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substrates that are processed per unit tine ., the throughput, is
smalilo. Consequently, a plasma processing apparatus with a | arge
t hroughput is highly desirable.
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With regard to etching, ashing, deposition, surface reforming and surface cleaning of

of

semiconductor substrates and the like according to conventional LSI manufacturing
processes, various types of plasma processing apparatuses are being widely used which
15  process substrates by generating plasma under a reduced pressure environment.

In these types of plasma processing apparatuses, a load-lock chamber is provided
adjacent to the processing chamber in which the plasma processing is performed, and the
substrates are transported through this load-lock chamber. In this case, an opening is
provided between the processing chamber and the load-lock chamber for transporting

substrates.

20

During processing, this opening is hermetically sealed by a gate element,
referred to as a "gate valve", and during transport, substrates are moved in and out of this
opening.

However, with conventional plasma processing apparatuses, one load-lock chamber

L _is normally provided for each processing chamber. As a result, problems arise in that the

~25 ~ number of substrates that are processed per unit time, i.e., the throughput, is small.

Consequently, a plasma processing apparatus with a large throughput is highly desirable.
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SUMVARY OF THE | NVENTI ON I n consideration of the aforenentioned
points, it is an object of the present invention to provide a plasm
processi ng apparatus wherein an increaseg throughput is obtained.
According to the present invention, a plasnma processing apparatus is
provided for perform ng surface processing of a substrate by neans of

pl asma di scharge, said plasma processing apparatus conprising: a
first processing chanber and second processing chanber for perform ng
surface processing; SUMMAR¥® OFPEAERGENIGROEr positioned in

bet ween said first processi ng chanber and second processi ng chanber

whi ch connect s 1 gofidediatitin SFahdlafotdnidntiBhOE fisifts i isCAnasbpedt ofitd (fresent inveri@@ond
processi ng chanber by nmeans of a first connecting nenber and second

connect i ng pigvitie b plds@gPR6édsyifg Mpparatus whereih #il nt@hiedyhughmeris olgsinpd.ovi ded
respectively in said first connecting nenber and second connecti ng
menber whi ch alAcovrdimgitothe presén inveatioscnplsamaiprbtessing ppparetsis iinprovided for
chanmber and said | oad-|ock chanber, and between said second processing
chanbsr performingaswtfase prpcessing ¢fcsubstinaterby meansefmiesma dipghargp, spid plasma
transporting neans which is capable of perform ng substrate transport

bet ween SEPEFSSME apparafu§LAMPYEREchamber and said first processing chanber,

and between said | oad-| ock chanmber and sai d, second .processi.n
Chanber by r cbit RBYERTE shabes and RN phgesuine eGP B PRREESRRLY, |
openings in tE&m &ﬁ@étion In which said first processing chanber,

sai d | oad-| ockK cha r, and said second processing chanber are contiguously

arranged; a 10adYYB&F Sidhbed ptNitibfld ih YbeRfees 84id Firdt PRRNiAS HAnIARABS &cBnd
provided in a vertical nanne? wth respect each other. Accordi ng

to apgaspect gfockfenPElRmtRt whitheohhedls toséicll of dai B firsppReesiignhashbangsy , said
| oad-1 ock chanber, and said second processi ng chanber are contiguously
arranged to f sgcond processing chamber by means of a first connecting member and second

ThNI i; the replacenernt sheet Eerr]
connecting member, respectively;

S
h—td

a plurality of openings provided respectively in said first connecting member and
second connecting member which allow communication between said first processing
15 chamber and said load-lock chamber, and between said second processing chamber
and said load-lock chamber, respectively; and
transporting means which is capable of performing substrate transport between said
load-lock chamber and said first processing chamber, and between said load-lock
chamber and said second processing chamber by freely moving in a reciprocating
20 manner through said openings in the direction in which said first processing chamber,
said load-lock chamber, and said second processing chamber are contiguously
arranged;
wherein, a plurality of said transporting means are provided in a vertical manner with
respect each other.
25
According to an aspect of the present invention, said first procéssing chamber, said

load-lock chamber, and said second processing chamber are contiguously arranged to forma .
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3 circular arc, and said plurality of transporting neans are freely
nmovabl e in a reciprocating manner, by neans of being rotated in said
contiguous direction of arrangenent. Accordi ng to anot her aspect
of the present invention, a plasm procé%sing apparatus is provided
wherein in each of said first connecting nmenber and second connecting
menber, an upper opening and a | ower opening are respectively provided as
sai d openi ngs, said upper and |ower openings being spaced apart in a

vertical manner with respect to each other; an_ upper anspor.ti ng.nmeans
and a IO\REF‘B?F At Vi“ﬁﬁﬁﬁé%gfo%?’?%?%iws é@féeﬁg’dn?wgif‘s’ﬁ&rr??lﬁﬁ’cg%ns at
respective levels with.said [ openi and..| owner eni ng; .and said upper
t r anspor fFRG° Xﬁ%eaaﬁafﬁ%%f&@?‘i%ﬁ%ﬁ?'ﬂ%u %ecﬁg%ﬂp&wg s within said
| oad-1 ock chanber, a gate valve for alternatively opening and closing said
openings of said first connecting nenber and said openings of said second
connecti ng MenR& i W ko) gﬁ,@&g f |

driven in a rec‘?‘{_pg)rr olcgzlgﬁ) %gdtgnearr?%@%t P#@%ﬁ%@ﬂ?ﬁgﬁo’uﬁﬁéﬁ?‘? ti er?%(?]p Bﬁ’aﬂﬁ

ar r angemgrovidlel iwtekein 94 SRR of 94id w&scbhaédﬁng WiBYet anthieebnd SornbXid AEmB& d
first processing chanber side with respect to said gate bar, and is

posi t i onefl uppérupening dhdfa l1o6®tr opehingess taipedtinelipasvided asreidtdperingd)enidsmiper gat e
bar shuts said opening of said first connecting menber; and a second

hol der f end Inwesoperiogs bgipg spacedhapdrtt insa Yertieal nenneravith reepashtd gach odissiang
chanber side with respect to said ?ate bar, and is positioned within said
second pHBRYSEANARPITIAG MAIAT and a lopyer HARSPOEMeaRs gregueudetas sapd rapspartiag

openi ng of said secaond, connect i nenber.. In this case,
or ef er abFans ff TESRERTTES leVels 31t s umpeh ARse A I WErPening: at ik iRsisn

1 oeithg. EpTPORRE e Anth kTS0 driE el ot chihes s, P seltpesRRg "0 "
Catod i . ! on o . :

ot ween' Shp@CRESte WRloRPARKATE, WpniaR os LOSHE (AR kERAETeall iRy, "

openi Ngs chinedtihd meYnbeR s s#id ofiengdlof Saiddetd oRmdcting thetibef froml sidTead-at e

gate valve of said transporting neans. In addition, the plasna
pr ocessi hgkahpmbat side By aeank oftheing drivenpn aseniprocating mianner in said contiguous
direction of arrangement; a first holder for substrate support which is fixed on said first
15  processing chamber side with respect to said gate bar, and is positioned within said first
processing chamber at the time when said gate bar shuts said opening of said first connecting
member; and a second holder for substrate support which is fixed on said second processing
chamber side with respect to said gate bar, and is positioned within said second processing
chamber at the time when said gate bar shuts said opening of said second connecting
20 member.

