;- ./ e3eWVWNNO RRUGUT. V3!t FI LM FORM NG APPARATUS Background of the
‘rnvention 1. Field of the Invention 5 The present invention relates to a

filmform ng apparatus for formng an insulating film for e
oxi di zation-prone film 2. Description of the Related Art 101“@“'%&N@W“@Ml
LSI is highly integrated, it becones nore_inportant to nake mﬁringﬂﬁgjned

on a sem conductor wafer ( hereafter,'reférred only to as-" a wafer” ) fine
and to flatten a layer insulating film A technology for realizing th

e
fining of the wiring and flattening 15 of the |ayer insulatinngwmﬂmwmﬁmWEm
is a well-known wiring techni queaM IFERMiaTGNEEARATIHOD. | n t
nmet hod, a predeterm ned groove is previously forned in the |ayer i nswts ng

film a conductive wiring material such as Al, Cu or the like 20 is
enbedded i nside the groove by a sputtering nethod or a CvD nethod, and the

wiring material accumul ated og%gkggﬁﬁgg JEOPNE iﬁvfﬁﬁggﬁd by a CW

(chem cal nechani cal poli shi —thereby formng a
wi ring. Through cleanjng and drying steps 25 after the CMP processing, an

i nsul ati ng fi?n1su§th£ %glg%%n¥ﬂY%?Fﬂ%gis further formed by the CVD met hod
to prevent natural oxidization of the wiring material. In f - 2 the
insulating filmfoFARtPERSEYEt FAVENDLaRt FotateRetRafefil® £Q4%4A9 0 wait in
a load-lock chamber in a vacuumor under an inert gas atnosphere_such as N2
bef ore t he wadpparatesr fordformbng han Cimspt atesgi Agls, chanbexamplsuppress
the grow ng of natural oxide filmof the wiring material. However, the

Wi ring nmateriah osi@ékpaseontpordhe Aibmspheric air during the fabrication
process fromthe CWP processing until the insulating filmbeing forned, 10

br ngi ng. about-a. dCSRAFARCHSE” A &SHT o Ak or &l 1o prone to” -
ol e goion, ST St IS O WAyl e od e o0 1
more important to make wiring formed on a semiconductor
wafer (hereafter, referred only to as “ a wafer” ) fine
and to flatten a layer insulating film. A technology
for realizing the fining of the wiring and flattening
15 of the layer insulating film, there is a well-known
wiring technique called damascene method.
In the damascene method, a predetermined groove is
previously formed in the layer insulting f£ilm, a
conductive wiring material such as Al, Cu or the like
20 is embedded inside the groove by a sputtering method or
a CVD method, and the wiring material accumulated
outside the groove is removed by a CMP (chemical
mechanical polishing) technology or the like, thereby
forming a wiring. Through cleaning and drying steps
25 after the CMP processing, an insuiating film such as

silicon nitride is further formed by the CVD method to

prevent natural oxidization of the wiring material. 1In



capabl e of preventing oxidization of a material as much as possible.

‘Anot her obj ect of the present invention is to provide a filmform ng
apparatus and a filmform ng 20 net hod capabl e of preventing oxidi zati on of
a conductive material as nmuch as possible in a nethod of fabricating a
conductive layer in an insulating filmusing, for exanple, a damascene
process. Still another object of the presentzinuention is 25 to prevent

oxi di zation of an oxidization-prone filmas much as possible in a film
form ng apparatus and a filmformng nethod for formng a film for
exanpl e, on an r , - 3 oxidization-prone filmusing a C/D nethod. In
order to sol ve thBeainsukahingnédlni Saunaniagebyathel fVPomgthgdappheat us
according to a first aspect of the present invention congrises:.a drying
chanber for 5 drypfigraile| eansdgdstBsVaateibndeloadréagkeghpmbesuin; aa film
form ng chanber for formng a filmon the substrate by a CVD nethod under a
r educed pressureYaﬁﬁﬂmaoFrﬁﬁg?EraBa%HeFBr9??aﬁ§F@FPPﬁéetﬁECQUB§tNate under

duced f he dryi hanmber .t h il 0_f ' hanb
A i1 form ng nEEFBHSaEES MRFSE b° CSBESRY S8BoEhSr CYRCPFPEEERnvent! on
i he st f: ' d hstr at d .
ressur o Transt SRPPRGE b EBBRFP SR cEHF: ATPHERpchA DA Bral REEISE LI, o
kept after the rggugﬁg-ﬁiggﬁgéﬁagéfiggi and forming a filmon the substrate

by a CVD nethod under "a're pressure after the transfer. An apparatus
according to a third gspeetyof thBeyREeA§NatBY-$AL 98 eRPBELACEs fpbi I st

substrate carrier 20 tor transferring a“substrate 1n an atnospheric air; a
second substrat eatmbépRér P& OXife@upi A§StheetaBPsesdion ppobBssf EFém the
substrate carrier for transferring the substrate in the atnospheric air;
and a processi ngcubapbetesfDad| enoil dehe venstlatingr €£envbaing hforhed,
substrate to/fromat |east one of the first substrate carrier and the
second subGtrat efenrexamplé prdpr togsshegdtying ubsep adrd ubbler 1 ake eafited
pressure. ro,

the cleaning, bringing about a disadvantage that the
wiring material is prone to oxidization.

Summary of the Invention

An object of the present invention is to provide a
15 film forming apparatus and a film forming method
capable of preventing oxidization of a material as much
as possible.
Another object of the present invention is to
provide a film forming apparatus and a film forming
20 method capable of preventing oxidization of a
conductive material as much as possible in a method of
fabricating a conductive layer in an insulating film
using, for example, a damascene process.
Still another object of the present invention is
25 to prevent oxidization of an oxidization-prone film as
much as possible in a film forming apparatus and a film

forming method for forming a film, for example, on an



An apparatus according to a fourth aspect of the present invention
‘comprises: a first substrate carrier for transferring a substrate in an

at nospheric air; a second substrate carrier for transferring the substrate
5 under a reduced pressure; and a third substrate carrier for transferring
the substrate between the first substrate carrier and the second substrate
carrier. According to the present invent4on,3for-exanple, the drying step
is perforned under a reduced pressure 10 and the substrate is transferred
into the filmformng chanber with the reduced pressure state kept,

wher eby, for exanple, in .the case in_which an oxidization-prone film such
as copper is forggégéﬁaFHQn§BEQPFaFélmnH?&P3IaoglalﬁﬁFbGH ‘of the

T L s,
AN IRl 6 6 %arwéaaCQBP§%§§§E 5058r3989e§8.ﬁgf&ﬁ§§bsﬁpes
compar ed {0 the BhesgaLebAXeoh Bl iHHCCHRERTELAE3SE LEGULLS, btk by

pressure inside t educed- pressure processrn Js “reducad ron1the

at”DSDher'ghpresﬁEgﬁng'?rETSSEESSQHBstEXEBthBQethW@éﬁhcthRkésEHQECeésary

to reduce e pres the at nospheric pressure alo e tfansfer

path of the subskhamerbiihyhendhyergrebarBenihg hheﬂml Bhnf @hgl ng chanber,
resulting in extrenely high energy efficiency. 5 These objects and

still other objestubs@pdtedsanhagep méthb& pnaeenk rédaabdoprusbhrbecaﬁa
apparent upon reading the follow ng specification when taken in conjunction
wi th the acconpaaytngndfaw pgth HoBrte&nbEerringi theosubbérbtawinderFaG 1
is a plan viewof a filmform ng apparatus according to an enbodi nent of
the present inveneduvoedrFpcesgure firpwrthecdryingi ehamberetiactbepEédmure
drying chanmbers constituting part of the filmformng 10 apparatus shown in
FIG Z, Fl1& 3 |§°§méhﬁr@hﬂﬂbeéxplalnlng fabrication process of a

sem conduct or el enent mhlch is fabricated through a dual danmscene process;
film forming method according to a second aspect

of the present invention comprises the steps of: drying
a cleaned substrate under a reduced pressure;
transferring the substrate with the reduced-pressure

15 state kept after the reduced-pressure drying; and
forming a film on the substrate by a CVD method under a
reduced pressure after the transfer.

An apparatus according to a third aspect of the

present invention comprises: a first substrate carrier

20 for transferring a substrate in an atmospheric\air; a
second substrate carrier provided almost perpendicular
to the first substrate carrier for transferring the
substrate in the atmospheric air; and a processing
chamber capable of delivering and receiving the

25 substrate to/from at least one of the first substrate

carrier and the second substrate carrier, for

processing the substrate under a reduced pressure.



FIGS. 4A to 4E are sectional views (first part) of 15 the sem conductor
el ement in the respective fabrication processing steps explained in FIG 3;
FIGS. 5A to 5E are sectional views (second part) of the sem conductor
el enent in the respective fabrication processing steps explained in FIG 3;
20 FIG 6 is a sectional view (third part) of the sem conductor elenent in
the respective fabrication processing step edplai-hed in FIG 3; FIG 7 is a
schematic sectional view of a CVD unit; and 25 FIG 8 is a plan view of a
filmform ng apparatus according to another enbodi nent of the present

on of..the Preferred Enbodi nment

i ti . - 6 Detaj i pti \

Lgyg?n;??er, preferreghéﬁgggﬁﬁé%§g %Fc?ﬁglﬁﬁe§8nﬁ fRYERR; 8APRFLI Ofethe

d i bed with . 1 Thi nbodi i | ai ned
Laking an exampl e Eroant biveleLoh MbREELsge ! 1o 2L APRE BEBFbrate cRbRELAF  h
structure shown ipsFlGafs ¥ Find Saf a4 AL €S {hrouah, a dugé dgnHSane
process. In a sem conductor eléenent e Ehi & e odFARAPICRLIC shltih 3 n
FIG 6, | | b4 ISt Lhi ] t f W
(2 water . herel nasaond SUBStARe Vad i 61 S0 Erafa PP EINS Db ThEBatRLEL
formed thergon wiidder | Ayesaddsl peddiufd) M PosEry-&f < L &dcéﬂf% ‘i‘;

a first organic insulating film 202a, a first inorganic Insulating

203a, a second orfyanitramsfidmting thd MBulidtr A BetSREEN O hd Of JAN C
insulating film205a. The layer insulating filmis formed therein with a

Wi ring 207b made sstbstimateexcamtier cpbearhe ascomb kst rer a1 S @dy and a
connecting plug 207a made of copper for 20 connecting the |lower |ayer
wiring 201 and the wi AARPIIbizy Rettieeprdrentayiavemsiom) | for fétamprad t he
wiring 207b and the connecting plug 207a, for exanple, titaniumnitride is
formed as a side t\%ﬁ 9LYid%e StERy 1S PArfigemest wnsdasnta amshred moresdivreusi ng
into the 2 | ayer__i | ati film ,Further, a silicon nitride film209 is
f or ned on% he suﬂ‘é‘gg&!’&f *ﬁ%@éﬁ%&ﬁd&é@@ﬁf@ré@émlmtﬂ@ ridwe flonmimgr al
oxi di zation of t ~ witing. An organic insulating filmwth a | ow
permittivity %%amber—w1t5 the reduc % pressure state kept, whereby,
for example, in the case in which an oxidization-prone
film such as copper is formed on the substrate, natural
oxidization of the oxidization-prone film can be
15 securely suppressed.
Now, a case of an apparatus having a configuration
in which a substrate, after processed in a drying
chamber and exposed to the atmospheric air, is carried
into a film forming chamber through a reduced-pressure
20 processing chamber is compared to the present invention.
The former case requires that the pressure inside the
reduced-pressure processing chamber is reduced from the
atmospheric pressure. 1In the present invention,
however, it is unnecessary to reduce the pressure from
25 the atmospheric pressure along the transfer path of the
substrate from the drying chamber to the film forming

chamber, resulting in extremely high energy efficiency.



