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SPECI FICATION Title of the Invention SUBSTRATE
PROCESSI NG METHOD Backgr ound of the Invention 5 1.
Field of -the Invention The present invention—relates

éznZtﬁﬁFﬁg“Sﬁﬁce§2°°$2?i38n2$LP?ﬂgfZ*pfiaéfgwﬁwﬂgﬁmuwmmn

- substance and a process for disgolving and

t he denatured substance, in 10 manufacturing a T6etee*
sem conduct or device by use of, e.g., a dua

damascene net hod. The present invention also Teltates
Control program for execut1ng a et hod of tﬁfirﬁfnﬁwmmwmmmmmmw
15 2. Description of ThelRePat éécAlnviemtseni conduct or

i (o SPETH S PR C oo 1 ance "
b opagat o rate. | SHBRCTHRTRE A0 csame Ry 3 °

delay in eraf i e n.order to solve this
probYen] %gve 8%%€n g gﬁ% EQWEE Fe in insulative

nHteria|STH@Féké%éﬁWV§H§%h%h%nd§%h%%%%i%c>con8t$%$gate

*G00002*

~(Lowk materials), and “Tayer “intercorfhett

| ngsr disd g iy Gl d Sl BGE VB eRbLeRE 8lS o d@%é%hgfgﬁ]process

ot her hand, copper is attracting attentions as

i Nt rconitsciwoning ne ﬁﬁé@étékmiﬁ@@ag§%s%%AE¥5é%&(%Nprocess
for dissolving and removing the denatured substance, in
manufacturing a semiconductor device by use of, e.qg., a
duai damascene method. The present invention also
relates-to a computer readable memory medium that
stores a control program for executing a method of this
kind.

2. Description of the Related Art
In semiconductor devices, a decrease in the

intercennectien line space due to miniaturization
increases the capacitance between interconnection lines,
which makes the signal propagation rate lower, thereby
resulting in a delay in operation speed. 1In order to
éolve this problem, deéelopments are being made in
insulative materials with a low specific dielectric
constant (Low-k materials), and multi-layer
interconnection lines usihg such insulative materials.
On the other hand, copper is ettracting attentions as
an interconnection line material, because it has a2 low

resistivity and a high electro-migration resistance.



10

15

20

25

resistivity and a high electro-mgration resistance. 2
Where copper is used for form ng interconnection |ines

in trenches and/ or connection holes, a single

damascene nethod and/or a dual damascene nethod are
frequently wused. .5 FIGS. 1A to 1F are explanatory

views, showi ng steps of a pracegs_for formng a

mul ti-layer cupper interconnection |line, using a dua
damascene nethod. An insulating film(Lowk film 200

made of a Lowk material is disposed on a silicon
subsihare torReshoanysedOfar ffiorstinga ilmmearconnection lines
i nterconnection |line 202 made of copper is forned in

t he 1hstAERFMRS f R P Y 200CRNPRCA L opandlers net didglyerdamascene
201 interposed, therebetween. Then, a Lowk film 204
used"&S'Yh FRTEPT| @veralnsamasicegef Memhads Fxer rRequently
then;qg with an etching stopper film 203 15 interposed

t her'ebet ween. Then, an anti-reflective coati ng ( BARC.
Bottom Anti~Refl eci v tin 205 and a resist film

206 are f%¥%€% #% %higFg% Sre%#%ﬁﬂgt%ﬁﬁf%ﬁﬁ¥§ﬁSQqﬂgng steps
LowKe fd | T. , .resiist fil.m; 206 is

suby et ot o 1T Nt eXBoeur Boart K4 Sir G4 Car 17 IREE 20

I ght exposure~wt

pat t B e 2AEh A Sct hER Q@M@Logggﬁb’asﬁﬁ%gggk?Eﬁ%éﬁf%éwethpd.

pattern is formed on the resist fi _
Therhn ushsigl dheng esi sh fLbm-20€1as)a 2RSknaddN& £ -aL%g»J&k

film204 is etched to forma via-hole 204a (FIG
Thematéeiaht isr dikbpotiede cxpad | ®igl 205n aBdbE€sEst (BBt shown) .
film206 are renoved by, e.g., a chemcal liquid
pr odEs st apgt ang asbveay pnbeessnnthenona lsae iX0Ximglde of
copper is formed in the insulating film 200 with a
barrier metal layer 201 interposed therebetween. Then,
a Low-k film 204 used as an inter-level insulating film
is formed thereon with an etching stopper film 203
interposed therébetween. Then, an anti-reflective
coating (BARC: Bottom Anti-Reflective Coating) 205 and
a resist film 206 are formed in this order on the
surface of the Low-k film 204. Then, the resist film
206 is -subjected to light exposure with a predetermined
pattern and is then development, so that a circuit
pattern is formed on tﬂe resist film 206 (FIG. 1A).
Then, using the resist film.206 as a mask, the
Low~-k film 204 is etqhed*to form a via-hole 204a (FIG.
: 1B).. Then, thé anti—reflective'cqating 205 and resist
film 206 are removed by, e.g., a chemical liquid

process and an ashing process. Then, a sacrificial

film 207 is formed on the surface of the insulating
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film207 is forned on the surface of the insulating 3
film204 including the via-hole 204a (FIG 10 . At

this time, the via-hole 204a is filled with the
sacrificial film207. Then, a resist film208 is

formed on the surface 5 of the sacrificial film 207.
Then, the resist film208 is-sgbjected to |ight
exposure with a predeterm ned pattern and is then
devel opment, so that a circuit pattern is formed on
the resist film208 (FIG 1D). Then, using the resist
fil ﬁﬂgﬁ‘s 294 4rraddinghé DRy ShrThelei A044 (FTQ07160d At

Low: f|In1204 re etched to_forma w der trench 204b
on FR&Svita ol é%fozl’a}a(rbl e ¥94a Fhehlilind véshstheilm

208 207 are renoved to conplete
thesggglﬁgﬁeaioﬁa (*fgnch 204b in the |nsulat|ng

film204 G Sl e a- _15 hole 204

trench ZggﬁJare FﬁﬁigF”E%%#c%%%e%sagoﬁﬁ 8 ?he surface

| Nt 8ECRRREGLI-RA i g 1y e rifLci

film207 is sonef?%ésfgégg%nYﬁ Ig H??%dké aﬁr%m 208

nHtQ@I@bbjeWﬁb@hUd5ﬂ$dHH(éﬁﬁoéﬁkéeﬁpyﬁ bypa d@%gkﬂgned
process used 20 for renoving the conventionhal resi st

fil patTheeneansl ds case Weslel GoRdeT) Cab {hgglg Esréged
to dissolve a film .of this kind, but the
pr opesgierng. ﬂ&téOKS@WeDW|UhE s Bstret hod £ 08 [EDOViI DY) .

‘a sacrificial filmof this kind,.there is proposed a

t echARgue USAnghitdle & 28 gir dtielss 228 oM ahaskg water
vapor and ozone i s used to denature the sacrificial
fllﬁppglgécgépugpém @q; and Low-k film 204 are etched to

form a wider trench 204b on the via-hole 204a (FIG. 1E) .
Then, the resist film 208 and sacrificial film 207 are
removed to complete the via-hole 204a and trench 204b
in the insulating film 204 (FIG. 1F). Then; the via-
hole 204a and trench 204b are filled with copper as an
upper interconnection line.

Incidentally, the sacrificial film 207 is
sometimes made of an S$Si-0 based inbrganic material,
which is difficult to remove by an ashing process used
for removing the conventional resist film. Thefe is a
case where a chemical llquid is used to dissolve a film

.of this kinq, but the pro;essing,rafe is’very low.

As a method for_rehoVing a sacrificial film of
this kind, there is proposed a technique in which a
proéess-gas containing water vapor and ozone is used to
denature the sacrificial film to be soluble in a

predetermined chemical liquid, and then the sacrificial
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predeterninéd chenmical liquid, and then t he o
sacrificial 4 filmis renoved by the chemcal |iquid

(Jdpn. Pat. Appln. KOKAI Publication No. 2004-214388).

However, when a process is performed by a process
gas containing water vapor and ozone, a Lowk material
5 used as an inter-level insulaying filmhaving a
pattern may be damaged. The damage in the pattern may
become obvi ous by a subsequent chem cal liquid
process. = Further, as described above, a process gas
contdilfi iF ERVehpoy Bhe ¢hemddas Usiethiad pépfior fea. Appln.
10 sal yhilization process, and then a chem cal liquid
is %ggég ) Ta NG eat? W 9EH3885: In this case,

a Lowk terial be damaged and thereby increase

t he spe&gﬁﬁy%ﬁ%ﬂéﬁahi% %Bﬂggﬁﬁtl§h8?§3EFmﬁﬁi@g fsprocess
det erii.or eff ec o) [ hed b sing the Low

ot SRca or s é%—ﬁ%/g%&f%gu%%#i%@grﬂ?fn? Lgpi&f material

fs t 1 [ . Obj : he present
?ﬁcgﬁFﬁb%Signfajg¥%€P]e 5fn%ﬁ%%?$% gép#%g sefNg fefhbgttern

SuChathale, MhRIR A PrOLLSSami Q& Iﬁg?N%Pga@té§ﬁig#gl%ggome

substance of, e.g., a 20 sacrificial mis per
subseguents Yyt @ etehidtierof @ne!shi ngi&@isebr%gégls by

sol ubilizing the residual substance relative
pr edet er Murgthds,quisd,desic- 1hed abewdyi Agptbeckesiydual
substance by the predetermned |iquid, the nethod
bri fgStabednd iwettey dmraye, asdchzase 25 pattietd perform a
peel i ng. Anot her object of the present invention is to
solubilization process, and then a chemical liquid is
used to perform a cleaning process. 1In this case, a
Low-k material may be damaged and thereby increase the
specific dielectric constant thereof, which
deteriorates effectslobtained by using the Low-k
material as an'inter—level insulating film.
Brief Summary of the Invention
An object of the present invention is to provide a
substrate processing method such that, where a process
for removing a residual substance of, e.qg., a
sacrificial film is performed subsequently to etching
of an etching-target fiim,-by solubilizing the residual
. substance relative to a'piedetérﬁihed=liqu1d, and then
removiné the reéidual substance by the predetermined
liguid, the method brings about little damage, such as
pattern peeling.

Another object of the present invention is to

provide a substrate processing method, which can, in
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provi de a substrate processing nethod, which can, in
-5- addition to that descri bed above, suppress
deterioration in .an"electric-property of-an
etching-target filmdue to damge caused by a process
for removing a residual substance. 5 Still another
obj ect of the present inventi®n is to provide a
conmput er readabl e nenory nediumthat stores a contro

- pdOUE bon f 06 EXLEUREBEr Bbsdbsbbake eﬁ%%ééisnae%trfl]ﬁ&}attion in

.as one of those described above. According to a firs

‘@rspekecofi¢ herppesent of nyenttoRingl@atheteri Smpuew ¢ed
'a substrate processing nmethod. conprising: performng

danage heagspd odeesa pootesm fopr edabetngnedrepatibgnn on

an etching-target insulating filmdi sposed on a

FYpBEFRAER: denaturing with at |east ozone a pol yner

residue,. a resist film or a sacrificial |ayer

r emai Nyt afteFhehecRBeet cAfnghpr BEESENtoibwestliobl és to
redetermined lig then, performn

e oL o
ér:n ?‘alr‘g? | O PPRRERE B%a‘gé%?f Bewosy PRiupt é%ﬁﬁgSttézrrgét a

b 'on~pl ore St A
STHEL Pt P8 TReENFLBR: & RiReEERFuPEOESSThy metnod
&3 S5l vor AL eTBYEcLIsedengyLed substance. 20

According to a second aspec the present invention,

t her endSo R DY ded 2 §PP§Er§§§eBEO ?Sébgg PEEQRQ invention
conpri si ng: ormng a sacrificral fi M DR an !
EﬁéﬁéTﬂbtﬁﬁéﬁid¢@3#|§@b§@rafé|ﬂ}9b§99§§? R8tAod. comprising:
substrate; formng an etching mask on he sacrifrcral
geétfyrmaiey edchétichime soecebsctal £bihmiapdeddtbbRined
etching-target insulating filmto forma predeterm ned
Qrttesrm; onlemat e cinpngv tdirgee t | ASL10Z0Ng £hBm disposed on a
sacrifici al

substrate; denaturing with at least.ozone a polymer residue,
a resist film, or a sacrificial layer remaining after the

etching process to be soluble in a predetermined liquid;

‘then, performing a silylation process on a surface of the

etching—target inSulating film having the pattern formed
thereon; and then, supplying the prédetermined liquid to
dissolve and remove the denatured éubstance.

Acéording to a second aspect of the present invention,
there is provided a substrate processing method comprising:
forming a sacrificial film on an etching-target insulating
film disposed on a substrate; forming an etching mask on
the sacrificial film, and etching the sacrificial film and
the etching-target insulating film to form a predetermined
pattern; denaturing with at least ozone the sacrificial

film and the'etching mask to be.soluble in a predetermined
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filmand the etching mask to be soluble in a
predeterm ned -6- |liquid; then, performng a
silylation process on a surface of the.etching-target
insulating filmhaving the pattern fornmed thereon;
and then, supplying the predetermned liquid to

di ssol ve and renove the denatifred substance. 5 In the
first and second aspects, the nethod preferably

Figeher toepr isesfpeniogningiaysht ybat beBcPERCESS 0R LR Face

surface of the etching-target insulating filmafter
@%n%@@n@t@%hn@em®£@¢bdlsab$aamng fThe paesegt the pattern
|nvent|on is effective in a case where the 10

REMAg-Raryet/ | #RdI BReRg $HPRLEbNprthespaeHewermined

lele tr|c constant material. Particularly, the
%%% t ?ﬁ%%%ﬁ?%ﬁelén eFeReVPvEhE ndanahusedhsnbsthace.

|OMI qgtr C constﬁnt mat eri al includes al kyl groups

as end1 1 i P henBED? ngSPEChP ef ERGLIFE @ﬂf§¢ﬁ§@rably
5 t
%ﬁéf%}?e%nd&ﬁé’oin%ég S B EERES u?asbfﬁﬂﬁghggrf@%ﬁ%don c

|
gﬁ%fébéwa)ﬁ%émkfhﬁqﬁﬁe§§rgg¢5189@¥§gghn |ﬂv§2$Fgﬁrls

not contal ni ng water vapor

Biheeiny ecnd @er«p@@@ra@eg@bwsn@éedeterm ned liquidis
an acid or alkaline chemcal liquid. 20 The

si | yl'etié Qv g @0 SBnvSn P1 64 ef abt yrper { & ned Wﬂbége where the
usi ng a conpound i ncludi ng silazane bonds (Si-N)

etntleing esa rdref eralbl ot i ndief Compocns i 86k udi mgwsahazaegrlc
bonds in nolecules is TMDS

(st B-matemiet hy| kst iazhae)y, othdMePMent invention is
(Di met hyl am notri nmet hyl silane). 25 According to a

et Hepedt dfcase presenthe nbentddml ect hececoastant

IIE)rowded a control froPran1for execution on a
terial includes alkyIl groups as end groups.

Said denaturing is preferably performed while
supplying a process gas containing water vapor and ozone.
Said denaturing may be performed while supplying a process
gas containing ozone and not containing water vapor. The
present invention is effective in a case where the
predetermined liquid is an acid or alkaline chemical liquid.

The silylation process is preferably performed while
using a compound including silazane bonds (Si-N) in
molecules. Preferably, the compound including silazane
bonds in molecules is TMDS (1,1,3,3-Tetramethyldisilazane)
or TMSDMA (Dimethylaminotrimethylsilahe).