In this case, preferably, in each of said first connecting member ax_ld said second
connecting member, an intermediate gate valve for alternatively opening and closing said
upper opening and said lower opening by means of being rotated, is respectively provided on
said load-lock chamber side, in between said upper opening and said lower opening; and

25  each of said openings is shut by means of one of said gate bar and said intermediate gate
valve of said transporting means.

In addition, the plasma processing apparatus according to the present invention,
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4  preferably further conprises: a substrate inport robot for
transporting a substrate froma substrate supply station to said |oad-Iock

chanber; and a substrate export robot, which is provided
separately fromsaid substrate inport robot, for transporting a substrate
fromsaid | oad-| ock chanber. BRI EF EXPLANATI ON OF
THE DRAW NGS Fig. I is a plane diagram including a parti al

cross-sectional view, showing a structural outline of a plasm processing
appar at uprefgrablydunbertc@ngprigésef erred enbodi ment of the present invention.
Fig. 2 is a plane diagramshow ng an enl argenent of a substrate

transport ati ora subgtsiteimport rdvet firasnsparting 2 sutistrate fppan athsrasisapplyistationgo 1.
Fig. 3 is a side cross-sectional diagramshowi ng the substrate

t ranspor said lepd-logk ceambesfamdi g. 2, along the line I11-111 of Fig. 2.

Fig. 4 is a side cross-sectional diagramFig. 1 seen fromthe IV direction

in Fig L. a substratgiegportrobgt, #highds P&%@@%%ﬁﬁewn@méﬁlééﬂhﬁﬂ%w% an
i nt er medi ate valve in the appar at us shown in Fi
1, al®ng" O?Df?g fﬁ; franspoiingsa Slﬂpﬁmtezfrgm said load- ?qggé’?‘ Spg si de cross-secti o%al

di agram show ng an atnospheric gate valve (in the closed state) in the
pl asma processing apparatus shown in Fig. 1. Fig. 7 is a diagram

showi ng the sane at rmspfxﬁ(m%]%ﬁ; ﬁlﬂ; *NEDW open state.
Figs. 8 - 11 are explana ory agraml’sr@ V\In?ng Dﬁrr‘%t 0 or using the plasm
processi ng appggat i @ (5rﬁ'm,':ingludilng apamal cross-sectional view, sHORERERRED
EVMBODI MENTS OF THE | NVENTI the following, the preferred

enbodi megthitwhl éﬁtﬁn@bﬁ@ﬁ latmé pmsdsixtgmpmiakusmecoremltaa@demd émbefigessre to
the figures. However e present inventionis not limted to

Thi 30 s theegresepl ingemtont sheet

Fig. 2 is a plane diagram showing an enlargement of a substrate transportation
system in the plasma processing apparatus shown in Fig. 1.
Fig. 3 is a side cross-sectional diagram showing the substrate transportation system
of Fig. 2, along the line III-1I of Fig. 2.
15 Fig. 4 is a side cross-sectional diagram Fig. 1 seen from the IV direction in Fig. 1.
Fig. S is a side cross-sectional diagram showing an intermediate gate valve in the
plasma processing apparatus shown in Fig. 1, along the line V-V of Fig. 2.
Fig. 6 is a side cross-sectional diagram showing an atmospheric gate valve (in the
closed state) in the plasma processing apparatus shown in Fig. 1.
20 Fig. 7 is a diagram showing the same atmospheric gate valve of Fig. 6 in the open
state.
Figs. 8 ~ 11 are explanatory diagrams showing a method for using the plasma

processing apparatus shown in Fig. 1.

25 PREFERRED EMBODIMENTS OF THE INVENTION
In the following, the preferred embodiments of the present invention will be

explained with reference to the figures. However, the present invention is not limited to
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t hese preferred enbodi nents. Fig. 1 is a plane diagramshow ng a
structural outline of a plasma processing apparatus according to a
preferred enbodi nent of the present invemtion. In the figure, plasm
processi ng apparatus 1 conprises a processing chanber 10R (first processing
chanber), processing chanber 10L (second processing chanber), |oad-Iock
chanber 11, upper wing 20U, |lower wing 20L, internediate gate val ve 30,
substrate transport robot 40 (substrate inport robot), and renoval arm 50
(subst r at gheSx pRFdrrddAodiments. The processing chanbers 10R and 10L are
chanbers that are respectively equipped wth a plasm generating nmenber,
hi gh vacuum ex'Eigst isreplhes diageni shewingkestribturhll sutliesfea plpsnecpesessiggchamber s
10R and 10, surface processing such as etching, ashing, deposition,

surf ace repmratingccanding to & podercddeanb adgmerit of ¢re preseduinyenticgu b dn thetfegirg,e. g. |
silicon wafers), display substrates, nulti-chip nodules (MCM, printed
circuit bplasma proggssing apparatss i somprsas arpreetsiing asmher dPRABET prasgsspigasna

di scharge froma plasnma generating nmenber (not shown .in th i gure).
Load- 1%ock SRamaRfsk Praces§ing glmbeaéeh fropRg m&wswg&éé@e?rhdo%ﬁﬂﬁﬁégﬁ%ﬂ,l, 10L

or ook BhE D ebes B TOL S ErBBRE B el 30 oAl R G © 1
f ! . ! r nown' S b

the proce (BP WO ratof) ind ARfypOf, SERRRGL ddojrioind 13 B T 0 oL EET
this figure, prgf ééé&&ng'&ﬁmﬁ‘érs }@Baallﬁé‘ﬁ' O @Bﬁfmﬁrméksp&ﬂdelyrealggﬁﬁ i ng

chanber | QL are contiguoltsly arranged in the aforenentioned order rma

circul ar fith.a plasma generdtihgtnéralsds, KERFRGumldxha M EmMBeRBAS thalike. PIIIERSE $eld
chanmber |OR via gate plate 13R (shown in Fig. 4). In this gate plate 13R

an upper preessing chdRBesniORandI#L, sogfare processidgbuchras etohiyge athing ldgpdsitioned
parallel to each other, extending in the horizontal plane, which allow
communi casurtace beforming apdsudacs depningefisemico@iucionisubsizated @k sdiraniveafers)] .
Load- |ock chanber 11 comunicates al so with processing chanber 10L via a
similar gasplapsustrates, mphi-elip apodulrs M Qb printed-rgui bparferang tesiikgisar e

' ?S p(::;t LVS%rﬁOﬁrr}%ag‘éﬁrp%aglﬁ I%g Fxﬂ;'gl'y@'ﬁ By Rmac Ishchgrtgg Fom a plasma generating member (not

- M shown in the figure).

