PLASMVA PROCESSI NG EQUI PMENT AND GAS DI STRI BUTI ON  APPARATUS THERECF Fi el d
of the Invention 5 The invention relates to the field of m croel ectronics
technol ogies, especially to a gas distribution apparatus used in a plasm
processing equipnent. The invention also relates to a plasma processing
equi pnment conprising said gas distribution apparatus. 10 Background of the

I nvention The pl@sYnPA PIEOTEREING HFOBTPMENY ANDY G6SsDISTRIBUTION Of

m croel ectronics technol ogi es. Reference could be made to figure 1 which is
a structural schematic di agr aAPFARATUSRITHEREOF pr ocessi ng equi pnent. 15
Pl asma processing equi pnent | usually conprises a housing 11, in which a
reaction chanber 12 with a top electrode plate 13 and a bottom el ectrode
plate 14 arranged face to face respectively on the top and the bottom of

t he reactﬁbﬂd@%§Wb§PwP@°Ps fornmed. The top electrode plate 13 is separated

fromthe housing.,l1.b n_insuj atjng, ne r 15;.an wor kpi ece 20.t o0 be
prog]essed can b }WeFrb‘yeSﬁOPhéag Fftfcgh%fﬁ%ﬁlﬁe0%C}P{céﬂggetég?]l%d{eec%?%ltogwfﬂ.
Sai d wor kpi l.d LN a KRy i ane
orocessi ng Gesln'ad 8" frk sitilopabp MaE] MOH TRl B Hachid ckiing

fol I owi ng Welhiphaye the sa/SRtioRaMishIrelites e aOpPRERa procebsihReeqlipmeat
processi ng equi pnent 1, a vacuum 25 produci ng apparatus (not shown in the
Fi gure) suchomprisingy gaidgap distntuidies appadtuseeps a status approximate to
vacuum In such status, the process gas is delivered into the reaction
chanber 12 by a gas distribution apparatus 16, and an appropriate RF power
i séﬁppl ied across the tqop electrode plate 13 and the bottom el ectrode

pl

e 14 Byckgrqupgd of gilgveptitnss gas, so that a plasm 30 environnent is
o e and koft O K, SRR o a1 550U I, 0
microelectronics technologies.
Reference could be made to figure 1 which is a structural schematic
diagram of a usual plasma processing equipment.

15 Plasma processing equipment 1 usually comprises a housing 11, in
which a reaction chamber 12 with a top electrode plate 13 and a bottom
electrode plate 14 arranged face to face respectively on the top and the
bottom of the reaction chamber 12 is formed. The top electrode plate 13 is
separated from the housing 11 by an insulating member 15; and a workpiece

20 to be processed can be held on the surface of the bottom electrode plate 14,
Said workpiece should include wafer and other workpieces having the same
processing principle as the wafer. The term “workpiece” used in the
following will have the same meaning.

In the operation of the plasma processing equipment 1, a vacuum

25 producing apparatus (not shown in the Figure) such as a dry pump produces
and keeps a status approximate to vacuum. In such status, the process gas is
delivered into the reaction chamber 12 by a gas distribution apparatus 16, and
an appropriate RF power is applied across the top electrode plate 13 and the
bottom electrode plate 14 to activate said process gas, so that a plasma

30 environment is produced and kept on the surface of the workpiece. Due to the
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chem cal reactions such as etching and deposition with the workpi ece, such
that the required etching pattern or deposition |ayer is obtained. The

by- product of the physical and chem cal reactions is punp out fromthe 5
reacti on chanber 12 by the vacuum produci ng apparatus. As is known to all,
the degree of uniformty of distribution of the process gas on the surface

of the wor kﬁi‘(ﬁﬁ,ﬁeﬂ'cﬁif{g atkE Y epFRIQHH AP EHiliGiek Nehe lﬂuﬁhhtchn(lﬁaw?lﬁj@leﬂaandw th
i ncrease of the overall size of the workpiece such as a the area of

t he cross seeainiienl edactibas rseal tas arickilngndret dégosigenveash e varrgprecensidhar ger,
and it is nore and nore difficult to achieve a uniform distribution of the
process gasthaﬂ'h@ledégqléeed)fetdﬁmgoPﬁttﬁlyl oft depeyifipnt layerofs thdaigededde gas
relates to _ various f ctor rein,,to.a grreat extent, the,s ruc%ure of

the gas di sPYPb ‘}C(Sno F’tﬁ‘é‘Fd’é‘fieF]i‘ﬁlﬂgl @"tb?ﬁsfbsrrﬁ“f@ SPt fredr Mut i on
of the pr ocesﬁtl %cgam%)% %bfi eg% ﬁﬁlgrbrgg@g‘gggpg y ence could be made to

figure 2 whi%® enat a usual gas

distribution appar @ Yfowhhes laﬂuathwg@égree S hﬁﬁahﬁnya&mmﬁb;ﬁuanmd ses a
support plate 21 with a substantia round shape; which is | ocated at the

central pospidcess @hs o2 thd@utfape aff tHbe walrRpizee ik Os® &8y Ngheatungeetet tend i s
fixedly connected to a top electrode plate in a conventional manner, and an
air inlet 2qudality efrwarkpéere. Withhacrease ef thef ovérellsiippof thq)Wat‘lgngqe sych

shower head el ectrode 23 with a substantially. round, sh and coaxial wth
the suppor t 2pp arafep 1the areg o g ceass feetiey Oﬁéhﬁ\KFQ%@I’s ‘F g?%‘”@ﬁ% and

h b h d th h head
o i ode e 928 TetasRi ARe (F s TraRmey JBoe ARG (R R hrabes AMIRERL T or m
"gas sealin str'ljl?Lﬁgoﬂ Qf{hréﬁprfog%gs sNg means a consequence rather than a
0

neans; tha V\/nat a concrete technical means |s_ used, a
phenonenon of gag a%gls@gﬂ' Eheithiltyof dapdationnof e pRREE ighdFePOES toON

bet ween the support plate 21 and the showerhead el ectrode 23), a gas
di stri buti onasitnartaetors swherein, to a great extent, the structure of the gas distribution
apparatus determines the uniformity of distribution of the process gas in the
15 reaction chamber.
Reference could be made to figure 2 which is a structural schematic
diagram of a usual gas distribution apparatus.
The usual gas distribution apparatus 2 comprises a support plate 21
with a substantially round shape, which is located at the central position of
20 the top of the plasma processing equipment and is fixedly connected to a top
electrode plate in a conventional manner, and an air inlet 211 is arranged in
the center of the support plate 21.
A showerhead electrode 23 with a substantially round shape and coaxial
with the support plate 21 is fixedly connected below the support plate 21, and
25 the connecting portion between the support plate 21 and the showerhead
electrode 23 is gas sealing (the term “gas sealing” used here and the term
“gas sealing” used in the following means a consequence rather than a means;
that’s to say, no matter what a concrete technical means is used, a phenomenon
of gas leakage should not appear in the connecting portion between the support

30 plate 21 and the showerhead electrode 23), a gas distribution chamber is
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formed between the support plate 21 and the showerhead el ectrode 23. The
air inlet 211 communi cates with the gas distribution chanber. Miltiple

| ayers of flow choking plates 22 are arranged in the gas distribution
chanber in a conventional manner, and a suitable distance is kept 5

bet ween respective layer of the flow choking plate 22, as well as between
the flow chekiRg Riaten 48e ARPpdil SH1aHPPP I dPHAL Shodverh @il elRRirvBE 23 Mendf | oW
choking plate 22 and the showerhead el ectrode 23, thus, the gas

di stri buti ogir ¢flarRer cointnwhivatdedvitinthe gaudstibusionl dhaedterbers fromtop to
bottom The flow choking plate 22 conprises a plurality of gas passages
211 each of whi Mulpphetaydresofl Glavhrcheding tﬂaﬁesog@ crekamgngsdate the 36 its
axial direction, so that one small chanber can comuyni aé,e wi th anot her.
Because t hedigisbystpnseliyaaberin 4 ¢onvsapeng] Wénp%ryépé aoﬁulﬁahge BRRCEABKFRlg
plate 22 are staggered.. the pr S as.is. forced,to b ubj.e 0 a
certfain Ial?gW§FggF§’pﬁcH(¥8ﬁ@¥#,&gtﬁasq ué:hf’%]élgr%la ea17'£’uan‘°’| Sﬁnallgtbf?‘itvggﬂl ﬁl}:?r oved:;
as the 15 n e I choki i :
fimes that TRg CuoRind Bfhes 24563 E shifolt pACTI0LIBR 4 PURIIONUIORRRS

i ncreases, $hus20h@dradisabweriiddogletiyd@D3 ] ftusprias gas dpasbaidéeichadben t he
upper surface 232 of the showerhead electrode 23 1s accordingly inproved.
A pluralityisodivighs intd esvérail smatiichiandrees Goed teptarbkdomhdHedlestchokmig 20

chanber of the gas di stribution chanber communicate with the reaction
chanber bel plate B3 commiiselcanlushlétt pbages Pessages 214 sa6hrehy whicdy pesilades i n t he
sh rhead el ectrode 23. The, conparafjvel.y unifalm proces as on th

upb@r surf atEoveh the ffor‘f% ‘;LHEWH 882@ gt oﬂ’élag TEEHOR 89vsq’%t g% ﬁ‘glarlgacti on
chanmber of the plasne processing.: ' nt through the gas holes 231. 25
However, as°1?~?é’ﬁ‘?‘f‘o° élawg%rg'ﬁgl,czﬁ%ltgg&sﬂo%tri buti on apparatus forces the
process gas to R s Akl S0 bRsAedPd Bl 3h rdiRlIEIIPAE dINHEERG Bokdh

hi ndrance functi Sn of th%éjsf#’ovs\/g%hoki ng pl a%%g 122, so that the radi alg

uni formty glfatd D@ arprseased)aticiFotemr gsed; fordudsto ba sabjteted o alkeatan a
inproved lateral wuniformty, many layers of flow choking plates 22 are
requi red. Amteral elisplaceiBent; handydbuslithe riadiali onifappiy atsusmprameidomsd tbove i s

structurally conpl ex and ) . .
15 number of the layers of the flow choking plate 22 increases, times that the

process gas is subjected to a lateral displacement increases, thus the radial
uniformity of the process gas obtained on the upper surface 232 of the
showerhead electrode 23 is accordingly improved.