characteristic of a permttivity of three or |ess can be used for the
organic insulating filns 202a and 204a. It is possible to use, for exanple,
an organi c polynmer such as PAE-2 (Shumacher Inc.), HSG R7 (Hitachi Chem cal
Co., Ltd.), FLARE (Allied Signal Inc.), HCB (Dow Chemi cal Ltd.), SILK (Dow
Chem cal Ltd.) and Speed Film (W L. Gore & Associates, Inc.). SILK (Dow 10O
Chem cal Ltd.) is used in this enbodi nent. F&Grther, a silicon nitride film
is used for the inorganic insulating film203a, and a silicon oxide film
for the inorganic insulating film205a in this enbodi ment, but, not limted
to these materials, f exa an 15 i norgani c, SOG flln1gg%m€e used. A

|
film having strength enbugh eé':'(ﬁ\ﬁD HHR PEreT RPIrSE scene
i it t i iG. f film?2 .. Next fil
Porm ng appar at ae Ve aAdes i P qd it AdyEhd o i EF mdiaie o1 i ng.
D o 1 I ! cal . '
sent conductor el GREarany i eRdHEHE S qfing Vad¥ B4 fon- when,

FIG 1is aplanoda g o fnoBilch Rith BRI i
perspective view of reduced- gr essure d_rlyi ng cha e_r? C nsfl_ta t%tftal%vnléisgpsg‘rt of
25 the filmformng apparat useiét Pedet SpLisseFBEhE Sesyingal Vview of a
CVD unit constituting part of the frImformng apparartus. - g Afilm

form ng apparatus 1 hagG qonfs GUplAVview WE & FIGASE i $ tad Pt d O
carrying, for exanple, 25 wafers W as a unit, fromto the outside to/from
the filmform ngaggpadingstb andembodimenyi of the paksend iinvenedonyf a
cassette CR, and a processing station 3 for performng predeterm ned
processing to the waf #IGW 2ané ianpegspecrive tview lof treducesk-giressurat | on
2, a plurality of the cassettes CR are freely nounted at positions of 10
posi tioni ng proj SEYLBAsChaRbexsacerstituE ingupartgofabhe fdlmn ferming i n an
X-directi?n (a verticaL dirgction in_FIG, 1) with the respective ports for
the wafer L f aci REPRRECPF oEBRWANENSFIGr0hi3 side. A first wafer carrier 11
novable in a directio f grrangenment .15 of the cassettes CR (the
X-direction) and in agagfegtﬁgn OEEQFFaEBEWEHPEBFnﬂﬁg %&%§F§a Bused in
the cassette CR adLreetiopn: j i Lon).i.s ftreely novable
along a carrier gﬁ?gggﬁ28gohage?%cégﬁé%gééeg§é§§b£agé%g§ 3 §8§ﬁ185§§8tte

CR 20 The vafertRabhyR’alduh$ 49MhsOEHEIpLE-BEsg! SO rotatable in a B
-direction so as to get access to a wafer waiting portion 90 for delivering

and receiving the waf Prcs0/ inotbasgeapadseatibRhl8¥iklist 12iPLRCHaATENIor
station 3 described below and to a waiting chanber 50 25 of the processing
station 3l8lescriteed sehbronductde elementi iy thetiespactitie rabeicuBidbhng
portion 90, a copper formation processing chanber 20, a

processing steps explained in FIG. 3;

FIGS. 5A to 5E are sectional views (second part)
of the semiconductor element in the respective
fabrication processing steps explained in FIG. 3;

20 FIG. 6 is a sectional view (third part) of the
semiconductor element in the respective fabrication
processing step explained in FIG. 3;

FIG. 7 is a schematic sectional view of a CVD
unit; and

25 FIG. 8 is a plan view of a film forming apparatus
according to another embodiment of the present

invention.



- 9 QW processing chanber 30, a cleaning processing chanber 120,

‘reduced- pressure drying chanbers 40a to 40c, the second carrier 81, CVD
units 60 and 70 as filmform ng chanbers, the waiting chanber 50 and a | oad
5 lock chanber 100 | ocated along the transfer path of the wafer Wfromthe
reduced- pressure drying chanbers 40a to 40c to the CVD chanbers 60 and 70,
are arranged. The wafer waiting portion=-90, & he opper formation processing
chanber 20, the CWMP processing chanber 30, 10 the cl eaning processing
chanber 120, and the reduced pressure drying chanbers 40a to 40c are

respectively install gd, 2l 90g pDEcSEEORINCRE! LRE Blok DBa%RhBohInaRECSS O
the second carrier 81 - tion
and the Z-direction ( iC i i i e a
carrier guide 82. Nbaﬁ%ﬁ?#g?%ﬁﬁg'C%BGSEF?EHG%ﬁgﬁgiggrk?hggyggﬁbgggggggsure
drying units 40a; AN § he HbERY 5 apgegnpko surround
the | oad-1 ock 20l%ﬁgﬁg%?ﬁlgé?Eaﬁgagggg%éggﬁgngﬁg ggg%gﬁggglggggPE val ves
111 to 114 enabl gegw@hgsti ghtness are provided between the respective
chanbers to nmaintain réduced-pressure states of the chanbers. Further,
ascendabl esand descenghbkeefiBbaimahtessléfpandnéds takéngr ani égdmple of
respectively between the second carrier 81 and the reduced-pressure drying
chanbers 40a to 40€abandabédnemethba b6frat semicondudtoandlementawtithga
chanber 50. - 10 In the |oad-lock chanber 100, a third carrier 46 is
install ed which stzmstere shewnainrFIGeonftwhichdisefpbricateddrhraygh a
chanbers 40a to 40c_to the CVD units 60 and 70, and fromthe CVD units 60
and 70 to the wafliphgdamengaperprocesfe whRef SEMiCARABSEPFoRlSUWent 200
provided with four support pins 91 arranged sp that the wafer Wdelivered

fromthe first caPrbBisgembedimentyas g8hQWRpsRt FiPnsf912 FRBSHat8YeHy hel d

by th t pins,91 |s. taken,10 by th i 81. Th

or mat i onkbr oce S RERS A tbe = 201 FRORSH S el b ALERARBEFOF nbBLhRi En(he "
for W ed : ! . 1 .

the out'side vi a VRESEasRerekhebebPl a8 duBPErate, ARG B hu8E Byol O

formation procesﬁifﬂnghfﬂ? rigofgfﬁe&ntHQEQbﬂgwgﬂPOég%Qg?P ﬁﬁ%ﬁfa%ﬂﬁg“ﬁfer

Wis carried in/out, and the opening 21 1s In ac ate by an

ascendabl e and desgf! &8t &f shahiREtdd 1f Mk o pr 8CE$858Jor§aResf or med
in the copper formation 20 processing chanber 20. The copper formation

processi ng chanbgns@lat ngrpi/imeroda ha apiasuuinscrgani€Pinsul itingnf imof

t he chanber bottom and a spin chuck is disposed therein. The spin chuck is
configuretlsto ro2@3a, by secondrorgani¢ninseliating Aitmi 204y andoa 25 while
fixedly holding the wafer Wby vacuum suction. The driving notor is

di sposed to be ndeedré imorgeniewinsulating film 205a. The layer

insulating film is formed therein with a wiring 207b
made of, for example, copper, as a conductive material
and a connecting plug 207a made of copper for

20 connecting the lower layer wiring 201 and the wiring
207b. Between the layer insulating film, and the
wiring 207b and the connecting plug 207a, for example,
titanium nitride is formed as a side wall protecting
film 206 to prevent copper from diffusing into the

25 layer insulating film. Further, a silicon nitride film
209 is formed on the surface of the semiconductor

element 200 to prevent natural oxidization of the



by a cylinder, whereby the spin chuck is ascendable and _ 11 _
descendabl e. Further, the copper formation processing chamber 20 is
provided with a solution supply nozzle for supplying a copper naterial to
the wafer surface of the wafer W The formation of a copper filmis 5
performed by supplying the copper material to the front face with the wafer
w rotated. In the CWP processing chanber <30, 7t hefront face of the wafer W
on which the copper filmis formed in the copper formation processing
chanmber 20 is subjected 10 to CWP (Chem cal Mechani cal Poli shing)
processi ng. The QQP_ﬁgfcessing chanber 30 has an opening 31, through which
the wafer Wis cafry 1n/out, and the opening 31 is in a closed state by
an ascendabl e and des e, ter 132.while the processing is,
perforned in 15 the c@§9§$%%¥g§§ﬁaﬁgﬁgﬁ%k?93€% BHELERF p 3%eE§F%ngﬁﬁhﬁér

30 is provided t I 1t .8 § I which the wafer WJjs nounted
and a rotatable @%e% I zittr%{e};télrac fcféatappﬁéalﬁ%%%%? pooi%]itslm%% ¢ ot 5t3R hed
t hereto which rot i i shi it , [ t he, fJont
face of the waf erﬁwﬁoﬁ?@? oq%lét% a Oﬁi?ﬁ%ﬁ%@@%@@ﬂﬁ%@%O&.
processi ngs t he fiont, &ﬁ@%‘ r i d | i [ shing
cloth with 5a fixed E)lrsessur égérﬁj&g)o}%;@;éﬁe vﬁ ﬁ]’fi c%(;’ma?glad!;bzérnals(‘?&eﬁg}éﬁsred
slurry contai ni ngudi asi PAR2D QsHuitacHesh 8% .8 ISR LoV HQldgH i n pH 1N
t he cl eani ng processing chanber 120, the wafer Wwhi ch has been subjected
to the CW proces¥iengcad Co-.,l2tdil)qaredret aNalePFilgHal MhRNocers ng of
renmovi ng slurry and polished-away copper. The cl eani ng processi'ng chanber
120 has an openi {§ow2Chemicalghtahi)ch STLE waber Clenscadr mited )i RhdUSpeaad
the opening 5 121 .is in a closed state by an ascendabl e and descendabl e
gate shutter 133F#M dWehE.pEe&essi A§spsipsesor dng.i)n t ISIIE ¢Rowng
processing chanbgh 120. . The cl eani ng processing chanber 120 is provi ded
with an ahflul ar &OgMEBa: DEfe ) cdfit BFeGr iphEhdRappbodimens, ZFuathera apin

chuck is disposeg.éhgrein. Thg spi.n_chuck ia configured to rotate by a
rotary driving forcES8P BLEFL anl &f WRPAeIPEx &ALy 1ROLEARACt he wafer W
by vacuum sucti on | VEE i i sposed to be.novahle up and down
by a cylinder, 8?§E§tgﬁ3 g%?ﬁngégéhuéﬂgig 3%@&ﬁ88b9§lggd%&i§cgﬁﬁaﬁhﬁ.
Further, the cl egpi E QC j 0 1 LS.provi.de ith a solytjon
supply nozzle fo%ﬂggg%ﬁ§?ngﬁghg?ggﬁgzggg%l% F%n}gfgﬁlgxgwgkg,mﬁﬁie &B#er

here to the waf enosulinceedf tbhensséenaVér ThesS! 88 Bgafbibheapef er Wis 20
performed by supplying the cleaning solution ?6 t he ?rSnP %écgﬂﬁjth t he

waf er W rD5 at ed. ifibegaricc806 pf £ha ungy by dge&hanes$1408al2nd0st ReRgth
chanbers each for drying the wafer Wwhich has undergone the Cl eani ng step,

and are stacked emreughofoRSCMPOphecessinsgoim the Fd€al 2dakastené phécess
reducedpressure drying chambers 40a to 40c is provided with a nounting
plate 37 for noukfifiyltdRlecdertietireepanindinsuldBingofitlmszedaabl e and
descendabl e support pins 38 through .
Next, a film forming apparatus used in the
fabrication process from a copper forming step to a
20 silicon nitride film forming step for the aforesaid
semiconductor element will be explained using FIG. 1,
FIG. 2 and FIG. 7. FIG. 1 is a plan view of the film
forming apparatus, and FIG. 2 is a perspective view of
reduced-pressure drying chambers constituting part of
25 the film forming apparatus. FIG. 7 is a schematic
sectional view of a CVD unit constituting part of the

film forming apparatus.