15 Load-lock chamber 11 is provided in between processing chambers 10R, 10L and
cassette station 41 (substrate supply station), and contributes to the import/export of
substrate W. In the embodiment shown in the aforementioned figure, this load-lock
chamber 11 is situated in between the processing chambers 10R and 10L. According to the
example shown in this figure, processing chamber 10R, load-lock chamber 11, and

20  processing chamber 10L are contiguously arranged in the aforementioned order to form a
circular arc.

Load-lock chamber 11 communicates with processing chamber 10R via gate plate
13R (shown in Fig. 4). In this gate plate 13R, an upper opening 14RU and a lower opening
14RL are respectively formed parallel to each other, extending in the horizontal plane, which

25  allow communication between processing chamber 10R and load-lock chamber 11. Load-

lock chamber 11 communicates also with processing chamber 10L via a similar gate plate in

which an upper opening and a lower opening are respectively formed in parallel to each other,
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6 _extending in the horizontal plane (not shown in the figure).

Upper wing 20U and | ower wi ng 20L are spaced apart and aligned vertically
with respect to each other, as shown ins Figs. 2 and 3. Upper wing 20U is
formed fromgate bar 21, contact nenbers 22R and 22L, substrate hol der 23R
(first holder) and substrate holder 23L (second holder). Gate bar 21 is
supported in a rotatable nmanner by neans of notor 21 via central axle 21
a. In this manner, gate bar 21 oscillates (driven back-and-forth) about a
vertical exwn€ingihthahorbwsitd] plite ¢iakhewn inlthé fighfe®. conti guous direction in
whi ch processing chanber IOR | oad-Iock chanber 11 and processi ng chanber
10L are arrangWgper wing 20U anddntvecwingetheare §i2Bed spartnaidadligeel] ventically with
processi ng chanber 10R side of gate bar 21, and is designed such that the
upper opdeipeg to£RLh otheyy as shovot inglligs 2pindtle 1RecwingsdU isdormead; feeth iggtedenl ed
shut from the | oad-1ock chanber 11 side at the time when gate bar 21
rotates tdweQmact mpembgryd2Rand 23k substraie BelderyaR (’fm.hoickfb?"géﬂb%t@tee‘?@ihre t he

A B R S5Ol B2 s it bk
2oL 1 | AP0 oAb R SRRE] SRIRP ooy e B BBk P £

shown in I QUL ' 0] S P when
oate bar YEital BOUAGE) 1098 SR RIBECHE I e EGHAIGE: diVeriph BPuflch ptfct il

Subst r at hhabéleror2 3Gd- ek txAfbdra 1tahe phsRsRRSHAthbeP db fe abdfk &l de of contact
menber 22R such that it is positionéd within processing chanber 10R at the

ti me when gat eComtactdhembert22Reis ifstalledén fHeqeesding cltdneep d OR k(e of igakte bandi,
contact nenber 22R seal s upper opening 14RU. In the sanme manner,
subst ¢ at endad dhsignedlsudhsthi the apper apapingrléBESEFigg) ohgatbplatel IBR capitde of

contact nenber 22L such that it is positioned within processing chanber 10L

at the teretigaldy sephedeshysfromthe inadtlack ehambre1hside asthe tignecwbanisate blro2lsi de

AR AR TR - N R NG S e e
hermetic seal, a sealing member 15 (e.g., O-ring) is arranged around the periphery of opening
14 RU.

15 Contact member 22L is installed in the processing chamber 10L side of gate bar 21,
and is similarly designed to hermetically seal shut the gate plate opening (not shown in the
figures) on the processing chamber 10L side at the time when gate bar 21 rotates towards the
side of processing chamber 10L.

Substrate holder 23R is fixed to the processing chamber 10R side of contact member

20  22R such that it is positioned within processing chamber 10R at the time when gate bar 21
rotates to the processing chamber 10R side and contact member 22R seals upper opening
14RU.

In the same manner, substrate holder 23L is fixed to the processing chamber 10L
side of contact member 22L such that it is positioned within processing chamber 10L at the

25 time when gate bar 21 rotates to the processing chamber 10L side and contact member 22L
seals the upper opening of the processing chamber 10L side gate plate (not shown in the |

figures).
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7 These substrate hol ders 23R and 23L are fixed such that they
mai nt ain a horizontal state, and are constructed to match the hei ght
position of upper opening 14RU. 7 As shown in Fig. 2, substrate

hol ders 23R and 23L respectively conprise a branch nenber 24 which extends
to forma circular arc matched to the shape of, for exanple, a silicon
waf er used as substrate W In addition, substrate holders 23R and 23L al so
respectively possess a plurality of stop teeth 25. In this manner,
a hol | ow spacdhesasubstrate halders 28R ard 23 are fixed sutdcthiytheeaamtait a hbriaonhl
menber 24. In addition, by means of providing this hollow space 24a, the

i nf | uenceatepand are cessteictedde mstchsthp dieight positisindefruppecepeaing BRU.can be
suppressed to a mninumat the tine of ﬁ?uasma processi ng

Furthernore, HaRENMiRfife 2 subsiratehgldery2 3R and 3%{“?%"?1&’[5@‘“%&%5\‘3“&? e

ted b t d dj st 24b.
Thet moRERbEn et phish RSl o et %?P?anﬁ%sﬁeq 2R YRR B O RRE Fonce. be
easi Ly pafit af @E%ﬁgyed%%ﬂﬁst&ie w tslﬁ aadt n%é %a'togglgew% EC s024a and

access openin uppe ca transport

substrat g ch@é?g;o‘é’é%s ﬁﬁ%gggpgtbg&éﬂpgmrl i ng upper w ng 20U, central

axl e 2l1a a scri In the aforenentioned, between both
| oad- | ock champeiis &ﬁnaadaaémwdcemshadMéd Wwhidh @ﬂﬂxélﬂaédby hesds ghanber 11
and processing chanmber 10L hese upper wing 20U, central axle 2la

and not obrardibmiembet 24 lﬂbmﬂﬂltioﬁlaﬂﬁ ﬂﬁéﬁs dfrovidiap shis hollow space 24u@he Wfli@nedL i S
simlarly formed by neans of gate bar 26, contact nenbers 27R and 27L,

subst r at ef the kxlisten@B6¥ substra¢ holdbdeX3R anmdR38.dan be atipprassed ér a Aftimseatchel

hol der). These structures, i.e., gate bar 26, contact nenbers 27R and 27L,
and 19ubstima 08 plasma ereceswine. and 28L are identical to t he above-descri bed
structures, i: at e bar contact nenbers R,an 22L, and substrate
hol ders 23R aﬂf&ﬂé or?@gmcétwew %dﬁéomﬁgb uqfh@?tr g&p8 gesepafpted bye

? hmet ;leld gm ﬁtpr?%fedﬂ]llﬁ,\% d1¥¥|ar§](% tg 90rm axI Lcecresss Jp(er?l??g HaBer TWe 1rgpor9 lg(pvt\)nrttor} regard to

ng[ s i& §ﬁm{5§®g%ﬁﬁ? Uad$68E&hamber 11 can hence be easily performed by means of these

aforementioned hollow space 24a and access opening 24b.