According to a third aspect of the present invention,
there is provided a control program for execution on a

computer, wherein the control program, when executed,
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conputer, wherein the control program when executed,
-7- causes the conputer to control a manufacturing
apparatus to conduct one of the substrate processing
nmet hods descri bed above. According to a fourth aspect
of the present invention, 5 there IS provided a
conput er readabl e storage mediumthat stores a .
control program for execution on a conputer, wherein
¢theseonttiol cqnpgt am tvhesnexetubeflanGaHsesriR§ apparatus to
conputer to control a manufacturing apparatus’to
comtiuet oroneo Dfthdesshibstaat eppooeesshggmeehbadSdescribed
descri bed above. 10 According to the present
3Rt i on, etching is performed on an etching target
|nsulat|ng filmthat can be easily damaged, such as a
Low tZ*quCrrrﬁlrmt% ysfogreh asbechneé thef pcekentoinvention,
renpve, such as sacrificial film _ Then, a process
TS eln%\i?%“a ‘?%s"f‘ dCATPet®Et hpedabie stgragesmedeum that
C i cial |I erfornmed, by solubilizing the
%ﬁggélﬂﬁ Kbt c%r?£¥%t| Rt %X%XBFeBEt@PnﬁnﬁemPPaaFd
t [ d renovi ng the residua
s i b SR DR ALY, ey C\ Fpuses rene
t s co
ébﬁﬂdﬁ@fiﬂd”de§¥§f %%n@féé a?? 1 ?Pégrggysrgo B8 duct

the etching target I nsu

cﬁ‘lés@ﬁ Vibstls) %ﬂﬁé@é"ﬁﬁoéé@sfﬁ&'ﬂ@@ﬂtod§ugégépfsed above.

Consequently, it is possible t0 prevent patter

darra@e:cc&tmhqg?lstcpaiikﬁ@r;ﬂréléﬁ@s;ﬁnv&ﬁ@ﬂbl@e' Qch§H§egs by
di ssol ving and renoving the residual ubst ance.

geurfidrared wireran asidit i mnat asqd | mwnapmgeﬁeunsm;’é can be
per f or ned after dissolving and renoving the residua
sagidharsbmadad, ssydssidl® Tawtlechivbn, awkleleruoragi on

in the
substance difficult to remove, such as a sacrificial film.

Then; a process for removing a residual substance of, e.qg.,
the sacrificial film is performed, by solubilizing the
residual substance reletive to a predetermined liqdid, and
then dissolving and removing the residual substance by the
predetermined liquid. At this time, a silylation process
is performed to recover damage of the etching target
insulating film before dissolving and removing the residual
substance. Consequently, it is possible to prevent pattern
damage, such as pattern CD loss, from being caused by
dissolving and removing the residual substance.

Further, where additional silylation procees is
performed after dissolving and removing the residual

substance, it is possible to recover a deterioration in the

electric property of the etching-target insulating film due
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el ectric property of the etching-target insulating
filmdue -8- to damage caused by di ssol ving and

renmovi ng the residual substance. Brief Description of
the Several Views of the Drawing FIGS. 1A to 1F are
sectional views schematically 5 show ng.steps of a
process for form ng an i ntercBhnection line in a
trench, using a conventional dual damascene et hod;

0 Glaikages eausapl anad osyoVvengsahameeneaihy $hewrdgidual
the arrangenent of a wafer processing system used for
ubPE P conduct or devi ce manuf acturing process

enpl oyi ng a dual damascene nethod, to which a

subditef Pprectrtioy aethlod SedeceidVagwsoodnthe Drawing
enbodi ment of the_present invention is applied; FIG

3 i s APt anl®hi kW sEneRRt$EFE9N3hoWiiAYSt Rehemgtically
ﬁiructure of a éleaniaﬁ agparatus used in the wafer .
PIOEEE | TFRY sPent shbaresh FP& formiEng, an istgrepppection
Vi ew sche ically showng the structure of the
%Ig%ﬁﬁhdag%%%?% UsTRHohn® | RORT BT 30naE) guak fdamgsggar
ﬁ%gﬂgéﬁhenatically showi ng the 20 structure of the

cl eani ng apparatus shown in FIG 3; FIG 6 is a

secti | i W%ﬁ? I S N n In .
uni t %?ngZegyaiﬁthe % g%%#% gg%grgfﬁg?gﬁfgéyiyigh8Wlng
tYRe td Rl g ath@it SEhesrafa £t | yr §BOUE NG gasPstegl hé%é_t E8R 4
unit di'sposed in the cleaning appara?us; FI G is a

secidanblctw evdsehesaia ot d ¥t ShOMG NPr8cess employing a dual

damascene method, to which a substrate processing method

according to an embodiment of the present invention is

applied;
FIG. 3 is a plan view schematically showing the

structure of a cleaning apparatus used in the wafer

processing system shown in FIG. 2;

FIG. 4 is a front view schematically showing the
structure of the cleaning apparatus shown in FIG. 3;

FIG. 5 is a back view schematically showing the
structure of the cleaning apparatus shown in FIG. 3;

FIG. .6 is a sectional view schematically showing a

denaturing unit disposed in the cleaning apparatus;

FIG. 7 is a sectional view schematically showing a
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cleaning unit disposed in the cleaning apparatus; FlIG
9 is a flowhart showi ng a sem conductor 5 device
manuf act uri ng process enpl oyi ng a dual damascene
nmet hod, to which a substrate processing net hod _
according to an enmbodi ment of the present invention is
applied; FIGS. 10A to 10J are_segctional views show ng
steps 10 of the flow shown in FIG 9; and FIG 11 is
a view for explaining a damage of a Lowk filmand
recovery thereof by silylation. Detailed Description
of Ehé VImFdn o isn difee@ntinothe helpersent apparatus;
invention Wil now be 15 .described with reference to
t he accorfpéhyithg Mraavk ¢gsionpbr Bindf sehengheé cpldyersthowing a
i nvention is eane%%!ied by a case_where a
seanSRE&EQOPWﬁan RSSRANT ath®r edep)1a9 aprRratus;
damascen t hod._ Fl 2 is_ap explanatory view
schenat i ?a 'yrbgolsshaov%%%w?}h%rgr?gﬁﬁéﬁﬁnf" \éﬁmicﬂé}fjélt‘:tor

ro [ t ed f nm, conduct or vi ce
TanarSacar o e o o S Rl T nas e demascens

met hRend0 WY G rs Labsgmgga%ggfgéwsigst Hggh&don

according to an enmbodi ment of | resent “i nven
i s appliredngThics MafaiLM0EESS1 HF 25 S §é§ghtn9hli;%g%i%n is

process section 100 and a main control section
The appddesis section 100 includes an SOD . (Spin On
Dielectric) apparatus 101, a resist 10 -
coat i ng/ déW& -opifnttappad at us 462t iankightcexpesuiveng steps
apparatus 103,.a cl eaning apparatus 104, an etching

of the flow shown in FIG. 9; and

FIG. 11 is a view for explaining a damage of a
Low-k film and recovery thereof by silylation.

Detailed Description of the Invention

An embodiment of the present invention will now be
described with reference to the accompanying drawings.
Hereinafter, the present invention is exemplified by a
case where a semiconductor device is manufactured by a
dual damascene method.

FIG. 2 is an explanatory view schematically
showing the arrangement of a wafer processing system
used for a semiconducto} device manufacturing process
employing a dual damascene method, to which a substrate
processing method acéording to an embodiment of the
present invention is applied. This wafer processing
system includes a process section 100 and a main

control section 110. The process section 100 includes

an SOD (Spin On Dielectric) apparatus 101, a resist
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apparatus. 105, a sputtering apparatus 106 used as a

PVD apparatus, an electrolytic plating apparatus 107,
and a 5 CVWP apparatus 109 used as a polishing
apparatus. The nmain control section 110 includes a
process controller 111, a user interface 112, and a
menory portion 113. The SOD_appgpratus 101, sputtering
apparatus 106, and electrolytic plating apparatus 107
of the process 10 section 100 is filmformation
apparatuses. As a nethod for transferring a wafer W
bet wean iaggdearalsesant tdmpa prtocess0zecki bhighO0exposure
transfer method by an operator and/or. a transfer

met REB 3B t4 St it ér Wfianimmbtapmownyus at @4 used. etbhing
Each of the a ratuses in the process section 100 is
confi€&fed "5 ﬁﬁ%“céhFﬁHQQﬁF%ﬂgt%ﬁp%ﬁ%%@§sloéohﬁﬁdlEera PVD

' CPU. Th troller 111 is
ConREBEEATES RS SORC AN S BBt NG RRE LR REPEBE, and a
) di spl a rein the 20
ceyGuER SEPERIRNG AU BRI &% oop“%fza?rawoaima@tus- The
' - s_in_the process
oaTRanS B rC I i It S Al et Pkl By 888801 1ex

vi sgahi, zed viseagan 1@fr e opes atignal O%éﬂ%?t ;ﬁéf%B?ﬂellB .

apparatuses in the process section 1

25 mhecesd eoparelduwy Ul ispwonsectiedap9athen8eMBEY ang
portion 113, which stores recipes with control

pr oglas rodiyd ipr gdessi pndigd e wiat 707 esor 6ed HheEEES,

for - 11 realizing various processes perforned in the

pro@@§§i0§e&ﬂQniSuﬂihmuﬁnrmdﬁiqnnﬂppﬁraﬁuﬁhe.pr@seSSmethod

Con%gglkignsferring a wafer W between apparatuses in the
process section 100, a transfer method by an operator
-ahd/or a transfer method by a transfer unit (not shown)
are used.

Each of the apparatuses in the process section 100
is conﬁected to and contreclled by the process
controller 111 having a CPU. The process controller
111 is connected to the user interface 112, which
includes, e.g., a keyboard and a display, wherein the
keyboard is used for a process operator to input
commands for operating %he apparatuses in the process
section 100, and the display is used for showing
visualized images of the operational status of the
apparatuses in the process section 100. Further, the
process controller 111 is connected to the memory

portion 113, which stores recipes with control programs

and process condition data recordedltherein, for
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111. Arequired recipe is retrieved fromthe nmenory 5

portion 113 and executed by the process controller 111

in accordance with an instruction or the like through

the user interface 112. Consequently, each of various

predeterm ned processes is perforned in the process

section 100 under the control-ofijthe process

controller 10 ill. Recipes. may be stored in a

readabl e nenory nedium such as a CD-ROM hard di sk

flexi ble disk, or nonvolatile menory. Further,

r eciffas byl &7 an i PR T eRrooRSEEAepewliblr@eidt ins the process

transm tted anong the respective apparatuses in the

pr oSESE 18 tilh UmRer ok he r aRBATPLe@E15DPr Boasss controller

ext al apparatus through, e.g., a dedicated |Iine,
ﬁé’ded In place of the global control by the main

282% o 8 ety n%%ﬂrasw?o'ﬁ%”%#”s&ﬁwo Felen o oy
100
ng?%ttg ]hlrgaﬁ%l(ﬁ 2%?1 ge%:efgroms%ﬁ%ppglroner 111

SeCth%ddB?d&HdElﬁht@rQ§e§ﬁsEQHEEQEheB§C%h%S§ ke through
interface, and a storage portion app arat

101 dife usest timw@epptyce@ chem cabnségubhguid Qake %f various
mafer Wto forman-inter-level insulating filmforne

, rgglsternlioved prooeseoesansepehitbgmetiopper kel bRddess
a spln coating nethod. Although the 12 structure of
t he SOD igppar®t usnded £8e nobnshoinoifn thdepaiokce sshect@oller
apparatus 101 includes a spin coater

111. Recipes may be stored in a readable memory medium,

such as a CD-ROM, hard disk, flexible disk, or

nonvolatile memory. Further, recipes may be utilized

on—line,'while it is transmitted among the respective

apparatuses in the process section 100, or transmitted

from an external apparatus through, e.g., a dedicated
line, as needed.

In place of the global control by the main control
section 110, or along with the global control by the
main control section 110, each of the apparatuses in
the process section ldO may be provided with and
controlled by its own éontrol section including a
process controller, a user interface, and a storage
portion.

The SOD apparatus 101 is used to apply a chemical
liquid onto a wafer W to form an inter-level insulating

film formed of, e.g., a Low-k film, or an etching

stopper film by a spin coating method. Although the
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unit and a heat processing unit to performa heat
process on a. wafer Wwith a coating film formed
thereon. 5 In the..case of a wafer processing system

a CvD apparatus may be used to forman insulating
filmon a wafer Wby a chem cal vapor deposition

(CVD) nethod, in place of the $SCOD apparatus 101. The
resi st coating/ devel opnent abpdlzat_tls 102 is 10 used to
forma resist filmused as an etching mask, and an
anti-reflective coating. Al though the r;asn ﬁ:)vvn -

oagt I ar S 154N S ,
geﬁééii: Fgé?ﬁz@rggg?gcggﬁ r?g)}%e\?éclq%pr@n]t %asppnac_)rtatmo"_szm

i nclierdesl A tiesi SbDCABbERE LW t,01a i%@%diﬁ%até H{]!%da@er
15 sacrificial filmcoating unit, a developing unit;”
andunihexmal a presespibgeyBiitg. ukhe ReSipitr€oati %é‘;\[}ét
is arranged to apply a resist liquid onto a wafer

to PTRF®sa peshswaffilmibyw sphnacoattgy FIenBARGmed thereon.
coatin unit, is arranged to apply an anti-reflective

" coat? ng20CIBARES anvefarwafecews iflye syacrdr,i ¢ atvhgil m

oatin unit is arranged to apply a sacri fi._ci al lfi I m
?Sngr%W% A VaPer UPEATRE deval epi ngswdiatirgy film on a

erforma_ devel opnent process on a resist _
? :r {‘?n"lj%eg CV?]%%E% BRSRLSHb] ¥ePed FePrisght caxpé3iite meitttod, in

' attern_in | i ght exposure
gpéglr%%%gﬂi%g%n%%p?ﬁg?ﬁﬁfmﬁrg@gssiqng ulnits ar eses .
Lvel rtormtherma roces ,
et or W aa TR o e o e R e AR S a02 b
wafeyeWid ead @l Dyredi bt ORL 1XROSU §sPLACES S A A0, Lg

-wafer Wtreated by a

an anti-reflective coating. Although the resist
coating/development apparatus 102 is not shown in
detail, the resist coating/development apparatus 102
includes a,fesist coating unit, a BARC coating unit, a
sacrificial film éoating unit, a developing unit, énd
thermal processing units. The resist coating unit is
arranged to apply a resist liquid onto a wafer W to
form a resiét film by spin cdating. The BARC coating
unit is arranged to apply an anti-reflective coating
(BARC) onto a wafer W. The sacrificial fiim coating
unit is arranged %o apﬁly a sacrificial film (SLAM)
onto a wafer W. The developing unit is arranged to
perform a development process on a resist film which
has been subjected to light exposure with a
predetermined pattern in the light exposure apparatus
103. The thermal processing units are arranged to

respectively perform thermal processes on a wafer W



devel opnent process. The |ight exposure apparatus 103

is used to 5 subject a wafer Wwith a resist film

formed thereon to |[|ight exposure with a predeterm ned
circuit pattern. The cleaning apparatus 104 is
arranged to performa cleaning process using purified
water or a chemcal [Iiquid, -a fignaturing process of

pol yner residues or the 10 like remaining after an
etching process, and a recovery process of an
inter-level insulating filmfor damage due to

et cHithg, 2agedésd ildedn | trered ntieredn, Fheadechiingreated by
apparatus 105 is arranged to perform an etching .
pro@e3§g§ﬁ SEFPORETS | $HisurREi AgVREEM Br tregtedeby a
Iik%e@%rned on a wafer W The etching process may be

of a ty&gpﬁgpﬁg%)%%ﬁﬁfbr a type using a chem cal

o o e A e 0642 T8, b8se0 =0
I n- | eGt i.Cs [ S 7 i,5,20
N T s o L

| ayerighftole ey el it H Ox fioF da@te 1L £EGORNEELE ON L .
inyalgtrenc Fine. %he Cwﬁggpparatus 1%9 Pgeg??aﬁégggrn

to Ther fodrernd ngl aitard Zatu®n @4 0Lessr Pingeduthacerebra -
groove interconnection line filled with Cu, and so 25

f or th.eaNexig, pa cdetsed |westi rex phanafiof matérberghveRetfical
the cleaning apparatus 104, which plays an inportant
par L 1B81def at Kenartereimg ipweresone £ RbGBymar #4esaddeS or the
are a plan view, a front view, and a back view,
res&é&@iﬁ@mﬁ}nlng after an etching process, and a recovery
process of an inter-level insulating film for damage
"~ due to etching, as described later in detail.-

The etching apparatus 105 is arranged to perform.
an etching process on an inter-level insulating film or
the like formed on a wafer W. The etching process may
be of a type using plasma or a type using a chemical
liquid. The sputtering apparatus 106 is used to form,
e.g., each of an anti-diffusion film and a.Cu seed
layer. The electrolytic plating apparatﬁs 107 1is
arranged to embed Cu in a trench having a Cu seed layer
formed therein to form én interconnection line in a
trench line. The CMP apparatus 109 is arranged to
perform a planarization process on a surface of a
groove interconnection line filled with Cu, and so
forth.