t he mounting plate 37. The support pins 38 ascend and receive, projecting
fromthe nmounting plate 37, the wafer Wfromthe second carrier 81. The
support pins 5 38 descend while supporting the wafer Wto retract into the
mounting plate 37, thereby nounting the wafer Won the nounting plate 37.
The reduced-pressure drying chanbers 40a to 40c are provided respectively
W th openings 4la to 41c through which aecess8 i s-possible to 10 the second
carrier 81 and openings 42a to 42c through which access is possible to the
third carrier 46 in the | oad-lock chanmber 100. The ascent of the gate val ve

110 enabl es the deliv§$y.ﬁ§nt e wafer  Wbet ween the second carrier 81 and
the reduced-pressure dfyrhg® =0T ARPIALYR Lokas hd BYREIFRrabien nis 41a -

irying chambers SO grdeb e ftARe’ 2 fod SReing , ‘oo sReo! ¢ he
gate valve 111 e I eljyv f t waf.er bet ween. t he

reduced- pressure rﬁgéc gprfbeérss 4%151 Y %co P (e | YK -’t‘%ﬁl@%fé??d’ért@o
through the openigas ‘]‘.’%@:lﬁi‘h&r%;}pa%%‘hfshq R W gafoégﬁtrg;a@%%fqrw

causes the reduced-pressure d ng chanbers 4

seal ed. Ansupper ig@¢/ovtchEhecadBdtteicai ded 5@3&&%‘1‘ ;
reduced- pressure dryi ng chanber 40a, and a Iowe%' avity éﬁ%&éﬂﬁsqi?nbgneath
the reduced- pr esgore péirfioRshitliaa AIMiNkY $TRIRTihg 1D TR Ls Fianpers
- 14 and the reduced-pressure drying chanbersS are Iﬁhé@d mﬁ?% g%kh ogﬁer

t hrough hol es 37ar47 int@&gaxad1§9untiited.are provi ded respectively between the
adj acent upper cavity chanber 39 and reduced-pressure drying chanber 5 40a,
between the adjacent Iadthedcpsestiee stagion ehambinraaidyimege the

adj acent reduced-pressure drying chanber 40c and the | ower "cavity chanber
43. The inside ofasRettpacE8 areafwepdyembanstddahbypasieibagsbrpi pe 45
provi ded the | ower cavity chanber 43, 10 and, further, an inert gas, for
exanpl e, gas PesathapingupppieatinnselBaf ponpacasppkyepimpantdngr ovi ded
at the upper cavgtﬁlchggber 39, . Thig nmintains the reduced-pressure drying
chanbers 40a to 488 Gnd8r1Bnand1B§s1Bt ABsHhdiregkion2 (RPUerticaher, the
chanber 15 tenpe .Q0f the duced- ssure dryi ng, chanbers 40a to 40c

i s maintai ned at§§¥§§€é§3nﬁPe?£§3C£?Tﬂg£ﬁoﬁggL5€§g€ﬁ #B8rPeEbsi forotheed

al ong the transfgrepat e m t he_reduced-pressure drying
chanbers 40a to 40c ?Jbtﬁ%c%£§>ﬁﬁ%tér%%éégﬁn?O?tiglﬁﬂdgcgﬁg?gur%df% she
exhausted so thapat&e &askfertPer bFe MR NL ai r uced- pressure
state. The | oad-Iock chanmber 100 fgé%rd%i edé?%gfg?ﬁf§ﬁt%€t%gg?ﬂ??ﬂggsrrier
46. The tI8rd casfitfie AasSefed ¢R CLUERG CE &L FLYPEN ANghdagy 8, base 46a, an

25 internediate arm 46b and a substrate support arm 46¢c which is provided

at the tip therebiredtmniomich dtwampemect i eNStRetwResrs eI Led Uiﬁaﬁ}]é- The
third - 15 carrier 46 delivers and receives the wafer Wto/fromthe

r educed- pr essur €afFsate GRintferd-didzedoiordc, a thertdaLindiseddicnyd 79 and

t he waiting chanper 50. The | oad-|ock chanber 100 is al ways mai ntai ned
under a 5 reducedF§iiss nakie gElonPa iaRBEPguidel N2 smsas stsuppl i ed
into the chanber.]ég t.he Jinside of the reduced-pressure drying chanbers 40a
to 40c is under °¢ S Iet fecedsitte qamh carralte MR+ educedpr essur e
breakage jghen the |o }loc chanber, 100, 10, recei ves the wafer Wfromthe
reduced- pressure dryi c“ha@%ﬁ)%rcsarzﬁ)’fﬁ o lyoks G igirediieide rksaf kept

under the reduce; re st at Further, plasma CVD apparatus are used for

the OVD tnits 60 e Tt sddtA Ladsershion sh eseﬁﬁoaﬁﬁeﬁf:?eéﬁdtphé CVD

units 15 60 and I el ced--pressure states, whereb

t here occurs nowrggde%(r:ggﬁgﬁgééﬁggtgr%glal?ggg%%g%]&ﬁ’eemP LECEivIngy Y

i nto/out of the ' 0w t i.nsi. de ,of, t | gad- | ack,
tR¥DydFelre +69 fg‘gvﬂ\ 80 W gl J.g{lZa_r %& . tlﬁle?%& Sragessing

chanber 100 kept under the reduce-pressure s
station 3 described below and to a waiting chamber 50

25 of the processing station 3 described below.
In the processing station 3, the wafer waiting

portion 90, a copper formation processing chamber 20, a



20 inside of the waiting chanber 50 described bel ow can be set to be
reduced in pressure, so that the waiting chanber 50 is brought to a
reduced- pressure state when the wafer Wis carried out to the waiting
chanber 50, thereby causing no reduced-pressure breakage with the 25

| oad-1 ock chanber 100 kept under the reduced-pressure state. Parallel plate
pl asma CVD apparatus are used - 16 respec®iveky for the CVD units 60 and
70 whi ch have the sanme structure. The CVD unit 60, as shown in FIG 7, is
conposed of a vacuum chanber 161, a |ower plate el ectrode 62 enbedded
therein with a h r 162 on, whigh the er Wjs npunted and an upper

pl ate el ectrode 163 WHIFEEIRA 5%5&1 LPAMENY NEPCPPHERI el ect r ode

ohanbar 101 tor i MY SR e RO ke A Ohrkp & 10
Forsupnl ving o G 3%, Meddi Wlaa Kk B b Ya iR 46 A AU i
be nscendant & anpoimtiny ChabFiotit Ly Wil B¢ AFE REG0o |
fromthe | ower plidck ehRGiHe3da 072 13eh tad %ltc{;'@f ‘:Lgfn%e[rhﬁeé(x}’!oﬁm% [Jascggorfr g i n

by the third carrier 46 while keeping it awa

el ectrode 62. TherafepP® ifridmNTheS réeueed presstiredry i diimHee s gl at e
el ectrode 62, thereby nmounting the 20 wafer Won the 'l oer plate electrode

62. The vacuum clranid®c t61thas caD chembegs650 s0d A, he W@hengld.s
carried in/out between the |oad-lock canber 100 and the CVD unit 60 through
t he opening 61 by the Thecemifesf walid igat portlivm BIY, tind ddpperp v tdbn S
closed by the 25 descent of the gate valve 112, bringing the inside of the
CVD unit 60 int oPEOFE§RLNg ShambersfyethenCMRi prociesdiimgnichamberf 30nat i on
of the sili,con ni%ridi film - 1 i,s performed under a reduced pressure

: 7

of 13.3 PiY% o 13%8epgleandngs BFOS%F@;&, chamber2 1803 andusde zedunedsti | m
form ng gas. The_waitin hanber EOWLS anglace into which the 5 wafer W
whi ch has been sﬁﬁfgﬁPﬁg ﬁﬁyﬁﬂg FRARPPEFEPRORCpASEc &SP ePREERAVEYD Uni t
60 70 is t ' j t third LI h ifi hanb
50 ' provided wipkeatiefneibil, BecBebRy; CaRern L RE RET BPLAY ERer con,
f dabl I : - pi 53 ' h ti
{abl e 54 an exhacstog 6 P Sehanai TAsriRE PherdZRSr SeRENIaTRFRSEntiver

50 to reduce pregsunévaBDé @nval vyeq1he&bi6ANaRg £RENSDqapdcEliBRe r
returning to the atnospheric pressure thé ingide o% t he ma?t#ﬁg gﬁéﬁber 50

which is 1% undevertiealicéiirpeeson)p aydthe Rshapsé. albfgi Askderbrt he

wai ting chanber 50 is set under a reduced-pressure state when the wafer W
is carried theregwidef8dm the | oad-1ock chanber 100, and is set under the
at nospheric pressure when the wafer Wis carried out of the |oad 20 |ock
chanber 100 by the fi¥eanghileerthe CYBecunitsi 69 shdnB@y SHehmedupedings 52

and 51, so that the ascent of the gate valve 114 allows the wafer Wto be
carried in/out DRESEERS YR -YBEES Habe? 400 amd the waltimg chanber 50

t hrough t he openi.,ng .52 ré’;\‘gd t he 25 ascent of the gate valve 115 allows the
wafer Wto be ca?lﬁ}'étbe# (AT D AT e NeF YT FRIL RGP R r Ledakeck he fi r st

carrrer ]fotr”cngﬂhﬁﬂg%(%%%vrgkéﬂascendable and descendable gate valves

111 to 114 enabling air-tightness are provided between
the respective chambers to maintain reduced-pressure
states of the chambers. Further, ascendable and
descendable gate valves 110 and 115 are provided

25 respectively between the second carrier 81 and the
reduced-pressure drying chambers 40a to 40c, and

between the first carrier 11 and the waiting chamber 50.



- 18 A fabrication nethod of a sem conductor elenment using the film
‘form ng apparatus having the above described configuration wll be
expl ai ned next using FIG 3 to FIG 6. FIG 3 is a chart for explaining 5
fabrication process of a sem conductor elenent fabricated through a dual
damascene process, FIGS. 4A to 4E through FIG 6 are sectional views of the
sem conduct or el ement in processing steps eXPlaimed in FIG 3. 10 First, as
shown in FIG 4A the lower layer wiring 201 nade of Si02 is fornmed on the
wafer W (step 1). Then, as shown in FIG 4B, after the wafer Wis subjected

" _ ninFIG he wafer Wis sul
mator ial i ih o A ERRcLeaBr1og FhanbeE EPO: anERLESoEaRmies ARO4E 500 nm
f bly, . i mat el y, 300 ' lied h W.b
Coati hg Lo covor PRESEERE R, CapPRREEs0Ehe: REFab, TFoPnTAG ASPRFER”
ng to cover “FRESORE by “F8PmAg &°FH:
matorial, 20 o LRopEbtERoTRet b Uppberh U8 BhOAOLT <bnEMETEYB uh it g0

insulating film e f -SmSHRLE d OWnt ergt MEe al,s 44
processing, for gﬁgn%pg,gé?vgﬁgyogﬁﬁaggﬁyukggé ?grSQEoZ? g% §§§0ﬁ8%F19ﬂen,
after the fowt eppgnBbyr soheat 25 processing, the wafer Wis subjected to

hi gh tenperature heat processing, for exanple, at approximtely 200C for

about 60 seconds in arhawya¥¥geRaitingOpoztiBarber és pwbkliaed wWhenwebar W
is subjected to hightenperature heat processing at approxi mately 350C for

about 60 secondssuppértopifnxygbnadtangedese, that tkenphferaw dsygesred

at nosphere of 100 ppm Furthernore, 5 the wafer Wis subjected to

hi gh-t enper at ur efhemt the of Esst ngantiappl bxisabelg BHOTtheéosuppout pinseconds
in a lowoxygen atnosphere and thereafter it is subjected to cooling
processi ng at apPtexiFaeevyfesd keldhbynthe suppont, pansi Abr §antaken
insulating film21l0 nmaterial with_a thickness of, for exanple, about 300 nm
to about 1900 nnPuboPE BhereeePnd Cappieki Rhtely 700 nmis applied on the

waf er Wwhi ch has been, subjected_to the coolin rocessing to.gover the
first organic insul at FR§ ?%PH?EOE?rFﬁ F@ByPFBF%FEQng FSF anaﬁgéﬁie 15

a9, 11 SRRl oy Anadok "EphATYRTENCeRSHARDLTR, GAFELEAL £ Y
et iy o shESELBRE! AL AP B’ 0D B0eRA"GaPEOGEEL AR tnar
the unit, wherebyytside via the cassette station 2 is first carried.