A plurality of gas holes 231, which are used to make the lowest small

20 chamber of the gas distribution chamber communicate with the reaction
chamber below the showerhead electrode 23, are uniformly distributed in the
showerhead electrode 23. The comparatively uniform process gas on the
upper surface 232 of the showerhead electrode 23 can flow into the reaction
chamber of the plasma processing equipment through the gas holes 231.

25 However, as mentioned above, the gas distribution apparatus forces the
process gas to be subjected to a lateral displacement by means of a hindrance
function of the flow choking plate 22, so that the radial uniformity of the
process gas is improved; thus, in order to obtain a improved lateral
uniformity, many layers of flow choking plates 22 are required. As a result,

30 the gas distribution apparatus mentioned above is structurally complex and
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3 huge in volune, and the manufacturing cost is also high; while a
reduction of the nunber of the flow choking plates 22 will reduce the
uniformty of process gas distribution. Therefore, the gas distribution
apparatus in the art either is too conplex 5 and has high manufacturing
cost, or can't obtain high uniformty of process gas distribution. Skilled
in the art has AvULERNEnd SRORiHAkaddiORE QK R A8 Hixh; WHIRS a rsdudtidn df0
sinplify the structure of the gas distrirbution apparatus while making sure
t hat the unihkonuinbyr @ff fheofless chaking plated @2 onlli seduot thedusddrmit Surmary
An object of the invention is to provide a gas distribution apparatus,

whi ch has aproicass gas distrilattione and can provi de process gas with higher
uniformty. Another object of the invention is agﬁprov asnma

, i.de . |
pr gcessi ng I equﬁﬁﬁﬁfgr%%gﬁiﬁﬁglgﬁﬁlﬂl BRRATATUS IR tafto‘H!d%Fgﬂglt‘g‘{ GRmPEX |
ordgr t t he. i.cal bl.en he i i on- i
G ST 11 but oG BB RARuLiRIbE Fosh A RFP solalf midlt BRI bEEES, 000

a support p ést&isv@}@'fbd.Zs@ihé&%%&%{lﬁ&é afl drBedtdcBRical priBIeAeIARS ve,

arranged horizont Irst air inlet passage is provided at a centra
position ofhat hE 1dPREIMPlid) he Strabiaveoiiane gk elistribieonvdppakatus widteal | el
to the support 20 plate, Is fixedly connected bel ow the support plate, a
first gas dmakirigoture dlmat the ameformityorfi pronessl gas distrbmgiod is mohredwenter bet ween
t he support plate and the showerhead el ectrode, and the first gas
distribution plate has a plurality of axial viahole; a central position of
thf first _gas distribution plate is corresponding to the central position
Qhe suﬁgﬁ'r”tlarﬁ’l ate; at least one 25 circunferential gas-flow groove

suppete as! X | gas-11 |
ol ural ity of radiaPPat R B0GEn 7 g iblac PRRSAUSHY AbALT One

ci reunf erenfindh $as- 1| GMpIEOQMUBCRTE ardl cBNIFRVIde ProbdREEas UvitiRCigightr t he
gas distribution plate; the plurality of axial viahole are arranged in the

ci r cunf er entuhidbrrgiag.- Ahothcgobiact odnte iineentid@ igltarpabvide oplasmdi mbeegamng | ow
Jrooves. equipment comprising said gas distribution apparatus.

15 In order to solve the above technical problems, the invention provides a
gas distribution apparatus used for a plasma processing equipment,
comprising a support plate which is fixedly connected to an top electrode and
arranged horizontally, a first air inlet passage is provided at a central position
of the support plate; a showerhead electrode, which is parallel to the support

20 plate, is fixedly connected below the support plate, a first gas distribution
plate is horizontally arranged in a chamber between the support plate and the
showerhead electrode, and the first gas distribution plate has a plurality of
axial viahole; a central position of the first gas distribution plate is
corresponding to the central position of the support plate; at least one

25 circumferential gas-flow groove surrounding the central position of the first
gas distribution plate and a plurality of radial gas-flow grooves
communicating with the at least one circumferential gas-flow groove are
arranged on an upper surface of the gas distribution plate; the plurality of

axial viahole are arranged in the circumferential gas-flow groove and the

30 plurality of radial gas-flow grooves.



4 Preferably, the radial gas-flow grooves are uniformy distributed, and

w dt hs of the radial gas-flow grooves are gradually reduced outwards al ong
a radial direction of the first gas distribution plate. Preferably,

m ni mal cross-section areas of the axial viahole in one and 5 the sanme
circunferential gas-flow groove are the same; the mniml cross-section
areas of the axpalfeMbX10he FadiANGaseNEw! PR oVREIRrE A RIrmIR St ttiBWed)rapaves
gradual ly increase outwards along the radial direction of the first gas

di stri buti owidthabé thePraetidr gdakflowaprdensd ane pfadtiiéy aedwded\viwivatds alongne and
the sane radial 10 gas-flow grooves gradually increases outwards al ong the
radi al di r eadiaddizsiction lod the figst gpsgligirdmtionuplpen pl ate. Preferably, the
first gas distribution plate conprises a plurality of . circunferenti.al
gas-flow gr ooveg¥efﬁml¥sh‘élw wgowswﬁgn&rfé%ﬁ# é}t‘*%ﬁ%‘ia}ﬂ"‘a}ﬁ’i% 19 108% dooves
sucgessi vel y increase outwards, al ong the radial_difection. g first
gas” di stri buti SﬁmSI zﬂrg}lmlg?reeflglfﬂabg%ffﬂ?ﬂ/e %ﬂgﬁ%r%repltgge%rg?’t ﬁié? ?ﬁtﬁrrlrpr?lses a
second air éreltgﬁgectﬂﬁlségag owefaéeia daUbRY B ohE QRUtiE BRI FadialPORLbRN Of

t he support plate, a i stance between the second air inlet paSsage and the
first air igbevePardaghyiificrehsd gfwdrbanlchy dirddiadlditebdohiofshe gast gas
distribution plate; and a second gas 20 distribution plate is further

i ncl uded i ndistréinuttomnidete. bet ween t he support plate and the shower head

el ectrode, and the second gas distribution_plate closel surrounds the
first gas distrPmferably.pt steasitymf thecasigbaiahglada ene esd the sgpw 14diglst gas

di i buti t d h ; f. th .

Gi BT 1 but | oAy ey e ara A Buirk Pefises 2ok Bliscrions 1 SRERT dfriag.of ne

second 25 9a tﬂis?g{;é. E’f‘éhjﬂﬁﬂio‘}* ﬁlia?e‘i ncl udes at | east one circunferenti al
ra

gas-fl ow groove nd a plu y of radial gas-flow grooves comunicating

with the at | eaptefefih®yCile UHsergaRt HatriB@sorf | A¥tedcompeised Plphiality Yofof
axi al viahole are arranged in the at |east one circunferential gas-flow

groove and gihsumpfedéidlt gastlomadirabvegasad | thw gridiheesf the circumferential

gas-flow grooves successively increase outwards along the radial direction of
15 the first gas distribution plate.
Preferably, the support plate further comprises a second air inlet
passage which is deviated from the central position of the support plate, a
distance between the second air inlet passage and the first air inlet passage is
larger than a radius of the first gas distribution plate; and a second gas
20 distribution plate is further included in the chamber between the support plate
and the showerhead electrode, and the second gas distribution plate closely
surrounds the first gas distribution plate, and a chamber space on top of the
first gas distribution plate and a chamber space on top of the second gas
distribution plate are separated from each other by a sealing ring; the second
25 gas distribution plate includes at least one circumferential gas-flow groove
and a plurality of radial gas-flow grooves communicating with the at least
one circumferential gas-flow groove; a plurality of axial viahole are arranged
in the at least one circumferential gas-flow groove and the plurality of radial
gas-flow grooves.