Next, a detailed explanation will be given of the

cleaning apparatus 104, which plays an important part
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schematical |y showi ng the cleaning apparatus 104. The
cl eani ng apparatus 104 includes a carrier station 4, a
5 process station 2, a transfer station 3, and a
chem cal station S. The carrier station 4 is arranged
such that carriers each storing wafers Ware
sequentially transferred from pjher processing
appar atuses onto the carrier station 4. The carrier
station 4 is also 10 arranged such that carriers each
storing wafers W _processed in,the cleaning apparatus
104°4r &DEr RASREed N¥eTo @ he cBEFFer 3st 4ti end45tare a plan
processing %gparatuses for subsequent processes. The
a

pro¢és¥-s G2 Visie R & prekarieys ofreppecssvely,

uni rranged .to 15 respective erforma cleanin
progéggTaglgggéﬁhr %fl?ékﬁhﬁs?l%ﬁgl%gr@EB@éﬁ?US 104, The

- tafi 3,is arranged to_
P aepan I8 ARl S °r2%1w%%eascag?moﬁLgtéﬁad 4, a
[ ' : T ] tatl 5.is_arran _
o DS e ion e £ RS S B anss SeBhagothemicel

a cheateah qumThelﬁgﬂfﬂé¥iy%%@i@nggsisaggraﬁgegoéLgh that
to be used in the process station 2. Each carrrer

contairmsetrbereioh wferinhdVwessentwably L8g8ehprbzopt a
state at regular intervals in the vertical direction

(Z- treesteompd Themafersr WaScas eihgansperaedstd 8A8o the
fromthe carrier C through one side of the carrier C
whi ERTF$espeRéd/icnnded Bihe ¢adri¢DasEahich hsiBoklso
shown in FIG 3, but shown in FIGS. 4 15 - and 5in a
det 3€RBRISHatE h AdathGRriFeTs Gagh shertagrwafers W

[ has .a .
Stagkggegsegsln,the cleaning apparatus 104 are transferred

from the carrier station 4 to processing apparatuses
for subsequent processes. The process station 2
includes a plurality of pfocess units arranged to
respectively perform a cleaning process, a denaturing
process, and a recovery process. The transfer station
3 is arranged . to transfer a wafer W between the process
station 2 and carrier station 4. The chemical station
5> 1s arranged to perform manufacture, preparation, and
storage of a chemical liquid, purified water, gas, and
so forth to be used in Ehe process station 2.

Each carrier C contains therein wafers W
essentially in a hqrizontal state at regular intervals
in the vertical direction (Z-direction). The wafers W
are transferred to and from the carrier C through one
side of the carrier C, which is opened/closed by a lid

10a (which is not shown in FIG. 3, but shown in FIGS. 4
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table 6 on which carriers C can be placed at three
positions arrayed in a Y-direction defined in FIG 3.
5 Each carrier Cis placed on the table 6 such.that
the side provided with the lid 10a faces a partition
wal | 8a between the carrier station 4 and transfer
station 3. The partition wall {§a _has w ndow portions
9a formed therein at positions corresponding to the
mount 10 positions for carriers C. Each of the w ndow
portions 9a is provided with a shutter 10 on the

t r 3RS er 1Tsteatdmdrad detabeopen/ cl ose the wi ndow
portion 9a. This, shutter 10 includes hol di ng neans
(not shdti)SHI Hol Hihg Bhethedchgaietr atearpinerd Gas a

g§t %pe holdlqﬁ 15 neans can hold the |id 10a and
rawd ©1 Mo TheatrsnsFer Seat Penp3acas showh rier

FI The ransfer station 3 is provided with
ngl% ?%b% rayﬁnu% 73d¥s§bs%8tﬂﬁér%?ﬁlnﬁﬁleﬁ ﬁ5§ .a3.

wa I 9 Pi 7 hol f

maEEFhZ%a?ggﬁgger g%l %$£ %ng% t?RT?hg ?Uaprééﬁﬁoﬁhe
I ext endi ng.on the

Y ﬁg?eo?wfﬁﬁﬁ@ﬁ?ﬁﬂ%.%n?gg PRe Y- HFFoitren, wall

Theawalervedr aitsd eka Pt CKr7a+i% 1§ d@ :
X-direction, novable up and down |n%ﬁ? %?%Frec j ghation 3.

an@heopatratiite dm e Xa e @iﬁasw(p&f%ﬁél 99) formed
Wth the arrangenent descri bed above, the waf

trghgﬁéﬂnp@¢kph@unmmn&CGBSSr@ﬁyo@@En@ftéh@héaﬁéhﬁﬁs C
16 placed onthe table 6, in a state where the
shBPPéFdons fawe qeamisated™t 0 Batiovof hehé NteRdOW Bbrtions
thS C?Erb%%%l%ed w1th a shutter 10 on th r
n e transfer
station 3 side to open/close the window portion 9a.
This shutter 10 includes holding means (not sﬁown)'for
holding the 1lid 10a of a carrier C, so that the holding
- means can hold the 1id 10a and withdraw it into the
transfer station 3, as shown in FIGS. 4 and 5.

The transfer station 3 is provided with a wafer
transfer unit 7 disposed therein, which has a wafer
transfer pick 7a for hoiding a wafer W. The.wafer
transfer unit 7 is movabie in the Y-direction: along
guides 7b (see FIGS. 4 énd 5) extending on the floor of
the transfer station 3 in the Y-direction. The wafer
transfer pick 7a is slidable in an X-direction, movable
up and down in the Z-direction, and rotatable in the X-
Y plane (6 rbtation){

With the arrangement described above, the wafer

transfer pick 7a can access any one of the carriers C
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~mount  units (TRS) 13a and 13b

to communicate with the transfer station 3 through the
wi ndow portions 9a. Accordingly, the wafer transfer 5
pick 7a can transfer a wafer Wfrom any hei ght
position in each of the carriers C, and can transfer
a wafer W onto any height position in each of the
carriers C. The process station ﬁ includes two wafer

3 the transfer station
3 side. 10 For exanple, the wafer mount unit (TRS)
13b is used to place a wafer Wwhen the wafer Wis
tr apdfegracecbrf ridm #diel 4 r@nsiar assabkenwBek® R shutters 10
process station 2. The wafer mount unit (TRS) 13a is
use@ <o 45l tacen tedvatf era Mlowhehet hetwater WEi sheeturiadrs c
to the transfer station 3 15 after it is subjected to
a prédSIFFHMHER 17 otidss tiet heanpfecessastani 8ntAroOyh the
the rear side of the process station 2, there are
den Qﬁ)RﬁﬁQ%PQQKEB-15%CF@r§5ﬂgéVvaﬁ@@dWﬁéeyfﬁaeaﬁier
olymer, residues, a resist film and a 20 sacrificial
Pil%?fghﬁf iR afTRS T ef cHRAGEpPoEEsE, apy hgighs position
cont.aj nj vapor_and ozone_(,03), so as_.to
denaturd het e P fE s anr chioe Srarnes : vater v
chery WeTUTIFe I at yri uni.t VOS) 15a t
15f@anLka%?H%g¥}H é%$9%9§§s?§te??Pn?faﬁagaca%rlers 2

sacrificimle fptdads roppt DhRYakihen ;AR et ghi ng Arogess

only change their chemcal properties to be soluble
i n anirede(TERIM Mesh Lhenm 38l ohi @HEd: rWAEFEt Be%tion 3 side.

mai ntain their shapes or - 17 - the like. Silylation

uni Fo SCYmllls, arite hibf et emdu8POSANLONTRS) 13b is used to
place a wafer W-when the wafer W is transferred from
the.transfer station 3 to the process station 2. The
wafer mount unit (TRS) 13a is used to place a wafer W
when the wafer W is-returned to the transfer station 3
after it is subjected to a predetermined process in the
process station 2.

On the rear side of the process station 2, there
are denaturing units (VOS) 15a to 15f arranged to
process polymer residues, a resist film, and a
sacrificial film remaining after an etching process, by
a gas containing water bapor and ozone (03), so as to
denature them to be soluble in a predetermined chemical
liquid. 1In the denaturing units (VOS) 1ba to 15f,
polymer residues, a reéist film, and a sacrificial film
remaining after an etching process only change their
chemical properties to be soluble in a predetermined

chemical liquid, while they maintain their shapes or
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the denaturing units (VOS) 15a and 15d, and are
arranged to performa silylation process on an inter 5°
| evel insulating filmdanaged by the denaturing
process, cleaning process, or the like, to recover
the damage. On the front side of the process station
2, there are cleaning units (CNU) 12a to 12d arranged
to perform a chenical |iquid ptbcess or water

cl eani ng process on 10 a wafer Wprocessed by the
denaturing units (VOS) 15a to 15f, so as to renove
denatur ad |aol ymer residues aor the like. In the
process station 2, four hot plate units (HP) 19a to

19d are gdiacked @in a.POSE t | 88y PPPOSI LE4L 91,12, Lhe.
waf er nnuﬁiqﬁ%itél%TRS) 132'2%8 gg 5§?h95bn§F% wafgpsed on

t r anskedennaittu rtshd nirgrposerbs her ebeingensqand,are .
arranged to heat and dry a wafer W processed By €

cl eadiragged tto EEMfortPa t0i NPTkt foif t BLEce §90bANGn inter-
plate units (COL) 2la and 21b are stacked on the wafer

20 #6@%@lyﬂ&ukﬂ¢¥9g1Ba;maddmagedabwangﬁﬂ(jéhéxﬁ&iﬁg process
waf er W processed by the heat and dry process. The ’
waf & 3RB0R PINAESCTRYE 18R nelkde a0 rangedeastae damage.

cool i ng @ a%ﬁl ggit. A fan and filter unit (FFU) 25 is
di sposed &t “he 1B otidhePhrioeesRracass opt2tiand2i sthere

arr e 5. send cl air_into the process
sta??gng%%%?§§Qnﬁq+ f@ﬁﬂpréﬁﬁeﬁoL%@@ A7r#399f spesedrform
essgnt-ialk t ;the .center of the process station 2,

and -qughui}ésa%arlrlgﬁ&?g%tr& ersasns?rervpaat%f%%eww“i hPRoERes on
pr0§ea§ferswayf@aé%séH“%g“%HE‘%ﬁﬁﬂt&fl éffgigglEV&é) 15a

has a wafer _
to 15f, so as to remove denatuned polymer residues or

the like.

In the process station 2, four hot plate units
(HP).l9a to 19d are stacked at a position opposite to-
the wafer mount units (TRS) 13a and 13b with 3 main
wafer transfer unit_14 interposed therebetween, and are
arranged to heat and dry a wafer W pfocessed by the
cleaning units (CNU) 12a to 12d. Further, cooling
plate units (COL) 2la and 21b are stacked on the wafer
mount unit (TRS) 13a, and are arranged to cool a wafer
W processed by the heaf and dry process. The wafer
mount unit (TRS) 13b may be arranged as a cooling plate
unit. A fan and filter unit (FFU) 25 is disposed at
the top of the process station 2, and is arranged to
send clean air into the process station 2.

The main wafer ﬁransfer unit 14 is disposed

essentially at the center of the process station 2, and
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transfer arm 14a for transferring a wafer W The main
wafer transfer unit 14 i's rotatable about a Z-axis. 5
Further, the wafer transfer arm 14a is novable back

and forth in a horizontal direction, and novable up

and down in the Z-direction. Wth this arrangenent,

the main wafer transfer unit 1§ can access the
respective wunits disposed in the process station 2 to
transfer a 10 wafer Wbetween the units, wthout

moving itself in the X-direction. The chem cal.

st at FoAT5ARAEFUESs ta aprdess & g@fe%w&mytlp@nlt t?ﬁ peocass.
cleaping liquid supply portion 17, and a si ation

agen a§888l%'po?'%m¢@ﬂ? I Driocdsstas @%étsiéph§5 a wafer

. ; ) | |
Pt 8B, 35 I0EY L PR B Ry uabesmain
Vi f _di it tatiopn 2. .
%hg§%F%gﬁF%§“%?§&i3§§u233§H%bﬁ?ﬁ%ﬁg%gfgzgggF n@eg_?ﬁls'

g Syl > .
i

18 irsranr anged Hod iISARR A1 d1:Sd W Abh ONan @9RBY ap e up and
carrier gas, and so forth to the silylation wunits

( SCHpwhl anamtel izb-diNexdt ich detvai d1edeiexpl apabhgem¥ht! the

be given of the 25 structure of the denaturing unit
(VO8pihbaafwirt it rarefference tt dl4 heaschetassctsectespaktive
view shown in FIG 6. The other denaturing units have
exabhfy st Ké spppedidin gt gotagess Thi st denak utongransfer a
(VOS) 15a includes an airtight chanber 30 for,
accyﬁ§§gawiQ@qu@ﬁ(gthunmﬁ§, without moving itself in the

X-direction.

The chemical station 5 includes a process gas
supply portion 16, a cleaning liquid supply portion 17,
and a silylation agent supply portion 18. The process
gaé supply portion 16 is arranged to supply ozone,
wéter vapor, and so forth as process gases to the
denatufing units (VOS) 15a to 15f disposed in the
process station 2. The cleaning liquid supply portion
17 is arranged to supply a cleaning_liquid to the
cleaning units (CNU) 12a to 12d. The silylation agent

- supply portion 18 1is arianged to supply a silylation
agent, a carrier gas, and so forth to the silylation
units (SCH) 1la and 1llb.

Next, a detailed explanation will be given of the
structure of the denaturing unit (V0OS) 15a with
reference to the schematic sectional view shown in FIG.