15 In this manner, upper wing 20U can transport substrate W based on a construction
comprising upper wing 20U, central axle 21a and motor 21b, as described in the
aforementioned, between both load-lock chamber 11 and processing chamber 10R, and load-
lock chamber 11 and processing chamber 10L.

These upper wing 20U, central axle 21a and motor 21b form an upper transporting

20  means.

Lower wing 20L is similarly formed by means of gate bar 26, contact members 27R
and 27L, substrate holder 28R (first holder) and substrate holder 28L (second holder).
These structures, i.e., gate bar 26, contact members 27R and 27L, and substrate holders 28R
and 28L are identical to the above-described structures, i.e., gate bar 21, contact members

25  22R and 22L, and substrate holders 23R and 23L, respectively, and thus their descriptions _
will be omitted.

Lower wing 20L differs from upper wing 20U with regard to the alignment height
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8 ~with | ower opening 14RL (not upper opening 14RU), and al so the
driving nethod involved therein. As shown in Fig. 3, |lower wng
20L is driven by means of notor 26c¢ viasgxternal axle 26a and transmtting
menber 26b. Lower wing 20L oscillates freely (noves freely in a .
reci procati ng manner) about a vertical axis in a contiguous direction, in
the sanme manner as upper w ng 20U. In this case, the central axle
21 a and external axle 26a are designed to rotate independently from each

ot her, swudih lolvet opsaRey 14RI0 tho? ApparthehiaasR U, Niid 4o th¢ Bridiak endiidd inOSIE
I ndependently fromand without Interfering with each other. It is
possi bl ethepeinr ansport substrate Waccording to a construction conprising
| ower wing 20L, external axle 26a, transmtting nenmber 26b and notor 26c,
as described i#s sheevn infRig.cindowérovieg 20bys driveaibygneansvef metar@620fa éxterbalt ween
bot h | oad-| gck chanber 11 and processing chanber 10R and | oad-| ock.
chanber 2HeZRa apd Jansmityng wrmRke?6b1 0| Lowehwing 20Lovssilatgs fipebmovesdresinin a ax| e
26a, transmtting nenber 26b and tor., 26c forma, | ower, transporting
means feclpfocatﬂgr%?“@ﬁépwe% Y?&Fﬁowlsi ip 2 sppfaguoRs Aigecsion, infhe F%mémawlqi@s 20L
are driv |0, ite directions to each other (e.g., as shown in Fig.
unde?a%érndﬁgggﬁls I n which uppeér wing 20U is positioned on the

bt ocessi ng chanas ctot 8 i 21088 erthPe P a6, BeRBSELPRTORE 11

processi ng chanber regar

processi plepbiihay frbReach ioffer, stBRP Biat PSS %W‘ajn@ ﬁﬂvé?‘%viﬁ? ?d)l?gre%mgtoby

means of contact nenber 22R of upper 0OU, however, IS not possible

to seal stk ihdependenplgfiongaddRith®it il BeEnOWitE ethasther. Member 27R of | ower
wi ng 20L. Thus, in this case, in order to seal shut |ower opening

14R01,0 an i nt erdhisdiocasiblegatranspps substBfe Mé agorimgitech cofibirsctiontoempeiding lewerat e
val ve 30 extends in the horizontal direction indefinitely as a contact
menber, WE&HIwexiematiagle 262, tangoitting sepmber Belosndiwgios 26¢.Hs dessaled icthe
SRR DTN R NI
processing chamber 10R, and load-lock chamber 11 and processing chamber 10L. These
lower wing 20L, external axle 26a, transmitting member 26b and motor 26¢ form a lower
15 transporting means.

Here, hypothetically, if upper wing 20U and lower wing 20L are driven in opposite
directions to each other (e.g., as shown in Fig. 2), under conditions in which upper wing 20U
is positioned on the processing chamber 10R side while lower wing 20L is positioned on the
processing chamber 10L side, with regard to gate plate 13R on the processing chamber 10R

20  side, upper opening 14RU can be sealed shut by means of contact member 22R of upper
wing 20U, however, it is not possible to seal shut lower opening 14RL by means of contact
member 27R of lower wing 20L.

Thus, in this case, in order to seal shut lower opening 14RL, an intermediate gate
valve 30 is provided. This intermediate gate valve 30 extends in the horizontal direction

25  indefinitely as a contact member, as shown in Figs. 4 and 5, and is provided on the load-lock

chamber 11 side of gate plate 14.

Intermediate gate valve 30 is supported such that rotation by means of motor 32 via
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[err] horizontal axle 31 is possible. In this figure, |ower
opening 14RL is hernetically sealed by internediate gate valve 30 via a
seal nenber 30a such as an Oring or thelike. It is hence possible
to selectively drive internediate gate valve 30 to any of the follow ng
positions: (1) a position where |lower opening 14RL is sealed shut; (2) an

I nternmedi ate position between upper opening 14RU and | ower openi ng 14RL,
and (3) a position where upper opening 14RU is seal ed shut. In

addi ti on poWrbithNad1984id RkibRNBMARY figuke, 1bWer dpeaingaRL ib hefhmticgiyedealztiibyg t he
substrate are provided in the upper and | ower parts of |oad-Iock chanber

11, al ongniétrhédiae garkoedvs3(panta séallinémberah swdhray as Wbsing &t deilikgor t / export, as
shown in Fig. 3. In order to hernetically seal access port Il b
shut, an at noshliehémegatsiblesd sedectively drive igermediiézizate valve @ to anyrefghe 6 and

7. This atnospheric gate valve 11lc is connected to a cylinder le via
driving rfeltomimgpesitivds: (1By pesitenswheredgwenoaering d4Rhintsaldepi (Yae val ve

11c can be driven between a state where access port 1lb i R&grqy jcally
seal eB stintermedigte pgpition hgtweeed URPE QpgBing 14RUAnd 13Wer OPENIRE; 12‘ R @aé‘n (Fig.

7). .. Suhstrate transport.  robot 40 is, for exanple, a double
a%mtype P?&Wé’flr"gleéef‘?f?fﬁé’%?‘?g??%gdf S%ﬁﬁdcsﬁuﬁ's used forn}t)ransporti ng a
substrate Wfog i ti . ' tte
Sttt on a1t o p 44RE8A. oA [ ATIGICARARL f1, 400 RELGARATH for lorRafiRPRR L0

exporting, m?até%ﬁ{ﬁ@ihgd othk APHIAnB TACESRHESF [0hd-fock chRIBEEEIS 8Fong WAl At €)

fromthe a@orementloned foad- ock chanmber 11 to a cooling stage 51.

