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NETHCD Background of the Invention 1. Field of the Invention 5 Th
invention relates to a filmformng apparatus and a filmforning nethod for
formng an insulating film for exanple, on an oxidization-prone film

Description of the Related Art 10 As the super LSl is hlghlylmm‘HQMEmmmmmit
becones nore inportant to make wiring #ornkd on a sem conduct

(hereafter, referred only to as " a wafer"” ) fine and to fl atten asslegyer -
insulating film A technology for realizing the fining of the wiring and

Leahni que cal | od daRdbieReXMEN AT TS mangatit Bl AR or ninea

groove is previously formed in the layer insulting film a conductive
wiring material such as Al, Cu or the like 20 is enbedded inside the groove

by a sputtering nethod or a QYQhpetdetd SPdchderydénffoat erial accunul at ed
out side the groove is reaned‘bVE%%TIFrTEﬁéﬁTtéT_ﬁﬁtﬁéﬁTcal pol i shi ng)
technol ogy or tihe |ifges1d her edhe fHvBAich W ri ng. Through cl eani ng and
drying steps 25 after the CMP processing, an insulating filmsuch as

silicon mitride is fahd hatedearteichusnt ivn @4 aBisham t0 firey A rm@aiqir al

oxi di zation of the wiring material. In - 3 NOV 2004 - 2 the insulating
filmfornati on appatrtaeuBVanetshdd, 1t o raeifrey nethoalifed tforwding ian a

| oad- | ock chanber in a vacuum or under an inert gas atnosphere such as N2
before the waf dnsiudatdmdg &dlmt Fathex@vpls,ocassimgxidization-prone

film.
2. Description of the Related Art
10 As the super LSI is highly integrated, it becomes
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 film, 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 insulating film such as
silicon nitride is further formed by the CVD method to

prevent natural oxidization of the wiring material. 1In
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5 chanber to suppress the growi ng of natural oxide filmof the wiringg_%ﬂuII
|

material. However, the wiring naterial is exposed to the atnDsphéT3§

during the fabrication process fromthe CVMP processing until

filmbeing formed, 10 for exanple, during the drying step and the |ike

after the cl eaning,
IS prone to oxidization.

invention is to provide a 15 filmform ng apparatus and a filmform ng
of preventing oxidization of a material as nuch as possible.

f the present jnvention.is t rqqvide a filmfornng
appar atus and &5 'R e ﬁqﬁtmﬁﬁbw&%ep%M?W%xitg}ezation of
a conductive material. as, nu%gk%% possi hl e | éadgfgld f H%PrLcating a
conductive | ayé"r"’l i dF iGRNSS g"faﬁ ﬂ%i"’hgl, e r?%'aé“ 4 ddhdscene

met hod capabl e
Anot her obj ect

process. Still
oxi di zati on of

v%%‘%ﬁf?r?{g;lxgg{n%%& n Y4 Rk %Sagé;taéﬁs%n{éfg‘ d | }}Zgaslt G, Prevent

an oxi I'oNn- prone nu as poss n“a film

formi ng appar atagf&%ﬁ N%u;_f idoa.gﬂgl?ri ' rz%xﬁéa)dmﬂ A1 A FrddddBid

exanpl e, on an

nethod. Isn or defhdnhelOloe dulppralsy W@%@iﬁwﬂe,oﬁéé | #% fpor m ng
apparatus according to a first aspect o

dryi ng chanber

10

15

20

25

2

;
zat1 on-prone fil'm using éPCVD

dforthe wiring material.

However, the wiring material is exposed to the
atmospheric air during the fabrication process from the
CMP processing until the insulating film being formed,
for example, during the drying step and the like after
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
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
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
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

bringi ng about a di sadvantage that the wiring materi al
Summary of the InZent+on An object of the present

t he present invention conprises:

the insul ating

a



5 drying a cl eaned substrate under a reduced pressure; a filn1forning
chanber. for forming a filmon the substrate by a CVD met hod undef JaN¢ed0led
pressuré; and a transfer path for transferring the substrate under a
reduced pressure fromthe drying chanber to the film 10 form ng chanber. A
filmform ng nmethod according to a second aspect of the present invention
conprises the steps of: drying a cl eaned s3ibst+ate under a reduced
pressure; transferring the substrate with the reduced-pressure 15 state
kept after the reduced-pressure drying; and formng a filmon the substrate
by a CVD net hod u r.a reduced pr.essure after, fhe transfer. An apparatus
according to a%ﬁ%&i %%ﬁ%&ﬁ?ﬁﬂnﬁfﬁ;kﬁéﬁgﬁpiﬁnf iWﬁ?qéﬁawises: a first
substrate carrier 2 [ j 4 mpspheric air; a
second substrate ca(r)lrri g{r%%%\%gg lailyﬁmt;}}es ;ge%rs%ée?ﬁc?s)pﬂuﬁ%éfé}% g&Jtrg‘ri% A5 tfsa{ge’_
substrate carrigersifif ftorrf?tﬁﬂgerardg%&attgl% %%%_trrdqtng 3._% the ;gido %rdtg A

of delivering an e 2

and a processi ng chanber capabl receiving t

substrate to/fre@ Yrdsedt! iQRRn@fidnedrpySlsestb st rﬁtﬁr@araﬂa%{be%n%d&ﬁ*e
second substrate carrier, for processing the substrate ‘under a reduced

pressures -3 d¥eM 0G4 clehnedn sapidraites vy ¢ Hedueed fHedduraspect of
the present invention conprises: a first substrate carrier for transferring

a substrate infddmatforsphey ichamber &oyef@rthisigost rfdtlen oar iy f or
transferring the substrate 5 under a reduced pressure; and a third
substrat e carrisgbsftaratier doys fae ICGVIDn gnettie ds wirnsteratee Hestuwueeh pres sirest and
substrate carrier and the second substrate carrier. According to the
present i nvent ot 3Nt eax Aathe foghd ransifier réingp tihe sasdmade vmder a
reduced pressure nd the substrate is transferred into the filmformng

10
chanber with tFEEH BFSFsULE L& b ayingychasher ter theaddild in the

case in i ch oxi di zation-prone film such as copper is forned on the
substraﬁﬁ? nat%%&@lggigﬁﬁﬁﬁe5ﬁ of the oxidization-prone filmcan be 15

securely suppressedp £y, 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.



Now, -a case of an apparatus having a configuration in which a subsj e
after processed in a drying chanber and exposed to the atnospheric air, Is
carriedlinto a filmform ng chanmber through a reduced-pressure 20
processi ng chanber is conpared to the present invention. The forner case
requires that the pressure inside the reduced-pressure processing chanber
is reduced fromthe atnospheric pressure. 4n tHe present invention,
however, it is unnecessary to reduce the pressure from25 the atnospheric
pressure along the transfer path of the substrate fromthe drying chanber

to the filmformng | 1] | trenel | ener f.ficiency.
- 3 NOV 2004 - 5 Tﬁ@g:a eﬁrrgc‘{u?%#(ﬁ!ogﬁﬁr{b gcﬁlear r?(;qbl%'(cé& %%fr?gﬁ-‘a vfan haeges of

the present inyeali-aR WnllenREGATR RPRAAL lﬁ!\p st Bg +1 118 of Q{?lr(}\ﬁfer}g

specification en taken in conjunction with the acconmpanyi ng draw ngs. 5

Brief Descriptirer @frank&ePaWgNas shidstrhtes i RirtRAtHodpnrid fHilkn form ng
appar atus according to an enbodi nent of the present invention; FIG 2 is a

perspective Vi egcohd edibettdaieetatrd edf foly thhaETers iteNshd ubddrpad of
the filmformng 10 apparatus shown in FIG 1; FIG 3 is a chart for
expl ai ni Bg f abundari an rEdueess pafessuyeyi @mad ke tudrirel ewbst naftieclvaryrier
fabricated through a dual damascene process; FIGS. 4A to 4E are sectiona
views (first pdotr) tafanss ertrd nge riiheo salnsitaatel dednteam thiee frigsgect i ve
fabrication processing steps explained in FIG 3; FIGS. 5A to 5E are
sectional viewSubsérane sanryiest ande thenisesead serbsdirarhencany s

respective fabrication processing steps explained in FIG 3;
According to the present invention, for example,

the drying step is performed under a reduced pressure
10 and the substrate is transferred into the film forming
chamber with the reduced 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.