30 Preferably, the second air inlet passage is corresponding to one
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30 Preferably, the second air inlet passage is corresponding to one 5
circunferential gas-flow groove of the second gas distribution plate.
Preferably, a width of said one circunferential gas-flow groove which is
corresponding to the second air inlet passage gradually reduces in a
direction of gas flow 5 Preferably, wdths of the plurality of radial

gas- f | ow gr QeMEsfekhtfd1Gas TRAP Mo SASo OihelJebbid zad dRhaberieH piiwal | y increase
outwards along a radial™ direction of the second gas distribution plate.
Preferably, m nPrebrabiynssvigth bbBRair eds cotuimdapatinl gas-fiowagrodvaeheheeh

| ocated in one and the sane circunferential gas-flow groove in the second
10 gas di stisi borresponding do sthec eswindelayr iinkst epaseagsay wdlyalredipeshin radi al
direction of the second_gas distribution plate. Preferably, density of
respect i ve ¢ixgdionetgas #0Wocated in one and the sane circunferential

- fl inth d di stri.buti I jvely..i
ourher ds 3 ong. PHECTY AP s ot Tisn Phreling “fciehy "B 1S Ve BFRY Pl o
plate. Prelgl8hlYags B g tihORal WRwERIEPhicHES aradis al i ty

r2dd]
of circunferenti gas-Pﬁggvg ogev?sf,§ an%PWI dths of the circunferential

gas-fl ow O4ipsdtRs @{Uﬁq@%@bﬁ(&hys HRER B@S6n guﬂtwar ds along the radial direction
of the second gas distribution plate. 20 The invention also provides a

pl asma processi Reeferpbl preninimahdrossesegpioas aeeasr of esspengiveqakphewtahplec| udes
the gas distribution apparatus as  described above. Preferably, the G;[)I asma
processi ng legaiegnisneng angd thesame strenmigrentialigpsrdlo™ £po0\oHp ARG 86CWE h t he

SDRfe, oot e bRtk oung 2y L RS ok NS0 RIH U52, RS,
0 st L) R PUy bRSEh ML AL Rbll s 1% 9 cove, sy oundina he

Preferably, density of respective axial viahole located in one and the
same circumferential gas-flow groove in the second gas distribution plate
successively increase outwards along the radial direction of the second gas

15 distribution plate.

Preferably, the second gas distribution plate comprises a plurality of
circumferential gas-flow grooves, and widths of the circumferential gas-flow
grooves successively increase outwards along the radial direction of the
second gas distribution plate.

20 The invention also provides a plasma processing equipment, and the
plasma processing equipment includes the gas distribution apparatus as
described above.

Preferably, the plasma processing equipment is a plasma etching
equipment.

25 Comparing with the above described background art, the present
invention provides a gas distribution apparatus, wherein on the upper surface
of the first gas distribution plate, the circumferential gas-flow groove
surrounding the central position of the first gas distribution plate and the
plurality of radial gas-flow grooves communicating with the circumferential

30 gas-flow groove are arranged; the process gas entering from the first air inlet
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plurality of radial gas-flow grooves comunicating with the circunferential
30 gas-flow groove are arranged; the process gas entering fromthe first
air inlet 6 passage can rapidly spread laterally along said plurality of
radi al gas-flow grooves, so as to realize a uniformdistribution of the
process gas in the radial direction; then, the process gas enters into

sai d circunbaend icah @aRIY | Pread 1AMy 5@@8@&1@ plagiial, sRpadiblopagtieaves, so
as to realize the uniform 5 distribution of the process gas inthe

ci r cunt er engtoalvesli soest toorealiZéd e ruefi fore, distrsiutidiyofimhensooéssapasiinphe ratialuct ur e,
the gas distribution apparatus provided by the invention guarantees the

hi ghl'y uni f direstitinst theputthe rprotesshgapranterssinjassaid ¢ineumfegentialogae Hamber
and overcones defects that the gas _distribution apparatys in the_prior art
is too conpB@PVEnient detdiradighasasalloy Brepyetarir a8ti0r feRji20dhe U RUS, the

RGN A R T it T T e
O 2t 105 FISeale 7 ARGl SRRV 01008 B MBI PURRE

gas di stri bifivieRflon FpBANMAEdsSthiehifE WlideHR dRtaBessh bY thel prdueesgadin Hgure 1;
Figure 3 is a structural schematic diagramof a gas distribution apparatus

accor di ng treaatibn rchmdrboaidrenercofnashéefectsahat tre g0 distgbmieod apgamitus

isonetric schematic diagramof a specific enbodi ment of the first gas

di stributi o {hlearréon art iY ter eomBpler igutaictureqnd hasp highymapufagtring eestgas

di gémri bution pl aﬁle shown in Ftil]jlgurga 4; Figure 6 isS. a rtial egilnlbar ed

dr 8 ng of HUSedhf GHIUELHH Bf giiFePESTAS DRGSR E7 WP RRVifSd DYcHimat i

di agram of f@%nﬁ@ﬁﬁhﬁ%%‘ix@ﬂhh‘%ﬂ aftP B &Y s %ﬁ%&’@é&.to a second enbodi ment
Igure 8'I's ma

of the inver?tlon; ah 1soneftric sche Ic diagramof a first
specific enbodi nent of a second gas distribution plate in Figure 7;

Brief Description of the Drawings
Figure 1 is a structural schematic diagram of a usual plasma processing
15 equipment;
Figure 2 is a structural schematic diagram of a gas distribution
apparatus in the plasma processing equipment of Figure 1;
Figure 3 is a structural schematic diagram of a gas distribution
apparatus according to a first embodiment of the invention;
20 Figure 4 is an isometric schematic diagram of a specific embodiment of
the first gas distribution plate in Figure 3;

Figure 5 is a top view of the first gas distribution plate shown in Figure

Figure 6 is a partial enlarged drawing of a section A in Figure 5;
25 Figure 7 is a structural schematic diagram of the gas distribution
apparatus according to a second embodiment of the invention;
Figure 8 is an isometric schematic diagram of a first specific
embodiment of a second gas distribution plate in Figure 7;
Figure 9 is a top view of the second gas distribution plate shown in

30 Figure 8;



Figure 9 is a top view of the second gas distribution plate showm in 30
Figure 8, 7 Figure 10 is a partial enlarged drawing of a section B in
Figure 9; and Figure 11 is a top view of a second specific enbodi nent of
the second gas distribution plate in Figure 7. 5 Detail ed Description of
the Preferred Enbodi nent The key concept of the invention is to provide a

gas di stributi Of;gBRYMiaLRrti AR AASIAWHAEDE & SELAGS BURERANE amr ovi de
process gas Wwt igh uniformty. Anot her key concept of the invention is
to provide a pl Bgdire IArBCLeH NEvweahiapeeond cpagificsémigodiaictt @dshéessdandout i on
apparatus. 10 In order that the persons skilled in the art coul d understand
t he technigal disgitmtioorplefe inhEigune/énti on better, further detail ed
description is made to the invention in connection with the figures and
speci fic enbodi nents. Reference could be nmade to figure 3 which is a

structur G tic _ diagr of . th a Lstribution apparatus according
to=a fi rzbeé&aﬁ?fgﬂp%f‘ "qug]?ﬁﬁfefﬁ@eﬂﬂ%é’%}mfnﬁ{ the first enmbodinent, the
gas distributio p i ged: he - j in port
Drate 3 and t haPEuRgbReSpl BY MRS, 1d BBl o S

central posifda@ausf whitd KR finfe chathiet an@aahippovidt probesspagsvith Bighcessi ng
equi pnent, and is fixedly connected to a top electrode 20 plate of the

pl asma pr ocesi§bmgityqAinptient kéyn canceptv efitthenavemmmmes .toApfavide a plasman| et
passage 31 is arranged at a substantially center position of the support
pl ate 3. A plesessinggduipment coawrsingpaidigas sligribytionpparétisal |y hori zontal |y

arranged, is fixedly connected to thel. r.payt of the,support plate 3,
thL@ a 25 gas s?‘%/diebdth?"bﬁ Ehﬁﬁ%@?sig‘lﬁ\é\&n‘@dqﬁ%t &P‘ﬁ%‘*@%ﬁﬁ‘&flﬁ ﬁ?eate 3

and the shonghhRaflsSBshidfe Tavdidn Bludfuei ddBild SuRIRR 18 hae

arranged i n"the "gas Irstri on c I'na conventi onal manner, and the

first gas disSthkiiRbbdeith iPédRcloh wiPRHA! fighrdsAniN@csMRPGhbodnddngs. 3 and the
shower head el ectrode 5, and

Reference could be made to figure 3 which is a structural schematic
diagram of the gas distribution apparatus according to a first embodiment of

15 the invention.

