in claim I,
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.
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