6. The other denaturing units have exactly the same
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chanber 30 is fornmed of a stationary |ower container
41la, and a |lid 41b that covers the top face of the 5
| oner container 4la. The lid 41b is novable up and
down by a cylinder 43 fixed to a frane 42 of the film
denaturing unit (VOS) 15a. -FIG 6 shows both of a
state where the lid 41b is in cjgpse contact wth the
| ower container 4la, and a state where the lid 41b is
10 retreated above the | ower contai ner 4la. The | ower
contai ner 4l1a is provided with an O-ring 51 disposed
on EREVUEEPTFace THE Sa dediadatk puF tumht atVe@se lbenminvhedes an
t he Lid,4%b i s noved down by the cylinder 43, the rim
of FRAETHEPFOMPERE 0P Y HEY | FF AABRAELNE nd owaker W. The
contact with.the top face of the raised portion at the
U BETPRE POuds GORTIher #1:5 Catl $restotovhe sonngner
51 fo a irti,ght .pracess_space in_ the_chanber
Bo.hiﬁé'Fgaeg géﬁtéﬁ%@fﬁzgé.?%% u%égh%.%?%ggagg pbr the

| agj a d t hareon.,T. a 331 rovi ded
D0 TR D o Fy pine 44 HI° & 51 P i 15 TrPpaLrt Fgnane
to qswBpekt at be1ua T 3§ ugles -
heaterBESg bui?t tE%#EY¥%:m§ﬁ%§?%€ %idf%ﬁ% ?%c?gdggeafllm
heatiena4bbibgi bhithenes), 8n. thaic eaghs9bwt hgoshage 5
33 and |id 41b is maintained at 25 a predeterm ned
t enptrékuwber€onsequdnt |4Lb tihe iemessd uenohca WaERr the
Wcan be kept constant. The |lid 41b has hook nenbers
46 apwes, gontghnee Z0a, positd ssateonilyetswtioé Lhemiilb is
are shown in FIG 6) on the bottomface to hold a
waf EECYAE2TRE @}&Pae \Whss lower container 41la.

The lower container 4la is provided with an O-ring
51 disposed on the top face of a raised portion at the
rim. Wﬁen the 1id 41b is moved down by the cylinder 43,
the rim of the bottom face of the lid 41b comes into
contact with the top face of the raised portion at the
rim of the lower container 4la and presses the O-ring
51 to form an airtight process space in the chamber 30.
The lower container 4la includes a stage 33 for
placing a wafer W thefeon. The stage 33 is provided
with proximity pins 44 at a plurality of positions to
support the wafer W. A
The stage 33 includes a heater 45a built therein,
and the 1lid 41b includes a heater 45b built therein, so
.that each of the stage 33 and 1lid 41b is maintained at
a predetermined temperature. Consequently, the
temperatu;e of a wafer W can be kept constant.

The 1lid 41b has hook members 46 ét, e.g., three
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transferred to and fromthe hook nenbers 46 by the
waf er transfer arm 14a. Wen the |lid 41b is noved down
5 while a wafer Wis supported by the hook nenbers 46,

the wafer Wis transferred onto the proximty pins 44

provi ded on the stage 33, on the way. The | ower ,
contai ner 4la has a gas feed p0t -34a for supplying a
process gas into the chanber 30, and a 10 gas exhaust
port 34b for exhausting the process gas out. of the

ort 34a is connected to the

ch r.30._The gas_feed_p , -
pr cé%%tﬁggssgﬁbﬁ§ WPt Ci6t P ERdA FReShaYRekRaddf - Horbn the

34k, 4 st &P ded to xhaust ynit_32. Wien a wafer W
is,procesggﬁgbsq%}g?ggegswaggf he TR8 PRESSUMe Lnsi de
the: ehaarher 39 45 preferahl y ' i ned, at const ant
positive pr%ssure. For t |s¥%g?%§ég,m§ﬁgerﬁoaér y the
contaiqert Ades el did 445 i syseRPLigdi Wyt hopot  only a
pressing force by the cylinder 43, but algéga‘s ROvEd" down
c| antpi g 4 orcke by ai é oskppBebadi 5 3Rt NEBWIRABers 46,
projecting portions 47a and 47b respectively di sposed

on ‘el wils Wfis Herdneker cedt ahner t¥dapabdikidy4dlns 44
The | ock mechani sm 35 includes a support shaft gz, a

r otRFQVIiHe I5 thr atadie By, acnotlatovwaunit 54, a

circularT%La;e 56 fixed to the rotary tube 55, and 25
pi nchi ng” devT ¢EST 57°0FE&pBsed4at hhe Ri ref feleel port 34a

cirgylar o _§§5556. Each of the ggnching devi ces 57

i nc yde§l press r%l?%?%e%§ag%ﬁdi B &8 gheBPe&r 30, and a
The by o Bt 10 ‘507t 508 A5 Sha* 4gb B ot e BRocEs3 gas out
~of the chamber 30. The gas feed port 34a is connected
to the process gas supply unit 16, and the gas exhaust

port 34b is connected to an exhaust unit 32.

'When a wafer W is processed by a process gas, the
pressure inside the chamber 30 is preferably maintained
at a constant positive pressure. For thié purpose, the
lower container 4la and lid 41b is suppliéd with not
only a pressing force by the cylinder.43, but also a
clamping force by a lock mechanism 35 through
projecting portions 47a and 47b respectively dispcsed
on end sides of the lower container 4la and lid 41b.

The lock mechanism 35 includes a support shaft 52,
a rdtary tube 55 rotatable by a rotator unit 54, a
circular plate 56 fixed to the rotary tube 55, and
pinching devices 57 disposed at the fim of the circular
plate 56. Each of the pinching devices 57 includes

press roilers 59%a and 5% and a roller holding member
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equi di stantly disposed at four positions, between

which - gap portions 49 are defined. The projecting
portions 5 47a and 47b of each set are di sposed at
positions overlapping with each other. Wen the

pi nching devices 57 are positioned in the gap

portions 49, the lid 41b can_b21f[9ely nmoved up and

down. When the circular plate 56'is rotated along with

10 the rotary tube 55 by a predeterm ned angle, the

press .rollers 59b are stopped at the top faces of

t he 4§ rdjiedt imgl gortooasy4ghafeki be .t he press rollers

59a are stopped under the projecting portions 47a.

Next, a detaiped]expiagapponinnlsl e ginceri of dhe 15
structure of the silylation unit (SCH) Ila with

r ef §BhecE IR hey séhepasee sbcfpomabosiidéwostowbdtiveen which
FIG 7. The silylation unit (SCH) |la includes a _
charfifdt RO L¥US at e oRfddaef hped - wafbe W oTifs tehamperrt ions

61 is, forned - of stationary |ower container 6la, and

a | i B e R o5 ss?ﬁegFSV\/@FsE@ﬁteléli Rér POEd.t IThe

lid ' bl and wn b n el evating unit _
not R By R el LR cvsces
| at ound; Lch nifro ~w_th vapor . of .a

gi?;fg?%g%qggenylo%%§r?gd£%%eg§png%§ﬁ&ﬁngs4%&55&& Jgd 41b

(D it 4 ydali pekbybanipehnagl sopupplied into the
chanber 61. DMS is vaporized by a vaporizer 63, and

carried bynd? gas thteulhe ghambesedls 2%t NUYng with

plate 62 is adjustable in tenperature wthin a range

of , Ehg.fotfayn aubeohbtiepper prytett@mined angle, the press
-rollers 59 are stopped at the top faces of the
projecting pdrtions 47b, while the press rollers 59a
are stopped under the pfojecting portions 47a.

Next, a detailed explanation will be given of the
structure of the silylation unit (SCH) 1la with
refereﬁce to the schematic sectional view shown in FIG.
7. The silylation unit (SCH) 1lla includes a chamber 61
for accommodating a wafer W. The chamber 61 is formed
of a stationary lower container 6la, and a lid 6lb that
covers the lower container 6la. The lid 61b is movable
up and down by an elevéting unit (not shown). The
lower container 6la includes a hot plate 62, around
which nitrogen gas with Vapor of a silylation agent
carried therein, such as DMSDMA
(Dimethylsilyldimethylamine), is supplied into the
chamber 61. DMSDMA is vaporized by a vaporizer 63, and

carried by N» gas into the chamber 61.
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200C. The hot plate 62 is provided wwth pins 64 on the
surface to support a.wafer W Where a wafer Wis 5
nmount ed not directly on the hot plate 62, the wafer W
is prevented from being contam nated on its bottom
surface. The lower container 6la is provided with a
first seal ring 65 disposed on the top face of the
peri pheral portion. The |lid 6db s provided with a 10
second seal ring 66 disposed on the bottom face of the
peri pheral portion. When the lid 61b is pressed
agai nstpthe J.ougr. .co i.ner_6la; the second seal ring
66 cones%$nf%' on%ﬁig%b%% ?% u???%feséﬁlt?mﬂﬁr859r¢he
spaeqidehi nagdRetweenr the Tirgt cond seal rings
15 65 and 66.g§n be prg£§ure-reéﬁggﬂ$€V$%§%??ﬁFur“ %
pees¥ure Toé hbtspspaseesbs ikeduerdadd WJitreRsWed that
the chanber 61 is airtight. The Iid 61b ha§%$$(%i on the
exbafiste portsupgeeant iaaldafat whe wmeters fiprrexhausti ng
nitrogen gas with DVSDVA carried therein supplied
i RPBNERE 20 tcldamisart 1§71 oriTheheextaustl poF t6 67 #1%e wafer W
connected to a_vacuum punp 69 through a pressure
adFf UBEENENG®iI% Z69Mm bed ng Gorvt antiiratiet DMBOMS ilsottom
vago%ized bﬁ t he vaporizer 63, and carried by N2 gas
i ACOTERE -chdffer SEr AN IMAY Veld/, 13 apory idke DMIDM -
g L.e.. DVGDNVA 25 vapor sol ely be supplied
5SS ERantor 67 SRR NS P B e he
chamber 61, thetinteriQr. of. chanmber 61 i _
ngintgiﬁeé-a?gatfg%'prg%b gﬁﬁ%ﬁé vac kY With a
Ageebdingkx1 Whihlyi zishgithe, |fference '
between the vaporizer 63 aﬁﬁﬂI%ﬁ?w%%(ng Ot Face of the
peripheral.portion. When the lid 61b is pressed
against the lower container 6la, the second seal ring
66 comes into contact with the first seal ring 65. The
space defined between the first and second seal rings
65 and 66 can be pressure—réduced. When the pressure

of this space is reduced, it is ensured that the

chamber 61 is airtight. The 1lid 61b has an exhaust

port essentially at the center for exhausting nitrogen

gas with DMSDMA carried therein supplied into the
chamber 61. The exhaust port 67 is connected to a
vacuum pump 69 through é pressure adjusting unit 68.
In FIG. 7, liquid DMSDMA is vaporized by the

'vaporizer 63, and carried by N> gas into the chamber 61.
Alternatively, vaporized DMSDMA gas (i.e., DMSDMA
vapor) may solely be supplied into the chamber 61.
When DMSDMA is supplied into the chamber 61, the

interior of the chamber 61 is maintained at a
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chanber 61, DVSDVA gas is easily supplied into the
chanber 61. The silylation unit (SCH) |l b has exactl
5 the sanme structure as the silylation unit (SCH) ||
Next, a detail ed explanation will be given of the
structure of the cl eani ng unit 12a with reference to
the schematic sectional viewsfwnin -FIG 8. The
cleaning unit (CNU) 12a includes an annular cup CP 10
disposed at the center, and a spin chuck 71 disposed

i ns The S chuck 71 is arranged to
fi xbgg ﬁélrall &af’ Fqu)]/ E’@gns &CC\Paréjl}unrﬂls’uctqfcgﬁrﬂlZlng the

and r a [ tor 72 in this stat

A Brr%.gﬁggfpgﬁ%%??%%%gée %armct Yo BG A Sh It Qiearé p
(CPrnlapte exha eqele Ry fi ed

water. The dri \l}/bgtsr?g?o?gnqi@s g)sjegl %qq'be rilonvta%lth

up caadbdewsli.n aReOpeNiyNE A fu% )t

bottom plate 74. The dryl ve notor %qlggmcogglt}eglgs %XaCtly
an €hevatimeg stmeckanrene?6t hsuch 188 a2l ol furG) | (eter), 114,
and. a 20 vertical guide 77 through a cap-like flange
nmenber 78extihe dicitee leot et jpmow idad e tdieen of the
cylindrical cooling jacket 78 attached on its side.
TheSFFézﬁgélreneﬁbéPe7slﬁsn&macmcr i@ aconidmh trieef anppere to
hal f  of t ng. | ack 78. 25. Wen a chem cal
1i.qi"§ &F £Rg lckée §l§Gﬁp| iF TRy e ffdC vv8 t helhe

| ower, S5aqf | ange .me 7500ne

cl oséeggﬁt gct%n\%l t hla?He u%%t ‘Blo%rioaéinsplaé’t &SR a7r4 %rCP

thegnisio@lt Be epeniagi4a tg,rake Lhe ynit rior

ai rtllg';S C. When. a wafer Wi sat%r ansfesevrlllr?1 di I sea
inside the cup (CP). The spin chuck 71 is arranged to

y
a

fix and hold a wafer W by means of vacuum suction, and
to be rotated by a drive motor 72 in this state. A
drain pipe 73 is disposed at the bottom of the cup (CP)
to exhaust the cleaning liquid and purified water.

The drive motor 72 is disposed to be movable up
and down in an opening 74a formed in the unit bottom
plate 74. The drive motor 72 is coupled with an
elevating mechanism 76, .such as an air cylinder, and a
vertical guide 77 through a cap-like flange member 75.
The drive motor 72 is provided with a cylindrical
cooling jacket 78 attached on its side. The flange
member 75 is atfached to cover the upper half of the
cooling jacket 78.

When_a chemical liquid or the like is supplied
onto a.wafer W, the lower end.75a of the flange member

75 comes into close contact with the unit bottom plate
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bet ween the spin chuck 71 and wafer transfer arm 1l4a,
the drive notor 72 and spin chuck 71 are noved up by 5
the el evating mechanism 76, so that the |ower end of

the flange nenber 75 is separated upward fromthe unit
bottom plate 74. A cleaning |iquid supply nechani sm 80
is disposed above the cup (QP)M o_supply a
predeterm ned cleaning 10 liquid onto the surface of

a wafer W The cleaning liquid is used for dissolving

a substance denatured by one of the denaturing units
(VCBY tBart ah&sfrimhifchthewidderhiend ef £5red ©8@k8StBe unit
denat ured substance, hereinafter), such as a
denanhteedosaedirtiigihal. fiWhgn k5 ywadsent o thenwdtered
The cleaning |iquid supply nechanism 80 includes a

cl eBRFHEER] %med S@N \FENE oz |anB1wa Be el eaanageki gundl4da,
sugggg gortion 17, % scan arm 82, a vertical support

me 5 1VEN TR IX-'#x it WS RAThg- et hahi sAT96MOTRE BD by

I [ | iqui.d deli : 81 | d
I g N v R S
f I ' 71. Th I ' .

o g YARELE SRS o0 £l T TRl oA e i

predetenm ped+el eaning liquid to the cleaning liquid
25 delivery nozzle 81. The scan arm82 is arranged to

hol d t he aclcaanimiocd ik delivery RezRLe:i84, sandst g
novabl e back and f%rtﬁIin théaéz%irectioﬁ. The -Szglgﬁosed

ver tboak stppaidp NEIHEr-SSsus By f@"*ﬁﬁédé@eﬁﬂ@ﬁgat ctB&ning

scan arm 82. The X-axis driving nechanism96 is
liquid onto the surface of a wafer W. The cleaning
liquid ié used for dissolving a substance denatured by
one of the denaturing units (VOS) 15a to 15f (which
will be referred to as a denatured substance,
hereinafter), such as a denatured sacrificial film,
present on the wafer.