20 FIG 6 is a sectional view (third part) of the sem conductor elenent in
the respective fabrication processing step explained in FIG 3; FITG N8V 004
schematilc 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

i nvention. - 3 NOV 2004 - 6 Detailed Description of the Preferred

Enbodi nent Herei nafter, preferred enbodi nelits of the present invention wll
be described with reference to the drawings. 5 This enbodi nent is expl ai ned
taking an exanple of a fabrication nethod of a sem conductor elenent with a

structure shown in th%s 6 me%née%r{ogg{)ﬂﬁa]lt te(%iﬁs%%&éj%d damascene

process. In a sem conduct or nent, as shown in
FIG 6, a |lower k?ﬁﬁf o j nggﬁﬂg efLypct or wafer W
(a wafer, her eiar?a ter gje%'swafr subs ratéee?“gnl t he C5(3{1\/\6"’?']1sla3r/Her wring 20la is
formed thereon agfalr et pRn irtadidld Rhd | AdMICAMRRG @ i £ HTIRIPdiHdr M8 Of
a first organic insulating film202Za, a first inorganic insulating film 15
203a, a second tekgmniih ictRfuictierd Wit alstonpmagaity iqehdays.
insulating film205a. The layer insulating filmis formed therein with a
W ring 267b made of, for eBrigfeDescopiptionsof thadDcawvpgsaterial and a
connecting plug 207a nmade of copper for 20 connecting the | ower |ayer
wiring 201 and the WIGnd 27m Bameerew hef |ayerln nSafmingappdmtesnd t he
wiring 207b and the connecting plug 207a, for exanple, titaniumnitride is
formed as a si @oRAding dredn rapbadimerds afb Yhre s adpparveantoiand f f usi ng
into the 25 layer insulating film Further, a silicon nitride film209 is
formed on the surfadd®f 4 He seRVGTRARE BrE o7 8ie AL ARAUGLITRERSSUFRL ur al

xidi zation of th
oxi di zati on o difing chambers constituting part of the film forming

10 apparatus shown in FIG. 1;

FIG. 3 is a chart for explaining fabrication
process of a semiconductor element which is fabricated
through a dual damascene process;

FIGS. 4A to 4E are sectional views (first part) of

15 the semiconductor element in the respective fabrication
processing steps explained in FIG. 3;

FIGS. 5A to bE 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.



-- 3 NOV 2004 -7- wiring. An organic insulating filmwith a low permttivity
characteristic of a permittivity of three or | ess can be used fof 3t W@V 2004
organi clinsulating films 202a and 204a. 5 It is possible to use, for
exanpl e, an organic polyner such as PAE-2 (Shumacher Inc.), HSG R7 (Hitach
Chem cal Co., Ltd.), FLARE (Allied Signal Inc.), BCB (Dow Chem cal Ltd.),

SI LK (Dow Chemical Ltd.) and Speed Film (V¥ L.-Gore & Associates, Inc.).
SILK (Dow 10 Chemical Ltd.) is used in this enbodinment. Further, a silicon
nitride filmis used for the inorganic insulating film 203a, and a silicon

oxide filmfor the cRorqan $dstsilaliond o tHe2052 feh i $r nt, but,

not limted to these | m may

be used. A film haviggStdAnatd IUETFQ GMRRGASSId ik el
darmascene process is suitable as the inorganic insulating film 205a. Next,

a filmfornm ng japeardEons wisad be ddse fidled GAHH T aFede@s® ftioomne copper
formng step to a 20 silicon nitride filmformng step for the aforesaid
sem conduct or elrarweimigsn | | be explained using FIG 1, FIG 2 and FIG 7
FIG 1 is a plan view of the filmformng apparatus, and FIG 2 is a

per spect bve vi ew of Teiducambqutisentr elsdrepipiq iotedhbisrlsimpregt igxanpie paft  of
25 the filmform ng apparatus. FIG 7 is a schematic sectional view of a
CVD unit const i& JEibyg gedrioromettheods iafmaf reriieprainsdioat gd.ement ity 22004 -
8 - Afilmformng apparatus 1 has a confiquration in which a cassette
station 2 for It e showay diplFdG-2% wafiehs iy fabricatied thremato & he

r
outside to/fromthe filmformng apparatus 1 and for  carrying the wafer W5
into/out of a rcgé’?g'etdtaé“aﬁ,enfnd’r S5Scesdith§ ﬁe&lli%?déwft&lyﬁéﬁ‘kﬁnrﬁ 0

predet erm ned g_rnoct%sl%i %gl\l}o%j:[m%erltvyafaesr stowh eJ.nI e a6],I % liigv}e%:d'layer

10 wiring 201 is disposed on a semiconductor wafer W (a

wafer, hereinafter) as a substrate, and the lower layer
wiring 20la is formed thereon with a layer insulating
film composed of laminated films of a first organic
insulating film 202a, a first inorganic insulating film

15 203a, a second organic insulating film 204a and a
second inorganic insulating 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



In the cassette station 2, a plurality of the cassettes CR are freeI%
nmount ed at positions of 10 positioning projections 10a on a cassel8e 0V 2004
mountinh table 10 in a line in an X-direction (a vertical direction in FIG
) with the respective ports for the wafer Wfacing the processing station
3 side. Afirst wafer carrier 11 novable in a direction of arrangenent 15
of the cassettes CR (the X-direction) and 7n a~direction of arrangenent of
the wafers Whoused in the cassette CR (a z-direction; a vertical

direction) is freely novable along a carrier guide 12 so as to selectively
get access to %?cq_cassette CR. 20 The wafer carrier 11 is configured to be
al so rotatabl e i &% -direction so as to get access to a wafer waiting

ortion 90 for deli i r VA . waf of f rier
gl in the processi n\gﬁ{st%%ﬁ% ﬁgsg'{clra}%%‘cé E@Il\g@v"i{nt t"j(‘) %%Iﬁﬁml r 50
25 of the processi@ Al %P‘%S‘Héﬂﬂﬁ%éfﬁ}oiﬁé% df dYeP'RCeSHNG4f ation

3, the wafer waiting portion 90, a“copper t1on processing chanber 20,

a - 3 NOV 20@f u¥edOMR el DYt i afer aidingt 0 19 1D DL IE) 110,
chanber 120, reduced-pressure dryling chanbers 40a to 40c, the second
carrier 81, CVRwriis poEdibie 1 asd, |fof eanid ehabessgadite pelyindyy
chanber 50 and a load 5 | ock chanber 100 |ocated along the transfer path of
t he wafer W freudhas adiead-(@hessmoherdrning cHshas @HistdahidOc to the CVD
chanbers 60 and 70, are arranged. The wafer waiting portion 90, the copper
formati on proc&dsmigadhfrber 126 . )t,hFIERE pAddeisxd riyiarielniore 30, BAB t he

cl eani ng processing chanber 120, and the reduced pressure drying chanbers
40a to 40c are (Desh&heamigial iList.dl| SIIH dRpw Khewicrld It v ) eandBSpeede
able to access to the second carrier 81. The second carrier 81 is novable
in a Y-directi SildhdW-hd -z %ed ifsToaidess Vddial SHi¥ectivh), and is

bl e _al N i de .82. Meanwhile, the CVD units 60 and 70, th
T oduced r cosurBeayiATy Tl Ul SR AGL CIP (HPIRMTNY MBS0 Sro

oo o s 8y g 30, oW S gLt o
between the respRGHIMS i FMH 03 ,MHdH & b IEWGEGLIESSH i for the
inorganic insulating film 205a in this embodiment, but,
not limited to these materials, for example, an
15 inorganic SOG film may be used. A film having strength
enough for CMP processing in the dual damascene process
is suitable as the inorganic insulating film 205a.
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.



states of the chanbers. Further, ascendabl e and descendabl e gate valves 110
and 115 are provided 25 respectively between the second carrier 83 BN 2008 e
reduced? pressure drying chanbers 40a to 40c, and between the first carrier
¥1 and the waiting chanmber 50. - 3 NOV 2004 - 10 In the |oad-Iock
chanmber 100, a third carrier 46 is installed which transfers the wafer from
t he reducedpressure drying chanbers 40a to840c-to the CVD units 60 and 70,
and fromthe CVD units 60 and 70 to the waiting 5 chanber 50. The wafer
waiting portion 90 is provided with four support pins 91 arranged so that

the wafer Wdelivered g first carrier 11 is held hy the suppaort pins
91. The wafer W hel ? t%(/l%%weéoggnplﬁ{é ¢ pﬁ%sat@lf ils]r}aaﬁ(eah %‘%{ﬁundaﬁut Hbcond
carrier 81. Thenaopper JfQ i.0 I SS) qgsn 0 i ssi ng
chanber into Wﬁllhg%%t %e cvé\l% é@r% c%gl:%rth%gl i%nr}g)fct e ilrnét’ cfzarlfieg{aﬂ% nd t he

second carrier 5981, fr { f S A\ a e} j i
carried. 15 Thg%cg%ggriqsf (Igﬁn%;éi %n%glrl\géeéiﬁa‘rﬁlﬁ];%?u%ﬁ%I{aoﬁlfg%g{]it:]h}t 21,

through whi ch tfhamiaoeimiWy appRidated i1Naed £oane s iRE N walrdrS W N a
cl osed state by an ascendabl € and descendabl e gate Shutter 131 while

processi Bg i s petbrionrd ofn at kascerper CRor Ed @N p2ddYseGEesRs istaitalanizer 20.
The copper fornmation processing chanber 20 is provided wth an annul ar cup

CP at the cent é&oroperiforatiagh er doeteomingdd paros@ss imluddo ithedivefeaed,
therein. The spin chuck is configured to rotate by a rotary driving force
of a driving nméter insegialdyr iwnddied.hol di ng t he wafer Wby vacuum suction
The driving notor is disposed to be novable up and down by a cyli nder,

wher eby the spin chddk the sasseidls statdon 2,3 AL WG4ty Kif tdescendabl e.
Further, the copper formation processing chanber 20 is provided with a

sol uti on suppl Fag§eEtest &R axspIhyasd Yamesmted adt dosdltioms: iof waf er surface

of the %%fer W The .formation of g copper filmis )
positioning projections 10a on a cassette mounting

table 10 in a line in an X-direction (a vertical

direction in FIG. 1) with the respective ports for the
wafer W facing the processing station 3 side. A first
wafer carrier 11 movable in a direction of arrangement

15 of the cassettes CR (the X-direction) and in a
direction of arrangement of the wafers W housed in the
cassette CR (a Z-direction; a vertical direction) is
freely movable along a carrier gquide 12 so as to
selectively get access to each cassette CR.