In the first embodiment, the gas distribution apparatus provided by the
invention includes a support plate 3, and the support plate 3 is commonly
arranged horizontally at a central position of the top of a chamber reaction of
the plasma processing equipment, and is fixedly connected to a top electrode

20 plate of the plasma processing cquipment in a conventional manner, A first
air inlet passage 31 is arranged at a substantially center position of the
support plate 3.
A showerhead electrode 5, which is also substantially horizontally
arranged, is fixedly connected to the lower part of the support plate 3, thus a
25 | gas distribution chamber is formed between the support plate 3 and the
showerhead electrode 5. A first gas distribution plate 4 is arranged in the gas
distribution chamber in a conventional manner, and the first gas distribution
plate 4 is parallel to the support plate 3 and the showerhead electrode 5, and
the first gas distribution plate 4 keeps an appropriate distance from each of

30 the support plate 3 and the showerhead electrode 5 respectively, so that two
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the first gas distribution plate 4 keeps an appropriate di stance from each
of 30 the support plate 3 and the showerhead el ectrode 5 respectively, so
that two 8 chanbers with suitable thicknesses are forned respectively
above and under the first gas distribution plate 4. The first gas
distribution plate 4 includes a plurality of axial viahole 43 (referring
to figure 4inm&h WRRQLIEOR thiVIQKeskst 18 fokidl Bafecively h@é‘&é ehd Rhate . S5 4,
so that the chanber space above the first gas distribution plate 4 coul d
communi cat etlerfisogaedistMbition paatedanber under the first gas distribution
pl ate 4; the showerhead el ectrode 5 includes several gas holes (no
reference nunbdihs farst gasldistribetiohemte ¢ inkbidies guplesility 9 axtielt viehelectanber
under the first gas distributjion plate 4 could comunicate with the

reaction ch@l‘ﬁff‘é“Fmeto fignrer \ﬁh%rﬁ@nﬁﬁr@&%ﬁy%@h ok fisvresas, diggitioncRete oul d

b de t f

embal ment or 4 Rty Pk ExhekSerGhee? FRY i e B b OR 5 tfe.@ﬁpéﬁﬁc'miﬁh
i t f t d
figure 6 XL.%“H@“&‘%%"E[?“ f%ﬁﬁﬁ?‘ééﬁé raﬁa%‘@gégﬁf%h@& Tedich jire

5. In the fprasd 4emb@§h&e&qwaa Reedtiddet 5 GaSludes bEvdRbT N holedt@odeirenésled by
the invention is substantially round shaped; obviously, the first gas

di stributi onumpbetsearé adieddtoatiem lie thé figures), shahes dhelvhambeegmder theol ygon.
The central position of the first gas distribution plate 4 is_preferably 20
cor respondi figsttasstdigtribution nlrte 4 Apeld grusmagicaty with {) hgereaelppivechapbet ef 3, so
f@ t he proc Ss air enterin hrough the first air inlet passage 31 can
t arri vl asrf‘f’lé“‘?:%ﬁ%ﬁ‘t“&lqu‘ﬂérpﬁton of the first gas distribution plate

4 A surface of lie re;nf:éﬁ Eowﬂ?sbedhise}d%'t%uﬁn#ﬁ)& P lv@ﬁ@h‘ls 3G 0B el e séﬁ'&i@fé plate

3 1s provided wt east one circunferenti a s-fTow groove

sur roundi Ng4;agparh BT LEUARE RBDAIMER 6f tﬁehﬁrsft'§a§tdlﬁﬁ%uﬁbﬁtﬂlhtl%lﬁh' p@upé ate 4,
specifically, a shape of the circunterential gas-flow groove 41 may be

round, and he€igutd@r@hivheis b Wop OrieWD6 £ tied figstngay éfstdibhti gapldteshogmotives 41,
all the circunferenti al
Figure 4, and figure 6 which is a partial enlarged drawing of a section A in
15 Figure 5.

In the first embodiment, the first gas distribution plate 4 provided by
the invention is substantially round shaped; obviously, the first gas
distribution plate 4 could also be of other shapes such as regular polygon.
The central position of the first gas distribution plate 4 is preferably

20 corresponding to the first air inlet passage 31 of the support plate 3, so that
the process air entering through the first air inlet passage 31 can first arrive at
the central position of the first gas distribution plate 4.
A surface of the first gas distribution plate 4 facing the support plate 3
is provided with at least one circumferential gas-flow groove 41 surrounding
25 the central position of the first gas distribution plate 4; specifically, a shape
of the circumferential gas-flow groove 41 may be round, and when there are
two or more circumferential gas-flow grooves 41, all the circumferential
gas-flow grooves 41 are preferably arranged concentrically. In the present

embodiment, the first gas distribution plate 4 includes three circumferential

30 gas-flow grooves 41, which are a first circumferential gas-flow groove 41a, a
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gas-fl ow grooves 41 are preferably arranged concentrically. In the present
enbodi nent, the first gas distribution plate 4 includes three
circunferential 30 gas-flow grooves 41, which are a first circunferenti al
gas-fl ow groove 4l1a, a 9 second circunferential gas-flow groove 41b and a
third circunferential gas-flow groove 41c. The surface of the first gas

di stributi ofpcBhat 8irfurhfGbAGal %ﬁs-ﬁﬂﬁwo%ﬂoomeanﬁb and S ftafrtihefrcPhereaesd W th a
plurality of radial gas-flow grooves 42, each of 5 which is divided by the

ci rcunf er engdsaflogagroblvewlgr ooves 41 into an inner segnment 42a, a middle
segnent 42b and an outer segnent 42c; as illustrated in figure 6, the
number of the i Mhersustagererttbe frst gashdistripuiéon plate Hefagingdthe suppgramete 42b

and the nunber of the outer segments, 42c .are, successivel i ncreased, such
that the ra%li‘%lfuﬁlé‘ér-P’fQY\héij{ yoVbR PBraLisyiIof TBial ot Wﬁrﬁ%‘f%ﬁ 1SR on

(nes 10l Ty, SEEa! S0 PR Sn EHERSOE T OEP IR U g

gas-flowgr‘g n the “circunterenti al

direction, %e&ﬁ%ﬁmﬁpgl Aidet \a@gge%eﬂmﬁ%a%muﬂgme%méﬁgmta%. ilfRfrated

substanti al e safme, an ang etween two adj acént middle segnents 42b

i's subst antinafigiire fetheaiiEnBadofitherinaet sb%hwﬂm%\;\@h@dhﬁ%ﬂbmhé ediddled
segnents 42c is substantially the sanme. Furthernore, preferably, depths of

al | the radiegmepas42boandjthevesnbid ofatite toterc seguerfterddet ard sgassfively
grooves 41 are the sane; a shape of the cross section of each of the
radi al gas-mceasedosvels that dhe madial epy-Elowr dreavesat2gseuld g yridevely 41 may
be, square, trapezoid, round,. 2 | i psoj d so, on, ,a i,n order ,to make
16 i actiaRTGSE S Bhoter Bref gas BBSlsbulio B4R pPlEptole Tospective,
square shapge.;: Al 1 1.h adj al sl oy.gr es,.4 V ey the c ral
position of'%d%'ﬁle ‘%atis:]g?&ga@% ivg_ r i%ut%ygn ag?eét }nﬁ%ﬂﬂsﬁéaggﬁhdal ﬁblgr g{cl)%/e 44
is formed agjréfthferem®dlldiddctRASIil, QR arldlé befRbdRtw8aPaRné fnfe@ldegiRands to

the first air inlet 25 passage 31 of the support plate 3. AXi a? vi ahol e
43, whi ch péhetsrabetankitiyghe shecf an ahglgasetdiest twb widjaent middle segments
42b is substantially the same and an angel between two adjacent outer
15 segments 42c¢ is substantially the same.

Furthermore, preferably, depths of all the radial gas-flow grooves 42
and the circumferential gas-flow grooves 41 are the same; a shape of the
cross section of each of the radial gas-flow grooves 42 and the
circumferential gas-flow grooves 41 may be square, trapezoid, round,

20 ellipsoid and so on, and in order to make the manufacturing convenient to
process, it is better to set it as a square shape.

All the radial gas-flow grooves 42 converge at the central position of
the first gas distribution plate 4, thus a central groove 44 is formed at this
central position; the central groove 44 corresponds to the first air inlet

25 passage 31 of the support plate 3.