Subst r at gctdsRBBRAD foPRARIwiftE sitktraR afpoRRApdrE al ERdvAgint iG. Rir ocessed substrate
fromthe cooling stage 51 to cassette 42. In the follow ng, a

pl asgg pr ocessimgrdeppdicainttically seaijacdess port 1 testahenatmospheria gateonlvedilklis be
described with reference to Figs. 8 - 11. To begin with, the
initial giretided as stovehiofigs. 6 a8d 7whdhis atmospheric gitagyabveJ1F & cogggqtgd ®red on
t he side of processing chanmber 10R, while | ower w Lis os.itiong? on

the si deyfndgsrideada inying macharsmdid. | Bywiags %ftcaiie&grp‘r%gc%tg’g? T RAIRHENE | oR
o o e cands drigen Ravetn 2 stetnerd Setl pdil' 16 RAh kg MRl di B
and a state where access port 11b is left open (Fig. 7).
15 Substrate transport robot 40 is, for example, a double arm-type substrate transport
robot which is used for transporting a substrate W for importing from a cassette 42 arranged
in a cassette station 41 to a load-lock chamber 11.
Removal arm 50 is used for exporting the substrate following processing (i.e.,
processed substrate) from the aforementioned load-lock chamber 11 to a cooling stage 51.
20  Substrate transport robot 40 is used when returning the processed substrate from the cooling
stage 51 to cassette 42.
In the following, a plasma processing apparatus 1 cbmprising the above construction
will be described with reference to Figs. 8 ~ 11.
To begin with, the initial state is as shown in S1 wherein upper wing 20U is
25  positioned on the side of processing chamber 10R, while lower wing 20L is positioned on l?he
side of processing chamber 10L. In this state, processing chambers 10R and 10L are

maintained in a high vacuum, and load-lock chamber 11 is exposed (opened) to the
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[err] 10
at nosphere. In this case, in order to maintain processi ng chanber
IOR in a high vacuum upper opening 14R0 of gate plate 13R on the side of
processi ng chanber 10R is shut by neans of contact nenber 22R of upper-
wing 20U. In addition, |lower opening 14RL is shut by neans of internediate
gate val ve 30. Wth regard to the airtight (hernetic) maintenance
of processing chanber 10L, the openings (not shown in the figures) are
shut by mtmaosphefe.sim |l arly constructed internediate gate valve (not shown
in the figures) and contact nenber 27L of |ower w ng 20L. In this
state, as showh this @ge, inoideq tasmbintaimpeocessimgsghamber Kb in #bighsabsim,atppeiNo. |
and substrate No. 2 are transported in (inported) to the interior of
| oad- | ocPPeMBEHERUaf gag plateni3R en the sidewf peocesaingchambss { QR iseshmpby mepms of
supported by nmeans of_ supstrate hol der_ 23L, whjle substrate No. 2 is
suppor t egogtéctrﬁggwgeéﬂg Bg‘éﬁﬂeéf”é“%%ﬂ[&e r Incagdition, lower openipg, HHRle iRt b g
substrate | t . access port. 1.1b is shut by nmeans of atnospheric gate

59 SudafP B merBeAIC et kit

val ve 11c5r,xea 11 is evacuated by nmeans of a high vacuum

exhaust ne nbean](r:}%%rE g%rﬁh?ifh{]@g%h%@ %?a)mten nce omroc%@ﬁg Vcé?r,gbgrel%rl,e ﬁmof

vacuum of | oad-| a predetrermne uppeér w ng

20U is r@p&ﬁﬁgﬁgdo‘t’@lﬁbv&rpih@th@ﬁg@[e%%é §ﬁxﬁ%g%@aﬁ?6fs'ﬁﬁ’l'aﬂy @Mtﬁ%ﬁﬁﬁt@&ﬁeﬁm 1

supported by substrate holder 23L is transported 1 nto processing chanber
10L, as ghewalvennoShowhtin tiefigRes) ahd EBntabtGMEHbM2TTL o?@iwériniﬁ%’tl@lw driven

t owar ds processing chanber 10R, ~and substrate No. 2 supported by substrate
hol der 28R i s Inrthissme,tasdhowt in §2, asimgSubgratecthanpert rdboR40, substrate NoWhaind
rotating upper wing 20U and | ower wi ng 20L as descri bed above, it is

i nporQ ansubsirate Not 2 anedranspagtegdn §mpatted) t80hdimteaior afilped-lock ciambat br.nedl at e
position in order to avoid interfering with either w Pl asma

> ng. |
processi HQS Bcelriexampls; fubsatrdio. 1 inpipprped by meansrfpubsratubeléer 23Ls while t he
af o ement yaned O 06ES3100 NATRELS FORAA ke R 11 S State Tt goes

Upon completing substrate import, access port 11b is shut by means of atmospheric

gate valve 11c, and load-lock chamber 11 is evacuated by means of a high vacuum exhaust
15 member (not shown in the figures).

When the degree of vacuum of load-lock chamber 11 reaches a predetermined level,
upper wing 20U is rotary driven towards processing chamber 10L, and substrate No. 1
supported by substrate holder 23L is transported into processing chamber 10L, as shown in
S3. At the same time, lower wing 20L is rotary driven towards processing chamber 10R,

20  and substrate No. 2 supported by substrate holder 28R is transported into processing
chamber 10R.

When rotating upper wing 20U and lower wing 20L as described above, it is
important that intermediate gate valve 30 be arranged in an intermediate position in order to
avoid interfering with either wing.

25 Plasma processing of each substrate No. 1 and No. 2 is then conducted within the
aforementioned processing chambers 10R and 10L. In this state, it goes without saying that

each opening is hermetically sealed shut by means of the respective contact members and
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each opening is hernetically sealed shut by means of the respective contact
menbers and

This is the replacenent shet 11
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Dat e: I nternedi ate gate val ves. Substrate inport into
| oad-1 ock chanber 11 is conducted in parallel with the plasma processing
of substrates No. | and No. 2. In other words, an inactive gas is

i ntroducfterhietiatd a8 vhiwek chanber 11 from for exanple, a purge port 11f
(shown in Figs. 1 and 2) thereby creating a state in which |oad- |ock

chanber 11 carSubstratpémport imo ldad-lackeimpiter ¢1 isfcohtouedan penallhwithnhsplagha c
gate valve 1llc is opened. Subsequently, as shown in S4 - S5, substrates
No. 3 anprokkssing cfrsabstrapesrWNed andNm@. t he af or enenti oned substrate transport
robot 40. In this case, substrate No. 3 is supported by means of substrate
hol der 28L, wHR PEes Wosds; ap nagldve gnsiis indrodprsdtinig 1pad-ieels sanahrer 14 dnse,rfar e

hol der 23R on conpl et i substrate inport, |oad-]ock chanmber 11 is
evacfat efarsamp&J » 3 PUrBAPPRE L lgg%‘f"ét"i T9gs- o anglod) khesebysrepting fovkle Phtjﬁksh jig%st rates

No. 1 2 i on .of the | oad-1ock chamber 11 t.o th
Y edet arfrehSnacddli] caniBaphiE ol artnbSonedt o Giine SARTotheiS sl valve,

pr edet . . . d (rotat

oral oy PIORERehd0 RERREn OB il § 30185, bl Pand N SERARNSY
pr ocessegkisdtareies®n aneg]s&lbﬁﬁfﬁzé\{?ansgoﬁ kSboR A0 frfflislcAsd, SRy ghamber 11,

and substri%‘les No. 3 to De processed are respectively

t r anspor §pgoitéd By Bieas©66dubsr£E Rotaer 281 Ohwhild BEbsRARAMS A 16 Gupoaed 8y mdaht of
Subsequently, substrates No. 3 and No. 4 undergo plasna processing within

t heirro r abpieatt ihoklep 28Re s ipog cofpleting subsketetimpbrtdbadsloekichanba INds 1 and No.
2 is conducted in parallel to the aforenentioned processing. |In other
wor ds, afvaewatepeni ng | oad-1 ock chanber 11 to the atnosphere, substrates