20 The wafer carrier 11 is configured to be also
rotatable in a 6 -direction so as to get access to a
wafer waiting portion 90 for delivering and receiving
the wafer to/from a second carrier 81 in the processing
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



5 perfornmed by supplying the copper material to the front face with th
“wafer Wrotated. In the CVMP processing chanber 30, the front f acedoil\ 2@‘
waf er Won which the copper filmis formed in the copper formation
processi ng chanber 20 is subjected 10 to CW (Chem cal Mechani cal

Pol i shing) processing. The CMP processing chanber 30 has an opening 31,

t hrough which the wafer Wis carried ifi/ou®, and the opening 31 is in a
cl osed state by an ascendabl e and descendabl e gate shutter 132 while the
processing is perforned in 15 the CMP processi ng chanber 30. The CWP

processi ng cha r 30 is provided.therein with a.flat plate.on which the
wafer Wis nou dp§ﬁ§e§sl’l&gatciﬁ“}.pqraﬁg)lédiaar?&e&nlﬂgatp CEM%h a

pol i shing cl ot th i t r i t i shing cloth
20 agai nst thelafh?%“trkft%ﬁggeo ’o?‘ret%ﬁ%e% egré%ﬁ%trrrta)eu;{‘*sr nisc{r%g“bae&gsr 2@5 Tl at

late. In the I J i Qntg 1f @ [ i
ggai nst the po%ﬁ?ﬁg%gl%ad@vﬂ H’%&éf]ﬁ};esc} 'p;@gg&ril%nﬁqu\sxjeoz %ﬁﬁa

chemi cal abrasifeenGald @hadudrsy, AW AIhARIRTIDE 2D Wil S 1DHIL as
alumina controlled in pH In the cleaning processing chanber 120, the wafer

Wwhi ch Bas beamckukiregited: 110 ¢ N® QR PIARES iHe itransfeyr NMRYH thel 2

cl eaned, thereby perform ng processing of renoving slurry and polished-away
copper. The cl emfiexrg Worfooas ik ratrdest-pids swae alryapenicignbsls t4raough
which the wafer Wis carried in/out, and the opening 5 121 is in a cl osed
state by an asdenddig! &carthed €5Fe miwnibengated sinag t7dy, 33> wiinangds
processing is perforned in the cleaning processing chanber 120. The

cl eani ng processi ng Wiamadern 2aiting RarePmith dhertrprer ciQriEgrtian t he
center of the chanber bottom and 10 a spin chuck is disposed therein. The

spin chuck i s ®RCEEFHEW amhes € by the GMF PIAGEATRSF SRARFT 3G i vi ng
not or ile fixedly_holding the waf.er W.by .vac suctjon. The. drivin

not or ;Ngodi spoéz‘t? %/C&er?éurﬁﬁéiﬁoé:q?ﬁ% Ctﬂ%ﬂpetﬁ/@ Ial'}#déﬂ’,e WRehast hg spi n
15 chuck is a I .desc bl Fur t.her, . t he cl eani nd processin
chanbgr 1|23 i 2%%%%\%%5%%\;&1%@ cglo%%u e|rgsn 4sd.lu‘-’lpﬁioy 4'nocgztz za}eree ot p!seupplf%el r¥gs:1| )

cl eani ng sol ut ii‘?l@‘ft.afﬂreo?ﬁtthgé‘{(ﬁ&}%r dlgsq{cg(rf per-ee]:t gt hcgoyvgaé qql%rgcgce of the

wafer W The cleaning o or med suppl'yi ng the

cl eani ng sol ut i;QRels® &le tedMedRff Mt & VAl eh VIR EGarier 81
reduced- pressure drying chanbers 40a to 40c are chanbers each for drying

the wafer W whiigh mdaapirdargeney ddia¢dteidi tthe e A ddd igclate one upon
25 another as shown in FIG 2. Each of the reducedpressure drying chanbers

40a to 46c is weatiidad wiidece imunt iargl plsateibleoralonmtd rgathicemaf er W
t hereon and - 3 NOV 2004
guide 82.

Meanwhile, the CVD units 60 and 70, the reduced-
pressure drying units 40a to 40c and the waiting
chamber 50 are arranged to surround the load-lock

20 chamber 100, and ascendable 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.



-- 13 four ascendabl e and descendabl e support pins 38 through the nmountin
plate 37. The support pins 38 ascend and receive, projecting from-t&e0V b
mountiny plate 37, the wafer Wfromthe second carrier 81. The support pins
5 38 descend while supporting the wafer Wto retract into the nounting

pl ate 37, thereby nounting the wafer Won the nounting plate 37. The
reduced- pressure dryi ng chanbers 40a t+o 40® are provi ded respectively with
openi ngs 4la to 41c through which access is possible to 10 the second
carrier 81 and openings 42a to 42c through which access is possible to the

third carrier i.h the l.0gd-l ock chanber 100. The ascent, of the gate val ve
110 enabl es thfaﬁdé::i]ﬁevgro?dS otcﬂ(ec&ﬁ'ﬂ?rermﬁ@éjt’m@eﬁ:mgawﬁ@rcéﬁr i€ 81 and

t he reduced- pr r ryi 5 I a to A40c throygh the openings 4la
to 4lc, and thgiﬁgggégg gﬁgfﬁetggggqgg%vé &agfﬁéJ%OWH39¥%&G§%5£5¢ESSure
dryi ng chanber $,4Qa,t2 49%i j I eql ed.nFurt her e ascent. of the
gate val ve 111§énabﬁes t%@lﬁgi?@§%§ 0 ?ﬁ%‘3&#39°V#ﬁ%?§5%§&ﬁh8“135 60

reduced- pr essua@gdyi, Nnanah#¥ear $nelavid e s2%9 Lha 72dd s %QQEH%%iloo

t hrough the openings 42a to 42c, and the descent of the gate valve
causes the redehatberessyre drying chanbers 40a to 40c to be tightly
seal ed. An upper cavity chanber 39 is provided 25 on top of the

reduced- pressure dr yiheg walfarbera i4iag podtadmwer ieayrov ichaniarcdEdgneat h
t he reduced-pressure drying chanber 40c. The spaces in the cavity chanbers

- 3 NOV 2004 - suppoxihdpting Pddaredngedssur ¢hdityitheg olagfiere s davld vidreided with
each ot her through holes 37, 47, 48 and 49 which are provided respectively
bet ween t he adf#fBnthgppérstaciryieraniers3deddd byedireeduppessupdnsryi ng
chanber 5 40a, ietmeen t he ad] acent reduced-pressure drying chanbers, and
bet ween t he adPacentBPeHaLed- Br beddr bYditiien§uppaite b ia6c 9dnd st hakeswer
cavity fganber 4%. Thg i nsi de qf the_sgaces i s always exhausted by an
exhaust T Bi pe 48YF5r BYi 8B S8°PRE FaR&LeCaPilty chanber 43, 10 and, Ffurther,

an inert gas, for e I N2 S i S .always supplied.theretq froma supply
pi pe 4;1 provi ded gt @%Ecﬁgﬁ’;eg afi&?lfﬁal%é’r‘:%.mﬁhicil Gk %ioglslst r?ﬁ f
reduced- pressu g C e at nosphere o
0.2 kPa. Furth%?? %ﬁgggﬁangers%g te%ﬁe%gégﬁe%gg %ﬁggfeéhgggFﬁFggéﬂr ydrying

chanbers 40a tend0¢irstMBhptabped1abndl @heCsaBBhA c23Ciel81! $3d%
chanber 100 is | ocated along the transferepath of fhe dﬁ%é?lvﬁ?ﬁgHS?he

reduced- pressuoetdiyengiahaenbecasd4eatkbos4deiba bhesC¥Rrumi barédegnd 70, 20
and configured to be exhausted so that the inside thereof is maintained

under al$educetihpresppee Sovematidheplkoadskaaly ehanber 200has RnHOVi ded
therein with the third carrier 46. The third carrier 46 is of articulated
armtype and héBeRlhdsel 46thrangRswhitchr rbdi ahdear M 46b cama iads ungonat,e
support arm 46¢c which is provided at the tip thereof, in which the
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