15 The copper formation processing chamber 20 has an
opening 21, through which the wafer W is carried in/out,
and the opening 21 is in a closed state by an
ascendable and descendable gate shutter 131 while
processing is performed in the copper formation

20 processing chamber 20. The copper formation processing
chamber 20 is provided with an annular cup CP at the
center of the’chamber bottom, and a spin chuck is
disposed therein. The spin chuck is configured to
rotate by a rotary driving force of a driving motor

25 while fixedly holding the wafer W by vacuum-suction.

The driving motor is disposed to be movable up and down

by a cylinder, whereby the spin chuck is ascendable and



the inorganic insulating filmmaterial on the wafer Wis gelatinized. An
exchange chem cal solution is supplied onto the wafer Wwhi ch has been
subj ected to the aging 25 processi ng, whereby processing is performed in
which a solvent in the insulating filmapplied on the wafer is exchanged
for another solvent. Thereafter, the wafer W - 20 1is subjected to

| owt enper ature heat processing, for exanpl dlat -approxi mtely 175C for
about 60 seconds. The wafer Wwhich has been subjected to the | ow
tenperature heat processing is subjected to high 5 tenperature heat
processing, for %ﬁ

anpl e, .at approxi.mately 310C for about 60 seconds in a
| ow oxygen at nosp e&%nw&e.f u t“rfé"rh,eq't e SanRet dP AR YhiRIARSSRiNG
o okygen: 10 ot FOEIRELE 2o, ExRarey nItE L s At 5 R 50 NF B | ng
processing at ap i L 23C. shown .in.FIL.G, 4 an organi c insulating
filmnaterial mﬁ?%ﬁgsgﬁ&ﬁbﬁéé%g%f£&$ﬁF BLFEL B0 E?G@ﬁ%%tﬁ?%ﬂ%%ﬁ‘%bo
nm nore preferallpg | matel 5 i.s applied hy..,spi.n coating on
the wafer Wwhich hagagggﬁﬁéubF@g¥£§Q®gQghé 853@i%§*’ﬁ3%3§§1 g5 thereby
form ng a secondper&aiined sabn g ihig #Fhel : t rQan
insulating film r%?’[eri al , [SL?IU_K Pg gg'eg here.éo;%te f%négtetrﬁ%lc%g)t f&rr% ofr%tnI‘T-e

second organi c i fackatiitd thenvattbe waketatgqsubj ected to | owtenperature
heat processing, for exanple, at approxi mately 150C for about 60 seconds.

Then, after the | owta@mpehat CMP pEatcepsdngs hagbeirNa oyafdie Wriohts jcect ed
to high 25 tenperature heat processing, for exanple, at approxi mtely 200C

for about 60 secefidshenwafeowWorngehiahmbhpheoppekuttinar ist ferwalieAinWi s
subj ected to high - 21 tenperature heat processing at approxi mately 350C
for about 60 secbhB8sCPRPAr| farmayien pracephéng, chembexalpl és anbgeyged
atnnspherg f 109 pem. Furthernore, the wafer Wis subjected to

hi gh-t enpef at ur e*ReSMF s(Ohericai MeghaniprbxPahishings0proeessdngecoiite in

a | ow oxygen at here and.thereafter |t Is subjected to_cooling
processi ng at aggﬁgxPﬁ%f%F§153C9h9@b§ﬁoah RAS FRE, ORENiRG Bhor GREPBIN

i | ati fil i ' hj ¢k Lof, . f I b 00 10
o about 1100 i rereche ¥aFsE b L8 BFERI R in0PuBo AR EhEpBPFRIRGNS he

f Wwhi ch h b } t i ' th
second organi c | eurat ng b oace L 88 M SoRREBEE At oo Rt e O°
insulating filmg&be (Shepesy 195 wheLd ngﬁegafpf C%%Selﬁ'iuié‘gﬁgﬂféf&&nﬂe” al ,

Nanogl ass is used here. After the formation o second" I’ norganic
i nsul atinigp f i | mthéecMpimrodls Sinprdhatbént 20 § herigdi diip PbLSESSE Nigy Uni t and

subj ected to aging processing by (NH3 + H20) gas being introduced into the
uni t, whereby 20chambemci@Qais prowided itiefeimwitiera aflan phetavader Wis
gel atinized. An exchange chem cal solution is supplied onto the
which the wafer W is mounted and a rotatable large-
diameter flat plate with a polishing cloth attached
thereto which rotates pressing the polishing cloth
20 against the front face of the wafer W mounted on the
aforesaid flat plate. In the CMP processing, the front
face of the wafer W is pressed against the polishing
cloth with a fixed pressure and polished with a
chemical abrasive called slurry containing abrasive
25 grains such as alumina controlled in pH.

In the cleaning processing chamber 120, the wafer

W which has been subjected to the CMP processing is



waf er Wwhi ch has been subjected to the aging processing, whereby
‘processing is perfornmed in which a 25 solvent in the insulating film
applied on the wafer is exchanged for another solvent. Thereafter, the
wafer Wis subjected to | owtenperature heat processing, for - 22
exanpl e, at approximtely 175C for about 60 seconds. The wafer Wwhich has
been subjected to the | ow tenperature heat pR2ocessing is subjected to high
tenperature heat processing, for exanple, at 5 approxinmately 310C for about
60 seconds in a | ow oxygen atnosphere, and, further, it is subjected to

hi ght t heat [ f pl t imately 450C f 60

seconds i n the | GFBRGGentAPHEEBhBPEIOTREREAPEAFeBBRBIA e SHPYLRGub ect ed

to 10 i i t mately 23C A ist.fli is f d

Lhe. second | nof GRIRELY naDRaPPRGCRPHTRABE GPEPRE \waf BP GPSANIRTnas boen
bjected to th N ' | I ' b

Jsed s the resi BORepRnd BaRABEEDR207A RN BendglFae; chEBhh, “FC.

and cool1ng procgasthochd REELE {°Hs2BH-P1EHCH RYBLRCI2RUPRAR! BpBRORGSS! NG

is perforned in an—aligner. e 0 which a pattern s poséd in

the alignegs is sybjegtedntq Beakeandtaee! bpJaRr a6€8aHARITHR A ter,
devel opi ng 20 processing is performed, whereby a resist pattern in a

predet ernined shaggcéfdaplaegatésshliictdeveBopivAgileotHei procédBling is
(tetramet hyl ammoni um hydrooxide) is used here. The wafer Wfor ich the

devel opi ng proceperfigrikédhés brencteaniryeprosesshhgcthdmberh2ad.anthe
cooling processing. Thereafter, the second organic insulating film 204 and
t he second i nor gaheaninguptrongséihgn @bdmber 230 asepeovhddd withhamn in
FIG 5A, by dry etching processing with the resist pattern as a nmask by
means of an et chapgulartcumhfB ahabhesceneeropfuthenchambars betbaw, orBdni c
insulating filmpattern 204a and_the second ingrganic insulating film
pattern Zg%a i n QhFRHN Checksiadpepesed bheresnr esEBRIPRANt ENERE Wfring

t 6). The etchi [ ' f d h i,ng, .f l e, CF4
Gas. After e cRORERGUPOCES SRALRER HaY  B<PaTapk| NEFRLRG FERDSCHE B0
Further, siml .1h h j ] st [
nsulating 111 m 3 el VELEC BFAETER nALHEY, EBETardBNpY olchoa

ith th i st h i j '
sl ating 111 m Parterneos o] The i Feing dhOLEP ARPalopBhed PORE | 1,

pattern 203a, aspsp¥le i dp R éﬁhniBy“@i@ﬁlﬂnaéfﬁsﬁﬁér89¥tfﬁé ggin

corresponding to the connecting plug 1s fornmed (step 7) hereafter, a side
wal | protesting ¢hieki ish Asééndebldi Md 28ésdendabbeent Fagthetf ushen of
COPPET 19 cleaning processing chamber 120 is provided with a

solution supply nozzle for supplying a cleaning

solution, for example, pure water here to the wafer

surface of the wafer W. The cleaning of the wafer W is

20 performed by supplying the cleaning solution to the

front face with the wafer W rotated.

The reduced-pressure drying chambers 40a to 40c
are chambers each for drying the wafer W which has
undergone the cleaning step, and are stacked one upon

25 another as shown in FIG. 2. Each of the reduced-

pressure drying chambers 40a to 40c is provided with a

mounting plate 37 for mounting the wafer W thereon and



20 formed by the plasma CVD unit on the side walls inside the recessed
portion 210 corresponding to the wiring and the recessed portion 211
corresponding to the connecting plug as shown in FIG 5C. As the side wall
protecting film Ti, TiW Ta, TaN or WSi N can be used 25 other than Ti N
(step 8). The follow ng fabrication process is executed using the
above-described filmform ng apparatus 1 ant3 --24 thus the operation of
the filmformng apparatus 1 is additionally explained using FIG 1, FIG 2
and FIG 7 as required. The wafer Won which filns up to the side wall 5

protecting filml 06 are fornmed s housed in the cassette CR nounted

on the mounting tfz;%'ﬁa %feréf‘ekf]rfe ac’éfgs ?ﬁ“ee?fi?}i’ld%‘f’ MPRRDFe RENS o368 UbpFetesed
waf er Wis transf f e,,from.a wafer cassette CRL through the
wafer carrier 11 t?{)ét eu%neq?%? n3gJ‘10%‘? tTURPYF e Hrareand mpd
station 3 side a l L b Npor ' 91. The. waf Wheld by the

waf er waiting po%‘%ﬁ"&j %bsg({feac?sﬂfqpefrferﬁ%&%ﬁé“%%w Vﬁae;e gajr'ri eg1

t hrough the openiyiFredl w Hdnd 6 YUY d rocessi ng chanber, 20. 15
The wafer Wtransferred into the pr ocggﬁéﬁlhe%nnbaglr' i gﬂgéec%}p@%fr?éﬂdlsoy
vacuum suctsi on b3 8 eRizT eRid mlsaoighﬁaiq:lg stq? i . t L Th

copper material is supplied to the center ngjf t e%%aﬂfété-}r VC\/q:vaC#%tg%é:tV\éﬁgﬁp W
rotated by the driihd mpumtiog plateecidy ,2q heHedAd mithitio o YHRER ki al . over
the front face of the wafer. This forms a copper filn15€7 onV% e WA$S¥IVVas
shown in FIG 5Dthenrmedditingcpilpee 317 .t h@hs Hed@ce U 9rgingl0 and
the connecting plug recessed portion 211 (step 9). 25 The wafer "W forned
with the copper Fhambezrst 4RentouttOcf atriee propided eeamicceivelgcasthng
chanmber 20 by the second carrier 81 and transferred into the CWP -
processi ng chanb@Pe3angRr 4dghtehdlepshiraygblwhikk wetesswiss posesibde @b t he
flat platﬁoin thg CwvP Ero essi ng chanber 30. Then, the |arge-dianmeter flat
plate with% he pSPPsAPRGE| 6RRTAELaBhcANEhEPENGNDS B2Rotat 4acCi hhyougha