No. 1 and No. 2 are exported to_a cooling stage 51 usin removal arm 50,
as shown in spfter ggmpletion of both plasmai pigcesang RESYbsEalenNO; hanghhip-ohand he

parallel ev%)él?éiﬂ)tnl ofthé {oaB-rlgcﬁ(ec%Saren%ers FP ?ott[‘ng tpree:datermined vacuum level, upper wing 20U

is rotated (rotary driven) towards processing chamber 10R, while lower wing 20L is
15  simultaneously rotated towards processing chamber 10L, as shown in S6. As a result, the
processed substrates No. 1 and No. 2 are exported to load-lock chamber 11, and substrates
No. 3 and No. 4 to be processed are respectively transported into processing chamber 10L
and processing chamber 10R.
Subsequently, substrates No. 3 and No. 4 undergo plasma processing within their
20  respective processing chambers. Removal of substrates No. 1 and No. 2 is conducted in
parallel to the aforementioned processing. In other words, after opening load-lock chamber
11 to the atmosphere, substrates No. 1 and No. 2 are exported to a cooling stage 51 using
removal arm 50, as shown in S7 ~ S8.
According to the present invention, the parallel execution of processed' substrate
25 removal by means of removal arm 50 (S7 ~ S8), and substrate introduction by means of
substrate transport robot 40 (S9) comprises one of the characteristic aspects of the present

invention (note: this aforementioned operation is achieved by means of a construction
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renoval by means of renoval arm50 (S7 - S8), and substrate introduction by
‘means of substrate transport robot 40 (S9) conprises one of the
characteristic aspects of the present 1l#vention (note: this aforenentioned
operation is achieved by neans of a construction [err] :

12 wherein substrate transport robot 40 and renoval arm 50 are provided
I ndependently). In this manner, substrate transport robot 40 can be placed
in a standby state wherein the subsequent substrate(s) to be inported
(e.g., suhsreimsuhstraje.tramsportiroot 4Gandhrentoyalf argufare peovadedsinggpendentiyby Imeans
of an armthereof, i.e., in a state where inportation can be quickly

per f or medhis manner, substyatg transpart robgpdhcandbgplaceddn astandby staeFehesgin gie t he

processed substrates (suybstirates .1 and Nq, 2) ans of renoval arm
Tt T Sganh Fuatelhia B AUERHE BBor oIS Al S and ¥k B ihe AgUreS) it  af o5
No. 5 and_ No. for transportation into ad- | ock chanber 11 - S).
Ther car r 8¥0Poxe by siant R &S B rtecl o 303 sl hed Fip Gt R Shn Y abRkly 1 om

cool i§1g ggﬁ%ed?%l to cassette 42 using substrate transport robot 40.

The operations, i.e., rotation of upper wing 20U and |lower wing 20L in

opposite  dir egd 4 RRALWdR RBRERH of treiRbvAldE o prbBARAIibfard GuiRiaRE S sed

substrate(s), etc. are perforned as described i'n the aforenentioned.

As descr Need and ok 2) B%ﬁﬁ:ﬁ%éﬁt@m@{'al&ﬁhﬁt RELpIRsbRtolipntdidedy REpdrotheadxmhi | e
mai ntai ning a |arge throughput. According to the plasnma processing

appar at usubstrate(s) (substratns Nony end Non6) foh erafispbitaermmto lead-dakschamberoldt ¢SiiGed.
According to the plasma processing apparatus of the present invention, a
pluralit$ldf transporting nmeans are able to conduct substrate transport
froma | oad-1ock chanber to both a first processing chanber and a second
proceksi ng charhsesaftenas shows iy $12, the pracqsepslqubsteatespare retymed pm w@oling gage
nunber of  substrat to these first and second processing chanbers, and
hence si ghit? F?&?ﬁq‘&s‘i‘ﬁ%& %ﬁ’égatf‘ltfémﬁmgﬂtp t her eof . According to

an enbodi ment ’ﬂIe c}p%Fatf%ESl%Q trotiaﬂélne B¢ ﬁpop@r w%lgf idl? hinPloRef %\/?Ag%LCiﬁ%rfngite

directions with respect to each other, removal of the processed substrate(s), etc. are
perforrhed as described in the aforementioned.
15 As described above, processing of substrate W can hence be performed while
maintaining a large throughput.
According to the plasma processing apparatus of the present invention, the following
effects are obtained.
According to the plasma processing apparatus of the present invention, a plurality of
20 transporting means are able to conduct substrate transport from a load-lock chamber to both
a first processing chamber and a second processing chamber. As a result, it is possible to
transport a large number of substrates to these first and second processing chambers, and
hence significantly increase the throughput thereof.
According to an embodiment of the present invention, a first processing chamber,
25  load-lock chamber and secoﬂd processing chamber are arranged in a contiguous manner to
form a circular arc, wherein by rofating a plurality of transporting means, it is possible to |

move the aforementioned in the contiguous direction in a reciprocating manner.
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loadrlock chanber and second processing chanber are arranged in a
contiguous manner to forma circular arc, wherein by rotating a plurality
of transporting neans, it is possible tb3 nove the aforenentioned in the

contiguous direction in a reciprocating manner. [err]
13 Consequently, the driving of the transporting nmeans can be
acconpl i shed by neans of a sinple nechani sm According to anot her

enbodi ment of the present invention, each of the transporting neans is
equi ppedCansdquantigtthe driving afithe ftfansgordng ms@saan bb ataenplishehioy mbars dfra
addition to substrate transport, each transporting neans is capabl e of
al so shusimiplgmeckanisan opening. As a result, it is possible to sinplify
t he apparatus construction and achieve results such as mnimzing the

space occupi ed $REHBB{P angthsreabodgnant of the RFeRitnYENHEN: §a5B f}f Wf&gesmgtiqme
facturi . 1 ti f I nt | t I.ke.

