PLASMA PROCESSI NG APPARATUS TECHNI CAL FI ELD 5The present ir nvention rel ates
to a mcro-electronics technical field, particularl | processing
apparatus for processing by neans of pI asna. BACKGRMW'WH]WW\ proce55| ng
apparatuses are widely used in the mcro-electronics teg glllgc;al i el
Referring to Figure 1, Figure 1 is a schematic diagram SI’]OWI ng a
construction of a plasna processi ng apparatus. The plasnma processing
apparatus generally conprises an outer 15 shell (not added with a f |
ref erence nunber in the nber 30 is forned.
The reacti on chanber ﬁrfa&ﬁ%%@%?ﬁ@@ﬁﬁhﬁﬁ?ngure) on the top
and a vacuum punp 10 under the bottom A side wall of the outer shell is
provided with an opening which commonly takes a square shape. A cantilever
support dEHCHNICAL JAELDserted through the opening and is fixed on the
outer shell while the opening is closed. A part of the cantilever support
.de\A ce 90. 1 ocat Eleipreséret mventionnrethi@sitera Micrs-edectoomies tteomizainfidd, A
bottom el ectrode 70 is nounted at an end of the connection arm 80. A
support el emﬁltcuméy tad dd asmenproaessidge ApRarAind dor inTochssing dhy anedns

provi ded o %tt @\?H’rﬁp of 25 the bottomelectrode 70 to support a workpi ece;
a detachabl & B board 12 is provided on the bottom of the bottom

el ectrode 70. Apparently, the plasna processing apparatus 1 can has
di fferent constructions. -

BACKGROUND

10 Plasma processing apparatuses are widely wused in the

micro-electronics technical field.
Referring to Figure 1, Figure 1 is a schematic diagram showing a
construction of a plasma processing apparatus.
 The plasma processing apparafus generally comprises an outer
15 - shell (not added with a reference number in the figure), in which a
reaction chamber 30 is formed. The reaction chamber 30 has a top lid
(not shown in the figure) on the top and a vacuum pump 10 under the
bottom. A side wall of the outer shell is provided with an opening which
commonly takes a square shape. A cantilever support device 90 is
20 - inserted through the opening and is fixed on the outer shell while the
opeﬁirig is closed. A part of the cantilever support device 90 located in
the reaction chamber 30 is a connection arm 80. A bottom electrode 70
is mounted at an end of the connection arm 80. A sﬁpport element (not
added with a reference number in the figure) is provided on the top of
25 | ~ the bottom electrode 70 to support a workpieée; a detachable cover
board 12 is provided on the bottom of the bottom electrode 70.
Apparentiy, the plasma processing apparatus 1 can has different
constructions. | | |

A workpiece can be transmitted to the support element provided
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A wor kpi ece can be transmtted to the support el enment provided

111121112121211212121121212112171212111111 *Q00002* on the top of the bottom

el ectrode 70 via a transmtting port 16. A nearly vacuum state can be

- created and kept in the reaction chanber 30 by the vacuum punp 10. In such

. a state, gas is input uniformy into the reaction chanber 30 through a gas

~distribution device (not shown in_the 5 figure), and appropriate RF Is
input i nt o Ahdne <88 Pgﬁﬁ’@hgﬁﬁé’m _set!e%OQszdé eVighd Wansmikng pest d & Asma

- environnent_ can be creat and.kept on.theg surfacg of the workpiece., Since
The pi asrm AL, Ve FURES R B PECHealB AT B3 BofhecteacBion"BhgBbRE 0y s And
chem cal r ' ef g hi / e b ( | out. .
bet ween 't he p?}gés)gg(:%r?ﬁ@p ilg %?Eg’??ggﬁg%’ g@ﬂi{/ éﬁﬂgfégﬁ?ﬁgi%ﬂ& ee_rn or a
deposi ti on reay@on ahadelsdr’ 3O thirdl Qduet disafibiifien Rivat€ shoPshawd @hgrd cal

~ reactions above-nentioned are drawn out from an opening 20 on the bottom of
thé reacti digeuteyraed gppiypriste Ricusirmpuhpni®.thEheeassiono wheidetr r ddeto70

‘needs to be maintained after a certain 15 time of operation, At this tine,
the canti| &xsitesthgpsns. #editbus goplasana gavionmBeRtes it beoekeared @ad kept aken

out fromthe eni on.the side.wall of the outer shell as a whole,.and

Chen the covertbuacsDeBE ZpaRHER 1S Binethe Bbfaa eorhelebiypr "¢

mai ntain t t ok an L.ty . I ade 70.

When t he narkﬁ%{lgr%gr@gl g%@?)g%t?%}f :ﬁgygg%nf ?ﬁ%@ﬁe&?’gmgﬁcg\%;ﬁg}égr@f%'érjlseeds to

be nount ed @BhinpeoBahl ABPFsitide cAAtBOBARIAT buPBRtwWEen #ME plins aNd {1RVer

support device 90 and the bottom el ectrode 70 need to be re-nounted from

t Hé) openi ngvorkpibee $0 aehvald anfet¢hiagopdtesrnsineh |depOsityon hayarcds desvagd. t he

pl asma processi ng apparatus _can be put into operation again. 25Apparently,
P

t he mai nt erByrdwodpetsaet the abyvcalwntanshebemeeal: weactions megétanstdi ng and

nmount i ng operations, and.especially.the_hotto )
9 Ohte®drawn’ ot “fron an opening 28 on r'[Tfle bottom of the reaction

chamber 30 by the vacuum pump 10. |

~ The bottom electrode 70 needs to be maintained after a certain
15 | time of operation. At this time, the cantilever support device 90 and the
bottom electrode 70 can be taken out from the opening on the side wall
of the outer shell as a whole, and then the cover board 12 is detached
from the bottom electrode 70 to maintain the related parts in an inner
cavity of the bottom electrode 70. When the maintenance operation is-
_ 20 -_finished, the cover board 12 needs to be mounted on the bottom of the.
boftom electrode 70, and the cantilever support devicé 90 and the
bottom electrode 70 need to be re-mounted from the opening on the side
wall of the outer shell. Oniy in such a way, the plasma processing

apparatus can be put ihto operation again. "