manner for the pglishing cloth to contact the front face of the wafer Wand
is pressed with ghkﬁge gﬁ?ggsﬁ?e?ogﬁlgﬁﬁttPhEhFrBﬁﬁrﬁaEErSFEFhésméﬂthﬂ/is

lished with th ] | [ ASI |1 | | ni b i
D meauen ns! MEoRHETLER! oRABSE'Tab2 | Sl ulbenr B8 BhE' BHLELATES, | pe
copper on the fropd £3sE165 the SEFPHE HBEQEHECW,Lfégll@t%ggwf?iﬁlg"tﬁcma whi ch

is not corresponding to the wring receSsed portion ﬂnecting

plug recessed posécond E€QBPLEY I SIBARE MBhENLYJHESHI g recessed
portion 210 and the connecting plug recessed por??gﬁégﬁﬁ%étﬁ%¥i§§ form ng

the wiringd 207b eMnmbémsc@mmebéimmcptm@oQ@Hatmét@peﬁpﬂgspraw€$eglgymhich
has been subjected to the CWP processing Is taken out of the CMP processing
chanber 20 30 byaRdethecdgrrent roertisd gate tvalhes el @dcanes tige cl eani ng
processi ng chanmber 120 through the opening 121. The wafer Wtransferred
into the cleani PRI RF Wiarfber ing chambersirdy tel 40dytadseium suct i on
by neans of the_g i.n chuck disposed in the cup CP. The cl eaning 25 sol ution
supply nozzle is jxr)ﬂﬁ}é]d Wil dup fiYsHheE nethe asrent of wthegatemnplve
drameter of the v el Yhd ALy TG Waddl Wb etuden i

20 reduced-pressure drying chambers 40a to 40c and the
load-lock chamber 100 through the openings 42a to 42c,
and the descent of the gate valve 111 causes the
reduced-pressure drying chambers 40a to 40c to be
tightly sealed. An upper cavity chamber 39 is provided

25 on top of the reduced-pressure drying chamber 40a, and
a lower cavity chamber 43 beneath the reduced-pressure

drying chamber 40c. The spaces in the cavity chambers



- 26 supplying the cleaning solution over the front face of the wafer.
This renoves the slurry and the polishedaway copper fromthe wafer W After
the cleaning, the wafer Wis rotated with the supply of the cleaning 5
solution fromthe solution supply nozzle stopped to thereby drain the
solution. The CMP processing chanber and the cl eaning processi ng chanber
are arranged in the sane filmform ng apparatds i this enbodi nent so that
the wafer Wis speedily transferred fromthe CVWP 10 processing chanber to

t he cl eani ng processing chanber, thus cleaning and renoving the | eavings

produced in the r,ocessin efore cured. This fabricates a conform ng
semi conduct or el % B‘l}/ﬁ t]f?ci”fbc’gch'zﬁﬁ?‘ﬁgssu% TG | Ghanhers (Rke hinked wafer

i SR A & A
reéuceg-pressure%oéfmﬁﬁﬁ%%%ﬁg? 2’? eoelfbht %@%ﬁ'ﬁgr%r In the
bl ate 37 and t hen ihd” SHRERE P %nd Hedticl-nb da Rl MLl ISR e
of the redsced- prﬁ&%umt@lfe\ém&h@%'moen%o&%é&-&fé&?nﬂ%‘%ﬁg he

chanber is brought into a reduced-pressure state o austi ng

air therein fromdhambexrisgusindoibeewéen hel d@riadldnt f@ﬁd&&ﬁiﬁ%@yyﬁﬁﬁ”rier
81 i s disposed - 27 in the atnospheric air, the inside of the

reducedpr essure diryiing chamber id9ceapdsete lokes lavityhehambaid 4ahen the
wafer Wis carried into the reducedpressure drying chanber. The inside of
the reduced presSheeidsjdegothaieespakeseciier alwayal \sxhaustkedudlyednf rom t he
exhaust pipe 45, and further N2 gas is always supplied thereinto fromthe
supply pi pe 44, ®FBAEE} PApPeddScpmpvifiedhatgshe \lowes ta¥igyi chiambest 48RS
t he insidi of the reduyced-pressure dr¥ing chanber into a 10 desired

r educed- prlssur e 28at EUTrbhETr dARgLREEEN985dedPre@xAIDdSs B n@aphife. The
wafer Wis laid ig t he reduied-p£ﬁssu%e %rging chanber 40a for at |east 40
seconds to 120 s&c¥REE GHERFIPHetPELGERIIFPRsSUFUPPLNPARE B4r PEPHLAGD

drying after thgaEIgggingeEuEEQEEZréﬁﬁkggriggidegﬁgaéﬁsiﬁﬁggﬁgﬁiﬂressure

dryi ng chanber is reduced™In press ere-"to” be flert gas

oo preT o o he) 2Rt o8 pP8LERrd) afhenk CAHERABLESTYES U YhRILARIVSE ko

brought into a | ow oxygen concentration state, theéereby suppressi

20 oxidi zation ogasoppgéspiiégevefes. IV pbhch hasthasen. éhieeéhHﬂgéf reduced
pressure in the reduced-pressure drying chanber 40a is carried into the

| oad- | ocklghanbetepérayutdeot hind ceduted-ghesButbedt9afyl 8akmEEREDEHaZ00
t hrough the 25 openi ng 42a and an openi ng 101 which are produced by the

ascent of the gate 4@¢vis IMdintkihedtée, ghvr emhmplé]ll12B8%¥CJn ascent, the
gate valves 110, 112, 113, and 28 174 are in descent, whereby the
openi ngs correspondi n§hehépadolaek ehamkdrb}00hisr depatedvalgagethal ves. In
t he | oad-1ock chanber_100 is almags kggt in a reducedpressure state of 66.5

Pa to 266 Pa, sotF IR TR PRl PL sthe Watek W frems then redueedrpressuresur e
drying charmber drying chambers 40a to 40c to the CVD units 60 and 70,

20 and configured to be exhausted so that the inside
thereof is maintained under a reduced-pressure state.
The load-lock chamber 100 is provided therein with the
third carrier 46. The third carrier 46 is of
articulated arm type and has a base 46a, an

25 intermediate arm 46b and a substrate support arm 46c
which is provided at the tip thereof, in which the

connections between them are turnable. The third



40a to the | oad-1ock chanmber 100 under the reducedpressure state. Wen the
‘wafer Wis carried into the | oad-1ock chanber 100, the gate valve 111
descends, closing the opening 101. The inside of the |oad-lock 10 chanber
100 is reduced in pressure and in the inert gas atnosphere, so that the

i nside of the |oad-1ock chanber 100 is in the | ow oxygen concentration,

t her eby suppressing natural oxidization-of r®pper. Thereafter, the wafer W
is carried into either the 15 C/D unit 60 or 70, for exanple, the CVD unit
60 here. The transfer into the CVD unit 60 is performed through an opening
104 and the opening 61 produced by the_ ascent of the gate valve 112. The
waf er Wcarried ¢arbienet ovieliversoand receivest hbe| vagerpWate/ Eredt r ode
62, 20 and the gate valve 112 descends, ¢losing the openin gp. The inside
of the CVD unit ©@ei%ediGhiltRECHFLNE W@@l\ﬁ’%g'ﬁ%eﬁsfgp?n Fgr %y §8€ from

the supply pipe 165 under reduced-pressure stfate of 13 3 Pa to 1330 Pa. A
radi o- f r equency $¥9w9n+gsa€$l?%é;i@t%ﬁiht?%éwﬁﬁb%?gZ%h%mgfﬁ g?éCtT e 763

d the | I d i ch, di d . b d h
el oo SRS CE SR O R BBt OB L
n U de (SN CTLG00 AL Akl KRS ofg 0o nand pasOun g e e
After the formtu pfed Nyl | (EOTIiRLAL TAd Mnd hen0RiE Jrvehye 112

ascends, and the I's taken out by the third wafer carrier 46 through
the openings 61 gawhddd-prukdiptd diyide diarbérskyshapbesod00s Jh@seadt er
the gate valve 112 descends, closing the opening 104. The wafer Wheld in
the | oad-lock cheedhesedrdssuil tatansd riltské ecufe N6l tédgoedit 50

t hrough t he openi ngs 103 and 52 produced by the ascent of the gate val ve
114. In this evemtesdure dpssakeysd Whodn tihe vibbdd+paini ¢hdfbes 160 a cl osed
state by the descent of the gate valve 115, that is, the inside of the

wai ting 119 unit rEreives cshewsEfer W of raw el -reduced-epressereidyy ine val ve
closed. After the wafer Wis transferred to the waiting unit 50, the gate
val ve 114 descerfiamhgrsdiGy thad Gpanitly He iinvide ctheeerEikert undenaf er
Wis nmounted 20 on the nounting table 54 in the maitiéi%Lnﬂt 50, and the

valve i s opened & FRMCSIRIGTHIE S B TARP 51 THIRKRE  (BAER OFR ngi ng t he
i id f th it it 50 int h t i te. At th
boint ot i e wiEPTE R Arpete Ao i S S AT Thea” the 26°

T 1 T W04 O St S

produced by the ascen e valv -out IS

housed i ns col I@LtIMY 70 230 21605 IRIPte riPerd SRARSSH PrddureSeitess,

nounting table 10 of the cassette station 2.
whereby there occurs no reduced-pressure breakage when

the wafer W is carried into/out of the CVD units 60 and
70 with the inside of the load-lock chamber 100 kept
under the reduce-pressure state. Furthermore, the

20 inside of the waiting chamber 50 described below can be
set to be reduced in pressure, so that the waiting
chamber 50 is brought to a reduced-pressure state when
the wafer W is carried out to the waiting chamber 50,
thereby causing no reduced-pressure breakage with the

25 load-lock chamber 100 kept under the reduced-pressure
state.