connecti ons between them are turnable. The third - 3 NOvV 2004 - 15
carrier 46 delivers and receives the wafer Wto/fromthe reduced- priedsvirais
dryi ng thanbers 40a to 40c, the CVD units 60 and 70 and the waiting chanber
50. The | oad-1ock chanber 100 is always mai ntai ned under a 5 reduced
pressure of 66.5 Pa to 266 Pa, and N2 gas is supplied into the chanber. As
the inside of the reduced-pressure drwy ngldhanbers 40a to 40c is under a
reduced- pressure state, there occurs no reducedpressure breakage when the

| oad-1 ock chanber 100 10 receives the wafer Wfrom the reduced- pressure

dryi ng chanbers, 40a t Oc with . the inside thereaqf kept, under the.,

reduce- pressurgeﬁcftnéi%éﬁ‘t hgtru,rthegs, %@\/ﬁoé’ﬁ?é:r a N PEPFEFS e CvD
units 60 and 7 i bed :hel .y thi oqj t.,..and the CVD uynits 15 60
and 70 are a|s%h%§%%&tg efgﬁ 8%%@'5%¢é§§%g§ %PgﬁgéPn 2 fﬁ??ﬂg%ccurs no
r educed- pr essur. r I i rrhed. | f. 1 CvD
units 60 and 7 vﬁbtsﬁ@;ﬂ'gﬂin\rg;%ggto%%eﬁﬁgﬁltgg&ﬁaoﬁ C hz;%mg'}é#te O%Q{}ef%tceun% er the
reduce- pressur g pdl dlaFert W.t NG Ryrld é)%o df% d8 ?Jert h& 19eiitd ng chanber 50
descri bed bel ow can be set to be reduced In press@ e, so that the waiting
chamber 50 is Redd@indd by SRPEASATRY eheRpHed haMaan dihe onafRy fWdnk
carried out to the waiting chanber 50, thereby causing no reduced-pressure
breakage with tfaee?wilttndheoha fdranbaothd@dkept under the reduced-pressure
state. Parallel plate plasma CVD apparatus are used - 3 NOvV 2004 -16 -
respectively for thdrCuiheirdMBs bcess il whanbdra\aD t hthes afivorsit riscteir e. The
CVD unit 60, as shown in FIG 7, is conposed of a vacuum chanber 161, a

| ower plate el &t itdge waf eanrive dde whtiledy dihe wioppex Hddmerisl &@mred iwhi ch t he
wafer Wis nounted and an upper plate el ectrode 163 which is di sposed
opposed to t he Yh&wSoRRest & amadiiiosd @ rezesgdnsx Ishastbesi PO 166 sioad@d near

t he Iomgr portion of th vacu%ﬁ1ch nber 161 faor _exhausting the inside of
the vactdm chalfefMPs1C cahi radi folishingy nreFess i c&h8 ng
portion of the yacuum chanber 161.for .supplying a filmfaqrm ag into the
vacuum chanber € lpﬁﬁgﬁﬁiiﬂgiqbqﬂqﬁr f% eé"%ﬁﬁﬁ@ﬁpﬁﬂiiy éggﬁ%ﬁélrating
the | ower plat | ectrad I d I T, pport
pins 15 63 ascglr?g'ct?lottfgl%oﬁv&%'%é r%o%%t %é%ﬁjg%e%? l&_@t%g:’e%zlg&gl e Ogjze_nalngq ﬁ":)i] d the
waf er Wwhi ch iy G fal @d dsbdP¥ e By h Galddiiai® Wid & d¥bid awnay
fromthe lower plate electrode 62. The support pins 63 descend to retract

into the | over gaftat gheltee ade Ghillheneby rguddding tike p&i-fRinia Wipn t he

| ower plate el ectrode 62. The vacuum chanber 161 has an opening 61, so that
the waf @6 Wi s thar OMPd privlceists inet \whaimbidie 30aad-Thec keMrpreicedimnd the CVD
unit 60 through the opening 61 by the ascent of the gate valve 112, and the
opening 61 is chagberbBd ie provided therein with a flat plate on

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. 1In 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



25 descent of the gate valve 112, bringing the inside of the CVD uqh& %ﬁk
into a tightly sealed state. In this enbodinent, the formation of 3t

silicon)nitride film - 3 NOV 2004 - 17 is perfornmed under a reduced
pressure of 13.3 Pa to 1330 Pa, and, for exanple, SiH2Cl2-NH3 is used as
the filmformng gas. The waiting chanber 50 is a place into which the 5
waf er Wwhi ch has been subjected to the fill2m fernmati on processing in the
CVD unit 60 or 70 is tenporarily carried by the third carrier. The waiting
chanber 50 is provided with a nounting table 54 for nounting the wafer W

t hereon, four ascendabl e and descendabl.e 10 suppor.t pins 53 penetrating the
nounti ng t abl ecgz?,anfraﬁlb'e%%fsetbypip&é" Jﬂn%mqp%gﬂtnri qﬁs‘? 0"% he wai ting
chanmber 50 to 7 I [€, | v i ch n be qpened and cl osed
for returning tsc;ﬁ%tlf%gl %n%}%%gﬁh%%ragggrcg%ﬁgg i ns']‘lch e c(bjlfeat e i t | ng chanber
50 which is 15 ¢ 2 to1 Thg insi.de of the
wai ting chanbep&% ngg%fqﬂ%§g¥ﬂ£q$§§&§§£¥%%gggﬁégﬁgﬁé?é aﬁg% Ig wafer W

i's carried thergiipitd dHeDRafie hpad |0k 1hANhElo w00 a Nt S Gl tpder the

at nospheric pressure when the wafer Wis carried out of the |oad | ock

chanber %00 by 1he ifg rigi LJVIRId FratBd i xR fy has openi ngs 52
and 51, so that the ascent of the gate valve 114 allows the wafer Wto be

carried in/out desicerRiabllee danad dmcicerhadewhlio® ank thwowidimg ahanber 50
t hrough the opening 52, and the 25 ascent of the gate valve 115 allows the
waf er Wto be epemficguheidn/igutt Heetodsemitthe priddssgiroharteeubead 120, t Mehd i r st
carrier 11 through the opening 51. - 3 NOvV 2004 - 18 A fabrication

met hod of a sefilegmdia @rogiesfimg @hiambarhd 20 |im frsraw itpdippiratars havi ng

t he above described configuration will be explained next using FIG 3 to

FIG 6. FIG 33nnudagh&up (& adx g meifFoF brihaatghanandetstan, and

sem condyct or el enent . . . . .
98 a Qgin chuck is disposed therein. The spin chuck is

configured to rotate by a rotary driving force of a
driving motor 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

15 chuck is ascendable and descendable. Further, the
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



f-abricated through a dual damascene process, FIGS. 4A to 4E throqggﬂﬂ¢%m$
are sectional views of the sem conductor elenent in processing steps
explained in FIG 3. 10 First, as shown in FIG 4A the lower layer wring
201 made of Si02 is forned on the wafer W(step 1). Then, as shown in FIG
4B, after the wafer Wis subjected to cooling processing to approxi mately
23C, an organic insulating filmmaterral Wdth a thickness of, 15 for
exanpl e, about 200 nmto about 500 nm nore preferably, approximtely 300
nmis applied on the wafer Wby spin coating to cover the |ower |ayer

i i 201, th by f i first i C.i | ati fil 0 t 2
11100 200, {hGEely Lo Lot oL A8 N0, 207 oL 2
ti f th i i C.i lL,at i fil t i jected t
coat 10 of the s SbufiataL 1RERaL Mot Lok YALe W st saied 1o
about 60 secondsceTen. 3bieteie ol SHRCHREINACRY 4R ByoCSs no. the
te to | S

wafer Wis subjec h tenperature heat proc ing, for exanple, at

appr oxi mat el y %@QGrfWrf%@ﬁ”%h@ps%%%%ﬂﬁ%a&Qi%rl@Wﬂoxﬁﬁ%ﬁsuppd%dﬁﬁld% 2004 -
19 atnosphere. Further, the wafer Wis subjected to high tenperature heat

processi Bg at appdesicendektiielcuppordioyt the $RFRRIW ith &JdtPUcIXUGRD
at nosphere, for exanple, an oxygen atnosphere of 100 ppm Furthernore, the

waf er Wis subjhet aduhnt ihigopliatepergt theredbdt mpuntdns theatwadiayr oxiomt el y
450C for about 60 seconds in a | ow oxygen atnosphere and thereafter it is
subj ected to ctdbei mguptdngs pilageat3 7applivel medelced2PpCeshsirshdnying FI G 4C,
an inorganic insulating film21l0 material with a thickness of, for exanple,
about 300 nm t ehapbersitle we 40cr ansr provilded rgspestiivelyl witdo nmis

applied on the wafer Wwhi ch has been subjected to the cooling processing
to cover the fPPSNiFLGaktil@ itRsdl& ithgomgbnwhish aceessy iomassg-bd e itcst