25 - Apparently, the maintenance operation above-mentioned relates to
- several detaching_ and mounting operations, and espeéially the bottom
“electrode 70 needs to be taken oﬁt from the réac_tion chamber 30, Which
~ makes the maintenancé operation more complex, and wasteé time and

energy. On the other hand, the maintenance operation during the



el ectrode 70 needs to be taken out fromthe reaction chamber 30, which
makes the mai ntenance operati on nore conplex, and wastes tine and energy.
On the other hand, the maintenance operation during the operation of the
pl asma processing apparatus is relatively frequent, which nakes a total
time of standby nmai ntenance of the overall apparatus |ong and decreases

service efficiency of_ the alppar atus. Thus, the above-nentioned plasma
processi ng epFRtGN, O the mlghmzaPreesssiie apRYStusis Tdlatively ifsequent,

or obl ene. on Rt BRE P Fla pBR CEEoRabb e ot ABPoRvErL

pl asma procgssifg& h!dfsdé&eé%%st g%@%g e%h%iéﬁéna?@ﬂ@%ﬁ,g%?éﬁlsam%

o
i ncrease the service €efficiency asm ceéssl hg apparat us. 10

SUMVARY OF ihdEath NvENTdftbned pldsrﬁép?@c@ﬁii%hp@ﬁrétb@ HAk SRt maveRkhed to
provide a plasma processing apparatus having a sinple process of

mei it enancecayieand ilow, ssovias ¢fficseney.t Ae prEsehtnskitkedc pstsomsdirt ohe art
significantly increase the 15service efficiency of the plasma processing
appar at us. néed tg s@lvige teqhmicdlc BRPRISIMH b Ihow g0 smpbify i iheepiroedss pf esent

i nvention provides a plas rocessi ng apparatus conprising: an outer shell
brovi ded wi FRIenange fonFranQRoek & RlaSHy PROGFISHE SPPAGRMSIT® A8cidr SEEe
arranged i h i i .an tid ev PReRt.. 20 dewd

| ateral ly g%lfengn%%?%%%[g&a%g?ggﬂm%ltl% o?éﬁ%ggot eerS%éﬁglél E%?g%l%lncﬁ'gro\?eﬁlgﬂ of the
cantilever SRR prélRdsify HgparaniQcated in the reaction chamber and _
supporting ?he bottom el ectrode. The cantil ever support device is pivotally
nolit ed on the side wall of the outer shell so as to rotate in the outer
shel | . The_pl asma processing apparatus further 25conprises a |ocating

devi ce sod A%BB@QF\HIFJQIN%EMI@NH ve position of the cantilever

support device and the outer shell. : . .
PP f 1s an object of the present invention to provide a plasma

processing apparatus having a simple process of maintenance operation,
so as to save the maintenance cost and to significantly increase the
15 service efficiency of the plasma processing apparatus.

To solve the technical problem above-mentioned, the present
invention provides a plasma processing apparatus comprising: an outer
shell provided with a reaction chamber in its interior; a bottom
electrode arranged in the reaction chamber; and a cantilever support

20 device laterally going through a side wall of the outer shell, an inner
end of the cantilever support device being located in the reaction
chamber and supporting the bottom electrode. The cantilever support
dévice is pivotally mounted oh the side wall of the outer shell so as to
rotate in the outer shell. The plasma.processing apparatus further

25 | comprises a locating device so as to selectively fix the relative position
of the cantilever support device and the outer shell. |

Further, the lécating device includes a flange part fixed on an
outer end of the cantilever support device, and the flange part and the

outer shell are respectively provided with locating pins and pin-holes

3



" - “Further, the locating device includes a flange part fixed on an outer
end of the cantilever support device, and the flange part and the outer
shell are respectively provided with |locating pins and pin-holes matched
each other. Further, the cantilever support device is pivotally
mounted on the side wall of the outer shell by a bearing. Further, a
seal i ng conponent_is .arranged between the cantilever support device and the-
out er shel |Matched gagh ther t he side wall of .the outer shell is provi ded

ith [ I St hol e,. ' ' “plane faci t ds the |

outsi de.  and ¢ nECEUER Hhe FRStsEGRG! ERETe 1 ar el e prea HoI, e

seal i ng Conﬂﬁ@ev%lliosftH@rc}dgEPEHélll%Rgaﬁ%%ii ring and i s arranged between
er

the cantilev support device a e step plane of the circular stepped
hole.” Further, Fhetheeahi §hlifs 2 MBEHRENC S 'awaqlr%%ﬁabéﬂﬂeé}?%é "Wntilever

- Further, the cross section of a part of the cantil ever support device
‘oclat ed i n supparedevicenamd dnbeuntdrashdlhe shape of a circle. -

Further, the side.wal.l of the outer shell is provided with a circular
stepped hole having a step plane facing towards the outside, and the
bearing is arranged in the circular stepped hole. The sealing component
is particularly a sealing ring and is arranged between the cantilever

10 support device and the step plane of the circular stepped hole.

Further, the bearing is a magnetic fluid sealing bearing.

Further, the cross section of a part of the cantilever support device
located in the reaction chamber Bas the shape of a circle.