The cleaning liquid supply mechanism 80 includes a
cleaning liquid delivery nozzle 81, a cleaning liquid
supply portion 17, a scan arm 82, a vertical support
member 85, and an X-axis driving mechanism 96. The
cleaning liquid delivery nozzle 81 is arranged to
deliver the cleaning liéuid onto the surface of a wafer
W held on the spin chuck 71. The'cleaning liquid
supply portion 17 is arranged to supply the
predetermined cleaning liquid to the cleaning liquid
delivery nozzle 81. The scan arm 82 is arranged to
hold the cleaning liquid delivery nozzle 81, and to be

movable back and forth in the Y-direction. The
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di sposed on a guide rail 84 extending in the X-axis

direction on the unit bottomplate 74, and is arranged

5 to shift the vertical support nenber 85a in the

X-axis direction. The scan arm 82 is novable in the

vertical direction (Z-direction) by a Z-axis driving

mechani sm 97, so that the cLeq&%ng liquid delivery

nozzle 81 can be noved to an arbitrary position above

a wafer W and 10 retreated to a predeterm ned

position outside the cup (CP). The cleaning liquid

suppky tpoitli eupbb amensedreds Ved Ya BHEPE¥A0PE ShipBort the

di ssolving/renmoving liquid and a rinsing liquid

consiceni agmofd pur iTieXwatier dwoidibngheecheansmgoki gui d

delivery nozzle 81. The dissolving/renmoving liquid is

used@iFPPSECs $31 \A i idle deriat lFedestubsdangeinstich Hsaais

sacrificial film denatured by the denaturing units

( VOSI TES4 108 8¢, thhdnidoksiti ey, phae, 74i | ape is arranged
20 based chem cal

hydr of | uori.c acid or. an .am ne-
|iyq&i°d.5%?=rfé? &g}?atvlﬁ’itrfgc%i%@F(%)mﬁlslaeFoB 35cimnghe X-axis

' den%E%%E@qCHpit%ﬁ&yCS 15d.tqBr 5f descrgged_above have
y t

structures essentially symiet 1T ¢t i FRVEBSpett theavertical
ar t4.t - [ 22p.. The sil tion_uni 'S [la and .

i ien S nsitatton il G50,
eSS@WtéI ald Y nasty TR rd e M Y 1ESREEY &8150%&@6%5%82% can

wal | 22b. Simlarly, the cleanfng units

structures essentially symetric with respect to
par triettireated to a predetermined position outside the cup

12bpanehoed cdeadt ngrvind A GWB 1 426naRdo42d, h\@é(fetrhw, and
e

(CP) .

The cleaning liquid supply portion 17 can
selectively supply one of a dissolving/removing liquid
and a rinsing liquid consisting of purified water to
thg cleaning liquid deiivery nozzle 81. The
.dissolVing/removing liqﬁid is used for dissolving a
denatured substance, such as a sacrificial film,
denatured by the denaturing units (VOS) 15a to 15c, and
comprises, e.g., dilute hydrofluoric acid or an amine-
based chemical liquid.

The denaturing units (VOS) 1Sa to 15c¢ and
denaturing units (VOS) 15d to 15f described above have
structures essentiallylsymmetric with respect to a
partition wall 22b. The silylation unit (SCH) 1lla and
silylation unit (SCH) 1lb have structures essentially
symmetric with respect to the partition wall 22b.

Similarly, the cleaning units (CNU) 12a and 12b and
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wal | 22a. Next, an explanation will be given of a 5
sem conduct or devi ce manufacturing process enploying a
dual damascene nethod, to which a substrate processing
met hod- according to an enbodi nent of the present
invention is applied. FIG 9 is a flowhart show ng a

‘'sem conduct or 10 devi ce manuf-acpgiri-ng process

enpl oyi ng a dual damascene nethod. FIGS. 10A to 10J
are sectional views showing steps of the flow shown

in FIG_9. At first, a wafer Wis prepared froman Si
sUbSTYSRE Thot iowNWs ¥2F | ang. 1 egiaffecar:tryptamesw
insylating filml120 is-disposed on .the substrate. A

| ower” 1t erconnection- 11he" 4152 hatee6f EBppBE Partition
di spased 44 the insulating film120with a barrier

metal layer 121 interposed therebetween. A stopper

film (suafeas, ' ' S.CfiLm 3 i s.di sposed
20 on the i}ﬁtsulaag% %)gﬂ%ljl]én%g 0 g%éﬁ‘l %we 168 35,

i Nt eyeronnetdi@rbr [dae 422, e h YN
is transferred into the S%%ggﬁgglrlgt?ﬁg %ﬁgglgr%m@mhﬁéﬁymg a
an iduar -devedceriensdeiodly £6! dh(whi ehsubktrBee processing
referred to as a Lowk film hereinafter) 124 nade.

of ardYvwdliatertding 25 consemnbvdimeeti afF (hewpkesent
material) is fornmed on the stopper film123 (Step 1).
ConsetifgHt13 themhted- shown in FIG 10A is :
prepared._27 Then, the wafer Ww th the insul ating

film 124 Ft%rnbd  herebWFRaFEaRBPEEPEdai AEBiChaduUCtor

reSiégvice manufacturing process employing a dual damascene
method. FIGS. 10A to 10J are sectional views showing
steps of the flow shown in FIG. 9.

At first, a wafer W is prepared from an Si
substrate (not shown) as follows. Specifically, an
insulating film 120 is ‘disposed on the substrate. A
lower interconnection line 122 made of copper 1is
dispoSed in the insulating film 120 with a barrier
metal layer 121 interposed therebetween. A stopper
film (such as an SiN film or SiC film) 123 is disposed
on the insulating film 120 and lower interconnection
line 122 made of coppeg. The wafer W is transferred
into the SOD apparatus 101, in which an inter-level
insulating film (which will be referred to as a Low-k
film, hereinafter) 124 made of a low dielectric
constant material (Low-k material) is formed on the
stopper film 123 (Step 1). Conseguently, the state

shown in FIG. 10A is prepared.
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coati ng/ devel opnent apparatus 102, in which an anti -
reflective coating 125 and a resist film 126 are .5
sequentially formed on the Lowk film 124 by the

resist coating unit. Then, the wafer Wis transferred
into the light exposure apparatus 103, in which the
wafer W is subjected to a |ightyyexposure process with
a predeterm ned pattern. Then, the wafer Wis 10
transferred back into the resist coating/devel opment
apparatus 102, in which the resist film126 is

subj ect ed Thena Hes eV opREnt priddesbhebyinthe adevel apilng 124

unit_to f redetermned circuit pattern on the
r esi %?rr??cﬁ)rﬁr?i?é&(%tje% Byansgiegreghanfiaf eheWes k5

tra 0. the etching a ar at us 105, in which
n Q§£§%%ﬁg/%$%%ﬁ%%n?%tp%#?%r 2 onoghe RaWékC%/@%t@@tl—

‘ t hol
s e s Hapter A e saets fsi‘aéhal‘zﬁ"taﬁ@

Lowedeqiidm a2ty 20uThe YAl ehMULLD Lhevigahol e 1242

formed thereon is transferre intot
appar@dtiind Odnid N whegh @h@hﬁgE%§|w|EQU£?a9E9%§§§d toto
performed on the wafer Wby one of eani ng uni

( CNWhe 2hi glot 1@cbodor ¢ eapye rohesr esast i f i umé%Gtmd yafer W
anti-reflective 25 coating 125 fromthe wafer W(Step

4 anes BRIiqoEd tTthen, Liget twekeps\Wesptoaastented ant o

t he reS|st coatlng/developnent apparatus 102, in

\Nhl I SO IRERGG R BEI R | MTDRT, nhtle w&fan Wnasgani c

rlal ésuc as an, Si -0 based material) is forned
sferred back into the resist coating/development

resist

apparatus 102, in which the resist film 126 is
subjected to a development process by the developing
unit to form a predetermined circuit pattern on the
resist film 126 (Step 2). Then, the wafer W is
transferred into the etching apparatus 105, in which an
etching process is performed.on the wafer W (Step 3).
Consequently, as shown in FIG. 10B, a via—hole.l24a
reaching the stopper film 123 is formed in the Low-k
film 124. |

The wafer W with the via-hole 124a formed thereon
is transferred into the cleaning appératus 104, in
which a chemical liquid process is performed on the
wafer W by one of the cléaning units (CNU) 12a to 12d
to remove the resist film 126.énd anti-reflective
coating 125 from the wafer W (Step 4 and FIG. 10C).

Then, the wafer W is transfefred into the resist

coating/development apparatus 102, in which a
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surface of the Lowk film 124 having the via-hole 124a
by the sacrificial filmcoating unit (Step 5). At this
5tine, the via-hole 124a is filled with the
sacrificial film127. Then, a resist film 128 to be
used as an etching nmask is forned on the surface of
the sacrificial film2127 by the resist coating unit.
Then, the resist film128 is 28bjected to |ight
exposure with 10 a predeterm ned pattern by the |ight
exposure apparatus 103. Then, the resist film128 is

subj S%Lﬁgiég“? fbgr%v?ggpnent prg%%zs C;%eﬁdceg\l/aetllegganjg

uni nse

cireuj,tnpakt efng i Qn the resist, fil

sucﬁ t hat a gro%teél gg Fﬁgﬁ *He- V|fqﬁﬂ%§]39k59%
forgedrbBet Be £gsi 8b id E@ﬂnzﬁzﬁb 4 A-nolg ;o
124a. Then, the mafey Wis transfg}fg%ﬂfﬁ¥% t¢¥ E%Oi 1242

etcbyngheap@afafuali@waUﬁ w%bQHﬁEWJ%fﬂ“”ﬁkﬂ&“@ces%m this

| i.s performed on the surface of the wafer W(Ste

Consémaenthy, v28-hs1showmai A sFIEG) 1EQF wia vitder §Jé¥“ﬁhc1a1
124b is fornmed above the via-hole 124a. Since the
sacfitincldl-fiThen123 resfierngd lon 1M8e toowk Fdddna?dn
the bottom surface of the etched portion in the LowKk

fil fre2aneaRapk $Faformpd maf ahewsunfs der edt atheby t he
etchln{gEJ rocess 25 _transferred into the cl eaning

appaf at us* 162, Fhfwﬁéﬂ P¥héfares wt $osddientiraldy Then,

TS5 anae reThL 71 1283585 St igTanc R Te with

| ThpBe SR R0 AEERT, o, COF A PR cpparacas
103. Then, the resist f;lm 128 is subjected to a
development process by the developing unif (Step 6).
Consequently,. as shown in FIG. 10D, a circuit pattern
is formed on the resist film 128, such that a groove
wider than the'via—hole 124a is formed in the resist
film 128 above the via-hole 124a.

Then, the wafer W is transferred into tﬁe etching
apparatus 105, in which'an etchiﬁg_process is performed
on the surface of the wafér W (Step 7). Consequently,
as shown in FIG. 10E, a wider trench 124b is formed
above the via-hole 1245! Since the sacrificial film
127 is formed on the Low-k film 124, the bottom surface
of the etched portion in the Low-k film 124 can be flat.

The wafer W thus treated by the etching process is
transferred into the cleaning apparatus 104, in which
the wafer W is sequentially subjected to a denaturing

process of the sacrificial £ilm 127 and resist film 128
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process, and a renovi ng process of the'sacrificim

film 127, resist film 128, and pol yner residues (Step

10 and 5 FIG 10H). Specifically, at first, a carrier

C storing wafers treated by the etching process is

pl aced on the table 6. Then, the lid 10a of the

carrier C and the shutter 10- ape retreated in the
transfer station 3 side to open 10 the corresponding

wi ndow portion 9a. Then, a wafer W at a predeterm ned
position in the carrier Cis transferred into the

waf 7 Fouht 2R T1¢ TREPF13baby itllvé a timfne p riorcansss erf pitek Low-
7a., Then fer | aced in_the wafer mount unit

15 fTR9™1 gfiggT?%n§¥gPPeEIGy LRE ) waftdren tiss fdenaduming
1l4a .1 on f.the denaturing units (VOS).15a to . .
15ﬁ?“+££9%hi%ﬂgt%ergeﬁgfﬂgiﬁﬁo FoCess gpetﬁécr111Clal film
sac{pficiali filpm427,gnd rasigt il m 128 is perforne

in Step 8 described abbve ?Fkéﬁy%ﬁﬁ)FﬂiiqﬁT%nﬁ%¥6p 1% anc

caseict heokj d 41b of the chanber 30 is first
retreated above.the | ower container 4l1a. In this

state, tbpewafecallianster rarmclda thatrihal ¢s dhe Maf €l rers
Wis noved forward such that the wafer Wis inserted

at teeposdtbpntbbi ghchynki gherscddwani § hel pesdi eAsther table 6.
25 supporting the wafer Win the hook nenbers 46

at t Befled the theé 1Pd afibtiporeironsrest emdi nhe mneer 10
horizontal direction). Then, the wafer transfer arm
142°TS TVeTP 30 " dblf FB2PEARST & ATHOTWES &1l oW dret @pen

the hook nenpers.46. After the wafer transfer arm lda
i s reTre%f%%s??%ﬂ%ng window portion 9a. Then, a wafer W

at a predetermined position in the carrier C is
transferred into the wafer mount unif (TRS) 13b by the
wafef transfer pick 7a.

Then, the wafer W placed in the wafer mount unit
(TRS) 13b is transferred by the wafer transfer arm l4a
into one of the denaturing units (VOS) 15a to 15h, in
"which the denaturing process of £he sacrificial film
127 and resist film 128_is performed in Step 8
described above (FIG. 10F).

In this case, the lid 41b of the chamber 30 is
first retreated above,tﬁe lower container 4la. 1In this
state, the wafer transfer arm 1l4a that holds the wafer
W is moved forward such that the wafer W 1s inserted at
a position slightly higher thanvthe portions for
supporting the wafer W in the hook members 46 attached
to the 1id 41b (portions extending in the horizontal

direction). Then, the wafer transfer arm l4a is moved
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the denaturing unit (VOS) 15a, the lid 41b is noved
down to bring the lid 41b into close contact with the
5 | ower container 4la, and the | ock nechanism 35 is
further operated to set the chanber 30 in an airtight
state. Wien the Iid 41b is noved down, the wafer Wis
transferred fromthe hook nefnbd0s 46 onto the
proximty pins 44 on the way. 10 The stage 33 is

mai ntai ned at a predeterm ned tenperature by the

heat ers 45a_and 45b. For exanple, the stage 33 is
nai%?gﬁngg %%aﬁﬁé%f 0 YRESE] d BD50; §hemBPRkanE®ess 46.
110C. Whgn.Lhe . gta lid 4lb are set at 15
predeterﬁfﬁ%a %E%pgggggrgggpgu§ﬁ §§m1fgé t6 fF@c=ated from

andehkhgehoARLL AL ULR1 di s{pEhuLisan af the wafer . .
becones essentﬁ%l?ylun?forﬁl ggﬁixgﬁrg§aggl§flgzgwged

anddowht togeni iyl the ani@zone Garbept .ok A w%and.at a, .
flow rate of 4 L/mn, for exanple) is first solely
suppbwed 20nfabpnet helpr osass tgas 19eRPME cHBRE skb 3isnt;Q

the chanber 30. At this tine, the gas. is adjusted
suchurhhert fpethbatiero 8Ot $hki khedbwirt BOt he EinX&URE ight
gas of ozone and nitrogen to have.a predetern ned '
posPERVE- prBashrendflid. g1b dsomovpd Bpwgaugbe wafer W is
pressure. 25 argn, a grocess gas_prepared by m xi ng

wat &F 2U8PpSFLeHi thOThElRi RPEKe MBS ASomatanghe proximity

nit n 1 1h.a ter vapor content corresponding to
16 %F%%i%gg%k Egbrgggéd internms of liquid, for

iéaFﬁli)Fhé gﬁgﬁ%2§§36§fﬁgh%ﬁ%i%% €35 933 3URRl Y ;uni t
temperature by the heaters 45a and 45b. For example,
‘the stage 33 is maintained at 100°C, and the lid 41b is
maintained at 110C.