Parallel plate plasma CVD apparatus are used



As descri bed above, according to the filmform ng apparatus 1 and the film
formng nethod of the present invention, the inside of the drying chanber
in which the drying step after the cleaning is perfornmed is reduced in
pressure and brought into the inert gas atnosphere, so that the inside of

t he reduced-pressure drying chanber is in the | ow oxygen concentration
state, 10 thereby suppressing natural ox+di zbfion-of copper to obtain a
sem conductor elenment of high quality. Further, the second carrier 81 is
instal l ed under the atnospheric pressure in the above-descri bed enbodi nent,

but it be i 5 . The installati
uﬁdelr t gyr egui:g?%rﬂe{%:u% a elt %ﬁgg(ﬂlp%r r@%«f(ﬁyﬁﬁic&@q‘& Iu‘?%‘{'g tﬁel o
oxi di zation of coppgs i | iy erred.fromthe CW
processi ng chanber to éta{?ed(%e&ﬁ'eﬁ%s&dr zlr{cfftsrbﬁlgg' FEARYD S NEYE - Tnot her
enbodi mrent w | | j i . Fl 8 i | an vie
show Ing a f;N: m f?%m@r%%ﬁﬁ?g?ﬂﬁ%%eﬁ@ﬁn?ﬁﬁ {el%"fefrr%@oafwng e
apparatus in Fl Gel2dtaod mzstentﬂé@mmﬂxﬂwiaélg ¥ r{e‘%@% tf&;’g} eg,pl FIG 1,
Wi Xp

and thus only the points different fromthose in ai ned.
In this enmsodi menthicts theowafier W Gs Bouhted andl arp&@fpee&sgﬁ%@par at us
waf er

1000 includes a processing station 3 which conprises wal ting
portion 90, a cogjectirodentliédn whicheisi My spoaBdeoppdscll Y NN

chanber 30, a cleaning processing chanber 120, CVD units 60 and 70 as film
forning chanmber splake adectirodel 62 ,anneeahangtupipe3A®6f provddEdGeary i ng
groove, and a resist _renoving unit 340 for renoving a resist after the
formation of thether Lryeyr ov¥sionupthshe vagdumochauberbd6d 4£6r 140 and 240
are provi de et ween .t he progessing station and at | east one of a
10 ided b h h 8 [ [ 3 d I f
first carrier unP¥"398hiR9atbecaRE1ESr PEethgnvaceam chamber dfbBodamdnt,
each | oad;],ock c r serve s_a _redquced-pressure_dryi ng chanber
wever, is c r o] - a
rovever 1077 s 180BRTE BERE 6B opEaridetnatl bha: FoskLatianaet 100 QEwkpe
function as the ggg d- r rying_chamber. The.load-| ogck chanber is
configured so that #ﬁ@ ?ﬁéﬁ%éytﬁg?e§?rc HPngéRﬂaﬁs?ég? %ﬁEWéB? g8Scan be
kept in a reducegdnpbeers’ fashhCenibiPeig1t Neplngi,de, 0t 2 he,l oad- | ock
chanber is maintained under a prgssurefoiﬁ%B.SAéa§#§w§6%nPgI§fth’h@gﬁﬁg
supplied therei né@pp&et Veeis €68 hpbRaLr 4 0£Kg CEREVEEWAP I Y BEe PEPSEFELAY
62 to be ascendable and descendable. The support pins
15 63 ascend to project from the lower plate electrode 62
and hold the wafer W which is carried in by the third
carrier 46 while keeping it away from the lower plate
electrode 62. The support pins 63 descend to retract
into the lower plate electrode 62, thereby mounting the
20 wafer W on the lower plate electrode 62. The vacuum
chamber 161 has an opening 61, so that the wafer W is
carried in/out between the load-lock camber 100 and the
CVD unit 60 through the opening 61 by the ascent of the
gate valve 112, and the opening 61 is closed by the
25 descent of the gate valve 112, bringing the inside of
the CVD unit 60 into a tightly sealed state. In this

embodiment, the formation of the silicon nitride film



chanmbers, a wafer carrier 46 or 47 as a vacuumdelivery unit, in which an
‘arm 146 or 147 is provided therein. 25 These arns deliver the wafers W

whi ch have been dried in the | oad-1ock chanbers to the CVD units 60 and 70,
the etching unit 300 and the resist renoving unit - 32 (asher) 340.

Next, processing steps using the apparatus 1000 of this enbodinment wll be
explained with reference to FIG 3. In +hislgnbodi nent, steps after step 6
are perforned in the apparatus 1000. After the conpletion of the devel opi ng
processing in an external apparatus, the wafer Wis returned to the first
carrier unit 12 and trﬁnsfe red.through.the. 10 Ioad-locE f&ggbfrvg40 and
the wafer carrietS 5 IRTe1RIRH; A EANTSR R SGRLFE Phe er 2W?s

The wafor Wis T Tdber oeheoxdbblel $5HCHaNE Y 2 3R g i

340, where the rgsjst t is stripped, and then a second organic
i nsul ati ng filn1§%%iéﬂ%§%§ﬁ% ?%%?ganic insulating filmare patterned (step

6). Thereafter, the r i ch ragi Ly ; r o} e
first carrier unit 12@§ r%%%ﬁf?ﬁecﬁgga%?ggg gﬁaﬁbg?gggoiﬁgat?ggg%eFégd to
20 the extﬁr nal RPREF aF Ush 1&h Dead Wd e sh19j 8@V tH enéepith PEEHMSFTon

t her eon. ter the formation of the resist” pattern, the water wis

subj ected to et ghideesEithd e Sthé ey i Wi ©S60 ot eo af oreempolr st £pg and
further to patterning of a first organic insulating filmand a 25 first

i norgani ¢ i nsul atamgidd |by ((Hepclyird Tdtemrriehe phees neaidihgnchahoens5@ Ti N
film(step 8). - 33 The wafer Won which filnms up to a side wall
protecting fil misywrovlikdnlfloraptbust ingrsikle il ffomneéwntingttherrier
unit 12 through the second carrier unit 82 into the copper fornmation
processi ng chantafex W sthgrenn, Mfowr asrendabie iand clesernddplRr film the
wafer Wis transferred into the CVWP processing chanber 30, where it is

subj ected @ o CVEYRRRISS P (3t RPNSHLating, thednoutetndytable i R ed by
be.ci caned. - The SERRTSRERS iUt U detedRTLq% oL AR Tt b ess! ng
s transferred by, e 5600nd, CAISE Wldedle | A % £1 FENRELIRT Q58554 N9
opened and closed for returning to the atmospheric
pressure the inside of the waiting chamber 50 which is
15 under a reduced pressure by the exhaust. The inside of
the waiting chamber 50 is set under a reduced-pressure
state when the wafer W is carried thereinto from the
load-lock chamber 100, and is set under the atmospheric
pressure when the wafer W is carried out of the load-
20 lock chamber 100 by the first carrier 11. The waiting
chamber 50 has openings 52 and 51, so that the ascent
of the gate valve 114 allows the wafer W to be carried
in/out between the load-lock chamber 100 and the
waiting chamber 50 through the opening 52, and the
25 ascent of the gate valve 115 allows the wafer W to be

carried in/out between the waiting chamber 50 and the

first carrier 11 through the opening 51.



120 to the | oad-1ock chanmber 40, where it is dried 15 under reduced
‘pressure. The wafer Wwhich has been dried under reduced pressure is
carried through the wafer carrier 46 into the C/D unit 60 or 70, where
plasma of the filmformng gas is generated to forma SINfilmon the wafer
W20 (step 12). This forma a sem conductor el ement 200. Although the copper
formng step is perforned by the spin ceatid@ nethod in the above-descri bed
enbodi ments, the filmcan also be formed by an electrolytic plating nmethod,
an electroless plating 25 nethod, a CVD nethod or a sputtering method.

ovedeser Tbed ormonrit I ohd RN R MREDdhdle |
formed by, for %@@' ethéo?%&ﬁp!fa-rmhg gk,%%]&@t%@ %fe;,ctﬂena lyx_case, an

SOD processing cha r can beé di spose ace o opper formation

processi ng Cha”b%%ﬁggib@d5ggh@i hrafdohl Gi18 PeUAETHR ndi’ sty

carrier unit and the second carrier unit are al nost perpendi cular to each

other in the aboyggdegcipbpdcenigQdi FRELS3 Rt a2 chAR Foraldxplaiavngg. for
exanpl e, one of the carrier units is 10 possible. In this case, the

| oad- | ock ghanberfabiieatednc piopeess vife adsyini¢ondadter) dlemntanged to
exi st between the processing chanbers and the carrier unit. Mreover, the

expl anation is gifebiritakiedgthireughnacdoadlc damasefeae prozesshsEIgse UA t he
above 15 descri bed enbodi nents, but the present invention is applicable to
a substrate for &ol #Buictironght ELGdedi exre Wectiopedi iiewsl pf the present
invention can be applied to a case in which a substrate forned thereon with
a filmsuch as cégparopduekorsepemgitt dnoprocessilsg siepg expdadaedndn
dried, and then a_filmof some kind such as a silicon nitride filmis
formed on the oxfdfzadironprone film The drying step is performed under

and the [ form ng EiE8ts SBoFrBMRed 28 THaR SRS AP EEodaleE. RHdRgDy
secureL) Sup e=3000gIabUEs) o951 L edloh "uENBbAR HEEE R LT S
e o ool 85, el Bl O Sl wah, BTV € sgopPe
nitride filmis gapyRdt@A tBecooling processing to approximately 23°C,
an organic insulating film material with a thickness of,
15 for example, about 200 nm to about 500 nm, more
preferably, approximately 300 nm is applied on the
wafer W by spin coating to cover the lower layer wiring
201, thereby forming a first organic insulating film
202 (step 2). As the organic insulating film material,
20 SILK is used here.

After the coating of the first organic insulating
film, the wafer W is subjected to low-temperature heat
processing, for example, at approximately 150°C for
about 60 seconds. Then, after the low-temperature heat

25 processing, the wafer W is subjected to high-

temperature heat processing, for example, at

approximately 200°C for about 60 seconds in a low-oxygen



5 oxidization-prone film the drying step is perfornmed under reduced
pressure, and the transfer of the substrate fromthe drying step to the
filmformng step is performed under reduced pressure, thereby securely
suppressing natural oxidization of the oxidization 10 prone film The

di scl osure of Japanese Patent Application No.2000-146314 filed May 18, 2000
i ncl udi ng specification, draw ngs and cl-ai nsl%re Herein incorporated by
reference in its entirety: 15 Although only sone exenplary enbodi nents of
this invention have been described in detail above, those skilled in the

t will di | i at ed that dificati ible in th
exenpl ary enbodi AT RHTiTUr FHATITH 150GHARET ) 53 GHRRIREERA cho ik ngs
20 and advant S, ti r di ngl | | h podj figati
are intonded to netmeBng WY PhodStiln W dador et o0 g
CLAIMG 1. AN appagights 6 ¢° YRIDrdd'%in % "dplo RS TR LI LET O

p ate

transferringasu strate I n an at nbspheric arrs

carrier provided gistle pearrpqﬁﬁ,i e iJst at ier for
transferring the subrﬂs?tir ate in P?Cgﬂat rm“{so:c%‘ﬁ)teﬂrﬁél(?ccJ é{f;l%gﬁg{br ?cu(eig{stl{erﬂﬂocq?dnber
capabl e of sdel i valiegraFed WEGR \uby ddtRds Wos i+ ! one of
the 10 fi rst substrate carrier anc;wjt he second lgjlﬁstér&{é{%ﬁ?zﬁrﬁ er, for
processing the sphroidesisdingnder approsiarddlieISWE. fdr ABBuRPRAN 8kHsnds Set
forth in claiml wherein the processing chanber is a CVD film 15 form ng

chanber. 3, The dmpar dbwsoxygeat attmobphietechaidntherdaateim ifthda spr ocessi ng
chanmber is an etching processing chanber. 4. The apparatus as set forth in
claim 1 20 wher eiStibfjestedotessiond ingapirecess iagr esi sipprexivatelghant@r. 5,
The apparatus as set forth in claim1l,. further conprising: a cleaning
chanber for cleaning e SQWs A& FIGA5 4fhedi fnorgaguilss timsd adlisaned 1im t he

cl eanin hanmber i s dried under a reduced pressure in the processin
chanberg %o 37 ma%erlai w1tg a thickness gf, for example,pabout 30% nm

to about 1100 nm, more preferably, approximately 700 nm
is applied on the wafer W which has been subjected to
the cooling processing to cover the first organic
insulating film 202, thereby forming a first inorganic
15 insulating film 203 (step 3). As the inorganic
insulating film material, Nanoglass is used here.

After the formation of the first inorganic
insulating film, the wafer W is carried into an aging
processing unit and subjected to aging processing by

20 (NH, + H,0) gas being introduced into the unit, whereby
the inorganic insulating film material on the wafer W
is gelatinized.

