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SPE mTitle of the I nvention SUBSTRATE
PROMMWMM“&D Background of the Invention 5 1.
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to a subStfate processi ng nQ;h?d_jor performng a
denaturing process for denaturing a predeterm ned

fmmmwmﬂ@m“ substance, in 10 manufacturing a
s

em conductor device by usppofrieagiona dua
danascefé net hod. The present invention also relates
to a conputer readablTe tienmarfy tredi lmmdrhtaion stores a
control programfor executing a nethod of this Kkind.
15 2. Des$HINRRAGHE HRAGES R GIMET PR | n seni conduct or
devi ces, a decrease in the interconnection |ine space
due to miniaturizaBaekdrenedeaseshehénygpidionance

bet ween interconnection Iines, which makes the signa
propagat ilon rfdteed Rlerth] heYEBRE® resul ting in a

delay in eration speed. In order to solve this
Oy ol e T G tiH: iSSP b g SLaiS? i) fearar rate

material.s W th l,ow specific-dielectri con nt
(LobreTrarana B Rt s SyE T  JendRiifgrprocess

i n%%ru%iierﬂl%t%llﬁl?l . rkf;ﬂraédevteefﬁr%d aél?bsta?rr'i_’cgaltxgea process

ot her hand, copper attracting attentions as
for dissolving and removing the denatured substance, in

mamna process for dissolving and renoving

manufacturing a semiconductor device by use of, e.g., a
dual 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
interconnection line space due to miniaturization
increases the capacitance between interconnection 1lines,
which makes the signal propagation rate lower, thereby
resulting in a delay in operation speed. In order to
solve this problem, deéelopments are being made in
insulative materials with a low specific dielectric
constant (Low-k materials), and multi—layer'
interconnection lines using such insulative materials.
On the other hand, copper is attracting attentions as
an interconnection line material, because it has a low

resistivity and a high electro-migration resistance.
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an interconnection line material, because it has a | ow
resistivity and a high electro-mgration resistance. 2
Where copper is used for formi 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,1lE are explanatory

vi ews showi ng steps of a proce%s for formng a

mul ti-layer cupper interconnection |line, using a dua
damascene nethod. An insulating film(Lowk film 200
madwhefteacbpwek igBlEEIfdrS fdirsfesed e cEidé€Oion lines
substrate (not shown). 10 At first, a |ower

i nt éncomeechiesn andie r2@>nmede ioh dopeery, is Sargks damascene
the insulating film200 with a barrier netal |ayer
201mephedpesdd orher elvetlwesama stisere megHasv-da d i fre@oeint 1y
used as an inter-level insulating film is forned

t heB&€6R-wi th an etching stopper film 203 15 interposed

t her ebet ween. Then, an antl-reflectlve coati ng ( BARC:
BottonmAﬁFFSReﬂﬁeEF1$§W§ﬁﬁ|§ﬁﬁ U VY 2sFREWIRY nFteps

re forned or.der on t% surface of the
54

Lot B Fhesbrs O RO o T S e
sublgted baddhaht aRosULE WA, redeter g 20 q.

patfern an then evélopne a circui

pat Gl rin's%lfacﬁrll?xpgd ANt ha,dvesi sftl 1)l r@o?d)%a(cfé %f léA‘)L?(w k

Then, using theresist film2 as a mask,

filMa2@4iiag qtscfwldsﬁ&sé@rahaavsam@bﬁ %Ql‘ﬁ)%t(r%'t@ () -shown) .

Then, the anti-reflective coating 205 and resist 25

fllmm2&6rame mefowed hnhtexrgpnnectoih@mciale |12apiimbde 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 therebetween. 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 1s subjected to light exposure with a predetermined
pattern and is then development, so that a circuit
pattern is formed on tﬁe resist film 206 (FIG. 1A).

Then, using the resist film 206 as a mask, the

Low-k film 204 is etched to form a via-hcle 204a (FIG.
1B). Then, the anti-reflective coating 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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process and an ashing process. Then, a sacrificial
film207 is fornmed on the surface of the insulating -
3 film204 including the via-hole 204a (FIG 1C). 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 subjected to |ight
exposure with a predetermned pattern and is then
devel opnent, so that a circuit pattern is formed on
thefxbsiz04 fined 20Bng Ftke EDp-hoThenQ4HSi(EJG.ha&Cnesi git
film208 as a mask, the 10 sacrificial film 207 and
Lovielki$ i t im@04ttae evicd chetlet 80480t A1l ddr wiiténcie204b
on the via-hole 204a éFIG. E). Then, the resist film
208l Eheka¥ikEibm 20V m 207 are renoved to conplete
t he vi a- hoIe 204a and trench 204b in the jinsulating
film 204 %@@caalt§81$ﬁeﬁl Ph@ 0%i a5 157ReCe SPoibearpr face