Axial viahole 43, which penetrate through the first gas distribution
plate 4, are distributed in the above-mentioned circumferential gas-flow
grooves 41 and radial gas-flow groove 42. A shape of the cross section of the
axial viahole 43 may be round, square, triangular and so on, and the axial

30 viahole 43 may be a straight hole, a stepped hole, or an inclined hole; it is
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plate 4, are distributed in the above-nentioned circunferential gas-flow
grooves 41 and radial gas-flow groove 42. A shape of the cross section of
the axial viahole 43 may be round, square, triangular and so on, and the
axial 30 viahole 43 may be a straight hole, a stepped hole, or an inclined
hole; it is 10 preferable to set it as a straight hole wth a round-shaped

cross secti@Rf§abRSto 4R if 86l dtEALRt AdIR WARAW RRinMLiNAGed BeSaURRtbARO as
circunferential gas-flow grooves 41 and the radial gas-flow grooves 42

communi cat i togfavilithtecthe inaidfectusing. provi ded on the 5 upper surface of the
first gas distribution plate 4, the process gas flowing fromthe first air
inl et passages Becaiset Hbe soppenferphtitle @isiihow tgheovesntdrlalandgitheoveadial can
spread rapidly_along the radial gas-flow grooves 42, thus th uni form

di st ri but i 03ASofloOVnH8IQPVES et ComMIpICEHRS r%{ﬂfla?a i PECEi g8 Brovidrd orr the gas

di i buti | ate. 4 i hi d; th .h t i nt h of
o8P Rt o 6T PRy SO BRSSO BRo SR R REEST, o,
01 900% o oA P M shed LS ey sy el

achi eved. THeobetar4ecard Bfredadsrapill$taléby thed PaddBIPBEALIYH ﬁfdbwieﬁeld, biyud i
i nvention ensures that the process gas w | possess higher uniformty in

t he react i omichanidestribotiyn oy the pnecest gas ib the mpdipl direcomiod the st gase
above-nentioned defect that the gas distribution apparatus in_the prior
art is conplistributios: platg dris aghirvieds themhithe @rocash tiad LHLE iR easdy of the
ovgécame. Sane difications can beSngﬁ?e to the ;Iilrstd. as distribution

ol H e of ¢ hereymfezentis] s rQw EiBOUr AN TTom §a¢h P6 B Fadifl BasfiewATB0¥ES D ¢ he
radi al gas-fdo roqv -%grqﬂ : ly. . redyce -central
position ofj'%’h%g{_u it?l_gt&bl_gs di sft?ﬁ)gﬁlt% }10{)]93}@2@ gg%%t as_aﬁlptei% Bﬁéﬁg;fé%g?@l on of
the first o@gedici bt B o8 saaﬁtl‘gbutﬁﬁa bldte'srntfsaa&ﬁe{aéu. ThGbfoRe Sihet & W dt hs

of the inner segnent 42a, the m ddl e segnment 42b and the outer segnent 42c
of the radi @ktritagidn spp@aiRevRoddedune dssinmehlion atvors thadthe2frochss gasdt h of

each segnent itself also gradually reduces outwards.
will possess higher uniformity in the reaction chamber only by means of a

15 simply structure, thus the above-mentioned defect that the gas distribution
apparatus in the prior art is complex in structure and has a higher
manufacturing cost is overcame.

Some modifications can be made to the first gas distribution plate of the
first specific embodiment.

20 First of all, the width of the radial gas-flow groove 42 may be set to
gradually reduce from the central position of the first gas distribution plate 4
to a peripheral portion of the first gas distribution plate 4. As illustrated in
figure 6, the widths of the inner segment 42a, the middle segment 42b and the
outer segment 42¢ of the radial gas-flow groove 42 successively reduce, and

25 the width of each segment itself also gradually reduces outwards.

Space of the reaction chamber below the peripheral portion of the first
gas distribution plate 4 is big, thus more process gas is required. The width of
the radial gas-flow groove 42 is set to gradually reduce outwards as described

above, which helps the process gas to flow at a high speed from the central

30 groove 44 to the first gas distribution plate 4 along the radial gas-flow
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Space of the reaction chanber bel ow the peripheral portion of the first

gas distribution plate 4 is big, thus nore process gas is required. The
width of the radial gas-flow groove 42 is set to gradually reduce outwards
as descri bed above, which helps the process gas to flow at a high speed
fromthe central 30 groove 44 to the first gas distribution plate 4 al ong

the radial gagvbsay HusgiOQY esuftantebll Ughat T thieS r&itMOAN CREMbEN HeldWetHeeact i on
chanber below the peripheral portion can obtain enough process gas, so

t hat the pepérpfiasral popdsd ican bBtaln emouphnpiorekd p@sokogtmt thecpeardpherala
m ni mal cross-section area of the axial viahole 43 (i.e. its 5 gas passing
ability) capomionddjfrest framslackingadtgashe nini mal cross-section areas of the

axial viahole 43 in the inner fegment 42a, the rr?addl e.se nt 42b and the
outer segnent 498cdlyna mummngl cipss-secHan gren ot t % axiad NaaRele A sdfvel y:
that's to say, the m,ni.nal crossssecti on ea,.of an _axial viahole 43a, the
o mal or ok et R F D oy PR ALRSTeN SPnlhal u el Pres iR dnrarea,
Cross-secti r . { j i : gesg%l]' | A

described a otv}%,a%‘?ﬁlg%g?glcegﬁéjs%%é ?@g# Eeégrg%ﬂ %%Jﬁgﬁgﬁlnﬁuﬁe reéaﬁgtt?ﬁgnﬁ%chanber

bel ow t he pgeidiier sdgnkitta2en fOthetragial igasifl @R gratived 42 habreaie fHlcat®ivelyi hus,
if the mniml cross-section area of the axial viahole 43 of said

peri pher al thatistiocosay,sther opeirhyl crcseaston arée ojasn pasali vighals HBay thes
enhanced, thus a gas 15 supply will be increased, then the peripheral
portion of WMiMaastassrreghambarea jof pnr Kl viadwle r b | andi g amingaal

Thirdly, a density.of the axial viahole 43. can be adjusted such that the
delbity’ of TRESASIUAN GHearnsa Saabyiahnls P& GRS SUBSIYEN of the first gas

detflity of TREETIN EARIE sl SRE i i
Vi ahol o 433 20 ndieokEBdBB%Y: aicBlochy o O B RARPUREAATE hRGAHA |

axi al vi ahol G riehw thEpeAiphalal Yoot 61 ARIfired gAY IRAEBuliBh pate!t, thus,

arrangenent Is also to inCrease the gas supply at the peripheral portion
of the reacifi the mhdfmaércrognskdtiont amen dfotheawxiiatl vidteke Ag of sgidsperiplsdral t he
wi dt hs of the circunferential gas-flow grooves 41 can be
portion is properly increased, the gas passing ability is enhanced, thus a gas
15 supply will be increased, then the peripheral portion of the reaction chamber
is further free from lacking of gas.

Thirdly, a density of the axial viahole 43 can be adjusted such that the
density of the axial viahole 43 at the peripheral portion of the first gas
distribution plate 4 is bigger; that is, a distance between the axial viahole 43a

20 and the axial viahole 43b is larger than that between the axial viahole 43¢ and
the axial viahole 43d. A purpose for such arrangement is also to increase the
gas supply at the peripheral portion of the reaction chamber, and in turn to
avoid lacking of gas.

Last, the widths of the circumferential gas-flow grooves 41 can be

25 adjusted such that the width of a circumferential gas-flow groove at a lane is
slightly larger than the width of a circumferential gas-flow groove at its
adjacent inner lane; that’s to say, the first circumferential gas-flow groove
4la, the second circumferential gas-flow groove 41b, and the third

circumferential gas-flow groove 41c¢ successively increase in width. As the

30 width increases, the ability of the process gas to pass each of the
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25 adj usted such that the width of a circunferential gas-flow groove at a
lane is slightly larger than the width of a circunferential gas-flow
groove at its adjacent inner lane; that's to say, the first
circunferential gas-flow groove 4la, the second circunferential gas-flow
groove 41b, and the third circunferential gas-flow groove 41c successively

increase i Nciksthibredi®alt Bes-BQwWMbbvdsnGf £ a8 66essivieBy ahhhéad, Ofhuk N@epgRCess
gas to pass each of the™ 12 circunferential gas-flow grooves are

successi vel yuppihandedperiphesalt pratigasof the pedoticat chanebepas fptkeraguapanteedn of
the reaction chanber is further guaranteed. Reference could be nade to

figure 7 which Referesee gould be madenatfiguredy awhish isfa stachus! achamatisut i on
appar at us acgcordi ng tg anot her ii'pe_ci fic 5 enbodi gent of th@gi nventtj on. In
the second eWSHENnehithe gzs Ugiribuliop; APRABHSaBpeA RS tPr BUPEEH WFcifthe

invention is ﬁé’gfg%%ﬁg’fﬁﬂ%ﬁlg‘% %%%i s of the above described first

enbddi ment . is further provided with a second air inlet

passage 10 32 hatd i (ETMal 1= ile,
glg\fhggstregtgl% g@%gahﬁeﬁﬂ tRE gk dlstﬁb%hoﬁgﬁ:}ggﬁggémm%m

the radius of t Istribution plate 4 | to a val ue
smal | er thathea ifladtidices heddigiea he the rbisigi of | thleetabpassdgaribkdartitst he
second air inlet passage 32. A second gas distribution plate 6 is further
provi ded, wembedment. i nner di aneter of the second gas distribution plate 6
is equal to an outer diameter 15 of the first gas distribution plate 4,
and the second d#§ ¥peeriplata 3ris fpether Bffﬁﬁﬂixkd‘ﬁgfhﬁlsyc@ﬂﬁ AHURdt PaPEags r st