_ Further, the cross section of a part of the cantilever support device
15 located in the reaction chamber has substantially the shape of an ellipse,
and the major axis of the ellipse substantially Vertically extends under a

" normal operation state.

Further, the cantilever support device comprises a cavity extending
along the axis direction of the cantilever support device in its interior,

20 ~and the cavity is commﬁnicated with an inner cavity of the bottom
electrode.

A_cCording_ to the plasma processing apparatus plrovided by the

-present invention, the cantilever support device is pivotally mounted on
the side wall of the outer shell, and fhus the cén_tilever support device
25 can rotate in the outer shell.. So along with the cantilever support device,
| the bottom electrode fixed to it can rotate around a substantially |
horizontal axis in the reaction chamber. When the bottom electrode
needs to be maintained, firstly, the locating device is operated to release

the fixed relation between the cantilever support device and the outer



" Further, the cross section of a part of the cantilever support device 15

| ocated in the reaction chanber has substantially the shape of an elli pse,
and the major axis of the ellipse substantially vertically extends under a
normal operation state. Further, the cantil ever support device
conprises a cavity extending along the axis direction of the cantilever

support device in jts interior, 20and the cavity s communicated wth an
i nner cavi t$hedh abthsa thensantalevesgapport devigeds aptajed @abomé 180adegree,

processi ng apparat.us praqvi.ded by the present invention, the canti]ever
support dev? nghb’r Gg? %qt&’%%ﬁfﬁﬂ’%&wﬂﬁg’%irﬁ@t@@lllg%ofieg'?ﬁ? prawd e | |
and thus the,: i SYRRP. ice - rofat.e. in out shell. So
along with t 1§a%5adn\{er= e\}letr sup_S!)Sr(getglg\gli E%,Sr@%g“)t’goi)?%l%oenl 8gpﬁ8félﬁ{1§¥8rto it
can rotate appid dvisthahanhbablitr RAE IZRMCRE xaYi 5y | LRk Chamber .
When the bottom el e(‘:]trode needs tg be mai nt alixggd]?y???g?%?ﬁgﬁtgb%cé??ng
devi ce is ofies atintk,t 8 betteasecovir fofxelk riebrvirorelbefrogenist kabsainitidiByer
support device and the outer shell, and then the cantil ever support device
i s rotated wéisallysopwagde Oneppre dotiom adwerbof thenbeittaon raddetraie| atak

et ron ot R S A ey on Uit 0f 300 et R CDAB SRR esPat TEBOVELF | xod
by the | i . i Al | ti ‘ROt t f th tt

o) corrone % HerIENARE: cpbrdilbR By BeiBHheT AT (A v PR hLEBled s ¢ he
bot t om el echareglen IRE ihREr ESY AL SSE BRI BSHOM ERRtIRR. qfvpgggﬁé gﬁgﬁiteﬂalgé@nber

have been r'enoved, a nai ntenahce operation can be pe rom above on

t hi) r el at edopertationi 8 fihighed] eieseadtrhy sedpst erdielrs © By @dregiter @lten, Wignst he

mai nt enance 10 operation is finished, these sane steps in reverse order are
t aken, t hatthies bottigen belectnodel extnotatedi 4 8Potlaget b@Rinldmpake tagai motmak to a
normal operation positian, and th1<_al pl asma processi.ng apparatus can be
recover ed i MRIEHRorRRIIIgBer aRflorthet Mlasmapindpgessngi sgParaiufaicanerice

tion, th tep.of taki t he bott | ect rod t f th ti 15
chanber 15 SOYEEE ByorhBORREL AbcpriRR i aaitty: R umng beimad eyt
s i . “apbar R4 f
Phe: mai nt orooce os 10 sB0F DRI, (R0 BOiPet ek 308k A0 M teddBRIET

relsativel y gambexis dhistedt by the 33a8mRp10088diAg ﬁﬁﬁaﬁﬁkugrd%aaa ¢gdidy the

present invention sinplifies the nmaintenance operation, 20reduces$ the
mai nt enancepresent amcerithen,nand tpreseree bf vachandtdihés wakvimportant reason

for the maintenance operation of the prior plasma processing apparatus
being relatively complex. Thus, the plasma processing apparatus
provided by the present invention simplifies the maintenance operation,
20 reduces the maintenance cost and the maintenance time, and the service

efficiency of the plasma processing apparatus is increased significantly.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic diagram of a construction of a plasma
25 'processing apparatus; |
Figure 2 is a schematic diagram of a construction of an
embodiment of an outer shell provided by the present invention;
Figure 3 is a schematic diagram of a construction of an

embodiment of a cantilever support device provided by the present



' ef ficiency of the plasma processing apparatus is increased significantly.
BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is a schematic

di agram of a construction of a plasma 25processi ng apparatus; Figure 2 is a
schemati c di agram of a construction of an enbodi nent of an outer shell

provi ded by the present invention; Figure 3 is a schematic di agram of
a constructjon of an enbodi nent of a cantilever support device provided by
t he presenﬂnVﬁHVQHblon Figure 4 is a cross-section view of an

enbodi nent of a.plas rocessin aratus provided by the present
‘nvention; | Fredrerd i 8" Gy Cﬁ?’ﬁsgl%%c?f’ 3R sbgdipert o Pl
support de r si ng appar at us ‘'shown
in figure 1%%e§ﬂs Qﬁgﬁﬁﬁgggpﬁﬂﬂh% ﬁ%gﬁfgﬁRﬁgﬁﬁfion is released;

Figure 6 is a CFafres®qé Iaoao\ssﬂwcabntmv@bﬁrr@ar&ﬁmeﬁ%ngoaﬂoa@mb%cﬁhown
in figure 4 in a state where a bottom el ectrode is maintai ned
5 an outer shell of the plasma processing apparatus shown in figure 4 in a
state where the fixed connection relation is released;

Figure 6 is va cross-s_ection view of the plasma processing
apparatus shown in figure 4 in a state where a bottom electrode is
maintained; |

10 ~ Figure 7 is a schematic diagram of gas-flow directions in an
~ embodiment of the plasma processing apparatus provided by the present
invention; |

Figure 8 is a schematic diagram of gas-flow directions in another

embodiment of the plasma processing apparatus provided by the present

15 invention.