t h_ 204b filled
ST COMMERTTohT 1 TTEL FRATGRACAl | §7Cbne 8e PER!Galfi Im 208

ot ok 2o} Ecr 2QEL ag?gﬂgﬁpgéﬁn B0, 2oReddnu gl

O renove an a

prQ§§§§%P§e9ngolgoﬁhéﬁn8 b@@ogﬁgﬁeon¥8nEP%Qal %%%éﬂlt

ere 1 s a case ere em cal IQUId I's used

to digeelneid foiMeqobnt Bhe kkBdestbut 1kheopr qgassi ne,) .
rate is very low. As a nethod for renoving a

sacrhéhgiabifigl Phef rekhks king, 20beae &S mpsEpose@d a

technique in which a 25 process gas containi ng water

vapsacahfliozehefidmuged tad Low-k film 204 are etched to
form a wider trench 204b on the via-hole 204a (FIG. 1lE).
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 Si-0 based inbrganic material,
which is difficult to remove by an ashing process used
for removing the conventional resist film. There is a
case where a chemical liquid is used to dissolve a film
of this kind, but the processing rate is very low.

As a method for removing a sacrificial film of
this kind, there is proposed a technique in which a
process 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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denature the sacrificial filmto be soluble in a
predeterm ned chem cal liquid, and then the
sacrificial - 4 filmis renoved by the chenica
liquid (Jpn. Pat. Appln. KOKAI Publication No.

2004- 214388). However, when a process is perforned by
a process gas containing watery, vapor and ozone, a
Lowk nmaterial 5 used as an inter-|level insulating
filmhaving a pattern may be damaged. The damage in
the pattern may becone obvious by a subsequent
chefial i$i gamdvpdobgsshe Rthdriergl abigesar i(bed . albave, Appln.
a process gas containing water vapor and ozone is

us eXDEAL pewld broeaid® Bol uBbPPézalndA8process, and then

a chemcal liquidis wused to performa cleaning
process.Hovevars ¢hsB, 2aPreewsk wet eirdlonmgd By a process

damaged and thereby increase the specific dielectric
corfitantorhetebtd WAFeR vVaBP&r FBPaPé@“@frf ectlovoik Fiategial
by using the Low erial _as.an é h er-1leve

i nstedi A ??Ih?teﬁrnge uﬁﬁﬁF%aBFnﬁh SRViieW Anpattern
b t d

SubSft o %%?‘ﬁ% S8 o her HERHSBEA T RbR, BRRYRER “}?ryo@é%scsome

for06?|0|al rgﬁbgggh?ﬁgbéggﬁggagf11§FQd’ o etc fng

sacrl m IS P ormed sub seque

of an et pht’agekar get gbiskmivhy selowi, | IaZI;ﬁ%éJLes gas
residual substance reiative to a predeternlned

| i oebitle a 8fidn§ heat e FetapbRgahde okzegeddal uSRSttRNGR MMbrm a
the predetermned 1liquid, the nmethod brings about
i tsdruldahhgetisuchrasess patit ehenpeekhrethical liquid is
used to perform a cleaning process. In this case, a
Low-k material may be damaged and thereby increase the
specific dielectric constant thereof, which
deteriorates effects obtained 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.g., a
sacrificial film is performed subsequently to etching
of an etching-target fiim, by solubilizing the residual
substance relative to a predetermined liquid, and then
removing the residual substance by the predetermined
liquid, 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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Anot her object of the present invention is to provide
a substrate processing nethod, which can, in 5
addition to that described above, suppress
deterioration in an electric property of an etching-
target filmdue to danage caused by a process for
renovi ng a residual substance. Still another object
of the present invention is to provide a conputer
readabl e nenory nediumthat stores a control program
for executing a substrate processing nmethod as one of
t hosedilescn i bedtabovéesAetbedi agotre, ashibpsesaspect of
the present 10 invention, there is provided a
subdetrareopabeessingannethotiréonpriopengy pér feor retad iang -
et chi ng grocess to forma predeternm ned pattern on an
et ch#Hge

denaturingga substance remaining after the etching

pr ot@8sVt _ _ ;
of the' ePCh-nGETaEREE PRIACha0Tngna BE SRt erm Y ey &

afybr fpenfodrapasedcansadshyser grecess for
be E8fuBreli AURSE8NERedet er ni ned |i qui d;

of the e

t her eon; t he yi r ern [, qui d
| b 820 F0e! HDonBURBLYLRAGERT RERISEHEAGN: g
According Eoﬁ g
invention, there I's provi bstr _
met Bed-698PhE ShBY9hoHORRI BE e 0$a¢hikieCigls friltaP e .
etching-target filmdi sposed on a substrate; formng

enature stance.

ré@B%@éfB& ERE RGP substrate

a substrate “processing

8nBELEN

et chpagomaskgomot he f9achi faispiealt fdfl Mheantaiahi ng

the 25 sacrificial filmand the etching-target filmto
f orim@ention, there is provided a substrate processing

method comprising: performing an etching process to
form a predetermined pattern on an etching-target film
disposed on a substrate; denaturing a substance
remaining after the etching process to be soluble in a
predetermined liguid; then, performing a silylation
process on a surface of the etching-target film having
the pattern formed thereon; and then, supplying the
predetermined liquid to dissolve and remove the
denatured substance.