o W es as athaisPiiacen B trd %t wicEinoes 3hi MeandPuli R ihls Shtdcas
chanber spalStERGRLIR i ptag ¢ ST LG (HBU Gl SRR IARING, Por
plates 4, 6pednithe reaadil Nfef pABasE 91 d@d thhesdiATHieiniePpaRakdBe. @ center
part and a ring-shaped peripheral part isolating fromeach other, bottons
of the center pa# tecwmd gdsedistritg:tidaphde peisi fobhidealpreadtd awhersds pacinnwel vy
the first gas distribution plate 4 and the second gas distribution plate 6.
Sai d diameter of the second gas distribution plate 6 is equal to an outer diameter
15 of the first gas distribution plate 4, and the second gas distribution plate 6
horizontally surrounds the first gas distribution plate 4 at its outer edge; both
the gas distribution plates as a whole locate between the support plate 3 and
the showerhead electrode 5. A sealing ring (not shown in the figure) is
provided in a chamber space between the support plate 3 and the two gas
20 distribution plates 4, 6, and the sealing ring divides the chamber space into a
center part and a ring-shaped peripheral part isolating from each other,
bottoms of the center part and the ring-shaped peripheral part are respectively
the first gas distribution plate 4 and the second gas distribution plate 6. Said
first air inlet passage 31 communicates with the center part; and the second
25 air inlet passage 32 communicates with the ring-shaped peripheral part.
References could be made to figure 8 which is an isometric schematic
diagram of a first specific embodiment of the second gas distribution plate in
figure 7, figure 9 which is a top view of the second gas distribution plate

shown in figure 8, and figure 10 which is a partial enlarged drawing of a

30 section B in Figure 9.
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first air inlet passage 31 communicates wth the center part; and the
second 25 air inlet passage 32 communi cates with the ring-shaped peripheral
part. References could be nade to figure 8 which is an isonmetric schematic
di agram of a first specific enbodi nent of the second gas distribution plate
in figure 7, figure 9 which is a top view of the second gas distribution

plate shown inpfi @4§ especifdd derhb@iineentO thBi §dtond @apadistributes aylaed 6dr awi ng
of a 30 section Bin Figure 9. 13 In this speci fic enbodi nent, the second

gas distri bptovidedpltat €hé ipreatiodeds yubstaatialyedbigimutsshapbdt (alrﬁtl adund
doughnut -shaped (i.e. round ring-shaped); and the inner_dianmeter of the
second gas xingtshaped); end ghadens dismetrap e seord gaddistribatiandlde Gis the

i xedl s contEBLeta Bgceiier oo e hirirbiar duen platg ¥ apdhelh ey Zr )
St egped Surfac StrlbﬁHrfaéﬁith Eé‘eﬁfﬁﬁq?”g rﬁgeg: % %étﬂé'lt 18 pé&{&n@ioﬁi‘lc' ng

t he support 6% ded W i dunferental gas-flo

groove 61 \é\@g Her W "tRURESnd Hea beppbd 9@sadd.stribution plate 4; in the

specific e di mént~ the 10 second gas distribution plate 6 includes only
one circunferenty ﬁdlrf@ﬁbsof lRVecond @ue distribbpesiplatea facing tie aippoet platd he
circunferential gas-flow groove 61 may be round, and when there are two or
mor e ci r cund es eprovidedgasthf hbeasyrassy eigcamferghtiak gas-flove @roeve i whidas- f | ow
grooves 61 are preferably concentrical]ly arranged. The second air .inlet
passage 32 FWrepndsethgpiist mas st ](Sdelﬁée fo 10 HBe Sppeidier gm H@ﬁné?ntggke f1 ow

O PRt or ntacapd gl aisBipuiDaTated Hn il BTy Skt SreimiGRoae, Bl "Fe
surface of %&% R0 egfﬁca%f hi QH&%@BF%@Eﬁcﬁmffé}%hif??log/&ﬂwpgm ove ¢l ate 3

is further Provi ralnt radi gas gr oov each
20 of whi Chrria? Bé todRd BYd tWReith6leThAS eRbi 6 nIae- Eromiremias g 5s'|-ﬂloKti0 an

i nner segnment 62a and an outer segnent 62b. Preferably, dept hs of all the
radi al gas- gtoowegr 6hval 6Rc asramhferagidlhgas-flow grooves 61 are preferably
concentrically arranged. The second air inlet passage 32 1is preferably
15 corresponding to the circumferential gas-flow groove 61, such that the
process gas can successfully spread along the circumferential gas-flow
groove 61 in the circumferential direction.

The surface of the second gas distribution plate 6 facing the support
plate 3 is further provided with a plurality of radial gas-flow grooves 62, each

20 of which is divided by the circumferential gas-flow grooves 61 into an inner
segment 62a and an outer segment 62b.

Preferably, depths of all the radial gas-flow grooves 62 as well as the
circomferential gas-flow grooves 61 are the same; a shape of a cross section
of each of the radial gas-flow grooves 62 may be square, trapezoid, round,

25 ellipsoid and so on, and in order to make it easy to manufacture, it is better to
sct it as a square shape.

Axial viahole 63, which penetrate through the second gas distribution
plate 6, are distributed in the above-mentioned circumferential gas-flow
grooves 61 and radial gas-flow groove 62. A shape of a cross section of the

30 axial viahole 63 may be round, square, triangular and so on, and the axial
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circunferential gas-flow grooves 61 are the sane; a shape of a cross
section of each of the radial gas-flow grooves 62 may be square,
trapezoid, round, 25 ellipsoid and so on, and in order to nake it easy to
manufacture, it is better to set it as a square shape. Axial viahole 63,
whi ch penetrate through the second gas distribution plate 6, are

di stri but edyiafolh§3 3RHY Be "E BirkiQRE hotd, £ YiEpPEE Holléll o0aS ihdIdved BEROVES 61 and
radi al gas-flow groove 62. A shape of a cross section of the 30 axi al

vi ahol e 63 prfefable puse,it aguasteaight halegwithra snohdsshaped caosh sdetioaxsoads 14
viahole 63 nay be a straight hole, a stepped hole, or an inclined hole; it
is pref er atdl facilgatetheimanifagtugingai ght hol e with a round-shaped cross

section so as to facilitate the manu_factﬁrin . The pro efls Igas ﬁan nt er
into the center [9&r PTOSRSF #RE F30NGRERATEY the ‘f’rpﬁ?é?ta?n%é £ OreSARPChanber

bel h | hvel i TR
SheSage 51 Brrdhetar DR EnE hamfErBASt bERLY b BHOR fiERe b rkSlecivlly 0L E
enter into fﬂ?gﬁg}ggﬁﬁmﬂgﬁﬁepﬁam& af e QWehdaadinl&! B5540982 Sand

respectively Irst gas distribution plate 4 and the 'second gas

di stributi ofhePpicesd gasash tehedt @06 ks chbindet BPadecds ttbproftiheniimiwerhedd t he

pl asma processing equi pnmrent through the gas holes uniformy distributed on
t he shower heladtreect respectiFhlor dfrongh thkefiestogast distribiiéopmbatesd apuk thd owi ng
through the first air inlet passage 31 and the second air in]et passage 32
can be respeeondegay diggjhwsioadplats 6a8nd sher, gnigrs fpie thedeastipepbampen Q\gen t he

d it f th 15. i h dth i .he.

i BB shaped aPIRBRA MEPoSaitE SruiPREnt FERUERohe era b, Sl RlibFitassd ons

can be made%l%ghé %ﬁ&%&agg%ﬁfoh@ed second gas distribution plate. First of
R o a ;

all, the w ~the radi gas-flow groove 62 may be set to 20 gradually
i ncrease from amhepdtete, the andbudthet ARCHRE SR adl ifhwihBUhtUEhPIRL Br diP  an

outer side of the second gas distribution plate 6. AS illustrated in figure
10, inlet passage 31 and the second air inlet passage 32 can be respectively
adjusted, so as to avoid that a difference between the density of the process

15 gas in the center part and that in the ring-shaped peripheral part of the
reaction chamber.

Some modifications can be made to the above described second gas
distribution plate.
First of all, the width of the radial gas-flow groove 62 may be set to

20 gradually increase from an inner side of the second gas distribution plate 6 to
an outer side of the second gas distribution plate 6. As illustrated in figure 10,
the width of the inner segment 62a and that of the outer segment 62b of the
radial gas-flow groove 62 successively increase, and the width of each
segment itself gradually reduces outwards.