It he. aB5OE s S8PPEA st Brromnd Bish A Eh IS B EHE & Sappar at us
t ' h i mplifi b f i_di na.

ot oot it HuoSof YE6h [isoRing pBRs o Rt BEF Mo o8P inBee an

upper opaRiaNgs @ ik gm{blé’ﬂ)eﬂfnggg/rthe apparatus J:Jhsﬁﬁi%ic;n' 40 acmgﬂﬁegﬁlﬁ\@ugh qg a

substrate export robot as a s ate structure fromthe strate I nmport

robot, i midigiPiagshddpicd BcaapitdaN&eby, FRortéhiny BP HaBuifabRrdy ReRIHANting WSt rat e
i mport(s) using this period of tine wherein substrate export is perforned.

| n ot her manufisturing coits, redsction|of madntpemke labosandshe ke exportation and
substrate inport preparation in parallel, and thus reduce the tine
requi red for dJoitstatmive casepordrden toshutGbhe sppnopriatd gpenirps, theappegitpsit can  be
I ncreased even nore. Furthernore, the plasnma processing apparatus
of tiife peanstHeEtiomeante eyan furthes simplifieddy meaps ofprozidingcareintarmpdiate gatsodiveent s,
and can b C?lplt I gnal Ia/ revised and/or nodified as | ong} as these revisions

|

and/ or nWBichi18 IRtptsH L0 pligrpatyelyprenicipse ap YpRer SPeRipg 2pd IWRE OpgniRghe present

rventl O ot SRR Sy s LA S S S SR oL,
108 bR (BN 1 A QSN Rl b Tl !
import(s) using this period of time wherein substrate export is performed. In other words, it
15 is possible to perform substrate exportation and substrate import preparation in parallel, and
thus reduce the time required for substrate importation. Consequently, the throughput can
be increased even more.
Furthermore, the plasma processing apparatus of the present invention is not limited
to the aforementioned embodiments, and can be optionally revised and/or modified as long
20  as these revisions and/or modifications fall within the scope of the claims of the present
invention. For example, the following modifications of the embodiments are also possible.
(@) Instead of contiguously arranging processing chamber 10R, load-lock chamber 11
and processing chamber 10L to form a circular arc, these chambers can be arranged in an
contiguous manner to form a straight line. In such a case, upper wing 20U and lower wing
25  20L are reciprocally driven in a straight line instead of rotated.

) The shape of the substrate holder and particularly the Shape of the branch member

are designed to fit the shape of the substrate.
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conti.guous manner to forma straight line. In such a case, upper w ng 20U
and lower wing 20L are reciprocally driven in a straight |ine instead of
rotated. (b) The shape of the substrig e hol der and particularly the
shape of the branch nmenber are designed to fit the shape of the substrate.
This is the replacenent sheet
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(c) I nstead of using substrate transport robot 40 (substrate inport
robot) f ofc)r et Unsteadgof wsingsubsitate Warisportirem KO fenbstratg émpdrt rabot)dfosetuming?, a
robot specifically designed to perform substrate return can be provided
separ at el §ubstratg)W from poqlingstagefs 1 40 eansette 4 irobptwpeoiisally| dssignedbiopesiosmber 11
is connected to processing chanber JIOR (first processing chanber) via gate
pl at e 13?&%@‘3@%??@&‘59{@“9@%“5#3 Yprovided as a separate nenber, it is

plat e 1389s" # alsesoEN sf?rfeﬂr%9%9%%%%1”%459%!9%%%@%%&?Si% s8] g BRethedn ©
Const Puct SRR AP R A atcerstiar e ngl) i bRe AR iR R AR Be S R o

chamber (]:-é]:o@{d%d ak QtsﬁﬂirﬁE Sehohtdk Gt B p%iSQQﬂeSO gt?v}de any of the follgwpr,?ng.r @hationship

can be achieved wth respect to a secon nnecting nenb second

processi ngrshacther wﬁé?@in'é&?ecblthQ‘SRQE'%ﬂbggbeg gg% gfﬁchssinc% chambed fOF; @pRp! i cati on

is based on patent application No. Hei 9- filed in Japan, the content
of whi ch ¢ansirnctivnpehatiadateeplate13Ryis iégated o load-lock chamber 11; or (3) a
15 _ . CLAIMS 1. A plasm
pr ocessi nepnafrpeticat whertinrgateeplitorl3Rn prosessingebampberc¥is andyload-leck shambent katgy
10 integrated into a single unit.
The relationship can be achieved with respect to a second connecting member,
second processing chamber and load-lock chamber, as well.
This application is based on patent application No. Hei 9-19488 filed in Japan, the

content of which is incorporated herein by reference.

15
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_neahs of plasma di scharge, said plasm processing apparatus conprising:
-a first processing chanber and second processing chan}berc for performng
surf ace processi ng:; a Rdad-1 ock chanmb@ wiﬁtiimedpmdad

bet ween said first processing chanber and second e”, f’ﬂﬂﬂmﬂ chanber
I

whi ch connects to each of said first processing chanb second
processi ng chanber by neans of a first connecting nenber and secon

connecti ng nmenber, respectively; a plurality of openings provided
in said first connecting nenber and SE&IM§ connecting menber which

al l ow communi cati on between said first processin ) chanber and said
| oad- | odk ¢hB ,pr%ﬁ?asrwmu%&wegf%ﬁasw?%egg%%ns:ﬂfam@wm by and

id | oad-l| h i vely; d : i whi ch
e Capaiteang Pl pERR Ayl AE patee Froshipe eowarastiPORRE | "0 "Tona. ) ock
s capatit€ of” BErFBrHi _ L oad
Chanber and St BBk AERER 58 EOANFhoos 0P RENE T SR era

reci procati Ngocessing; MNNer through said openings in the direction in which
said first processihg chamber, sai d | oad-1ock chanber, and said

second pr ocesSoadsdkamaMbeddRitioNBd iPbétWetn/said first pREERMEeMamber and secoMder ei n,
a plurality of said transporting neans are provided in a vertical manner

with respegiroesmssingahhmber whick connectsAo phehsofsaidrfostgrecassing pjpanizdruad accor di ng
to claim1, wherein said first processing chanber, said |oad-Iock chanber,
and sai d secgrengpprocessingrijamhememeanseof@dinsticgooesting membeaagdsecond f orm a
circular arc, and said plurality of transporting neans are freely novabl e
in a reci pro®agsig WE@FFCSW“H@%S of being rotated, in said contiguous

ir i on of rran nt. rr.] . .
?.IG 1e g tion o a p%ura?it)ggpc%e}lxngs provgdeed 111 said first connecting member and second

connecting member which allow communication between said first processing
chamber and said load-lock chamber, and between said second processing chamber
and said load-lock chamber, respectively; and
transporting means which is capable of performing substrate transport between said
15 load-lock chamber and said first processing chamber, and between said load-lock
chamber and said second processing chamber by freely moving in a reciprocating
manner through said openings in the direction in which said first processing chamber,
said load-lock chamber, and said second processing chamber are contiguously
arranged;
20 wherein, a plurality of said transporting means are provided in a vertical manner with

respect each other.