When the stage 33 and 1lid 41b afe set at
predetermined temperatures (such as 110C to 120%:); and
the temperature distribution of the wafer W becomes
essentially uniform, a mixture gas of ozdne and
nitrogen (with an ozone content of 9 wt% and at a flow
rate of 4 L/min, for example) is first solely supplied
from the process gas supply unit 16 into the chamber 30.
At this time, the gas_is'adjgsted such that the chamber
30 is filled with the mixture gas of ozone and nitrogen
to have a predetermined positive pressure of, e.g., 0.2
MPa by gauge pressure. |

Then, a process gas prepared by mixing water vapor
with the mixture gas of ozone and nitrogen (with a

water vapor content corresponding to 16 ml/min
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' his process gas, the sacrificial film 127 formed

XY]tPhte vvafgr Wis genatured to be easily dissolved in

a 5 particular chemcal |iquid, such as HF. Further,

pol ymer residues deposited.on the resist film128 and

waf er W (such as polynmer residues. generated by the

etching process) are also denatured to be easily

di ssolved in the chemcal |iqugd. _As described above,

10 the process gas denatures the sacrificial film 127,

resist film and polynmer residues. The supply rate and

exhaust rate of the process gas to and fy.omthe

chartBereSS/Y arfe oty o § ekl @t dt hEor nesrinpi eof itheupplied

ch er 30 to have a _?redeterm ned positive pressure..

15 ‘Vihen tt?l'hee Brocess @8 nﬁuf’ﬁélypr‘l@?lés?]lfgasnm ghsgac;h?rgber 30.
hs Jinishe the su of . the process ¢ .

\;\?g\ggtél\(;\./tlk%usr H@r{é%tqaosg’en"!g sg?%*%‘ubﬁFFéde@m?ﬁeformed

L Uy Lnto_the chanber 30 to _
urge The i mtor o ol TRe S a0 Y nftFogred in 2

. .. otely
Thics:12Q- Qe dY 10Ce i $, pgt Lior dH 0 cQ et e,
giﬁlzifst t he ﬁl}{(t ure gaslsqcﬁ)“fll ozone an%lrgnl Er ogéﬁPJEQ%ﬁ

f r oo livive rexleatistue sUrddp 32, t &0 érhaéhéor&fét"?ifrﬁsjz% and
ozone and nitrogen flows fromthe exhaust unit 3

bacliefieqt ¥ t(isechharsbero136ne mnsk 4 aksSs ogénetatbg chanber

30 when the chanber 30 is 25 opene_d _ther eaft_er. _ When

t h& THNENGg 8% O0§&S Spurege prictestenat diad shedbe ¢dsiBy

confirmed that the inner pressure and external 32

prgéﬁflo V& the Sofartemizm larkl qiied sarks ddssrisedonsove,

be%@xlés %’r oicfe stsh %a%h adrétr)l(?art u?i%sl St hoep esnaecdr 1\,%] 1| cI f ai hfe i llrr? nlle 7,
resist film, and polymer residues. The supply rate and
exhaust rate of the process gas to and from the chamber
30 are controlled for the interior of the chamber 30 to
héve a predetermined positive pressure.

When the process using the process'gas on the
wafer W is finished, the supply of the process gas is.
stopped. Further, nitrogen gés is supplied from the
process gas supply unit 16 into the chamber 30 to purge
the interior of the chamber 30 with nitrogen gas. .This
purge process is performed to completely exhaust the
mixture gas of ozone and nitrogen even from the exhaust
unit 32, so that no mixture gas of ozone and nitrogen
flows from the exhaust unit 32 back into the chamber 30
and leaks out of the chamber 30 when the chamber 30 is
opened thereafter.

| When the nitrogen gas purge process is finished,

it is confirmed that the inner pressure and external
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pressure of the chanber 30 is higher than atnospheric
pressure, the chanber 30 may be damaged. After the 5

i nner pressure of the chanber 30 is confirned, the

| ock mechani sm 35 breaks up the clanping force
applied to the |ower container 41a and |id 41b, and
then the lid 41b is noved up. en the lid 41b is
noved up, the wafer Wis noved™0p along with the lid
41b whil e being 10 supported by the hook nenbers 46.
Then, the wafer transfer arm14a is inserted into the

gap metswmere the thewehagbatraBnearélamnddrd 44y SG s gone
that the wafer Wis transferred fromthe hook nenbers !

46 dmeaudre, waf ethet chasber 80mikdapetedMen tdhehe inner
denaturing process is finished at one of the film
denREIFIFHF unP § st woshanbart §0158F, htikghersadrdr istimlspheric
film127 and so forth have been not yet renoved from

t he REFTIUNR, Aelker ahagbgr a0 aigsdlevidegagerbvi dfter the
process écleanin? pﬁgcess) is 20 performed to renove

t he 4T AT 2P UFPI P 122°aRB28B T 60 K< o fieeagaf éhe lock
W(Ste 0. descri bed_above),, However, the patterned

Low e‘?ﬁ]“nﬁ%&f’m?rﬁsgs 88ehhed5ﬁ§@@&“&/ Y€ prgrdded to
usi ng, wet &f ¥ - z i the denaturi uni t Vo
Ve e RS A e RO PR g B e del iRy e 11

chend palid i &qi spsubgggHentLy 1 ;s et d the fi
wi th such damage, %attern peelingjj8 é&$;g§ €§8§§QPP33€@9

In lvghdr of 1disovaacapdunentOwtRis rerbadigrent, e being

silylation process of Step 9 descri bed above is
supported by the hook members 46. Then, the wafer
transfer arm 1l4a is inserted into the gap between the
lower container 4la and lid 41b, so that the wafer W is
transferred from the hook members 46 onto the wafer
transfer arm 1lia. |

When the denaturing process is finished at one of

the film denaturing units (VOS) 15a to 15f, the
sacrificial film 127 and so fdrth ha&e been not yet
removed from the wafer W. Accordingly, a
dissolving/removing process (cleaning process) is
performed to remove the sacrificial film 127 and so
forth from the wafer WA(Step 10 described above).
However, the patterned Low-k film 124 may have been
damaged by the process-using water vapor and ozone in
the denaturing unit (VOS). If the dissolving/removing
process using a chemical liquid is subsequently
performed on the film with such damage, pattern peeling

may be caused.
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performed in one of the silylation units Ila and Iib
bef ore the. di ssol ving/renovi ng process. This process 5
allows the Lowk film 124 to recover damage, and _
thereby prevents pattern peeling from being caused in
the di ssol ving/renoving process. Damaged portions of
this kind have a state with _ﬂa§$gg_as shown in FI G
11. Specifically, the Lowk 107film 124, which has
nmet hyl groups (Me) as end groups and thus is

hydr ophobi c, reacts with water nolecules during the

denat ur i nign progres so fist s wasetovapay awvd tHQZ0R&bodiment,
Consequent |y, the nunber of methyl groups is
decriésms &d lanck timen members ofohystegyP desupsbes ibove is

i ncreased near the sidewall of the via-hole 124a. If

t he RSERAATMRS priocess of & shtylétipal uhiilm 1|za andi 11b
so faorth i erformed in this state, filmpeeling my

be Qﬁﬁﬁﬁﬁi F I P RO Y ANE hPEOE8SPect This process

in to this enmbodi , the silylation process
o AT 2 0 T e (7 Lot ROFPY AV ofiemaes,  and
h dp ' ere recover .t he_damage. Furt her
r ] ‘ . 1 . .
hidﬁbpﬂlnggﬁanaﬁgg;Qéﬁ%%?ﬁsp?%ihﬁa EFOPhg§lE9?€ﬁgsed in
i NCr. t } 4 | C . f the Low ilm
but t?%z%sliﬁlgilﬁlogﬁ%ér%&c‘gérg&nééﬁgéagfease t he

di el ect rigarconsd apdrt Addhoyghe FI G (24106 6l 6all % o witn
e LowKk Fllm

shows a danaged portion 129 formed int

124 datagehen sakeowi LOMWENI ence;, tPeciboundary baLvween i
t he damaged portion 129 and non 34 .damaged portion

i s rfotlmecessariidgh dleametyl hersupyl abePnapr e68s§rofups

Step 9, the wafer W
and thus is hydrophobic, reacts with water molecules
during the denaturing process using water vapor and
ozone. Consequently, the number of methyl groups is
decreased ahd the number of hydroxyl groups is
increased near the sidewall of the via-hole 124a. 1If
fhe removing process of the sacrificial film 127 and so
forth is performed in this state, film peeling may be
caused due to the damage. In this’respect, according
to this embodiment, the silylation process is performed
to make the Low-k film surface hydrophobic, and thereby
recover the damage. Fu}ther, hydrophilic damaged
portions formed at this time increase the dielectric
constant of the Low-k film, but the silylation process
can decrease the dielectric constant. Although FIG.
10F clearly shows a damaged portion 129 formed in the

Low~k film 124 for the sake of convenience, the

boundary between the damaged portion 129 and non-
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is transferred into one of the silylation units (SCH)

[la and Il b, and is placed on the support pins 64 of 5
the hot plate 62. Then, a silylation agent, such as
DVSDVA vapor, carried by N2 gas is supplied into the
chanber 61. The conditions of the silylation process

are suitably selected in accqyag ce wth the type of

the silylation agent, as follows! For exanple, the 10
tenperature of the vaporizer 63 is set to be froma
roomtenperature to 50C. The silylation agent flow

rat elams geel fdortierD. s ot He@é st Ar 1 ThecN2agas (purge
gas) flowrate is set to be 1 to 10 L/mn. The process
pressure Irs et gid iea 582n tpr86e9F60Pastépt 9,720 wafer w
Torr). 15 The tenperature of the hot plate 62 is set

to Bé firemsfragomma emier atng eof otROOELL 1 Whet ¢ oBVBEVAsi § SCH)
used as the  silylation agent, the foll ow ng nethod

may H& §9ed, 1 for anskalnplirlaspeceti tat| yupphet pins 64 of

tenperature of the hot plate 62 is set at 100C, and
thg%i?ﬁn%\ptprp fof tHEN 207 chahBbrt 5ani s9datr eased as
to = 666 Pa). .Then, DMVMSDMA vapor carried by

N2 ggggﬁéxéﬁﬁﬁﬁPe§ SR Y Mhowberl B1SURPRE Ehants the

inn%%aﬁ&%ﬁS%ﬁﬁ r g%beCﬁ%ﬁéggéit%ghggﬁh%Ezyﬁé%gngﬁkﬁgess

perforned for, e. ree " mn

e eSS L A% SEREALEN, D, BN .
{I nsewt stihglRaeh aydmd MU do1130s: B! exGB1EB 1o
’CHiemperature of the vaporizer 63 is set to be from a
room temperature to 50°C. The silylation agent flow
rate is set to be 0.6 to 1.0 g/min. The N» gas (purge
gas) flow rate is set to be 1 tb 10 L/min. The process
pressure is set to be 532 to 95,976 Pa (4 to 720 Torr).
The temperature of the hot'pléte 62 is set to be from
room temperature to 200°C. Where DMSDMA is used as the
silylation agent/ the following method may be used, for
example. Specifically, the temperature of the hot
plate 62 is set at 100°C, and the inner pressure of the
chamber 61 is decreased to 5 Torr (= 666 Pa). Then,
DMSDMA vapor carried byﬂN2 gas is supplied into the
chamber 61 until the inner pressure reaches 55 Torr.
Then, the process is performed for, €.g., three minutes,
while maintaining the pressure. The silylation
reaction using DMSDMA is expressed by the following
reaction formula.

{Insert the reaction formula.}
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CH3-Si-N+ HOc CH3-Si -0 + HNI \ HCH3 | CH3 5 The
silylation agent is not limted to DVSDVA descri bed
above, and the agent may conprise any substance as _
long as it causes a silylation reaction. However, it
is preferable to use a substance having a rel atively
smal |l 10 nol ecul ar structure g | ected fromthe
conmpounds' i ncludi ng silazane bonds (Si-N bonds) in
nol ecul es, such as a substance having a nol ecul ar

wei ght preferably of 260 or less, and nore preferably
of 170 or less. Nanely, exanples other than DVSDVA
and HMDS . 15 arqHTNBDNA(D e hylanlnobnﬁne hyl si | ane),
TMDS (1,1,3,3 e|%gﬂghyld| i | azane)

role (1
- CH
-Iglrls?tefr:q?/r:efp%& Ntrlﬂ %5 é(_g?gh’&i'eﬁ BDIVIHDN/B

(Bi s(di nmet hyl a no)dﬂﬂpthyls | ane). The c em cal 29
structures of t'hese substances are asHfol | bws. CHs
{Insert the chem cal structures.} 25 - 36 - CH3 CH3

CH3- S| i-NHSIl i- CHBCFR3 C/OSi(CH3)3 I I N-'S

I (TOhB) s Bly GrBi &iBa kS BSTRA: 1imited to DMSDMA described

above; and the agent may comprise any substance as long
as it causes a silylatioh reaction. However, it is
preferable to use a substance having a relatively small
molecular structure selected from the compounds
including silazane bonds (Si-N bonds) in molecules,
such as a substance having a molecular weight |
preferably Qf 260 or less, and more preferably of 170
or less. Namely, examples other than DMSDMA and HMDS
are TMSDMA.(Dimethylaminotrimethylsilane), TMDS
(1,1,3,3—Tetramethyldisilazane), TMSPyrole (1-
Trimethylsilylpyrole), BSTFA (N,O- |
Bis(trimethylsilyl)trifluoroacetamide), and BDMADMS
(Bis(dimethylamino)dimethylsilane). The chemical
structures'of these substances are as follows.