DETAILED DESCRIPTION
The main point of the present invention is to provide a plasma
processing apparatus with a relatively simple maintenance operation so
20 as to save the maintenance cost and to increase the service efficiency of
a plasma processing apparatus significantly.
For better understanding of the solution of the present invention
by the persons skilled in the art, the present invention will be described
- in detail by reference to the drawings and the embodiments.
25 Referring to Figures 2, 3 and 4, Figure 2 is a schematic diagram of
~a construction of an embodiment of an outer shell provided by the
present invention; Figure 3 is a schematic diagram of a construction of
an embodiment of a cantilever support device provided by the present

invention; Figure 4 is a cross-section view of an embodiment of a



10Figure 7 is a schematic diagramof gas-flow directions in an enbodi nent

of the plasnma processing apparatus provi ded by the present invention;

Figure 8 is a schematic diagram of gas-flow directions in another

enbodi mrent of the plasma processing apparatus provided by the present

15i nventi on. DETAI LED DESCRI PTI ON The main point of the present o

invention 1S to provide a plasna processing apparatus wtn a refatively

si npl e mai nplkesarcpragessutg apparetuopro vided e thehpresgnhimventéencost and to

“increase the service ef{)i\éj ency of a plasnma processing appar ?t us L
significantly. In anpgpbgdiment, &Jdasha MrAcCHIng RPRAVATHS on (BROWRelpr esent

invention . the person I1led in the art, the present inventi i1l be
descri bed i HSHEaD PRy ed EvetBeielephiniiian sinlirarn ofSartahol!

25Ref erri ng ' 1 i . |-G, ks [ j : a
constructi orghgfﬁégygﬁglclé ilrréné% S’f‘ é%% E‘ggltféfrsr S Cg%fla%l?%{\}lsggggg?dﬂthﬁghg&égént

~invention; FhetegcBohchanssdiesRicogn stisey arfopf wallc@os tekdéiplemn dielabtric -

enbodi ment of a cantil ever support device provided by the present

i nvention; Wwigdow, 4otshavar os$he éiguren on the tdp.aRFesrmodiynsntowgfled inpd asma

rocessi ng apparatus provided by the present invention.
P g th%preaction rE-:)hamber 52 %/hroughpthe top wall, and gases can also enter

the reaction chamber 52 through the top wall. The outer shell 51 further
comprises a transmitting port 511, through which a'workpiece can be
10 intfoduced into/out of the reaction chamber 52. The outer shell 51
comprises an exit 515 on the bottom, throﬁgh which by-products of the
phy_sical or/and chemical reactions in the reaction chamber 52 are drawn
out.
The outer shell 51 comprises a through-hole going through a side
1.5 wall of the outer shell 51, whose cross-section .is substantially circular.
| The through-hole may be a stepped hole or a normal through-hole. As
shown in Figure 2, an annular s_tép plane 512 of the stepped hole faces
towards the outside of the outer shell 51, and apparently, an annular
inner wall 513 of the stepped hole is located outside the step plane 512. |
20 A cantilever support device 53 laterally goes through the side wall
of the outer shell 51. For example, the cantilever support device 53 can
- be inserted into the above-mentioned through-hole of the outer shell 51.
The cantilever support device 53 should be pivotally afranged on fhe
side wall of the outer shell 51, that is, the cantilever support device 53
25 | should be able to rotate in the outer shell 51, and an angel of thel
rotation is commonly not less than 180 degree.
The cantilever support device 53 can be pivotally arranged on the
" outer shell 51 in several specific ways.. Among these ways, a simple and

reliable way is to arrange a bearing 54 (shown in Figure 4) between the



I n-an enbodi ment, a plasma processing apparatus 5 (shown in Figure 4)

provi ded by the present invention conprises-an outer shell 51. The outer
shell 51 is provided with a reaction chanber 52 in the interior. 5 The
reacti on chanber 52 conprises a top wall (for exanple a dielectric w ndow,
not shown in the figure) on the top. RF energy is coupled into the reaction
chanber 52 through the top wall, and gases can also enter the reaction
chanber 52 ¢antdayer sweperssleyace S3and tha entesrsdiell 5. furt her conprises a

itti 11 h, h ich kpi be 1 i d d
| ntorout of o1 hatseivm it dgfte o 550 cFrlie Lot degioe S3 ik baVE R o
515 th : i - i '
chempg al ?e%g%‘lhgglsa x}%lr@ﬁggr%;cﬁzgﬁﬁg%g% CI)EE}?%PE%PQV\WMA}S%%@J b%fyéggg}tlter

shel | 51 coppfd 869e@tteb@tssdle RAIIE 0IQhBTitAIAHARIA [ade B3, Ml hn Qutéhe
outer shell 51, whose cross-section is substantially circular. The

t hrpugh- hol Engeyf tire Besting e niw} ®eomoantead info thy anghldroin@er Asaldfddn in’
Figure 2, an_annul ar step plane 512 of the stegped hol e faces towards the
out si de of  @héhostenpeshbple.sThe dnaengpag «ft the baariagndd sand thecivgalar 513 of
the stepped hole.is Located outside th tep plane 512, 20 A cantil ever
suppor t Fovital §iiess 38 4 cRUET T G the fiealingos heand the ppaIBEdBRCE hel |