25 Space of the reaction chamber below the outer side of the second gas
distribution plate 6 is big, thus more process gas is required; while the space
of the reaction chamber below the inner side of the second gas distribution
plate 6 is relatively small, thus less process gas is required. After the process

gas enters into the circumferential gas-flow groove 61 via the second air inlet

30 passage 32, a larger part of the process gas will flow to the outer side along

15



the width of the inner segnent 62a and that of the outer segnent 62b of the
radi al gas-fl ow groove 62 successively increase, and the width of each
segnent itself gradually reduces outwards. 25 Space of the reaction chanber
bel ow the outer side of the second gas distribution plate 6 is big, thus
nore process gas is required; while the space of the reaction chanber

bel ow the ifpRekidel it sdohtent GRBNEE ﬂl%sra@'ﬁdit%dsbﬂéﬁog}oo% e afid iaSsthelét i vel y
small, thus | ess process gas is required. After the process gas enters
into the cipatnfahenroedssges- Wilb oy co\tke Gineti side dosge clbndamower nhe¢r 30
passage 32, a larger part of the process gas will flow to the outer side
along 15 tdegnvindei2aonf dhe sadiskrgasdhyw agropre G2adhus, thesupifermyy ofvthes2, and
a smaller part of the process.gas wll flowto the inner side along the
narrower i nPFEFCSSSERFrFEpt @nowﬂ?ﬁse\ﬁ%m%d- gas-fl ow groove 62; thus, the

2
i i f . di ' [ | . dly,
i mal of oss- s Berv i rauTEr oSSkl afrht nSxBI VEESE 6P car A N
that the m mgg%ledcﬁﬁ)c‘hsﬂﬁ@QBé Qﬁ'in%ﬁf"cﬂicss-tsléetééz‘% iafda Y WO LRiaPIidHble tdRCIH NNer

segnent 62a that I1n the outer segnent of the radial gas-flow
groove 62 ifher aare SietaiseyLland tinat is the Gayr sebment rg2mlof hicosatislect i on
area of the axial viahole 63a and the m ninmal cross-section area 10 of the
axi al vi ahogas-180 igrooease? simressi watgassiAsly;héhati fi toalsagr obs- seoihaln ar ea
i ncreases, the gas passing ability of the axial vjiahole 63 is enhanced,
thus, the apiops-Sectism gies ofuppiapialtvighple fdpand theqaingmal geosgseghion gees
distribution.plate 6. .wl/| enhanced, then . the peripheral portion of the
reg(iti on ch raxid ‘f’%‘é‘efé&ﬁ@%ﬁ?ﬁﬁé‘?ﬁssﬂgg‘ 15 Thirdly, density of the
axi al viahole 63 _c .adj (o B> ' : 1A

viahol e 63 at the ‘%‘%ﬁ%ﬁ@‘%ﬁ%@r %ﬁcgﬁﬁ&rggﬁéc%g%ghgﬁgggg 3{3&9%1{1%' %1111?%' od# pl ate
6 is biggerihel 3kl Viahold163 deRahhNced; thhe A% MiliMi 8h h@s@%ﬁﬁyiaﬂ thkhgaténner
segnent 62a of the radial gas-flow groove 62 is snaller an the density
of the axi ajidvi @hahe &3bningiheliawibationegheatc 6811 dbe tdnbanedi, atheBOtlgas- f | ow

groove 62. A purpose for such arrangenent is also to increase the
peripheral portion of the reaction chamber is free from lacking of gas.

15 Thirdly, density of the axial viahole 63 can be adjusted, such that the
density of the axial viahole 63 at the peripheral portion of the second gas
distribution plate 6 is bigger; that is, the density of the axial viahole 63a in
the inner segment 62a of the radial gas-flow groove 62 is smaller than the
density of the axial viahole 63b in the outer segment 62b of the radial

20 gas-flow groove 62. A purpose for such arrangement is also to increase the
gas supply at the peripheral portion of the reaction chamber, and in turn to
avoid lacking of gas.

Reference could be made to figure 11 which is a top view of a second
specific embodiment of the second gas distribution plate in Figure 7.

25 In the second specific embodiment, the second gas distribution plate
provided by the invention is modified on the basis of the above described
first embodiment; and modifications are focus on shape of the circumferential
gas-flow groove 61 corresponding to the second air inlet passage 32.

The position of the axial viahole 631 in figure 11 corresponds to the

30 second air inlet passage 32, thus, the process gas entered from the second air
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gas supply at the peripheral portion of the reaction chanber, and in turn
to avoid |lacking of gas. Reference could be made to figure 11 which is a
top view of a second specific enbodi nent of the second gas distribution
plate in Figure 7. 25 In the second specific enbodi nent, the second gas
distribution plate provided by the invention is nodified on the basis of

the above dgsgrieshe §3 Ksdt SFRELLIMBY positn BB beRl vRhw18681 f Atdithedn shape
of the circunferential gas-flow groove 61 corresponding to the second air

i nl et passagealidided Th® posbtdmeheoio tireadtowhrdsi lahiblsaledAlong thd dweetickb
corresponds to the 30 second air inlet passage 32, thus, the process gas
entered fromdidatedsby amdves in thedigurepeventyaldnethe A wio branches of/the processe

position of the axial viahole 631, and then, (s _divjided inpto, two branches
to spread tSHFUYCRER B LEROSTUIDAR haaxia W&M%ﬁgﬁ- bﬂaw&la YedhfPositiodus in

he. f i : [l b h f th .
thes pooi 1+ ot Y5 A Y1ato€, 6310 B0205" 535 Glost F, MeDRER] uifiSicC AP, o
axi al vi aho%ﬁs%%iaﬂ?%g%e

tEfE?iti on of the axial viahole 632 are
substantially symretrirc. The width of the circunferential gas-flow grooves

61 can be set tQheOkRHHad Yhe etlvamfalenrigl idae-filiw gabboes 6ff gas bkl e foi . e.
the direction indicated by the arrows in figure 11). As the process gas

spreads fr ognatihally Gedudecalorhertbatdimictigaseff gawillgwolwe thd ditectine indidated
gas-fl ow grooves 62 at both_ sides of the circunferenti alqﬁgas-flow gr ooves
61, the anobitthef arrevprivcedguregdd)coht i Hifoudegesse ditse saTesAg f19d dffifect i on
i ndicated by the_arro in.figure; _howeyer, .becau the w dth of.the

ci ﬂium‘ eren IF%}mEfégntf%QBcﬁﬁsgql%‘ﬁﬁgo‘éﬁ6lgtPa%ﬁaﬂaf1V‘ B3Ry gﬁ"(’)‘\’/\?so%b ?LBO%‘r ocess
gas won't s i 2 1 h Lty t ocess
gas to spr e%gg{jg}?\a%r{\%ggjtaﬁ}é&%%%fﬂ g?gtﬁ]&%\g gﬁ%\/\%ﬁ%ﬁ?@éﬁ%@ %%%laer%‘r%\)tc P§s; in
this way, thg ditfolklyreahicd AR BB fectids indicatdd By thORrbs fitlFidige;

guar ant eed.” The pl asma”processi ng equi pnent provided by the invention
conprises hdédwegas Whcatisd hhé i widthpphrtat usircestfureids igasfloav glrovees 61
Specifically, said
gradually reduce, flow of the process gas won’t speed down obviously, that
15 means that ability of the process gas to spread towards the axial viahole 632
won’t reduce apparently; in this way, the uniformity of the process gas
distribution is further guaranteed.

The plasma processing equipment provided by the invention comprises
the gas distribution apparatus described in the above. Specifically, said

20 plasma processing equipment may be a plasma etching equipment or a plasma
deposition equipment.

The gas distribution apparatus provided by the invention and the plasma
processing equipment using said gas distribution apparatus are specifically
described in the above. The principle of the invention and its

25 implementations are expatiated with respect to detailed examples, however,
the specific embodiments are used to help us to understand the method of the
invention as well as its key concept. The modifications and variations to the
invention that may be obtained by onc skilled in the art without departing

from the scope of the present invention are intended to be included within the

30 scope as defined in accompanying claims of the present invention.
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20 plasma processi ng equi pnmrent may be a plasma etching equi pnent or a

pl asma deposition equi pnent. The gas distribution apparatus provi ded by
the invention and the plasm processing equi pment using said gas

di stribution apparatus are specifically described in the above. The
principle of the invention and its 25 inplenentations are expatiated with
respect to detail ed exanples, however, cifigasspecific enbodi ments are used
to help us to understand the nmethod of the invention as well as its key
concept. The nodi Al gatdismibudioth aparatts assd far 4 phasnianyentdsimp tdaipnreay, be
obtained by one skilled in the art wthout departing fromthe scope of the
present i nvemupmsingr e hotieoelyt erfaegedcsunpodt wlate (3} hwhicko iSC’éﬁegIafs
defined in acconPanyin claims of the present invention, 17 Clains 1. A
gas di stri bRANNGAC 97 g%@%’é?dlef‘b’f} the PlaswReP1oretsess ieﬂ@lpé‘h‘iﬁtpﬁgtlﬁﬁ air

Comoct ed vaiel Hashe Gl o 50 AR e ARt sl br tus Uelbbet Bk 180 o1

air 5inle i LAV pf of pport
late (3 hodIRaRCdeiial TP sHLATpalaRIESMS SprpPhlat ¢ T)Fpe FABISCRL

plate (3), décnnltt@dbilontaieappstt pahWIhea Suwpapesd dNtabetiés)plaie {4 &t gas
distribution plate (4) is horizontally arranged in a chanber between the
support pl ai@if@Bialdncirtdnged sinomertaadr ebawteendbe (Sipposandlatéid3) ianst thgas

distribution plate (4) has a 10 plurality of axial_viahole (éﬁé; a central
posi tion ofshoyeerheadstelepirodsi €81 pud ithn fipitages (dytribytiosr pladpoiddi Aef t2o t he

oo L o eyt a8 bRt 4Dy 3 Sentarl s hBaAF HF FFS Easdiedibusid ¢ on"
on Clrcu - Y n tion

f the fi i stributi . ' i al Y

o ooves (4aafERndk BhELRN AN, B ol Pafbn OF MEBupbdrdfadd) 2 020" Tl oW
gas-fl ow groovechdditediz8d 3htANOSH 1645t %e%?@fmf&?éﬁt%ﬁga@fﬂ%\begﬁ@% (41)

distribution plate (4); the plurality of axial viahol®e (43) are arranged in
the at | easgurtimding ehgrcesigilt paditigasott thewliept apsedicdihutimdplane (p) andla ty of

radi al gas-fl ow grooves (42).
plurality of radial gas-flow grooves (42) communicating with the at least one
15 circumferential gas-flow groove (41) are arranged on an upper surface of the
gas distribution plate (4); the plurality of axial viahole (43) are arranged in
the at least one circumferential gas-flow groove (41) and the plurality of

radial gas-flow grooves (42).