{Insert the chemical structures. }



CHi3CH3ICHB CH3 CH3 I I I I I HSi-NN- Si-N | 11
| I CH3 CH3 CH3 CH3 CH3 DWVSDVA BDMADMS CH3 CH3 C I |
CH3 /CH CH H3- Si - NCH3- Si- NI I CH3 CH3 CH3
CFF' CH TNMSDVA Tvspyrole CH3 CH3 HSi-NHSi-H | CH3
CH3 TMDS 37 O the conmpound set out. above, TMSDVA
and TMDS are preferably usged- because they are high
in the effect. of recovering the dielectric constant,
and the effect of decreasing the |eakage current.
Further, in light of 5 the stability after silylation,
it is preferable to use a substance (such as TMSDVA
or HVDS) having a structure in which Si of each

sil azaneClpnd i €Honded to three alkyl groups (such

as nmet hy} groups). The wafer Wthus treat edg:)g_t qngz)s
si ICH:atiPin—NHPe8ys- CHY is transferre@FirtqOne of the

cleaningjunits (CNU) 12a \\'N—S'
CCH o CH, ' (CH):
HMD S BSTFA
C|H3 (|3H3 CH: CHs CHs
H—si—N N— si N
|
| L
CHs Chs CH: CHs CHs
DMSDMA BDMADMS
ClHa (IIHs ' _ CHs Ccy
Cm-—?-ﬁ | - Ch—si—N_ |
CH: CHs _CIH3 CH;CH
TMSDMA

TMSpyrole

CH3 CHs
|- |
H— Sli—NH'—-S i—H
|
CHs CHs

TMDS
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to 12d, in which a dissolving/renoving process of the
sacrificial film127 and so forth is perfornmed by a
predeterm ned chemical liquid that can dissolve the
sacrificial film127 and so forth (such as dilute 15
hydrof l uoric acid or am ne-based chem cal sol ution),

. (Sttep 10 descri bed above and FlI 7 10H). By the

denaturing process, .the sacrificial film 127 becones
soluble in various chemical liquids. Particularly, -an

- acid chemcal liquid (solution), such as hydr of [ uori ¢

20 aci d, O¢ahhst romgbyndasege cquat tadydse, ACEDMA Y, TMDS . are
the silylation process of Step 9 descri bed above is

mor PTeF¢eTpivelsomerecanuaei ¢ helyemireahilghguird tirfe effect of
used. Wen the dissolving/renoving process is
perf?ﬁ?ﬁ%ﬁrl?%etﬁﬁf@%e$¢F§rﬂﬁaﬁ§m§¢@@ﬁ,inmg Gﬂs;gﬁfﬂd&t of
cleaping 25 units (CNU) 12a to 12d. The wafer Wis
plaégﬂ:%%afh%g'gﬁ?gl%ﬂ RRE7FUERGTTs hélg thiegredm light of

oo R MR R e
, d. sub f th ceificial film

127 SR P R o PR it R i hecore

del imerynnegzte 8¢ Of.f hQ%l‘é'z%% | %%nldl qu! o%%\%%[ 30%of Shpee

mechani sm 80 onto the surface o the wafer

a puddtel ofrohes | i ukl- 2 &f heknthi §roshate is held for
a Sredéfe?%?nggstgne, t%e mafe? w%fg E)r(%tated to throw

of f the cheeal eafeki gutHubr emesiticfaes, ehet Re wafari N process
Further, while the wafer Wis rotated, the ¢chem ca

liquid tsassbptied bmto ohe sifr ftaee cokahhag 1 waf ercNy) 12a
to conpletely rempve the sacrificial film 127
to 12d, 1in which a dissolving/removing process of the
sacrificial film 127 and so forth is performed by a
predetermined chemical liquid that can dissolve the
sacrificial film 127 and so forth (such as dilute
hydrofluoric acid or amine-based chemical solution),
(Step .10 described above and FIG. 10H). By the
denaturing process, the sacrificial film 127 becomes
soluble in various chemical liquids. Particularly, an
acid chemical liquid (solution), such as hydrofluoric
acid, can strongly damage patterns. Accordingly, the
silylation process of étep 9 described above is more
effective, where an acid chemical liquid is used.
When the dissolvihg/removing process is performed,
the wafer W is transferred into one of the cleaning
units (CNU) 12a to 12d. The wafer W is placed on the

spin chuck 71 and is held thereon essentially in a

horizontal state by means of vacuum suction. Then, a
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and so forth. At this tinme, the resist film 128 and

pol yner residues are al so dissolved and renoved by the
chem cal liquid for renmoving the sacrificial film 127.
After the chemcal |iquid process, while the wafer W

Is 15 rotated by the drive notor 72, purified water

is supplied onto the wafer W-t@gperform a water

cl eaning process on the wafer W Then, the wafer Wis
rotated at a higher speed to perform spin-drying. The
Spi N3 dr%iqg of1tge‘ fer Wnmay be performed while a
dryFR§ 56 1gdd ged suﬁ"é‘m EG Totic I HE anveeda tr ol daegethces
por t.i-0 3 e .fornmed by fhis process: in the

sur Fgcgh%f %taﬁxtg\%}ﬁgf iﬂ—?H“le%, SR 055 B sump ied
Thi g, d PRLt; I rtion_ chang froma
hydro%ﬁg%%% gf%telgg §§%§aﬁ%gﬁﬁ%2§§%zﬁﬂf g nere

Lowck ebinli gl 24 ghus oS whipeet e thd @ 4 -e F
dissolving/rengbing g?gcgss ofaSteglfg.Qﬂ%%sﬁ%ﬁt%%ﬁface of

i ncreases fehe wspecitbirer di gheetild & Congt @Jlﬁ%ﬂfd & fiar this
Lowk - 39 film124, and thus increases the parasitic
capatptanée hisdvwdem enbeecenractined lHines aHelvafer W is
interconnection line formation. Consequently,
pr oBPERS €8 ite thaovePédt the mhepertiled isuchi tthaim asurface
signsltgelay occurs and 5 the insulation between
gr o8ve 1t &PE6ANEct | EHTEPREs vdilgettdrs oedtead W Alsordtrted,
thig,ca al t hough FI.G. 10H clearly shows the
h% 7 . 4 o .
danaged%ggrngﬁ %gﬁuﬁgrﬁéd%WPﬁiﬁﬁd Co\k H9 murtegerof the
the,sake gf coryggience, the houndary betueen the
danmaged portion 1%& angynonﬁmﬁﬁ & &@&ﬁﬁﬁiﬁ%ﬁ%i%&%ﬂnl27
necesgarsiol ¥ ok®ar- At this time, the resist film 128 and
polymer residues are also dissolved and removed by the
chemical liquid for removing the sacrificial film 127.

- After the chemical liquid process, while the wafer W is
rotated by the drive motor 72, purified water is
supplied onto the wafer W to perform a water cleaning
process on the wafer W. = Then, the wafer W is rotated

. at a higher speed to perform spin-drying. The spin-
drying of the wafer W may be performed while a drying
gas is supplied onto the wafer W.

A damaged portion 130 may be formed by this
process: in the surface of the Low-k film 124, as shown
in FIG. 10H. This damaged portion 130 is a portion
changed from a hydrophdbic state to a hydrophilic state
when the Low-k film 124 is subjected to the

dissolving/removing process of Step 10. This portion

increases the specific dielectric constant of the Low-k
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In this case, after the dissolving/renoving process

of Step 10, a silylation process is perfornmed again,
foll owi ng the same procedures used in Step 9

descri bed above (Step 11 and FIG 10l). Consequently,
15 the damage formed in the Lowk film 124 by the

di ssol vi ng/ renovi ng process -of 3denat ured substances is
recovered on the same principle. Further, the specific
dielectric constant of the Lowk film124 is also
recovered, so as to prevent the problens described 20
above Tnl%fec???ctBFBpéPFF§§§e$h§ﬁ§ e amdfdic Wapgcitance
tra d.ipto the uttering apparatus 106, in .
mhiggégé%grr?g?rﬁ%?ch?gPﬂ1?éHS%aaéﬁe§eé@q%£ﬂ9ﬂqﬁquiqn

| at i ed_l r rmed. on _the.inner surface
i I S D

tragséerred ppbPethec8l eGLROLKLLC . RI;ALINY ARRAr at us
107, in mhic% cggper613l used %E SnElﬁkﬁgrgg fectimirs and

| i nehaetmbul st eoheddeden Hheovka1helke «rdl-+124a -
trench 124b by electrolytig platingQF%fgS%IEtﬁgﬁblaﬁ%s S
10J§etThereatedr, Rheowaheth¥i sasubhj eateduy® radheatyy
process to perform an annealing process of the copper
131Cehbetdednprist heeviamhokd p24aiand 1B0efoknEdl24b the
(no_annealing apparatus is shown in FIG 1). Then
theLﬂﬁTErfv&%slgﬁaﬁ%FeFP@dsﬁh?00€h§O@NEHA§paeatm$e109,
rocess of the wafer Wis

in gh&ggag p%a %riza [ on , A
.per?ornedybyeg o/ %é?hggmegF@pp?§$?060ﬁ§@q@@ﬁtmpp—a
e denEr b ea 2hevn TR Gt R P E Ve e

In this case, after the dissolving/removing
process of Step 10, a silylation process is performed
again, following the same procedures used in Step 9
described above (Step 11 and FIG. 107). Consequently,

_ the damage formed in the Low-k film 124 by the
dissolvibg/removing process of denatured substances is
recovered on the same principle. Further, the specific
dielectric constant of the Low-k film 124 is élso
recovered, soO as to prevent the problems described
above in electric properties.

Then, the wafer W is transferred into the
sputtering apparatus 106, in which a barrier metél film
and a Cu seed layer (i.e., plating seed layer) are
formed on the inner surface of the via-hole 124a. Then,
the wafer W is transferred into the electrdlytic
plating apparatus 107; in which copper 131 used as an

interconnection line metal is embedded in the via-hole
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sacrificial film 127 and so forth, the sacrificial
film 127 and so forth are denatured to be soluble in
a predeterm ned chem cal liquid, and then the
denatured substances are di ssolved and renoved by the
chemcal 15 liquid. In this nmethod bei ng enpl oyed,
damage forned in the Lowk filgm 124 by the denaturing
process is recovered by the silylation process, and
then the subsequent dissol ving/renoving process is
performed. Consequently, problens, such as pattern

peel? g, andet2@nphetenbed yf eamdraioly weiaussec thiynd heStep 12

di ssol vi ng/ renoving process. Further, damage is

foraed FAGt héOUow k Thekrefi24 ,byhehavafer W is subjected to
di ssol vi ng/ renovi ng process, and may increase the

spegi hpetdPEPEEEhi EocoRFEanMm ¢ @AM Sd]ing Hewaas ,of the

the silylation process i.s subsequently 25 yerforned
agaFAPPBIr écdvEMPEREdarBgé Neafd e lspeci 43 @nd trench

di [ tant, of the filmis thereby drasti cal
oot £ edRoq Fheat " AR AT | B APPRDagRdgn g - Then,

eXPELLIBRLS - fonducted Lo Gonf LM effiectquof the cus 2os,

present "rnventi n-the experi

124iHassﬁieB = %&%ggﬁgﬁa@gﬂ%&e%ﬁ@w CPESL Ny the

state shown In oW ng t he procedures

desgei-bedmaboys. allt®id metthe denatdy ing, prq9&§§e¢{§éﬂ{919, a

m xture gas of "'water vapor and ozone was perforne

undgtegemndirkii@Rs iseeliddindihct dremefadall £s Ghad@fhdOured.
200C and a pressure of from atnospheric pressure to

200 kPa t@ dematnired hdovE) sacrofder atofirémpd@27cthe be

soluble in HF. Thereafter, _
‘sacrificial film 127 and so forth, the sacrificial film
127 and so forth are denatured to be soluble in a
predetermined chemical liquid, and then the denatured
substances are dissolved and removed by the chemical
liguid. 1In this method being employed, damage formed
in the Low-k film 124 by the denaturing process 1is
reéovered by the silylation process, and then the
subsequent dissolving/removing process is performed.
Consequently, problems, such as pattern peeling, are
prevented from being caused by the dissolving/removing
process. Further, damaée is formed in the Low-k f£ilm
124 by the dissolving/remoﬁing process, and may
increase the specific dielectric constant of the film.
However, the silylation process is subsequently
performed again to recover the damage, and the specific

dielectric constant of the film is thereby drasticaliy

decreased.
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the silylation process was perforned under conditions
including a tenperature of 50 to 250C and a pressure

of 1.33 to 26.6 kPa. Then, the dissolving/renoving
process of the sacrificial film2127 and so forth was

15 perforned, using HF. Thereafter, an exam nation was
perfornmed in terns of the pattefn state, and found no
pattern peeling. On the other hand, the denaturing

process was perfornmed under the sanme conditions used

in the former exanple, and then the

di ssol vi ngsrtenan e priocesswivas per forsrdoifnekb@ riments
same manner descri bed above, but with no silylation

pr ocessitiattest gos arpn ftihar ebfef ewtes. oAstlaerpsabent invention.
abnormal patterns, such as pattern peeling, were

 foudd® ithe KPP rHestt Sox gt eLoWFk ofii tthel2ésmhtle of SiCHO

descri bed above, it has been confirned 25 that the

si | Yiest | U5HP rfek o8 PR_EF B d LR R Tt lidre oE‘etnaaTt%kriil’agwn in FIG.
ro di ssol vi_ng/ renovi n rocess, remarkably
gup%ﬁ SSgggﬂéPPéﬁh ec ?%ﬁegsg%%?fé?ﬁd42b9ve- Then,

l.i.ng. to t . diti th
Gescipar E Al B aeisn%?%r?e%‘fﬁém%'r%%%g/@?gf feo of water
i | QLLSS: i ssol vi e
o o Ga e Rl SRR A T S A a TP LR RO,

si | yirgdih R Y QeSSBS dd hef 19T £9r aBEINded L hSressure
same conditions. After this process, the specific

di elggCctricin comtd e (e isteie3upé tbheobowpk £bl BWASure the
measured, and was confirned to have been recovered to

a stssterinfdaridlhefilmtizl ¢ abe. s@uidDet be Brher Thardafter,

t he denaturing process was perforned
the silylation process was performed under conditions
including a. temperature of 50 to'250%: and a pressure of
1.33 to 26.6 kPa. Then, thé disso;ving/removing
process of the sacrificial film 127 and so forth was
performed, using HF. Thereafter, an examination was
performed in terms of the pattern state, and found no
pattern peeling. On the other hand, the denaturing
procesé was performed under the same conditions used in
the former example, and then the dissolving/removing
process was performed in the same manner described
above, but with no silflation process interposed
therebetween. As a result, abnormal patterns, such as
pattern peeling, were found in this latter example.
From the results described above, it has been cdnfifmed
that the silylation process inserted between the

denaturing process and dissolving/removing process

remarkably suppresses pattern damage, such as pattern
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under the sanme conditions used in the fornmer exanple,
and then the dissolving/renoving process was perforned:
in the sane manner described above, but with no
silylation process .i nterposed therebetween, nor 15
silylation process at the end. As a result, the k-

val ue of the Lowk filmwas hjg? because no recovery
was obt ai ned. Furthernore, under~the sanme conditions

as those described above, the denaturing process, the
silylation process, and the dissol ving/renoving

progessl 2y were sequentially perfornmed, but no

silylation process was perforned at the end. In this
exanpl e, ¥évet k-vafiee tbf sheelownkitiilomswass [twese td@tribed
that of the exanple using none of the silylation
procEs®es, Wik fepherrinanpronassef thise séxanplte ansipngcess,
thesilylation process at the 25 end. The present
i nvettd o Ahotol Vi@ éBeTEVERE PERBEGISTERT edeseicied ally

above gnd |é be nodified.in_- 43 various
manri&T st O Y ex%%%l%hePn ReSehBoarAeRt PIRESSS Wa$ further
Zﬁé’“fér#@re et T oPReRtS: RO g ChPREwr o Ague ofchis |
eggré(@tp X, aﬂ?eoug@&f?!ﬂt d&@%@'&?i?s’%o?xs%a%er k\/ &;Tue

per f'orned sol ely I Nng 0zone gas W thou

V%er@hérﬁbﬁwpcﬁﬁﬁm'ﬁageﬁggéﬁggdsogﬁhyw%%'QQ)&Q§9Q§%Lo have
gas, the reactivity becomes |ower as conpare

Casep ks NEe Y& &F e 2PN aaBHa820RBa rbUH et tl%lt%%q_“ dridledl  on

filmand so forth thus denatured can be

SUfftMQemﬂmqrdMSSﬁlVEHelﬂehh&usuhgeﬁﬁeﬁbss was performed
under the same conditions used in the former example,
and then the dissclving/removing process was performed
in the same manner described above, but with no
silylation process interposed therebetween, nor
silylation process at the end. As a result, the k-
value of the Low-k filﬁ was high, because no recovery
was obtained. Furthermore, under the same conditions
as those described above, the denaturing process, the
silylation process, and the dissolving/removing process
were sequentially performed, but no silylation process
was performed at the enﬁ. In this example, the k-value
of the Low-k film was lower than that of the example
using none of the silylation processes, but higher than
that of the example using the silylation process at the
end.