Sboves ment (BRLES 13,5, AR HsPBEar nGORA hot REFy PRI E S FHsE S o O
devi ce 53 Sﬂrl%u(hﬂuﬁ%veiy ﬂtyd@iE@@Q%a?g%ﬁ@%rgggﬁ)ﬁ 1%9%& €hOWugér shel |

51, that is, the cantilever support dev e able to rotate in

t he) out er  sdiadll 5% aloagdhanaxandlecoibnt dfethieot attilenet SupporddwicadB. | ess than
180 degree. The cantil ever support device 53 can be pivotally arranged

on the outer shélorddr tmpseudegirospaug lealntightnesstrefweeasthewaydilewesi npl e
and reliable way is to arrange a beari nﬂ 54 (shown in Figure 4) between the
cantil ever SURpHtdeyisg ¢d and tsoutss shglled 1.shepaling device, Iag expgpicia

Fi 3, th til t.devi 5 “h i I ial pl
533 n | nrre L gRet MESE BB T HCE ARl GMSSaNEeH to cover the out el de
wal | of the ci r‘fﬂlaaéas%)ﬂbﬁéreoil?enﬁlr%ﬁﬁh—ﬁ@l% &Y tR¥Sfde wall of the outer shell

15 51 is a stepped hole, an annular step plane 534 may be arranged on an

inner side of the circular axial plane 533 of the cantilever support
device 53. When in an assembly state, the step plane 534 faces towards
the inside of the outer shell 51, and an oﬁter di'améter of the step. plane
534 is bigger than an inner diameter of the step plane 512 of the stepped

20 hole. At this time, the sealing device above-mentidned may be arranged_
between the step plane 534 of the cantilever support device 53 ‘and the
step plane 512 of the stepped hole. In such a way, the bearing 54 may be
reliably separated from the plasma env_ironment so as to avoid-corrosion
‘of the bearing 54 and to significantly increase the life-span of it.

25 Further, the bearing 54 may be a magnetic fluid sealing beariﬂg.
At this 'time, the sealing device above-mentioned may be omitted to
simplify the construction.

A part of the cantilever support- device 53 located in the reaction

chamber 52 is a connection arm 532. A bottom electrode is fixed at an-



5rirng of the bearing 54 may be nounted into the annular inner wall 513 of
the stepped hole. The inner ring of the bearing 54 and the circular axial
pl ane 533 or the outer ring of the bearing 54 and the annul ar inner wall
513 of the stepped hole are not closed tightly to each other, thus the
cantil ever support device 53 may properly nove relative to the outer
10shell 51 along the axis direction_of the canti|ever support device 53.
In order tceUst S Hee FODEELIoRg ar®alo 3 gt fdevIhdinbeguiend. chhei batiem
support devi,ce 53 and the outer shell , a_sealing devicge, for exanple a
senl T ho gasHERTORy WRPTISFT Hepos Higdd 2ba SatP nanmeph o2 1o et GRaRE. ¢ he
t hr ough- hol & .0 I.d fc dhh | § ep) hol e,
an annul ar &ee{&%pgn@%?ﬁ%éd)gesSta2r'§gdrzr;%]§6%(?lﬁ§1ré i%nelp%s?ééz %}(fttdhggg?rr cul ar
axi al planep$3d 653t hecHabt bhevRE SoREAT tofdeNé CEoR3bod¥eRNs2 N BHLAS BRI Y
state, the step plane 534 faces towards the inside of the outer.shell 51,
and> an out egamtilavet suppbdrt devitee52phadethe3bottonbiedgetroddarearotatuaidely

di ameter of the step plane 512 of the stepped 20 hole. At this tine, the
seal i ng devsmmoabzﬂ/gyrfbﬁtmdﬁeﬂalﬂra# the antearrdiedl bt eondento spapept e 534

of the cantilever. s ort i ce 53 and the ste | ane 512 .qf the st ed
ol o1 o e AaRECan R i on e b G m aTe Sl MR iy, raibitdhn

pl asma envi. o) . AQI nrosi : bear i 4 t.o
Dlasrm vl SRR3R i E o0 OF R0 ek pDEH 8 RSP,
be a magnetigrvhhiteth&RAbd 18 RSl GvalofitheDdttdiR elbb@odgal i ng device :
above-nentioned nmay be omtted to sinplify the construction. A part of the
carg il ever suppbButthderiose, 33 thecgitetior nof liige reaacilever etippdar dovicess3,
connection arm 532. A bottomelectrode is fixed at an

there may be a central cavity 531 extending along the axis direction of

the cantilever support device 53. The central cavity 531 may serve as a
channel for connecting electric lines, cooling water way and RF lines of
the bottom electrode to the oufsidé. _ _

15 ' In order to selectively fix the relative position of the cantilever
support device 53 and the outer shell 51, the plasma processing
apparatus provided by the present invention further comprises a locating
device. There are several embodiments for the locating device. As
shown in Figure 3, the locating device may specifically comprises a

20 flange part 535 fixed on an outer end (an end out of the outer shell 51)
of the cantilever support device 53. Corresponding positions of the
flange part 535 and the side wall of the outer shell 51 are
correspondingly provided with pin-holes 536 and lbcating pins 514
respectively (shown in Figure 2). -Apparently, the locating pins 514 'm.ay

25 be provided on the flange part 535 and the pin-holes 536 fnay be
provided in the outer shell 51.