20 2. The gas distribution apparatus as claimed in claim 1, characterized in
that, the plurality of radial gas-flow grooves (42) are uniformly distributed,
and widths of the plurality of radial gas-flow grooves (42) are gradually

reduced outwards along a radial direction of the first gas distribution plate

(4).
25
3. The gas distribution apparatus as claimed in claim 2, characterized in
that, minimal cross-section areas of all the axial viahole {(43) in one and the
same circumferential gas-flow groove (41) are the same; minimal
cross-section area of each axial viahole (43) in one and the same radial
30 gas-flow groove (42) gradually increases outwards along the radial direction
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20 2. The gas distribution apparatus as clained in claim1, characterized
in that, the plurality of radial gas-flow grooves (42) are uniformy
distributed, and widths of the plurality of radial gas-flow grooves (42)
are gradually reduced outwards along a radial direction of the first gas
distribution plate (4). 25 3. The gas distribution apparatus as clained in

claim 2, cr}fagtﬁ?tfﬁg{ %Eﬁdﬂs&ib&thﬁ{ 1af8 Pl cross-section areas of all the
axi al viahole (43) n one and t%e same circunferential gas-flow groove

(41) are the same; minimal cross-section area of each axial viahole (43)
in one and the sanme radial 30 gas-flow groove (42) gradual ly increases
out war ds al ong #h®he gds distdbuticn apparatis asf clahmeed in shaigak dieractenszad ion pl at e

(4). 4. The gas_distribution apparatus _as claimed jn claim3, characterized
in that, obabidspsdy ehtheagxial m@%el(éf*éAB)OH%a'aﬁgéL%ﬁaﬂkeh@dé%ln%aSr aPal

gasz:flow 5 groov 42 radual |y increases outwards al t r adj,al

di rect i on ogl%f)ﬁ‘é (ﬁPS r%%d a‘il%fF%{ﬁeBu?‘f"BWf%ﬁ gf@g\(ﬂ%? r@agﬁ%eﬁggnﬁgthﬁ but i on

appar at us |aj 'Eﬁ:'s?r : i characterized in that, the first gas

di stributi g‘?]“&gg%e A:-R%%%%H% g)'a plurality of 10 circunferenti al

gas-fl ow grooves (41), widths of which successively increase outwards al ong

the radial direction of the first gas distribution plate (4). 6. The gas

di stribution appaTht gas distribatioedpparatusyaocleirnéd o alam 4,-charaatémreakirer i zed
in that, the suptgort plate (3) further conprises a second air inlet 15
passage (32havhitbh ifirstegaait distribution helatent(ddl cpsIrisesn 2of PRukalityuplor t
plate (3), a disfance between the second ait inlet. passage. (32) and the

j fhe &1 i drammtoautages iay $0ovSr Gan. widhs ol icRotsroShiTy kndBoi.e
istribution plate (4);.and.. ) -SLr j is further
i ncl uded | no?tﬁ'@réﬁ'n%lﬁ?‘gérthgBéei‘%l\%leéﬁgﬁh% gﬁ%ﬁgfrifstt &:ﬁ g;d Eegtﬁgyﬁgﬁh?%té?)éhomr head

el ectrode (5), and the 20 second gas distribution plate (6) closely
surrounds the first gas distribution plate (4), and chanber on top of the
first gas distrigbTheogaspdistributibn aFparatus as claimed in any one of claims 1-5,

characterized in that, the support plate (3) further comprises a second air inlet
15 passage (32) which is deviated from the central position of the support plate
(3), a distance between the second air inlet passage (32) and the first air inlet

passage (31) is larger than a radius of the first gas distribution plate (4); and
a second gas distribution plate (6) is further included in the chamber
between the support plate (3) and the showerhead electrode (5), and the
20 second gas distribution plate (6) closely surrounds the first gas distribution
plate (4), and chamber on top of the first gas distribution plate (4) is
separated from that on top of the second gas distribution plate (6) by a
sealing ring, the second gas distribution plate (6) includes at least one
circumferential gas-flow groove (61) and a plurality of radial gas-flow
25 grooves (62) communicating with the at least one circumferential gas-flow
groove (61); a plurality of axial viahole (63) are arranged in the at least one
circumferential gas-flow groove (61) and the plurality of radial gas-flow

grooves (62).

30 7. The gas distribution apparatus as claimed in claim 6, characterized in
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separated fromthat on top of the second gas distribution plate (6) by a
sealing ring, the second gas distribution plate (6) includes at |east one
circunferential gas-flow groove (61) and a plurality of radial gas-flow 25
grooves (62) communicating with the at |least one circunferential gas-flow
groove (61); a pIuraIity of axial viahole (63) are arranged in the at | east

one circurgdgf qftis ?&% dlEWPQEs%%%G(BQ?ils) cHEspoRBinY ¢ Shd Eirc@thfdrankial

gas-flow grodves gas distribution apparatus as clained in
claim 6, cf@dsaﬂbﬁrgréede (611) dﬂhbh,at;ond bas disadngtiai plake{@t passage (32) is
corresponding to one circunferential gas-flow groove (61) of the second
gas distribution plate (6). 8. The gas distribution apparatus as claimed in
claim?7, characterlzed in 5 that, wdth of the one circunferenti

gas f1 ow groove8( &y gamﬂmnbgtw%app@@m fgimed { thé aél@c%rfélaéweﬂ%ﬂ in
3 dyal | d t ti Th
R Ob Lt Cohabr SR o 1R OS5 feiferertidl Sh5-3hat LeBPe L O whigd"fy or°
W' dths of the désgﬁpa% ng9f5 ld 93\609,@0&¥§ﬁ14atl Ong@ i;@i %ﬂ%ﬂ&ﬁﬂy%augéssﬂ{ futi on

plate (6) gradu I°nCcr ease outwar Irection of the
second gasdlgécq{dd @pﬁdsonowl ate (6). 10. The gas distribution apparatus as
claimed in claim9, characterized 15 in that, m niml cross-section areas
of respective axial viahole (63) located in one and the sane
circunferential gas-flow groove (61) in the second Ig distribution plate
(6) successi vel §- Thegeadistobutian appatatiras tleimedimelain; §.cberaiedred e

ol B med” i Behiwidte: of e radial dasuiow giopea (oadnant peembgeSuRBRGE (8o)°
l ocat ed in nge[ E@b% aﬁ%aﬁg E:re%' %%ﬂ%%rdgnélb %egﬁﬁﬁ;ll SR GIHPY tﬁgéécd the

second gas successi crease ou s along the
radial diregld gouffutiheplafe@)d gas distribution plate (6). 25

10. The gas distribution apparatus as claimed in claim 9, characterized

15 in that, minimal cross-section areas of respective axial viahole (63) located in
one and the same circumferential gas-flow groove (61) in the second gas
distribution plate (6) successively increase outwards along the radial

direction of the second gas distribution plate (6).

20 11. The gas distribution apparatus as claimed in claim 10, characterized
in that, density of axial viahole (63) located in one and the same
circumferential gas-flow groove (61) in the second gas distribution plate (6)
successively increase outwards along the radial direction of the second gas

distribution plate (6).

25
12. The gas distribution apparatus as claimed in claim 11, characterized
in that, the second gas distribution plate (6) comprises a plurality of
circumferential gas-flow grooves (61), widths of the plurality of
circumferential gas-flow grooves (61) successively increase outwards along
30 the radial direction of the second gas distribution plate (6).
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12. The gas distribution apparatus as clained in claim1l, characterized
in that, the second gas distribution plate (6) conprises a plurality of
circunferential gas-flow grooves (61), widths of the plurality of
circunferential gas-flow grooves (61) successively increase outwards al ong
30 the radial direction of the second gas distribution plate (6). 20 13. A
pl asma processi ng equi pnment, characterized in that the plasma processing
equi pnent conprises the gas distribution apparatus as clained in any one
of clains 1-12.1% Mplathe ptR:AnErapespseny dguiqernid as thimiiredlasmacl ai m
13, characterized in that the plasma processing equi pnent is a plasna
etching equiopessirig equipneEnisompdesdhe igen désjribptrentappacates as claimed in

any one of claims 1-12.

5
14. The plasma processing equipment as claimed in claim 13,
characterized in that the plasma processing equipment is a plasma etching
equipment or a plasma deposition equipment.
10

21