2. A plasma processing apparatus according to claim 1, wherein said first processing
chamber, said load-lock chamber, and said second processing chamber are contiguously

25  arranged to form a circular arc, and said plurality of transporting means are freely movable in
a reciprocating manner, by means of being rotated, in said contiguous direction of |

arrangement.
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3. l A plasma processi ng apparatus according to claim 1, wherein in each
of said first connecting nenber and second connecting nenber, an upper
opening and a | ower opening are respectévely provided SB%%&Q‘QQ@nings,

sai d upper and | ower openings bei ng spaced apart ThE hegt | manner with
respect to each ot her; an upper transportih &\'EF\H | ower
transporting nmeans are provided as said transport espective

| evel s with said upper opening and | ower openi ng; and sai d upper
transporting neans and | ower transporting neans each conprises, within
sai d | oad-1ock chanber, a gate valve for alternatively opening and cl osing
sai d opeBi ng oA plasgiaprbiassing eppangus acvgrdingrteeciaiomt] wheirein dpeashrad saifl fgsli d
second connecting nenber fromsaid |oad-|1ock chanber side by neans of

bei ng dr co@ecting seanger prdassondeonnashing memberapriupRes APEHND aRd #]OWEE CPYHND f
arrangenent; a first hqlder for substrate support which is fixed o sai d
first pr8EIEREGHVEN Qﬁ%"éﬁledsﬁscféldvﬁpﬁﬂmgéssﬁ’é‘d{PPPba’@alPH%%ﬁeé"’;&éP?‘“&ﬁHa‘ieg apart
positioned within said .first processing chanber at the tinme when said gate
bar shut & 8 XPHCalammes v rg%ﬂeﬁp ief’“g“‘)t'h lgnnecti ng nmember; and a second

chanber 51 de- vt PECCRBBRTds A Bt 80yt Binb A oA R oI BRE RIS

chanber side wt esp sal ar, positioned within said

second  pLAGRFEMIhettTR&De@lvelb\RIs W sal 8Ppet Bbshif@hfd RAVer 8paHig; 2@t d
openi ng of said second connecting menber. 4. A pl asma processing

appar at us accasafli igpel rafdpaitiigZmeatid @h€ Idwdr rafispolitingf méais@aéh ca@hprisesnmigitihi ng
menber and second connecting nenber, an upper opening and a | ower opening

ar e r espedit iloagl-lpck chamblxda gaie valivel faaitarmatesly speningiaplkeclosinglsdid epeningefi ngs
bei ng spaced apart in a vertical manner with resc[)ect to each other;

an upper said dusgFonnediigg meemizer andi said lopewing of wibsesend eapnaetingsmemberdiranisdidd as
said transporting nmeans at respective levels with said upper o‘geni ng and
| ower oplRArigek ghpnber side by meags gf bgipg AriyendA a6FiPToRHINERARIEE HySAib e r
transporting nmeans each conprises, wthin said |oad-lock cha r,, a gate
Vai ver § oo kuEEn AP TR GHBRRSRr Lok B OB SRR ik & Fved oh

Ig' SIS gzﬁ& ﬂ"rﬁgrg&gﬁﬁgtchasrﬂ@&tside[vﬂﬁ{xlespect to said gate bar, and is positioned within said

first processing chamber at the time when said gate bar shuts said opening of said first

15 connecting member; and a second holder for substrate support which is fixed on said second
processing chamber side with respect to said gate bar, and is positioned within said second
processing chamber at the time when said gate bar shuts said opening of said second

connecting member.

20 4. A plasma processing apparatus according to claim 2, wherein in each of said first
connecting member and second connecting member, an upper opening and a lower opening
are respectively provided as said openiﬁgs, said upper and lower openings being spaced apart
in a vertical manner with respect to each other;

an upper transporting means and a lower transporting means are provided as said

25 transporting means at respective levels with said upper opening and lower opening; and

said upper transporting means and lower transporting means each comprises, within

said load-lock chamber, a gate valve for alternatively opening and closing said opening of

NN



renber fromsaid |oad-lock chanber side by meanst[lﬁl

reci procating manner in said contiguoug directio

hol der for substrate support which is fixed on s

chanber side with respect to said gate bar, and is positioned within said
first processing chanber at the tinme when said gate bar shuts said opening
of said first connecting nmenber; and a second hol der for substrate support
whi ch i ssafd KRE corhetBhg nfegibenshd PIDERMmENg ¢ saidosebard wndecting tiemtes fiom sdid sai d
gate bar, and is positioned within said second processing chanber at the
ti me whelpad-Hiok ohainbebside bhneanssafi betingpdrivendn o recsprochtingonander Bigidifect i ng

menber . 5. A plasma processi ng apparatus according to .claj m3,

wher ei n ¢omtigaaus difectian of firangemento adfwsth rfmwsbs{raéﬂﬂpﬁa%&%%é ¥edSAnect i ng
menber, an internediate gate valve for alternatively .oBeni.n anﬂl.cl oai ng
sai d uppaid BrseRrasgssingichamber sigosithgpensriig spid gaehs a5 is BRINQASYEPR §31Y; o
respectively provided on sajd.load-|ock chanber side, in ai d upper
opening BHHPOSEIINES RS Sbé‘rﬁk‘ﬁﬁfn‘a 3616 gateabaééé‘f'fs 8?‘338?%n€§{;¥1¥?(§§?%i s shut
by neans of either said gate bar aid inte | : aid
trans por‘f‘iﬂﬁa&}%&ﬁ% : bér; 8’.“9 a Secoﬂagf)g{gﬁgor Brg%yéées{ugg%%gcrh axt9 gss(g%ééxggér{% isél%mté 0

claim 4, %ré;@%éﬁl%gpgﬂlggpﬁﬁ'e Qhth 3&pdetltd S5k ga@%ﬂeﬁa ligbsTRITRE fwithidls @ kétongcond

connecti , Internediate gate valve for® alternatively opening

and cl 0ShGessRiEEhHRBEF atIRE RirRAvIRAdaidaath ba9 Wts 041@ Opeidndyf smihsesond  bei ng
rotated, I s respectively provided on said | oad-|1ock chanber side, in

said first connecting nember and said opening of g BRGR e?,g&gepti ng
nina
"Iﬂﬁ}l MEt; a first
ssi ng

bet ween &ndctitippaembepeni ng and sai d | ower opening; and each of
sai d openings is shut by neans of either said gate bar or said internediate
gategval ve of said transporting neans. 7. A pl asma processing

apparatus according to claim1, further _conprising: . . )
Ti Jds i s5the rleplasmp mqesssjmg]mparanlseq;cp?rdmg to claim 3, wherein in each of said first

connecting member and said second connecting member, an intermediate gate valve for
alternatively opening and closing said upper opening and said lower opening by means of

being rotated, is respectively provided on said load-lock chamber side, in between said upper

15 opening and said lower opening; and

each of said openings is shut by means of either said gate bar or said intermediate

gate valve of said transporting means.

6. A plasma processing apparatus according to claim 4, wherein in each of said first
20  connecting member and said second connecting member, an intermediate gate valve for
alternatively opening and closing said upper opening and said lower opening by means of
being rotated, is respectively provided on said load-lock chamber side, in between said upper
opening and said lower opening; and
each of said openings is shut by means of either said gate bar or said intermediate

25  gate valve of said transporting means.

7. A plasma processing apparatus according to claim 1, further comprising:

O A



a substrate inport robot for transporting a substrate froma substrate

supply station to said |oad-lock chanber; and a pHREL! LB
robot, which is provided separately fromgsaid substrate 'Imc""“mei%ﬁﬁﬁ%dfor

transporting a substrate from said | oad-1ock chanber.
a substrate import robot for transporting a substrate from a substrate supply station to

[err] [err] )
said load-lock chamber; and

a substrate export robot, which is provided separately from said substrate import

robot, for transporting a substrate from said load-lock chamber.
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