~ The relative position of the cantilever support device 53 and the
outer shell 51 is fixed under a normal operation state. The piasma’

processing apparatus is under a state as shown in Figure 4. At this time,



end of the connection arm 532, as shown in Figure 4. The bottom el ectrode

conprises a box body 552, a support elenent 551 |ocated on the top of the

box body 552 (for supporting workpieces) and a cover board 553 | ocated on .
the bottom of the box body 552. Thus, the 5 cantilever support device 52

and the bottomelectrode are rotatablely supported by the side wall of the
outer ShelT 5I. ITn order to connect the connection armb532 TO the bottom

. el ectrode ntvedocatingtpips Hlft arallanaté¢dide tBe pindindes 5316, Bnduhe Gintdevehe

connection arm53%1 na ? s a curvature adapted to an outer wall of the

bot t om el ectyRRpEt EMF%? ?llé%aﬁ‘d?(g,bq FPtlaﬁﬁ'efﬁi nterior of the cantilever support
devi 53, th b tral ity.531 t endi I th i .
direction of tnd RaheimaUUETEREopErlian inpexfoimed. the chntilcher SpPost 1y
serve as a gABes3 hekds 9ROk PEE Chgl Vi Seudifl [ddg; 4858 g @nd R

lines of the bottomelectrode to the outsi order to Selectively fix

thesrel ati vigulped ioluit Fosi tHeheutashiel €S erfos WARtANEL Y §6 23tcA8éhdrag: gy er
shell 51, the plasnma processing apparatus provided by the present invention
fuarther confocatieg pinoddid fgomethe epintheles 4B6. shvdhad tembpdhaepltasnior t he
| ocating device. As shown in Figure 3, the |ocating device may specifically
conpri ses aPTOSGSTINENYRPPAFYS S35 YRIRAI2 Shatgnashawneiy FigwresAd Aditer e t he

hel I, 51). of th i i ce . Co [
posi (i one. deceliag PiRes by bas?ébfe’e&ﬁ‘.fﬁ%ﬁéftgﬂﬁ G {5 PRRBOBR erangy 51
_ par 2535 &hd 4 i b el>Snthd
Feapoct | vel TRy SRRBEBEuits) 33 Rl BE ottt (BOP BTRNIOH RO,

25 provi dath Be rbhRell ladose vadh §t.535 and the pin-hol es 536 may be provided
in the outer shell 51. The rel ative position of the cantilever support

devi ce 53 and t Néhentke bolteith ddctredé iixedtataderboat N@0Tdegraeeskvingowitt at e.
The pl asna %ocess_i ng apparatus is under a state as shown in Figure 4. At
this tine, theheantakeyernspnnars devicerd3. teatcaatilevemeupparthdeeices38, imnd t he

cantil ever su rt deyice 53 ¢ of be rotated. . .
puﬁpe% into the outer shealT Sq %or a distance ?) At this time, the locating

pins 514 can re-enter into the pin-holes 536, and the relative position of

15 the cantilever support device 53 and the outer shell 51 is re-fixed. The
plasma processing apparatus 5 is under a state as shown' in Figure 6..In
the state shown in Figure 6, the support element 551 of the bottom
electrode is located on the bottom of the box body 552, and the cover
board 553 (already removed in Figure 6) of the bottom electrode is

20 located on the top of the box body 552. After the cover board 553 and
the related parts on the top of the reaction chamber 52 have been |
removed, an operator can perform a maintenance operation from above
on the related parts in an inner cavity of the bottom eléctrode.

After the main maintenance operatfon is finished, the cover board

25 ) 553 and the related parts on the top of the reaction chamber 52 can be
remounted,'and then the cantilever support device 53 is pulled out from

the outer shell 51 for a distance D again so as to separate the locating

pins 514 from the pin-holes 536. The plasma processing apparatus 5

will be under the state as shown in Figure 5 again. After a 180 degree

- 10



When a mai ntenance operation is performed, the cantilever support device 53
needs to be rotated. The cantil ever support device 53 nay be 5 pulled out
fromthe outer shell 51 for a distance D so as to separate the |ocating
pins 514 fromthe pin-holes 536. At this tinme, the plasnma processing
apparatus 5 is under a state as shown in Figure 5. After the |ocating pins
514 has been separated fromthe pin-holes 536, the cantilever support
devi ce 53 ceatiens therdativemesitipe afothecransilever euepqr:tcﬂaﬁvme 58oand &k al ong

W th Che coRieF PN SCpBReddsG o ahig Binn | b ARG eRIBphPIcSa @;@aég”?s
hed ) h h .
bins 514 calir b cihe Mg mAcpi e fife hBRRER, i Rl RLine e on of

15 the cantbgusr ogee.&ﬁm s@iﬁw&esﬁéwenﬂl%gupémerm@weréﬂ miidtenhhaed. The
pl asma processing apparatus 5 is under a state as shown in Figure 6. In the

staje shomo%aalﬁogurseﬁﬁ;sh'eﬁe support elenent 551 of the bottomelectrode is
| ocated on the bottom of the box body 552, and the cover board 553 (already
renoved in Fi gule the pfaintemaboe t eperakiok abdeefmerznonodataedteq»nof ieking of
t he box bOd%é‘agz After the cover &ard 553 a d the rel ated Earts on the
top of the pitem € e gyt H)cfv ebé%af?t’r%’rrﬁ e eéns%b%roé@’d edbor ¥ form a
mai nt enance ]IO tion from abov theﬁl at ed artlsf nner cavity of

the bot t om RIZSH a?gaeé‘esmgeﬂppﬁa ﬁﬁseﬁés CH T 1S a; £oP ;18 Wited, ¢ he
cover board néoﬁﬁﬁt%% en th%ﬂcant eve éx%%&foqug \}ﬂ‘? fggtcf)la%'ih hanber