An exchange chemical solution is supplied onto the
wafer W which has been subjected to the aging

25 processing, whereby processing is performed in which a
solvent in the insulating film applied on the wafer is

exchanged for another solvent. Thereafter, the wafer W



6. The apparatus as set forth in claim11l, wherein the processing chanber is
‘capabl e of delivering and receiving the substrate to/fromthe first
substrate carrier, and wherein the apparatus further conprises: a polishing
chanber, capable of delivering and receiving the substrate to/fromthe
first substrate carrier, for polishing the substrate; a cl eaning chanber,
capabl e of delivering and 10 receiving the 20bstrate to/fromthe first
substrate carrier, for cleaning the substrate processed in the polishing
chanber; and a drying chanber, capable of delivering and receiving the

substrate to/fromthe tirgt sgbsﬁratg 15 caﬁrier f%r drﬁi%g.unde% a
reduced pressur e Ph8URIEGEPS: £OC8YREGMPRIAHULE| BEATNELOREREENT 7 0% he
apparatus as set fortg in_clai é .é EE r q?r'gin .. C &d é' film
form ng chanber,e§3$3 Pe 8£ %Bg% i g?l g ézg réée v?%%uth s%% éﬁ@fé
toffromthe first SUDRHLALECER il GhichOhakObRERISRLIRANUG! ke chidl Mg L he
substrate formed with™an rnsulfating ril mhaving a recessed portionin a
front face therepfp hbatNotBEeb8SRSSSH PRLLLAReq2? gLn the
substrate fornpdeé?%ﬁrgﬁgfgoh%acthe ?%$n1§n thg céngugtivgwﬁgpn)fornﬁng
chanber |55p0|'Sﬂéﬂpéfaﬁﬂfepﬂéhﬁh?ﬂgcégéﬂﬁér $8rt Bahmphe,cqeductive film
38 _forned on the front face of the insulating film except for the
recessed portionapproRihgbetyasayC Sor\aRRar 6l UsecEnd@®! 15| ddlow-dxy§dn
substrate carrierp?or transf%rring a 5 substrate in an atnospheric 5??% a
second substrat eatmospreréprahdanstetheng itheisubabrjeteedntder hagheduced
pressure; and a third substrate carrier for transferring the substrate
bet ween the firstempésatare beatiprocessinhg, 10o0xeewanpiabsatate carrier. 9.
The apparatus as set forth in claim8, further conprising: a processing
chanber, capabl e2PPresingtelyiglaf¢ it meaandss s td ak@W1H¥IRM t he
second substrate 15 carrier, for grocessin t he_substrate under reduced

pressure.100. ThAtBPPRheres sEheEeafbern thecvafersy £8:enRICEEBArFQing: a
i shi hamb bl f deli i d. 20 LYi th bstrat

Dol from the fir<coRibig BTRCEss {Pa,ats SPPROFHIRFRLY ( A8 Cubstrate: a

cl eani ng chanber, CapﬁglSh8&nd§hi¥?éinQDangﬂégggééﬁggghgﬁlﬁﬂgﬁéégﬁﬁmtO/from

the first substrate carrTer, for cleanin§ at'e proces n the 25

pollshing chambegaranfaR GI¥hNS € s (ARG Obx &A1 YET 4BBuBNF00 nm

receiving the substrate to/fromthe first substrate
to about 500 nm, more preferably, approximately 300 nm

15 is applied by spin coating on the wafer W which has
been subjected to the cooling processing, thereby
forming a second organic insulating film 204 (step 4).
As the organic insulating film material, SILK is used
here.

20 After the coating of the second organic insulating
film, the wafer is subjected to low-temperature heat
processing, for example, at approximately 150°C for
about 60 seconds. Then, after the low-temperature heat
processing, the wafer W is subjected to high-

25 temperature heat processing, for example, at
approximately 200°C for about 60 seconds in a low-oxygen

atmosphere. Further, the wafer W is subjected to high-



_ 39 carrier, for drying under a reduced pressure the substrate cleaned in
‘the cl eaning chanber. 11. The apparatus as set forth in claim8, further
conprising: 5 a conductive filmform ng chanber, capable of delivering and
receiving the substrate to/fromthe first substrate carrier, for formng a
conductive filmon the substrate fornmed with an insulating filmhaving a
recessed portion in a front face thereok to2enbed it 10 in the recessed
portion, wherein the substrate forned with the conductive filmin the
conductive filmform ng chanber is polished in the polishing chanber so
that the conductive filmformed on the front face of the insulat%gg film
except 15 for th&ePBeEakagepBeatoRTPSeEBLPghal apRyoximately 350°C "for
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example, at approximately 175°C for about 60 seconds.

The wafer W which has been subjected to the low-
temperature heat processing is subjected to high-
temperature heat processing, for example, at

5 approximately 310°C for about 60 seconds in a low-oxygen
atmosphere, and, further, it is subjected to high-
temperature heat processing, for example, at
approximately 450°C for 60 seconds in the low-oxygen
atmosphere. Thereafter, the wafer W is subjected to

10 cooling processing at approximately 23°C.

A resist film is formed on the second inorganic
insulating film 205 of the wafer W which has been
subjected to the cooling processing. For example, an
acetal resist can be used as the resist film. After

15 the formation of the resist film, heat and cooling
processing is performed and predetermined exposure
processing is performed in an aligner. The wafer W to
which a pattern is exposed in the aligner is subjected
to heat and cooling processing. Thereafter, developing

20 processing is performed, whereby a resist pattern in a
predetermined shape is formed. As the developing
solution, TMAH (tetramethylammonium hydrooxide) is used
here.

The wafer W for which the developing processing

25 has been completed is subjected to heat and cooling
processing. Thereafter, the second organic insulating

film 204 and the second inorganic insulting film 205
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are etched, as shown in FIG. 5A, by dry etching
processing with the resist pattern as a mask by means
of an etching unit. This enables the formation of the
second organic insulating film pattern 204a and the
5 second inorganic insulating film pattern 205a in which
a recessed portion 210 corresponding to the wiring
(step 6). The etching processing is performed here
using, for example, CF, gas. After the etching
processing, the resist pattern is removed.

10 Further, similarly through a resist pattern
forming step, the first organic insulating film 202 and
the first inorganic insulting film 203 are etched with
the resist pattern as a mask, thereby forming the first
organic insulating film pattern 202a and the first

15 inorganic insulating film pattern 203a, as shown in FIG.
5B, in which a recessed portion 211 corresponding to
the connecting plug is formed (step 7).

Thereafter, a side wall protecting titanium
nitride (TiN) 206 for preventing diffusion of copper is

20 formed by the plasma CVD unit on the side walls inside
the recessed portion 210 corresponding to the wiring
and the recessed portion 211 corresponding to the
connecting plug as shown in FIG. 5C. As the side wall
protecting film, Ti, Tiw, Ta, TaN or WSiN can be used

25 other than TiN (step 8).

The following fabrication process is executed

using the above-described film forming apparatus 1, and
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additionally explained using FIG. 1, FIG. 2 and FIG. 7
as required.

The wafer W on which films up to the side wall
5 protecting film layer 206 are formed is housed in the
cassette CR mounted on the mounting table 10. On the
cassette mounting table 10, an unprocessed wafer W is
transferred, for example, from a wafer cassette CR1
through the wafer carrier 11 to the wafer waiting

10 portion 90 on the processing station 3 side and held by
the support pins 91. The wafer W held by the wafer
waiting portion 90 is transferred by the second wafer
carrier 81 through the opening 21 into the copper
formation processing chamber 20.

15 The wafer W transferred into the processing
chamber is securely held by vacuum suction by means of
the spin chuck disposed in the cup CP. The copper
material is supplied to the center of the wafer W with
the wafer W rotated by the driving motor, thereby

20 spreading the copper material over the front face of
the wafer. This forms a copper film 207 on the wafer W
as shown in FIG. 5D, embedding copper in the wiring
recessed portion 210 and the connecting plug recessed
portion 211 (step 9).

25 The wafer W formed with the copper film is taken
out of the copper formation processing chamber 20 by

the second carrier 81 and transferred into the CMP
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wafer W is mounted on the flat plate in the CMP
processing chamber 30. Then, the large~diameter flat
plate with the polishing cloth attached thereto is

5 located in such a manner for the polishing cloth to
contact the front face of the wafer W and is pressed
with a fixed pressure, so that the front face of the
wafer W is polished with the chemical abrasive called
slurry containing abrasive grains such as alumina

10 controlled in pH. This polishes away part of the
copper on the front face of the second inorganic
insulating film 205a which is not corresponding to the
wiring recessed portion 210 nor the connecting plug
recessed portion, copper remaining only inside the

15 wiring recessed portion 210 and the connecting plug
recessed portion 211, thereby forming the wiring 207b
and the connecting plug 207a (step 10).

The wafer W which has been subjected to the CMP

processing is taken out of the CMP processing chamber

20 30 by the second carrier 81 and transferred into the
cleaning processing chamber 120 through the opening 121.
The wafer W transferred into the cleaning processing
chamber 120 is securely held by vacuum suction by means
of the spin chuck disposed in the cup CP. The cleaning

25 solution supply nozzle is moved while supplying the
cleaning solution along the diameter of the wafer W

which is being rotated by the driving motor, thereby
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supplying the cleaning solution over the front face of
the wafer. This removes the slurry and the polished-
away copper from the wafer W. After the cleaning, the
wafer W is rotated with the supply of the cleaning

5 solution from the solution supply nozzle stopped to
thereby drain the solution. The CMP processing chamber
and the cleaning processing chamber are arranged in the
same film forming apparatus in this embodiment so that
the wafer W is speedily transferred from the CMP

10 processing chamber to the cleaning processing chamber,
thus cleaning and removing the leavings produced in the
CMP processing before cured. This fabricates a
conforming semiconductor element with no leavings and
the like attached.

15 The wafer W which has been subjected to the
cleaning processing is taken out of the cleaning
processing chamber 120 by the second carrier 81 and
transferred to any of the reduced-pressure drying
chambers 40a to 40c, for example, the reduced-pressure

20 drying chamber 40a here through the opening 4la. 1In
the reduced-pressure drying chamber 40a, the wafer W is
mounted on the mounting plate 37, and then the gate
valve 110 descends to tightly seal the inside of the
reduced-pressure drying chamber, so that the inside of

25 the chamber is brought into a reduced-pressure state of
0.2 kPa by exhausting air therein from the exhaust pipe

45. Incidentally, as the second carrier 81 is disposed
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air when the wafer W is carried into the reduced-~
pressure drying chamber. The inside of the reduced-

5 pressure drying chamber, however, is always exhausted
from the exhaust pipe 45, and further N, gas is always
supplied thereinto from the supply pipe 44, whereby the
descent of the gate valve 110 quickly returns the
inside of the reduced-pressure drying chamber into a

10 desired reduced-pressure state, providing again a
desired N, gas atmosphere. The wafer W is laid in the
reduced-pressure drying chamber 40a for at least 40
seconds to 120 seconds under the reduced pressure,
thereby performing drying after the cleaning. Further,

15 the inside of the reduced-pressure drying chamber is
reduced in pressure here to be brought into an inert
gas atmosphere, whereby the inside of the reduced-
pressure drying chamber is brought into a low-oxygen
concentration state, thereby suppressing natural

20 oxidization of copper.