It ert a0 NanogPls SeCOML SATEARE. B BB RS TRATR A g, o hare gm0
i norgani ¢ i nsul at.i film. the wafer Wi rri,ed into _an agi .DrqQcessin
uni t and subj efPaN BCSSPRG 15 BOBEIRAT 5P S0e GHitd GIGF isk Aoity the o 0
introd dint it he i i .l |3t i fil i al
the valor Wi s gaRStiR hERREE odi” aHY B U3 sHe Mhed I o' oneo
the wafer Wwhijgl @%%bli‘“e%nt%%bld%‘lti% &fh%@wa&@vpmm%néﬂher eby

processing is performed in which a sofvent in the insulating film applied
on the wafer i geevadaeaediled sanaindeheoredhicedippiedaiulres driyiggraf er W
15 chambers 40a to 40c through the openings 4la to 4lc,
and the descent of the gate valve 110 causes the
reduced-pressure drying chambers 40a to 40c to be
tightly sealed. Further, the ascent of the gate valve
111 enables the delivery of the wafer W between the
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



- 3 NOV 2004 - 20 is subjected to |lowtenperature heat processing, for
exanpl e, at approximately 175C for about 60 seconds. The wafer w i BEY
been subjected to the | ow tenperature heat processing is subjected to high
5 tenperature heat processing, for exanple, at approximtely 310C for about
60 seconds in a | ow oxygen atnosphere, and, further, it is subjected to
hi gh tenperature heat processing, for-exadgl e, -at approxi mately 450C for 60
seconds in a | ow oxygen 10 atnosphere. Thereafter, the wafer Wis subjected
to cooling processing at approximately 23C. As shown in FIG 4D, an organic

bbout 500 nm | s thel Fedlicdd-Brabeiic i, HanR R e, 1ked by <pi
coating on the er i ject t,0 t i r.0¢essi n
t her ebg form ngﬂ%ﬁlsgg})éé\l\é\@g?%;;@&%?& aléﬁjr?% faielfj’mllgcmbl‘(%st%glgJ Af)@g w%sl%t e °

organi ¢ i nsul abired piioh B SisBlectIhidty iSRBNR At dhiescoati ng
1S e

of the second organic insulating film “the wafer subj ec

| owt enper at ur @avdaly RhAGRY N9 ahndl resBYE prls AR WHyTRIEIChalRE for
about 60 seconds. Then, after the | owtenperature heat processing, the

waf er W bBs subjd@at,ethettreleingth2b aldgrpemt Wetluted-giedeRs® My iy exanple,

at approxi mately 200C for about 60 seconds in a | ow oxygen atnosphere.
Further, the wshemb@tiss sl detereno thiegladjacehtN r@du2@dd-predkuricenper at ur e
heat processing at approxi mately 350C for about 60 seconds in a | ow oxygen
at nospher e, fodrgiagplchanierodPgeanst rbspiowe rofcavid yp mnanbert Adr.nor e, t he
wafer Wis subjected to high-tenperature heat 5 processing at approxinmately
450C for 60 secBfddnsSidde pdnidey§OICESISRMAYSn @xhaasdsd &y an | s

- subjected to cooling, prqocessing at .approxi mately 23C. As shown in FIG 4E,
an inorganic iﬁ§bﬁ§an§lPFI§§ngF@WF§FdNQH199ql%q@ﬁﬁé§§véﬁy'F@@“@%ﬁhﬁpe,

about 398 NM 18,40 W hel 0% Tl Gl o R0 QT JRLCLY 700 nm

always supplied thereto from a supply pipe 44 provided
at the upper cavity chamber 39. This maintains the
reduced-pressure drying chambers 40a to 40c under an N,
gas atmosphere of 0.2 kPa. Further, the chamber

15 temperature of the reduced-pressure drying chambers 40a
to 40c is maintained at, for example, 23°C.

The load-lock chamber 100 is located along the

transfer path of the wafer W from the reduced-pressure
drying chambers 40a to 40c to the CVD units 60 and 70,

20 and configqured 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



i-s applied on the wafer Wwhi ch has been subjected to the cooling
processing to cover the second organic insulating film 204, ther-epwovo?4 ng
a second inorganic insulating film 205 (step 5). As the inorganic 15
insulating filmmaterial, Nanoglass is used here. After the formation of

t he second inorganic insulating film the wafer Wis carried into the aging
processing unit and subjected to agi ng prddessing by (NH3 + H20) gas being
i ntroduced into the unit, whereby 20 the inorganic insulating filmpmateri al
on the wafer Wis gelatinized. An exchange chem cal solution is supplied

rocessing i 5 SEEaed s DAt BE SHTAHET AL P m
applied on the I X r.. solvent. Thereafter, the
wafer Wis subin SR E R MrANY Ma o Hon, VLR e (&) 2004

- 22 exanple, c&ip ¥PRLX iRl 707 3ad Ctrh@%&ttf}%e%ﬁffam sie wafeer W

whi ch has been subjected to the | ow tenperature at processingis

subj ected to hilghd-amee ahambddieatoPrieca3%iayd ma3ntaiddd Ginddr &
approxi mately 310C for about 60 seconds in a | ow oxygen atnosphere, and,

further, 5it isredijced tesautieghifemeanatny eadesic Macess g, ghsr igxanpl e,
at approxi mately 450C for 60 seconds in the | ow oxygen atnosphere.
Thereafter, theupplded\iintos thjeechathbier .10 Asoaheng niwickess rheat
approximately 23C. Aresist filmis formed on the second inorganic

i nsul ating fil meRosed-piries suatee dryinig chamkerisedas iy ddied g ander @ool i ng
processi ng. For exanple, an acetal resist can be used as the resist film
After 15 the f&EFRCESTPFESENE S 64iade f itherehesicuasd neoaledusgst-ocessing i s

performed and predeterm ned exposure processing is performed in an aligner.
The wafer Wt o%\ﬁﬁséﬁre? 5?@5@6% ¥heps fhgy ]ior"i‘dr'a@‘%‘l i e Ifhj ected to

port or M. vher 865 Y Fo RNy vBRARerh Brmy tHE Tedicthpr istiE Urhag

chambers 40a to 40c with the inside thereof kept under
the reduce-pressure state. Further, plasma CVD
apparatus are used for the CVD units 60 and 70
described below in this embodiment, and the CVD units

15 60 and 70 are also kept under reduced-pressure states,
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



predeterm ned shape is formed. As the devel oping solution, TMAH
(tetramet hyl ammoni um hydr ooxi de) is used here. The wafer Wfor WwhiNlY 208k
develop}ng processi ng 25 has been conpleted is subjected to heat and
cooling processing. Thereafter, the second organic insulating film 204 and
t he second inorganic insulting film205 - 3 NOV 2004 - 23 are etched, as
shown in FIG 5A by dry etching processiig wi th the resist pattern as a
mask by means of an etching unit. This enables the formation of the second
organic insulating filmpattern 204a and the 5 second inorganic insulating

filmpattern 2 [ j ecess ort.,on 210 correspandi ng to the
wiring (step G%ég?ﬁ%té c35h§°6}%@5&?&?5“P§tﬁeP§oPﬁ§d7ﬁe yﬁilﬁ}v%(ﬁhe
exanple, CF4 g f et chy 0 i NG, e _kesjst. p rn is
removed. 10 Fu%?ﬁgﬁfkgﬁﬁﬁﬁg}'y ?ﬁ?%&%@’gﬁﬁgsgﬁv %%tﬁggﬁnféphi g'spép, t he
first organic ii)Swoaiy f i 2 ISt ghhor,gani e, .1 liting film
203 are etched wt ﬁbﬂ{pﬁ'e%%rdegfga %%tc?gﬁln@?nfgénr;gﬁl “t ﬁe?@ﬁ'&% g)?'lr%ttr?g the first
organi ¢ i nsul alellrgthiddd B2t teaibeddedn thed dike WfithSta h2ateer 4@ n Nsul ating
filmpattern 203a, as shown in FIG 5B, in which a recessed portion 211
corresposdi ng whiiche thenwaflemy fdlsughoun tiedr rRd ot Ppékr pladecafter, a side
wal | protecting titaniumnitride (TiN) 206 for preventing diffusion of
copper is 20 fedestrodet A6 3phdisich @¢Ddisiposad bipposiede twaltdhe ilesiede t he
recessed portion 210 corresponding to the wiring and the recessed portion
211 corr espondPAdteo elies taodee 62, n@nplexpaasts ipdpe 16 6FpBoviGedAqiealre si de
wal | protecting film Ti, TiW Ta, TaN or WS N can be used 25 other than
Ti N (step 8). Fhe foMeswbeg tigmy iodatihen vacsess shagberedétleoxsi ng t he

above-described _tilmf.ormnng gpparatus 1, and - 3.,NOV 2004 - 24 thus the
operation of t FEPAUSHING Hky SF8EaLfs the yacuum chamber 161, and a
10 supply pipe 165 provided at the ceiling portion of the

vacuum chamber 161 for supplying a film forming gas
into the vacuum chamber 161. As shown in FIG. 1, three
support pins 63 penetrating the lower plate electrode
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. 1In this

embodiment, the formation of the silicon nitride film



additionally explained using FIG 1, FIG 2 and FIG 7 as required. The
wafer Won which filnms up to the side wall 5 10 15 20 protecting filmlayer
206 arelformed is housed in the cassette CR nounted on the m)unti'r'lé g]%‘ﬁlzé”
10. On the cassette nounting table 10, an unprocessed wafer Wis
transferred, for exanple, froma wafer cassette CRLl through the wafer
carrier 11 to the wafer waiting portien 9Q7n the processing station 3 side
and held by the support pins 91. The wafer Wheld by the wafer waiting
portion 90 is transferred by the second wafer carrier 81 through the