52 can be renbunted support | ed

outpfromt hprmmmfgs F@ﬂaréﬁlsf UcﬁelﬁFdlr%Ia?tW@‘in caapIexs 0 Tafust OtixePpladhea t he
| ocating pins 514 fromthe pin-holes 536. The pl asrra proceSS| ng apparatus 5

will be undprodessing appamsus promided Eiygthe fresemi mverticn samplifictethee
rotation, the relative position of the cantil ever suPport devi ce 53 and the

out er she||m@lmiegafwéwebgftloﬂélg@t,féﬁamby paye B mainterpacgi eesicinsk thgse. At

this tinme, the plasm ocesia usSLs reﬁgveredlnot e nor nal
operation sP&{RICAENER Qfg‘f 8 ¥I¥ieh eTHgiehcanghcbesBlsma i on i s
finished. _ ation above-nentioned, a step of

taki ng t he %%%ctel(g%ngh%ﬁhg,ﬁese%%@ "reaction chanmber 52 is omtted for

[, zgsgefsefs%z@mzaanzﬂs,%pyﬁg%@sﬁf2?%@%@?@? B b2 o
gas-flow directions in an embodiment of the plasma processing
apparatus provided by the present invention; Figure 8 is a schematic
diagram of gas-flow directions in another embodiment of a plasma
processing apparatus provided by the present invention. The gas-flow

20 directions are indicated schematically by broken lines with an arrow in
both figures.

It is well known that the uniformity of gas distribution in the -
reaction chamber 52 directly affects the uniformity of plasma
distribution, and the later is a key factor which relates to the uniformity

25 of surface ‘treatment of workpieces. The uniformity of gas distribution
in the reactlon chamber 52 becomes more and more important with an
increased size of the workpiece and a decreased critical dimension.

Since gas commonly enters from the top of the reaction chamber

52, the presence of the connection arm 532 of the cantilever support

11



10 ‘processi ng apparatus being relatively conplex. Thus, the plasm

processi ng apparatus provided by the present invention sinplifies the

mai nt enance operation significantly, save the nmintenance cost and the

mai nt enance tinme, and increases the service efficiency of the plasna
processi ng apparatus significantly.. 15Referring to Figures 7 and 8, Figure
7 is a schematic diagram ol gas-1low directions in an enbodi nent 0 e

pl asma pr ocdssicags Appwadyastageous e dfifgcts hthgrnoyéonmityvehtgasn inFragiak 8 is
a schematic_ di agram qf gas-flow directions in anot her enbodj jent, of . a

pl asma proc‘@g@m@n%sgéhatregctb?m?@@bb%ygf fe predatt deataentidhoughdt fas- 1 ow

ooeh ¥ s o o USRSt STBIAEE, e PloMRiRREbe IS Sl n PR bt o
in the reacﬁﬂa?”be%@%ﬁ%ﬁ 2mihifcle . affects the uniformty of plasm

di stribution, “and l'ater 1s a key factor which relates to the uniformty
25 pf surface t[@&Irﬂ@f‘ttoogrdf‘ﬁﬂgpa@(‘e@l%ugﬁhgpwﬁ ffor Butyeffulgscehmddtidwt i on
in the reaction chanber 52 becones nore and nore inportant with an

i ncreased s¢lzetrof lines, wookpgevatearnway addcR Edseet of thé battodi slersrade to

Since gas conmonly enters fromthe top of the reaction chanber 52, the
presence of then@utdigigedtip otheyr MBI cavityhofc dhei cenaectiomparm  Sdavi the 53

e on. OEENSIStaBORST bk O B 33t BPLBh PR SRAACBE 1 1
fundament al g, ehhfgh NGt GnENErélssad¥ABh POt CLhAELONPARNT 832TRs PHRdoPt ed
to mnimze'it. 5rn order to provide an enough space for successtul 1y
cormect i ng ﬁh?ﬁ‘d\fdd@ FdeRampPe)| tHedsiRt 8F th@onnechonl 4SS 3 nidie beoid om

el ectrode to the outside via the inner cavity of the connection arm 532,

t he cross-ssablloampossibe ahdt the crrssesdcitiom af theIdDmerotiont atve 33 nsawal |,

but the shape of the cross section of the connection arm532 nmay be
be set to be circular (Figure 7). Comparing with a substantial square

cross section in the prior art, a circular cross section can significantly
decrease an interference to gas flowing downwards from both sides of

15 the connection arm, thus the non-uniformity of the gas in radial
directions of the reaction chamber 32 may be decreased.

As shown in Figure 8, the cross section of the connection arm 532
may be further set as an ellipse. Under a normal operation state, the
major axis of the ellipse substantially vertically extends. The width of

20 ~ the connection arm 532 is a majbr factor of interfering gases. The width
of the connection arm 532 may be significantly decreased by setting the
shape of the cross section of it as an ellipse, while a big enough inner |
space may be providled. Thus, the non-uniformity of the gas in radial
directions of the react.ion chamber 32 may be further decreased.