The wafer W which has been dried under reduced
pressure in the reduced-pressure drying chamber 40a is
carried into the load-lock chamber 100 by the third
carrier 46 in the load-lock chamber 100 through the

25 opening 42a and an opening 101 which are produced by
the ascent of the gate valve 111. While the gate valve

111 is in ascent, the gate valves 110, 112, 113, and
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thereto are closed by the respective gate valves. 1In
the load-lock chamber 100 is always kept in a reduced-
pressure state of 66.5 Pa to 266 Pa, so that the wafer
5 is transferred from the reduced-pressure drying chamber
40a to the load-lock chamber 100 under the reduced-
pressure state. When the wafer W is carried into the
load-lock chamber 100, the gate valve 111 descends,
closing the opening 101. The inside of the load-lock
10 chamber 100 is reduced in pressure and in the inert gas
atmosphere, so that the inside of the load-lock chamber
100 is in the low-oxygen concentration, thereby
suppressing natural oxidization of copper.
Thereafter, the wafer W is carried into either the
15 CVD unit 60 or 70, for example, the CVD unit 60 here.
The transfer into the CVD unit 60 is performed through
an opening 104 and the opening 61 produced by the
ascent of the gate valve 112. The wafer W carried into
the CVD unit 60 is laid on the lower plate electrode 62,
20 and the gate valve 112 descends, closing the opening 61.
The inside of the CVD unit 60 is supplied with SiH,Cl1,-
NH, as a film forming gas from the supply pipe 165 under
a reduced-pressure state of 13.3 Pa to 1330 Pa. A
radio-frequency power is applied between the upper
25 plate electrode 163 and the lower plate electrode 62

which are disposed to be opposed to each other,

producing plasma of the film forming gas to form the
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silicon nitride (SiN) film 209 with a thickness of 50
nm to 150 nm on the wafer W as shown in FIG. 6 (step
12). This forms the semiconductor element 200. After
the formation of the silicon nitride film, the gate

5 valve 112 ascends, and the wafer W is taken out by the
third wafer carrier 46 through the openings 61 and 104
and held in the load-lock chamber 100. Thereafter the
gate valve 112 descends, closing the opening 104.

The wafer W held in the load-lock chamber 100 is

10 transferred into the waiting unit 50 through the
openings 103 and 52 produced by the ascent of the gate
valve 114. 1In this event, the opening 51 of the
waiting unit 50 is in a closed state by the descent of
the gate valve 115, that is, the inside of the waiting

15 unit 50 is previously in a reduced-pressure state with
the valve closed.

After the wafer W is transferred to the waiting
unit 50, the gate valve 114 descends, bringing the
opening 52 into a closed state. The wafer W is mounted

20 on the mounting table 54 in the waiting unit 50, and
the valve is opened with the openings 52 and 51 closed,
thereby bringing the inside of the waiting unit 50 into
the atmospheric pressure state. At the point of time
when the atmospheric pressure state is established, the

25 wafer W is taken out by the first carrier 11 through
the opening 51 produced by the ascent of the gate valve

115. The taken-out wafer W is housed in a collecting
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cassette CR2 disposed on the cassette mounting table 10
of the cassette station 2.

As described above, according to the film forming

apparatus 1 and the film forming method of the present
5 invention, the inside of the drying chamber in which
the drying step after the cleaning is performed is
reduced in pressure and brought into the inert gas
atmosphere, so that the inside of the reduced-pressure
drying chamber is in the low-oxygen concentration state,

10 thereby suppressing natural oxidization of copper to
obtain a semiconductor element of high quality.

Further, the second carrier 81 is installed under
the atmospheric pressure in the above-described
embodiment, but it may be installed under a reduced-

15 pressure state. The installation under the reduced-
pressure state can suppress more securely natural
oxidization of copper while the wafer W is transferred
from the CMP processing chamber to the reduced-pressure
drying chamber.

20 Next, another embodiment will be explained using
FIG. 3 and FIG. 8.

FIG. 8 is a plan view showing a film forming
apparatus of this embodiment. The film forming
apparatus in FIG. 8 has almost the same configuration

25 as that in FIG. 1, and thus only the points different

from those in FIG. 1 will be explained.

In this embodiment, as shown in FIG. 8, a
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3 which comprises a wafer waiting portion 90, a copper
formation processing chamber 20, a CMP processing
chamber 30, a cleaning processing chamber 120, CVD

5 units 60 and 70 as film forming chambers, and
additionally an etching unit 300 for forming a wiring
groove, and a resist removing unit 340 for removing a
resist after the formation of the wiring groove.
Further, load-lock chambers 40, 140 and 240 are
10 provided between the processing station 3 and at least

one of a first carrier unit 12 and a second carrier
unit 82.

In this embodiment, each load-lock chamber serves
as a reduced-pressure drying chamber. However, it is

15 unnecessary to cause the load-lock chamber to always
function as the reduced-pressure drying chamber.

The load-lock chamber is configured so that the
inside thereof can be exhausted, whereby it can be kept
in a reduced-pressure state. Further, the inside of

20 the load-lock chamber is maintained under a pressure of
66.5 Pa to 266 Pa with N, gas supplied thereinto.

Between each load-lock chamber and the processing
chambers, a wafer carrier 46 or 47 as a vacuum delivery
unit, in which an arm 146 or 147 is provided therein.

25 These arms deliver the wafers W which have been dried

in the load-lock chambers to the CVD units 60 and 70,

the etching unit 300 and the resist removing unit
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this embodiment will be explained with reference to FIG.
3.

In this embodiment, steps after step 6 are
performed in the apparatus 1000.

After the completion of the developing processing
in an external apparatus, the wafer W is returned to
the first carrier unit 12 and transferred through the
load-lock chamber 240 and the wafer carrier 47 into the
etching unit 300, where the wafer W is subjected to
dry-etching processing with a resist pattern as a mask.
Then, the wafer W is transferred via the carrier 47
into the resist removing unit 340, where the resist
pattern is stripped, and then a second organic
insulating film and a second inorganic insulating film
are patterned (step 6). Thereafter, the wafer W which
has temporarily been returned to the first carrier unit
12 through the load-lock chamber 240 is transferred to
the external apparatus to be further formed with a
resist pattern thereon. After the formation of the
resist pattern, the wafer W is subjected to etching and
resist removing as in the aforesaid steps and further
to patterning of a first organic insulating film and a
first inorganic insulating film (step 7).

Then, the plasma CVD unit forms a TiN film (step

8).
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from the first carrier unit 12 through the second
carrier unit 82 into the copper formation processing

5 chamber 20 (step 9). After the formation of the copper
film, the wafer W is transferred into the CMP
processing chamber 30, where it is subjected to CMP
processing (step 11). Then, the wafer W is transferred
by the second carrier unit 82 into the cleaning

10 processing chamber 120 to be cleaned.

The wafer W which has been subjected to the
cleaning processing is transferred by the second
carrier unit 82 from the cleaning processing chamber
120 to the load-lock chamber 40, where it is dried

15 under reduced pressure.

The wafer W which has been dried under reduced
pressure is carried through the wafer carrier 46 into
the CVD unit 60 or 70, where plasma of the film forming
gas is generated to form a SiN film on the wafer W

20 (step 12). This forms a semiconductor element 200.

Although the copper forming step is performed by
the spin coating method in the above-described
embodiments, the film can also be formed by an
electrolytic plating method, an electroless plating

25 method, a CVD method or a sputtering method.

Further, the film forming chamber by the CVD

method is provided in the above-described embodiments,
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but the layer insulating film can be formed by, for

example, SOD (Spin~on-Dielectrics) method. In this

case, an SOD processing chamber can be disposed in

Place of the copper formation processing chamber 20 in
5 FIG. 1 and FIG. 8.

Furthermore, the first carrier unit and the second
carrier unit are almost perpendicular to each other in
the above-described embodiments, but a configuration
having, for example, one of the carrier units is

10 possible. 1In this case, the load-lock chamber (the
reduced-pressure drying chamber) is arranged to exist
between the processing chambers and the carrier unit.

Moreover, the explanation is given taking the
semiconductor wafer as a substrate in the above-

15 described embodiments, but the present invention is
applicable to a substrate for a liquid crystal device.
More specifically, the present invention can be applied
to a case in which a substrate formed thereon with a
film such as copper which is prone to oxidization is

20 cleaned and dried, and then a film of some kind such as
a silicon nitride film is formed on the oxidization-
prone film. The drying step is performed under reduced
pressure, and the transfer of the substrate between the
drying step and the film forming step is performed

25 under reduced pressure, thereby securely suppressing
natural oxidization of the oxidization-prone film.

As described above, according to the present
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invention, in the case in which the substrate formed
with the oxidization-prone film such as copper is
cleaned and dried, and thereafter the insulating film
such as a silicon nitride film is formed on the

5 oxidization-prone film, the drying step is performed
under reduced pressure, and the transfer of the
substrate from the drying step to the film forming step
is performed under reduced pressure, thereby securely
suppressing natural oxidization of the oxidization-

10 prone film.

The disclosure of Japanese Patent Application
No.2000-146314 filed May 18, 2000 including
specification, drawings and claims are herein
incorporated by reference in its entirety.

15 Although only some exemplary embodiments of this
invention have been described in detail above, those
skilled in the art will readily appreciated that many
modifications are possible in the exemplary embodiments
without materially departing from the novel teachings

20 and advantages of this invention. Accordingly, all such
modifications are intended to be included within the

scope of this invention.
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CLAIMS

1. | An apparatus, comprising:

a first substrate carrier for transférring a

substrate in an atmospheric air;

5 a second substrate carrier provided almost
perpendicular to the first substrate carrier for
transferring the substrate in the atmospheric air; and

a processing chamber capable of delivering and
receiving the substrate to/from at least one of the
10 first substrate carrier and the second substrate
carrier, for processing the substrate under a reduced
pressure.
2. The apparatus as set forth in claim 1,
wherein the processing chamber is a CVD film
15 forming chamber.
3, The apparatus as set forth in claim 1,
wherein the processing chamber is an etching
processing chamber.
4. The apparatus as set forth in claim 1,
20 wherein the processing chamber is a resist
removing chamber.
5. The apparatus as set forth in claim 1, further
comprising:
a cleaning chamber for cleaning the substrate,
25 wherein the substrate cleaned in the cleaning

chamber is dried under a reduced pressure in the

processing chamber.
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6. The apparatus as set forth in claim1,

wherein the processing chamber is capable of
delivering and receiving the substrate to/from the
first substrate carrier, and

5 wherein the apparatus further comprises:

a polishing chamber, capable of delivering and
receiving the substrate to/from the first substrate
carrier, for polishing the substrate;

a cleaning chamber, capable of delivering and

10 receiving the substrate to/from the first substrate
carrier, for cleaning the substrate processed in the
polishing chamber; and

a drying chamber, capable of delivering and
receiving the substrate to/from the first substrate

15 carrier, for drying under a reduced pressure the
substrate cleaned in the cleaning chamber.
7. The apparatus as set forth in claim 1, further
comprising:

a conductive film forming chamber, capable of

20 delivering and receiving the substrate to/from the
first substrate carrier, for forming a conductive film

on the substrate formed with an insulating film having'
a recessed portion in a front face thereof to embed it
in the recessed portion,

25 wherein the substrate formed with the conductive
film in the conductive film forming chamber is polished

in the polishing chamber so that the conductive film
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8. An apparatus, comprising:
a first substrate carrier for transferring a
5 substrate in an atmospheric air;
a second substrate carrier for transferring the
substrate under a reduced pressure; and
a third substrate carrier for transferring the
substrate between the first substrate carrier and the
10 second substrate carrier.
9. The apparatus as set forth in claim 8, further
comprising:
a processing chamber, capable of delivering and
receiving the substrate to/from the second substrate
15 carrier, for processing the substrate under a reduced
pressure.
10. The apparatus as set forth in claim 8, further
comprising:
a polishing chamber, capable of delivering and
20 receiving the substrate to/from the first substrate
carrier, for polishing the substrate;
a cleaning chamber, capable of delivering and

receiving the substrate to/from the first substrate
carrier, for cleaning the substrate processed in the
25 polishing chamber; and
a ‘drying chamber, capable of delivering and

receiving the substrate to/from the first substrate
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P H#SUR' () *+ 11. The apparatus as set forth in claim 8, further
comprising:
5 a conductive film forming chamber, capable of

delivering and receiving the substrate to/from the
first substrate carrier, for forming a conductive film
on the substrate formed with an insulating film having
a recessed portion in a front face thereof to embed it
10 in the recessed portion,

wherein the substrate formed with the conductive
film in the conductive film forming chamber is polished
in the polishing chamber so that the conductive film
formed on the front face of the insulating film except

15 for the recessed portion is polished away.