opening 21 intqgt he copper, for i.0 ocessi ng chanb 0., The wafer W
transferred i nf(lg ?‘)%e pro%éissu?lng cr?ar]rr-t)egdru(:lesfsperc rséﬁf I?g c}‘z‘io’f }fctﬁﬂn suction
by neans of the33pi Bach diggRo ' he s CRuy T er rial is
supplied to the cenlti,gr t)é lat"he M%Wﬁ’t%ﬁqﬁglh&%r l'JLg\/ ﬁig?gt 33%3}/‘% he

driving notor, giher ey mSRiceddsng the copper material over the front face of
the wafer. This forns a copper film 207 on the wafer Was shown in FIG 5D,
enbeddi ng copper i nThee waliting rAeesad 5orid o Aanthddereseatd ng pl ug
recessed portion 211 (step 9). 25 The wafer Wforned with the copper film

i s takensout ofvaifleer Bompdichf drasabiean pulceRLSI) tShameerf iAg Hb ik isgeond
carrier 81 and transferred into the CVW - 3 NOV 2004 - 25 5 10 15
processi ng chabecess inigr doglhieh€Vdpemiity 631.0rTHe viaf ererporariiynt ed on t he
flat plate in the CMP processing chanber 30. Then, the |arge-dianeter flat
plate with theCpsriien %g &het fhdindastead itetror etlhe sraliddatgedhiambsarc50a manner
for the polishing cloth to contact the front face of the wafer Wand is
pressed with alfi REQAVAASEsWaEh o moptinge tabdst Stad@romound inef dhew | s
polished with th&ﬁchﬁ,m'tg%l abrasive called slurry containing _abrasive

a

grains such as“ar&f PG| 8\‘/1irn asqenfbd ey dinds fescandptd& t of the
th f .th | i C i | ati fi 205a whi ch
CoPhot 88r rospSiiBhsty BlpR, o BeRE At Al s AR nBet IS Al & e hect 1 g
I > A T Ot ot e L
o S on 910 and PRISY. pARePELy eRRalst ol bhe dneife U Uhid SRUSHE T i ng

the wiring 207BnanderhgoceBneekibe RhidsQLd & TOf 104 Qi ch
has been subjected to the CW 20 25Bprogessi'ngi|td(sa%t i%gr‘{eo%lo e 8@;

processing chaspenedOahy thessacgne gaitiuirdhindltandnld %’%%fo%[?’lﬂ}iid"to the
cl eani ng processing chanber 120 t hrough the opening 121. The wafer W

transferred i npoesbarel ehri hgspHecessithe Ghdrhey tAAmberssouklicmalsd by
vacuum suction by means of the spin chuck disposed in the cup CP. The
cl eani nb5 sol ut hpdesuppkednoedl pressuree hywhihlee exhpplsyti.ng Thiee idlsdald R
solution along the dianmeter of the wafer Wwhich is being rotated by the
driving notor, thReVab{ing. chambpro604is get 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.



supplying the cleaning solution over the front face of the wafer. Th%@ 9
renoves the slurry and the polished away copper fromthe wafer w- ANGY 240he
cleaniny, the wafer Wis rotated with the supply of the cleaning 5 solution
fromthe solution supply nozzle stopped to thereby drain the solution. The
CVP processing chanber and the cl eaning processing chanber are arranged in
the same filmformng apparatus in thi~s edBodi rent so that the wafer Wis
speedily transferred fromthe CMP 10 processi ng chanber to the cl eaning
processi ng chanber, thus cleaning and renoving the | eavings produced in the
CVP processing before I hi s fabrigcates a canfory sem conduct or
element with no | eavi r%s%rg%gttg%él In}e%e %t cl‘?‘ecf.e%cﬁ@%‘rereq}\m h has
been subj ect ed yisq g nel §3[N [ j a .out . of t ¢l eani ng
processi ng cha#bep5128 by ?Héggg@@%§$%§%%53?“ 1%§&&%§rgﬁé 8?%8& to any of
the reduced. pr @@sgia by boa 1 4aTae oN10A110 i exph AlinRtA R Jshf)

Sbh Ph Fa. In the

reduced- pressure 20 dryi ng chanber 40a here thro e openi ng

reduced- pressurgcqdr Bi #g ¢hanber, 4@ag,tbeiwage@hﬂ&&sf@QU@&%qag&ihge nount i ng
plate 37, and then the gate valve 110 descends to tightly seal the inside
of the reducedfpbeisatdodr pirogeshapifcn, semichaducter eledendf 25 the
chanber is brought into a reduced-pressure state of 0.2 kPa by exhausting
air therein frdabricatedatdiropigpe a48ualndatdascaney praseslss yacsnd 4@arri er
81 i s disposed - 3 NOV 2004 - 27 in the atnospheric air, the inside of

t he reducedpr e$Sult& &hyonghcE3fbel Rgeesposddnal whewst mfspieri c air when
the wafer Wis carried into the reducedpressure drying chanber. The inside
of the reducedS5M3FEBLYFEECH pilegedladiBe ProgeReag, stepsl wapd adxiedudmed from
t he exhaust pig% 453 and further N2 gas is always supplied thereinto from
the supply pip 24, wher eby the descent of the gate valve 110 quickly

returns,the inside @f. the reduced-pr.essure dryi chanber .into a 10 desired
reduced-léressure stg'tlg,Stﬁro i ;%r?amad‘é‘i %Lié;'dg@i’r g:%‘el\lgo&’% AV AT he
wafer Wis |aigdghnpbRe pedysgd- [ - or.at |east 40
seconds to 120 secgngs u%dgggfh%g?%%ﬁ@%%q%¥é§§%ﬁgsf?ﬁé¥eg§t£ r}gfning

drying after the cIqg@hqganghbmﬁrin151bhe4@gsgggégft%%kaggﬂp%piﬁgessure
ug

dryi ng chanber is reduced in pressure here to be bro Into an 1 nert gas

at nosphere, wheubhgctba tBst8819hqt goeedgqaqp%asﬁgb%oQ&mh%%lghQ@hgt I's
brought into a | ow oxygen concentration staté, thereby suppressing natural

20 oxi di zati onanf ozgppee. ikbalwafiay Winhi ahteasabeqitdr ke hiefinlesseduyced
pressure in the reduced-pressure drying chanber 40a is carried into the

| oad- | otk chanifer é®8mpyet hebohtr d00anmi ¢o 4bout 6500 headmoeek chanber 100
t hrough the 25 opening 42a and an opening 101 which are produced by the
ascent of the BHEEEevVaPy¥,1approfRimatehy galenmaligeapplied 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



111 is in ascent, the gate valves 110, 112, 113, and - 3 NOv 2004 - 28
114 are in descent, whereby the openings corresponding thereto arel G
by the Fespective gate valves. In the |oad-1ock chanber 100 is always kept
i'n a reducedpressure state of 66.5 Pa to 266 Pa, so that the wafer 5 is
transferred fromthe reduced-pressure drying chanber 40a to the | oad-I|ock
chanber 100 under the reduced pressure stdt%. Wen the wafer Wis carried
into the | oad-1ock chanber 100, the gate valve 111 descends, closing the
opening |1 01. The inside of the |load-lIock 10 chanber 100 is reduced in

ressure and i ' t t re, s t. the.,i.nsi.de qof the
Foad-l ock chan%é:?‘{b% !se.'i gm%w&%yeg%a%o%ggnﬁsr astqbélne,cqﬁge%élnbuqh'
suppressi ng natdy eﬁ%i¥1 o r S
caPPi ed i n?o eﬁé@re%ﬁfé L?rﬁ%ce (O J%g ?01@1% T c}e@'élnr'?ptlléel,%’ \tlﬁfeoeglg{)ﬁni t 60
here. The {ransgi@iud oo ddiorddD iiid 180l Sidd] QiR giuuolygn opening 104
val ve

and the opening 61 produced by the ascent e gat 2. The wafer
Wcarried into ddapgdd) Wi tox@g;éns dtddbpterdied oMy gt € RiRUHd R H2, 20
and the gate valve 112 descends, closing the opening 61. The inside of the
CVD uni t 560 i s thepplafest W tis SutizfelAdB tas o gt tenfperdatigrgatedy om t he
supply pipe 165 under a reduced-pressure state of 13.3 Pa to 1330 Pa. A
radi o- f r equencyyemess iingy aiplapgd dositmedesi t HS Aipp&pr2abplist € 0eksecbndde 163
and the lower plate electrode 62 which are disposed to be opposed to each
ot her, produci Ad: @ dewraxyadre Ftimaaphene mpddharedfiren tite is - 3 NOV 2004
- 29 silicon nitride (SIN) film209 with a thickness of 50 nmto 150 nm on
the wafer W as S3tpifsted mocco L(idie propessifis Ftoranprawimatd oo dietor

el ement 200. After the formatjon of the silicon nitride film_ the gate 5
val ve 112 ascends, R PR LG al@dh RATIRAIelnsikatiRg it ri er