25 . The plasma processing apparatuses provided by the present

‘invention have been described above. Here, specific examples are used
- to describe the theories and embodiments of the present invention. The
description of the embodiments above is only for the purpose of helping

to understand the methods and spirit of the present invention. It should

12



10-i nproved. For exanple, the size of the connection arm 532 may be as
smal | as possible and the cross section of the connection arm 532 may be
set to be circular (Figure 7). Conparing with a substantial square cross
section in the prior art, a circular cross section can significantly
decrease an interference to gas flomnng downwar ds fron1both S|des of 15the
connectiom arm_thus thenorm-urm form ty of thegas—tnradiar—drrectt+ons of
the reacti obe ootebehaBthamyimeravaneaseand modifAsatidiowmaynbEiappledto t he
cross section of the connection arm 532 may be further sét as an ellipse.
Under a northgl pogremdt insrendion evithpet dygpartiagi &raoh thee th¢oiypshe spieseant i al | y
vertlcally extends. .The, wi dt h of ﬂ@ he connection arm 532 is a ngjor

fact _o][_ Wvention; for dhe Jaersepg skl 1B¥ ﬂﬁ%ear?oﬂ' 8¢ | 1B IAVEIEILS n%[}/d be
an el | S?Q%Wﬁéati&i? GrERLTERO ke BF sBEARRRS e, otBR S R sy |

nong uni f or Mk ¥n@fnt e gas in radial directions of the reaction chamber 32
may be further decreased. 25 The plasma processi ng apparatuses provided by
the present invention have been descri bed above. Here, specific exanples
are used to describe the theories and enbodi nents of the present invention.
The description of the enbodi nents above is only for the purpose of hel ping
to understand the nmethods and spirit of the present invention. It should

be noted that many inprovenments and nodifications may be applied to the
present invention without departing fromthe theory the present invention
for the persons skilled in the art. These inprovenents and nodifications’
are al so covered by the scope of the clainms of the present invention.
Clainms 1. A plasna processing apparatus conprising: an outer shell provided
with a reaction chanber in the interior; :

13



5a'bottom el ectrode arranged in the reaction chanber; and a cantil ever
support device laterally going through a side wall of the outer shell, an

i nner end of the cantilever support device being |located in the reaction
chanber and supporting the bottom el ectrode; characterized in that the
cantil ever support device is plvotally 10 mounted on the side wall of the
outer sShelT—So as To rotate 1n the outer shett;—the ptasma processimnyg
apparatus further conprises a |locating device so as to selectively fix the
relative position of the cantilever suiport devi ce and the outer shel

152. The pl asma proce55|ng appar at us & %Bﬂﬂing to claimi1i, characterized in
that the |ocati che includes a f part .f.ixed on an outer end of

the cantilever ?%%W%‘éessmﬁja?ﬂ%r% aéﬁQ@R)ré?lpgénd the outer shell are
respectively pra}aas QfEr Shel BRI iBl BcBtfof iahfldrin WA AgoR2Ch Ot her

20 3. The proc ng appar at us accor di ng '

chagacterized ig B&@émtél@cﬁéﬂéldrﬁé&%’edsﬁp% Fea@%‘ﬁxﬁ@hdrﬁb@f vgigl |y nounted on
the side wall of the outer shell by a bearing. 254. The plasna processing
appar at us accor di cantilevet auppart dewicactiateralbd gioin g hhtouaghs aasidegwatinppnent

i s arranged between the cantilever support device and the outer shell. 5.
The pl asna Brocwder niclppar dnner gadoiodi the tcantilewen gyupport device being

located in the reaction chamber and supporting the bottom electrode;

characterized in that the cantilever support device is pivotally

10 mounted on the side wall of the outer shell so as to rotate in the outer
shell; the plasma processing apparatus further comprises a locating

device so as to selectivlely fix the relative position of the cantilever

support device and the outer shell.

15 2. The plasma processing apparatus according to claim 1,
characterized in that the locating device includes a flange part fixed on
an outer end of the cantilever support device, and the flange part and the.
outer shell are respectively provided with locating pins and pin-holes

matching each other.

20
3. The plasma processing apparatus according to claim 1,
characterized in that the cantilever support device is pivotally mounted
on the side wall of the outer shell by a bearing.
25 4. The plasma processing apparatus according to claim 3,

characterized in that a sealirig component is arranged between the

cantilever support device and the outer shell.

5. The plasma processing apparatus according to claim 4,

14



characterized in that the side wall of the outer shell is provided with a
circul ar stepped hole having a step plane facing towards the outside, and
the bearing is arranged in the circul ar stepped hole; the sealing conponent
is particularly a sealing ring and is arranged between the 5cantil ever

- support device and the step plane of the circul ar stepped hole. 6. The
pl asma processing apparatus according to _claim 3, characterized in that the

beari ng i s dhanaefeeized M that theasidagvaHaef tlag onver. shelé ipinroweded acigs si ng

bart of wHEWanPprd s n e PO RBEddEiTE 1P Ml BSRY SIS Rlber has
15" ahar actFi JSATPE dhad e oBs iEcrironBr SEdett BHET Bl ey "
ol pse, and R B S R A e B PR ends

undger a norgmikileper edpport devtice ar@%he Thep plasaef pioecsaldiktapped abls.
according to claim1l1, characterized in that the cantil ever support device.
conprises a cavity extending .along the axis direction of the cantil ever

support device in e interior, and. the cavi tty is communi cated with_an
i nner cavity of0th&hBothlatma gupeetdng apparafus according to claim 3,

characterized in that the bearing is a magnetic fluid sealing bearing.

10 7. The plasma processing apparatus according to claim 1,
characterized in that the cross section of a part of the cantilever support

~ device located in the reaction chamber has a shape of circle.

8. The plasma processing apparatus according to claim 1,

15 characterized in that the cross section of a part of the cantilever support
device located in the reaction chamber has substantially a shape of

ellipse, and the major axis of the ellipse substaﬁtially vertically extends

under .a normal operation state.

20 9. The plasma processing apparatus according to claim 1,
characterized in that the cantilever. support device comprises a cavity
extending along the axis direction of the cantilever support device in the
interior, and the cavity is communicated with an inner cavity of the

bottom electrode.