The present invention is not limited to the

embodiment described above, and it may be modified in
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di ssol vi ng/ renovi ng process using a chemnical |iquid.
Further, the Lowk filmon which danage recovery can
be achieved by the silylation process is not linmted
to a specific film and_it may be an SCD film 15 of
porous MSQ Alternatively, for exanple, an Si OC- based
film which is an inorganic iLnspdating filmformed by
CVvD, may be used. A filmof this type can be prepared
froma conventional SiQ filmby introducing nethyl
groups (-CH3) into Si-0 bonds present on the 20 film
to N3¢ SjusCHR g t hévrewitdnp Bt ackn Dt asoefbolARphi ed
Materials Ltd.), Coral (Noveilus Ltd.), and Aurora

( ASMATT P raRspondt o d9natuybey Fupthesnofethei t

is QQSSL e ta enpl-oy a porous Si OC-based film Al so,

i€ PossiBi® t'o- Y Sth MG bakedrersaraeingsias a
' : ' t_ texture in place of a porous
S B S L

t ext Ure e enbo edZaPBveluthghe process

Presey e 44 -dduell 100 1S PPLLEY 10,8 provess using

a dual damascene net or nma

. ot froe | . ) |
?ﬁ?ercoﬁngc??gﬁgfrﬁgfE%%%k%%%F%%ﬁggﬁg$§%rﬁiFP%S;YTHElng
pr esentnd reant iwre ey de b apRbd &snd 9 §8MeErQ§e§§meﬁ%d

which an etching target film may be deteriorated,  a

a substrarcease be idenatared vansk ren@vedohs, PhESEPte

LLOYD WSE -45 Wat is clained is:
sacrificial film and so forth thus denatured can be
sufficiently dissolved in the subseqguent
dissolving/removing process using a chemical liguid.

Further, the Low-k film on which damage recovery

can be achieved by the silylation process is not
limited to a speclfic film, and it may be an SOD film
‘of porous MSQ. Alternatively, for example, an SiOC—.
based film, which is an inorganic insulating film
formed by CVD, may be used. A film of this type can be
prepared from a conventional 5102 film by introducing
methyl groups (-CH3) into Si-0O bonds present on the
film to mix Si-CH3 bonds therewith. Black Diamond

(Applied Materials Ltd.), Coral (Novelius Ltd.), and

Aurorz (ASM Ltd.) correspond to this type. Furthermore,

it is possible to employ a porous SibC—based film.
Also, it is possible to employ an MSQ-based insulating
film having a compact texture in place of a porous
texture. -

In the embodiment described above, the present



1. A substrate processing nmethod conpri sing:
performng an etching process to forma predeterm ned
pattern on an etching-target insulating fil mdisposed
on a 5 substrate; denaturing with at | east ozone a
pol ymer residue, a resist film or a sacrificial

| ayer remaining after the etchippg_process to be
soluble in a predeternmined Iiquid; then, performng a
silylation process on a surface of 10 the

et chi ng-t ar get insulatin% filmhaving the pattern

f or MBI 1'RePEORS FRE 1HiEh TSI FIFRE S hes predet enal ned
l'iquiid to dissolve and renove the denatured

i
SubSPIREESNS. POREOGUBST ZEd hr dss1 1l ¥ iconduCt or
accordi .0 I 5 1, _wherein the nethod further
con%%?ggg %gfggg%gﬁg%aCQBR%ﬁzﬂﬁQﬁFﬁﬁQﬁ%%%l%% jine, but
surtag e etghing-tar insulating filmafter
reani%gg%hggdegéﬁgrg%%hmgﬁk% é%%fégT%ﬁ%%%si?%t%ay be

proeessing met Beqd aeeRiding fq.clal whereip the .
etchiﬁg}target i%s%lating filmjiﬁﬂiggé%téﬁl%% F%ﬁ?‘“ film

di ehegt bec deorstiant tht, elzrd .2 %ubTihGaMSEV%%S denatured
processi ng nethod according to claim 3, erein the

| owadidelrenbried éengtramstenat eri al i ncl udes al kyl

groups as end groups. 5. The substrate processing

nmet hod according to claim 25 1, wherein said

denaturing is performed while supplying a process gas
~containing water vapor and ozone. 6. The substrate '
processi ng nmet hod according to claim 1, wherein said
denaturing is performed while supplying a LLOYD W SE
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-46 process gas containing ozone. 7. The substrate

processi ng method according to claim 1, wherein the LLOYD WISE
predetermned liquid is an acid or alkaline chenica

liquid. 5 8. The substrate processing nethod according

to claim 1, wherein the silylation process is

perfornmed while using a conpéund including silazane

bonds (Si-N) in nolecul es. The supstrate processing

met hod according to %ﬁrﬁsiflﬁﬁﬁﬁil+Fthe conpound

220'1“3' e et y%)o‘“d Fideiny T i tase 1o
”%Jyfc?fﬁﬂﬁ onpr glir??c)c%ess’mtopféﬂpsé [?}[gdeifermlned

prOCGSSI ng ne orm ng a sacri

dddue.an &n £t céuagrﬂ@rtg@fgeﬁ nﬁ&&ﬁwﬂli ﬂr:irg'h@f’élﬁ@ge@non a

a substrate; 15 formng an etching mas

satiddtedal film and etching the sacrificial film

and the etching-target insulating filmto forma

pr edetesratineichpad et gt desedturd ghav d hpdlt yrheB St e SZORNEL, a
the sacrificial film and the etching nmask to be

resiad e iilm,a Qr edetarmi feci 20 1d it o enden ng e f o 1i tige

a silylation process on a surface of the

RAEHING REARAS it Batsnpilie mmayiogeddte patned nliquid;
formed thereon; and then, supplying the predeterm ned

i quitd'8Ty REEARRIND S ahidl HeHohan (O RTutQR edl surface of

ubst Th b t oce ng met
B SR T LA 1 hd AHeHod T rRaigfe D

PR S8R AR 0T 2

then, supplying the predetermined liquid to dissolve
and remove the denatured substance.

2. The substrate processing method according to claim
1, wherein the method further comprises performing a
silylation process on a surface of the etching-target
insulating film after removing the denatured substance.

3. The substrate processing method according to claim
1, wherein the etching-target insulating film comprises a
low dielectric constant material.

4. The substrate processing method according to claim
3, wherein the low dielectric constant material includes
alkyl groups as end groups.

5. The substrate processing method according to claim
1, wherein said denaturing is performed while supplying a
process gas Containing water vapor and ozone.

6. The substrate processing method according to claim

1, wherein said denaturing is performed while supplying a
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LLOYD WSE -47 silylation process on a surface of the | oypwiISE

etching-target insulating filmafter renoving the
denat ured substance. 12. The substrate processing
nmet hod according to claim 10, wherein the
etching-target insulating film 5 conprises a | ow
dielectric constant materi al-4613. The substrate

Ef)rocessir}%%met od.accorq%gg to claim12, wherein the
oW i el B (T COHE Bt Ot ®ri al i ncl udes al kyl

14, The. substrat i .
Mot hod acedr of fy TR E T T HAI Sl P Sar g to claim
o O B AP DG RR 8 T A B 2 P i me

dHeaeessl NG qetdod according to claim 10, wherein said
denaturing 1s perfornmed while supplying a process gas

cont & .Ni IMhed zues t At el G r Jdees SISt o PrOEESEE N to claim

nmet hod according to claiml10, erein the

lpr edetrerini ek |5 ikt Sorarpemiak oris ghdet d 1eed ham talusing

liquid. 17. The substrate processing nethod accordi ng

g ccomplaaing e whbimeg s t ez avid yWatdon( pir-otlesisn imolecules.

performed while 20 using a conpound including

si | aZane BhdRsfiraye inrogas sond aeethid] ateo sty rie eclaim

gwo essi.ng nethod according to claim17, wherein the
oﬁ%ﬁfﬁdrhat\h%g?%ﬁlﬁ%el N Siot s d20nds VDS

BRAIRA A BT ekt b1 1 S o TN bskazane) or THSDA
H1AEE I 1M TRIIAG SUPId SI N |

10. A substrate processing method comprising:

forming a sacrificial film on an etching-target
insulating film disposed on a substrate;

forming an etching mask on the sacrificial film, and
etching the sacrificial film and the etching-target
insulating film to form a predetermined pattern;

'denaturing with at least ozone the sacrificial film
and the etching mask to be soluble in a predetermined
liquid;

then, performing a silylation process on a surface of
the etching-target insulating film having the pattern
formed thereon; and

then, supplying tﬁe predetermined liquid to dissolve
and remove the denatured substance.

11. The substrate processing method according to

claim 10, wherein the method further comprises performing a
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performng a silylation process on a surface of an LLOYD WISE
LLOYD WSE -48 etching-target insulating film which
is disposed on a substrate and has a pattern forned
thereon by an etching process, wherein there is a
pol ymer residue, a resist fil gl_ or a sacrificial
te

| ayer remaining on the substT after the 5 etching

iﬂlylﬁﬁﬁéﬁubfgﬁﬁﬁé”éﬂi3“§ka%cée%ét%ﬁéoggcﬁ9n$§targ?%e

soluble in a predeterm ned Iiquid; en, suppfyrng
pradetteirmg nedlnh | Gt sl t Oerflh S50 VEhe 208N L €RPYE tSstance.
denat ured substance. 20. A conputer readabl e storage
medi UIA ¢ hathes toulest vat d O xond $ 01 nProgt Bed f 9 c X | 8
on a conputer to control a substrate processing
Ghasiren § o ies sty et cubsdridaeget wheselatthe £ilm
control program when executed, causes the conputer
Y ROMTDI2 thH AbRteatel prevestiny Byseehdto conduct
15

a substrat rocessi ng nmet hod conpri si ng:

per f g]rin néﬁhﬁg BTG TR RIS § B9 Jrek 20 r aeee Bd G eld
attern on.an etching-target jnsulating filmdisposed

Clgln"“a‘\“ 1;bUbs"‘f1'}’ea]ieeJ:n deh t]Eﬁ"’l' r@lﬂ??}tﬁ%ﬁ%%%%t%%rféa%erlal

R WIS rasidu esi s il or a sacrificial

Jlgifilgyler rser?glﬁéﬁﬁnggra??%% %%eénéet%‘%}%s‘pr ocess to be

sol ublge i 8olet ] L ouy o n erformn
a silylat irTok% %;oces%%}rgpos%%%a%gg o%%%%? acdstabld" &

i NGyt angate irNSd 8d | dibhdd M AAVi DG4 P ARLA &Fii 16
formed thereon; and then, supplying the predeterm ned
duppliyd i a Grssd e gl dammvEn ihe weret W8shr and ozone.
substance. 21. A conputer readable nmenory medi umt hat
stords.a N culistofatpr qyrasedninexestiodna@foBding to
conputer to control a

claim 10, wherein said denaturing is performed while
supplying a process gas containing ozone.

l6. The substrate processing method according to
claim 10, wherein the predetermined liquid is an acid or
alkaline chemical liquid.

17. The substrate processing method according to
claim 10, wherein the silylation process is performed while
using a compound including silazane bonds (Si-N) in
molecules.

18. The substrate processing method according to
claim 17, wherein the compound having silazane bonds in
molecules is TMDS (1,1,3,3-Tetramethyldisilazane) or TMSDMA
(Dimethylaminotrimethylsilane).

19. A substrate processing method comprising:

performing a silylation process on a surface of an
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substrate processing systemfor processing a

substrate, wherein the control program when LLOYD WISE
execut ed, causes the LLOYD WSE -49 conputer to

control the substrate processing systemto conduct a

substrate processing nethod conprising: formng a

sacrificial filmon an etchi-d§=target insulating film

i Sp. ubstrate: form , tchi k
SSRORe o8 s AL e, T ng an e ehing el on,

' t t chi - o t,i filmto f
Lhmand e St e tergetc o e i 0 Tarm e
ARG AL 2l LR 09 1 SN TR0 Bt rin,

x|y | 2 d 10 R 00 Sk WY ?re?ﬁHifrﬁfr?% IPD e th@strate after the
etching-target insulating fil mhaving the pattern

et heyeay atd ddetusppitindd e dedeieien fiede
liquid to dissolve and renove the denatured substance.

2 ubA ecANP W grredesicati imare oirguingdi um t hat stores a
control programfor execution on a conputer to control
a 15 hsubstaupirel pimor egss myresiestteam froeed priopeisdithy dissolve
substrate, wherein the control program when executed,
gl gEnavre thomriauted comsteinashe substrate
processi ng systemto conduct a substrate processing
net had -cofprdBRitEer paIHMh P 9IS IRR b pritrtesstores a
a surface of an etching 20 target insulating film 1
WP PTAGHY &P o 2 St aﬁqé 3 S Harcdrhrol @
Sflﬁ)rS rda teherreoocnesb ,an el ¢ hei ngfs [ 0Cess, i/\,her ein there
I'sa pcﬁ yrﬁsr_ rest due, & 18I RIMEHH %asclfk?sftf%ai‘%ef’
WAL of SR UM 00 TS AUR! LA, Al ddie, SLENG he
process and denat ur at east ozone to be
computer to control the substrate processing system to
conduct a substrate processing method comprising:
performing an etching process to form a predetermined
pattern on an etching-target insulating film disposed on a
substrate; denaturing with at least ozone a polymer residue,
a resist film, or a sacrificial layer remaining after the
etching process to be soluble in a predetermined liquid;
then, performing a silylation process on a surface of the
etching-target insulating film having the pattern formed
thereon; and then, supplying the predetermined liquid to
dissolve and remove the denatured substance.

21. A computer readable memory medium that stores a
control program for execution on a computer to control a

substrate processing system for processing a substrate,

wherein the control program, when executed, causes the



10

15

20

25

25 soluble in a predetermned Iiquid; and then,

supplying the predetermned |liquid to dissolve and LLOYD wisE
renove the denatured polyner residue, resist film or
sacrificial |ayer.

—49-
computer to control the substrate processing system to
conduct a substrate processing method comprising: forming a
sacrificial film on an etching-target insulating film .
disposed on a substrate; forming an etching mask on the
sacrificial film, and etching the sacrificial film and the
etching-target insulating film to form a predetermined
pattern; denaturing with at least ozone the sacrificial
film and the etching mask to be soluble in a predetermined
liquid; then, performing a silylation process on a surface
of the etching-target insuiating film having the pattern
formed thereon; and then, supplying the predetermined
liquid to dissolve and remove the denatured substance.

22. A computer readable memory medium that stores a
control program for execution on a computer to control a
substrate processing system for processing a substrate,
wherein the control program, when executed, causes the
computer to control the substrate processing system to
conduct a substrate processing method comprising:
performing a silylation process on a surface of an etching-
target insulating film, which is disposed on a substrate
and has a pattern formed thereon by an etching process,
wherein there is a polymer residue, a resist film, or a
sacrificial layer remaining on the substrate after the
etching process and denatured with at least ozone to be
soluble in a predetermined liquid; and then, supplying the
predetermined liquid to dissolve and remove the denatured

polymer residue, resist film, or sacrificial layer.