%
46 throygh the_openi.ngs 61.and 104 .and held in the | oad-logk ch er 100.
Ther eaf :igr the“ba%teé”\? \}”é'ltf‘lf &%’slézéﬂ’(ﬁss Aosi t‘ﬂ@“&%&em r‘?&’oj‘.ﬂ_ﬂ éMaf er
Wheld in the Loa k 8gpp i t erred into . the (fi.ng unit
50 t hrough the t%p%%’g°2‘§ts 1‘]:} a%{:f %g)%g'r gj&fje%eed{ é%’;R{’heaI"’}srcoexr‘l]tmaoffehltyh\(Iaxfadg(}atrg'gvaI ve
114. In this eugntyndIRQPORENILHE Sk W%gﬂﬁj [ ' |8, osed
state by the descerll)tpt of the gate va vre 115, t}taﬂtmsi ;t%g%%%qllﬂrps\sﬁd(}{e&gft%t he
wal t1ng 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



15 unit 50 is previously in a reduced-pressure state with the valve cl osed.
After the wafer Wis transferred to the waiting unit 50, the gate meei§ﬁ4
descends, bringing the opening 52 into a closed state. The wafer Wis
founted 20 on the mounting table 54 in the waiting unit 50, and the val ve
is opened with the openings 52 and 51 cl osed,. thereby bringing the inside
of the waiting unit 50 into the atnospheri2® pressure state. At the point of
ti me when the atnospheric pressure state is established, the 25 wafer Wis
taken out by the first carrier 11 through the openi ng 51 produced by the

f th J : f h d
ol ecting -3 RAYIRERT U, el My B ot iR el o
bl dh o di
o the film fﬁfﬂ#@ pértéﬁ???@&"%t@%ﬁlf%#%?%eﬁé%f Oag%%pﬁ?ﬁfés'eﬂ?
5 invention, the insple frdhar dfiid KR Step

after the cleanlng is performed I's reduce |n pressure an broug into t he

inert gas atnoeRfpfeatidd htlat! Mrddasddalid iy RAUGRH-4Y asigfe drying
chanmber is in the | ow oxygen concentration state,” 10 t hereby Suppressi ng

nat ural exi di zalempereftuweppriat @rodedsimy S edigld, eltement of high
quality. Further, the second carrier 81 is installed under the atnospheric
pressure in thepproxdmasdyi 3dd°Enfiodi about b0t setondy ha andba-oaggender a
reduced 15 pressure state. The installation under the reduced pressure
state can suppedswspheaese@ndel furdtharal idxiidi matkjertefd doppgeighwhi | e t he
wafer Wis transferred fromthe CVP processing chanber to the

r educed- pressuF@WaﬁGrﬁwé}?@é} pr@@ﬁﬁ@«ng,arfam@rxa@mim dnt will be
expl ai ned u5|n ) %Q' ée is a_plan view showing a film
form ng appara ? 8#%ﬂﬁ§? RO ?HeSFFPHﬂFo#ﬁlﬁglﬁﬂpaﬁaﬂﬁ§ in FIG 8

poi nt s aD1 1 er of mpﬁgﬁae{‘r%'dﬁé“ﬁ# R itTE BB e iR © 0
embodi ment,  as gaquh 4 BrocBssnf at approx1mately 23°C.

As shown in FIG. 4D, an organic insulating film
material with a thickness of, for example, about 200 nm
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 f£ilm 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-



-- 3 NOV 2004 - 31 processing apparatus 1000 includes a processing station
3 which conprises a wafer waiting portion 90, a copper fornation-py a¢sSHNg
chamber) 20, a CVMP processi ng chanber 30, a cl eaning processing chamber 120,
CVD 5 units 60 and 70 as filmform.ng chanbers, and additionally an etching
unit 300 for formng a wiring groove, and a resist renoving unit 340 for
renoving a resist after the formati on-of t©he w-ring groove. Further,

| oad-1 ock chanbers 40, 140 and 240 are 10 provi ded between the processing
station 3 and at |east one of a first carrier unit 12 and a second carrier

it 8. In thi i . h. 1 oad-.| ock .chanber .
Eghuced-prgssuF%mﬁgggﬁgggﬂgﬁﬁgﬁ%ﬁﬁgﬁgﬂﬁﬁaﬂqﬁﬂéipfg&ﬁﬁﬁ%é Sségyagofeﬁuse t he
| oad- | ock chanQ%%U%QG%Ig@%%n%%ngﬁfgp]_§F&Q§Eﬁ§g %ﬁgF %%§sur drying

chanber. The | oad-lock chanber i's conti gur S'ndPde” t her eof can

be exhausted, wigl I GCak Ckg&ggsgﬁgr@pg&cq%bpggﬁqur%u§k%%%mdﬁgtrmw,

the inside of 20 the I'oad-10 r“i' s nai ntai ned-under a pressur€ of

66.5 Pa to 266tha viater\h a@s susgaldred khehaighleenBeitaefichd oad- | ock
chanber and the processing chanbérs, a wafer “carrier 46 or 47 as a vacuum

del i verysuni t, pirocesisihgantaampkékimatbdy 4500 orbdedot Sec6hls 2R dhese
arns deliver the wafers Wwhi ch have been dried in the | oad-1lock chanmbers

to the CVD uni flows0xygen7@tmpisphetrehiang whiere3@teandtt e sadijsictean®d Ng
uni t - 3 NOV 2004 - 32 (asher) 340. Next, processing steps using the
appar at us 1000C@PLings papEedisiagt ali kpproxdmatailye@3th reference to FIG
3. 5 1In this enbodinent, steps after step 6 are perfornmed in the apparatus
1000. After the conpiFetiboWnofin FdGledd ,ofimd norgeassi rigsiud adringx tfdrlimal
apparatus, the fer, ig. returned to the first carrier unit 12 and
transferred thpg%&ﬁlﬁ ew1th a thickness of, for example, about 300 nm
10 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 second organic
insulating film 204, thereby forming a second inorganic
insulating film 205 (step 5). As the inorganic
15 insulating film material, Nanoglass is used here.

After the formation of the second inorganic
insulating film, the wafer W is carried into the aging
processing unit and subjected to aging processing by
(NH, + H,0) gas being introduced into the unit, whereby

20 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
processing, whereby processing is performed in which a

25 solvent in the insulating film applied on the wafer is

exchanged for another solvent. Thereafter, the wafer W

is subjected to low-temperature heat processing, for



10 | oad-1 ock chanber 240 and the wafer carrier 47 into the etching unit
300, where the wafer Wis subjected to dry-etching processing with & N&&i2e0s
pattern)as a mask. Then, the wafer Wis transferred via the carrier 47 into
the resist renmoving unit 340, where the resist 15 pattern is stripped, and
then a second organic insulating filmand a second inorganic insulating
filmare patterned (step 6). Thereafter, t2% wafer Wwhich has tenporarily
been returned to the first carrier unit 12 through the | oad-I|ock chamnber
240 is transferred to 20 the external apparatus to be further formed with a
resi st pattern . After [ opf the resist pattern, the
wafer Wis subjeté%‘ﬁ{gg'%po ag%t C |pnltg°q§'rl1‘{(?q{e;i3{ s]t%r gmg\(/)irnai)ggti %ot ﬁgcgpgi?ésai d
steps and further topRatdLrdy RY AHich St (164 d ' i{mand a 25
first inorganic insulating éf}‘ll ' m (sJ'Eégb Hﬁ(é bls%er?l,aéq%eép %as?réad%uim forms a
TiN film(stept@mperatudN@éatOocedtind e ey WY alidyd M up to a
si de wal | protectfhg filn1layer%§66 are Egrﬁﬁgﬁﬁg]tsgﬁgfer?géh*ron1the
first carrier wenpdratidiieohaat gbeto%@s(yldl ArfidreledtiMg182 4¢nt 0 the copper

0

formati on processing 5 chanber (step . After the formation of the
copper fisl m t pprekkimately Blaief ebredbbatoebheechRdBr eaeasiba-ekgdaar 30,
where it is subjected to CMP processing (step 11). Then, the wafer IS

transferred by atihheospherned @and,i dunther,82.4 nitso stutejeadteahitey HiyHpr ocessi ng
chanber 120 to be cl eaned. The wafer Wwhi ch has been subjected to the

cl eani ng pr ocedSMpGLiad urea hshdr PEXPapssting s dsonexsapliear atmit 82 fromthe
cl eani ng processing chanber 120 1o the |oad-1ock chanber 40, where it is
dried 15 under 2PPFQFEHa}EdYs 450 L TherwaP e FePPRABCc Anh&bebdew-arygenunder
reduced pressure is carried through the wafer carrier 46 into the CVD unit
60 or 70, wher 3%5\05? L& t equaﬂ;tfq;r,m% Jafers Weifesthuieated dfdn a Si N

filmon_,the wafer 20 (step 12). This forns em_cqQpduct or el emrent 200.
AIthougﬁbthe c8§8%ﬁ5€oP%Pﬁ SEHES i ﬁ@ﬂ%ﬂ*ﬁﬂéﬁ%}%lﬁ? pin coating method in

the above-describedp resigt 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



enbodi nents, the filmcan also be fornmed by an electrolytic plating nethod,
an electroless plating 25 nethod, a CvD nethod or a sputtering metshﬁﬁ\, 2004
Further) the filmform ng chanber by the CVD nethod is provided in e
above-descri bed enbodi nents, - 3 NOV 2004 - 34 but the layer insulating
filmcan be fornmed by, for exanple, SOD (Spin-on-Dielectrics) nmethod. In
this case, an SOD processing chanber can &3 di sposed in place of the copper
formati on processing chanber 20 in 5 FIG 1 and FIG 8. Furthernore, the
first carrier unit and the second carrier unit are al nost perpendicular to

each other in the, é(pesacgi&eoqmenji_)nocp nt%& ut corgi uration having,
: | st | $F

for exanple, one of e carrier units i's 10 J case, the

| oad-lock chamtiodddii dPAHaaf dHE T G SN AP Ind S Y JRASEL Lo

exi st between t'he processing chanbers "and e carrier un

explanation is df ) dedtinghy Wi SeMeANIuG]081 M8 e A%, a5 rd;# ﬁ-i:ﬂ;a‘%l the

above 15 described enbodi nents, but the present invention IS ap e to

a substrate forsexdidiWryaaiistitlsulomiiery Mine paRadid cijdéi,aﬁ&q:lﬁgesent .
i nvention can be applied to a case in ich asubstrate formed thereon with

a filmsuch as seappet indrgfanis e 40 mxi i Metgatit drn 2054 eanash anl
dried, and then a filmof sonme kind such as a silicon nitride filmis
formed on the eximficestseshpraorieldn 200 Heermbsporglisied cherfirimg under
reduced pressure, and the transfer of the substrate between the drying step
and the film fdSheR Step The phdhimee przsasmdary rigd yeadf omess rexe t her eby
securely suppressing natural oxidization of the oxidization-prone film As
descri bed abov&SiTofPmhG¥edple $feseas. Afgexovhgoetching

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 fhe 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



invention, in the case in which the substrate fornmed with the

oxi di zaLi on-prone filmsuch as copper is cleaned and dried, and t ehg\ngr
the insulating filmsuch as a silicon nitride filmis formed on tHhe

oxi di zation-prone film the drying step is performed under reduced
pressure, and the transfer of the substrate fromthe drying step to the
filmformng step is perforned under redué@dd 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 Civfy e WA i j .are herein. ingor.porated
by reference ir?ﬁimt%s tgrgefi g?)}:tl?ga%f?ﬂ%ueghrﬂ&%i ?Osr%"r%g‘gefé)r?ﬁraﬁ seribd‘ﬁ ment s
of this inventizaathavmaiagn deadinted dellelsid. A00¥G . HOSHSlidd.eq in the
art will readily appreciated that many nodificatidns "are “possible in the
exenpl ary embodismeeigh iwddhout materially departing fromthe novel teachings
20 and advantages of this invention. Accordingly, all such nodifications
are intended to be imha wdefbrivt fim wHie s GGReLfug Mics HHY &ldedRa11 - 3 NOV
2004 - 36 What is clained is: 1. Afilmform ng apparatus, conprising: a
dryi ng chanber potegtyingg filol dayed 20i6staret Formdel iz meddead ipr eksure; 5 a
filmformng chanber for formng a filmon the substrate by a CvD net hod
under a reduce8appesier €R moundedr ansftive paumting tuadisf dori ngnt hhe
substrate under a reduced pressure fromthe drying chanber to the film

f or mi ng chanbeFasggtie YRUNEZIRGr #abkd cad Ogefnf gnpirocessiesdi maXerf W tilser
conprising: a ¢leanin cgg er for cleaning the substrate, wherein the
substrate clea Eanﬁﬁegﬁ& | £2%i FFERARefOR @& Waderngasserser €&dced
pressure in thgh%gud y%ﬁg ch%nber. 3.. Thz apparatus as set farth in claim
2, further conprisi ﬁé‘: pOPEEHi AGECHEFbEr £ TH6 Wakexg Waid 18Gbst r at e,

wher ei n, t,he su oces i | i shing 20 _chanber is.cl.eaned in
t he cleééing cﬁgkggéﬁ Eb %ﬁe%ggpg?g%ggsp gngaFgPPh3iﬁl Fa?HPSPe%ﬁe din an
oxi di zat i on- pr i i on rate. -5. .Jh r-at a et
fé?thzinlclaﬁn?gé %H? hg? Eghgggéfisﬁﬁg;%ggg%n u?ﬁ%@ebgi?&?P%%é%ﬁgscth;er

for formng a wanduayi pertibm 00 tiBetsHBsEEReyf ' Fed NOV
2004 - 37 insulating Pifn1having a recessed pgrg?gﬁﬂfwgggfﬁgnyafgge

thereof to enbedrriernsthehreagasetdepopenong pherakd the subpkrate fornmed
with the conductive filmin the conductive ?lln1forn1ng changér is polished
5 in the polishbmgathanbprosesshaty thamberdaoti ve film
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



[ he front face of the insulating filmexcept for the recessggy A
Lgig?gnopstpolished away. 6. The apparatus as set forth in claimb5, mﬁeré@%
the conluctive filmis made of copper. 10 7. The apparatus as set forth in
claim6, wherein an inside of the drying chanber is in an inert gas _
atmosphere. 8. The apparatus as set forth in claim7, wherein a plurality
of the drying chanbers are 15 provided 9.25A fid mform ng nethod,
conprising the steps of: drying a cleaned substrate under a reduced
pressure; transferring the substrate with the reduced 20 pressure state

he substrate
kept after thegu, [AVA f rn1n a f|In1on t
bypa CVD net ho rﬁ%gr%ng (%3%\(&,{20 rgr%sg%rrg% MAE - &Pe The net hod

f ormed on
as set forth i wagedi M 9s ARuRLLIH @ eo@l%tz t e ‘B 1S
the substrate. 11. The nethod as set rth |ni€1 %fb 4? NOV 2004 38

wher ei n the oxptbresisdngpchaableid @oi.s QQE&erthe large~diameter flat

A Aa A Aal L AAAAAALAA.AT.AAA.AA
_Aa. AN. AuST . A pladeA@ithAShe. A@LABhIAG @ALh abtachel @hebeily Al2- A @ Ayr. A
6 <Xr 6kF}A
o&jmmnh05§]La]éapgaﬁdapnaﬁuahca]mahmakc&b@R&h@ab@ahggkgglQ@LﬁgﬁQQJca]ca]ca]
ca]ca]ca]ca]ca]caLca]ca cMaljcalc:ajcal &3 \ u Olz% -

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 cMmp

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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0.2 kPa by exhausting air therein from the exhaust pipe

45, Incidentally, as the second carrier 81 is disposed
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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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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,C1,-
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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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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As described above, according to the film forming
apparatus 1 and the film forming method of the present
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,
thereby suppressing natural oxidization of copper to
obtain a semiconductor element of high guality.

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

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
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. B, a

vV 2004

10:
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chamber 30, a cleaning processing chamber 120, CVD

3 NOV 2004

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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3.
5 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

10 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

15 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

20 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

25 first inorganic insulating film (step 7).

Then, the plasma CVD unit forms a TiN film (step
8).
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protecting film layer 206 are formed is transferred
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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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 confiquration
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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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 from the drying step to the film forming step
is performed under reduced pressure, thereby securely
Suppressing natural oxidization of the oxidization-
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:

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

scope of this invention.
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a drying chamber for drying a cleaned substrate
under a reduced pressure;
5 a film forming chamber for forming a film on the
substrate by a CVD method under a reduced pressure; and
a transfer path for transferring the substrate
under a reduced pressure from the drying chamber to the
film forming chamber.
10 2. The apparatus as set forth in claim 1, further
comprising:
a cleaning chamber for cleaning the substrate,
wherein the substrate cleaned in the cleaning
chamber is dried under the reduced pressure in the
15 drying chamber.
3. The apparatus as set forth in claim 2, further
comprising:
a polishing chamber for polishing the substrate,
wherein the substrate processed in the polishing
20 chamber is cleaned in the cleaning chamber.
4. The apparatus as set forth in claim 3,
wherein an oxidization-prone film is formed on the
substrate.
5. The apparatus as set forth in claim 3, further
25 comprising;
a conductive film forming chamber for forming a

conductive film on the substrate formed with an
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for the recessed portion is polished away.

6. The apparatus as set forth in claim 5,

wherein the conductive film is made of copper.
10 7. The apparatus as set forth in claim 6,
wherein an inside of the drying chamber is in an
inert gas atmosphere.
8. The apparatus as set forth in claim 7,

wherein a plurality of the drying chambers are
15 provided.
9. A film forming method, comprising the steps of:
drying a cleaned substrate under a reduced
pressure;
transferring the substrate with the reduced-
20 pressure 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.
10. The method as set forth in claim 9,
25 wherein an oxidization-prone film is formed on the

substrate.

11. The method as set forth in claim 10,
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wherein the oxidization-prone film is copper.