According to a second aspect of the present
invention, there is pro%ided a substrate processing
method comprising: forming a sacrificial film on an
etching-target film disposed on a substrate; forming an
etching mask on the sacrificial film, and etching the
sacrificial film and the etching-target film to form a
predetermined pattern; denaturing the sacrificial film

and the etching mask to be soluble in a predetermined
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predeterm ned pattern; denaturing the sacrificial film
and the etching nask to be soluble in a predeterm ned

- 6 liquid; then, perfornming a silylation process on

a surface of the etching-target film having the

pattern formed thereon; and then, supplying the
predetermned |iquid to dissolye and renove the
denatured substance. 5 In the Tirst and second

aspects, the nmethod preferably further conprises
performng a silylation process on a surface of the .

et chiiegitdar géterf,i Iperafdrering enowi hgl dtheodlepad e €8 on a

substance. The present invention is effective in a
caseuntierce clfl tthwe edtahimp-target film lcanjmgselseaphowvwern
dielectric constant material. Particularly, the

pr e§emmeichdrianm; iahdeftfhant i veupml vicastheheredehermined
| ow_dielectric  constant material includes alkyl

gr odpeuas &Rl Hrvipse S R r i hgy denpiefed aphpstance.
erformed while _15 supplying a_ process gas containing

aater va f%?ﬂhégﬁgd? YRaf TP RS nalhgemethod

f d _whi | | yi ‘ | tai ni |
Oofd SR A A I O KA DT poF O THES p cgbng Lot ion
or SURESER Gt 1 GO T2 20 o Gt B oF 4TI fre £Lin after

chemeealvidAunt ddiSidod allos proscess is preferably
performed ™while using a conpound including silazane

bonds (SiTHY pidsdemd ecidas: i b ef erabkyctihe ¢AMOLAde where

i ncluding silazane bonds in nolecules is TNVDS

(1, £h2 225 iref-rtaneidry| fili sn | @zape) sos INBDMAdielectric
constant material. Particularly, the present invention
is effective in a case where the low dielectric
constant material includes alkyl 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 1is
effective in a case where the predetermined liquid is
an acid or alkaline chemical liquid.

The silylation précess 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
(Dimethylaminotrimethylsilane).

According to a third aspect of the present
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(D et hyl am notrinmethyl silane). According to a third
aspect of the present 7 invention, there is provided

a control programfor execution on a conputer,

wherein the control program when executed, causes

the conputer to control a manufacturing apparatus to
conduct one of the substrate 5 yrqpessing met hods

descri bed above. According to a fourth aspect of the
present invention, there is provided a conputer
readabl e storage nediumthat stores a control program

f or inexecibingn thrre denpitoaridedhesr etdntitel gxdddm for
program 10 when executed, causes the conputer to
conerekuaiomawnf & tawmpng eapparhatnssint o reonouttr @nepodgram,
the substrate processing nethods descri bed above.
AccBh@nngxesutied  picasiests itheermdrritet din mpritsrol a
performed on an etching target filmthat can be easily
15 BaRHGEFLUIder &PP2 1EGWX IGRNAMHTT CTisiqly tehe substrate

substance difficult to renmove, such as a sacrificial

fi | REOTRER N9 Gr-EO&Ss d%(frc“rlz)rﬁisi%ovae T esi dual

subst ance of .0.,. the sacrificial, film.s

per f or ne%‘,ccbdymgo bid iaziefnoguli ré asf%es(i:%u%% kﬁ%s&’%%%%nt
rel h5 QA [h f erdm ] id, tJEHB
disgoléﬁﬁéegﬁdﬁ¥§%%V?ﬁg]t ejfg%#dﬁéF%@ﬁ st ance %@l?he

pr edebenleneld divatittha tAls dd¥ies td Mon@roSip M AdRNEor
process i's performed to recover damage of the etching

t ar gek clitlirbefnorze dngsalet ,Ngrranek 1enivd Neont M1 program,

resi dual substance. Consequently, it is possible 25 to

preveerh pxicoertedaregsessudtte asonaiter ntCxdossel a
manufacturing apparatus to conduct one of the substrate
processing methods described above.

According to the present invention, etching is
performed on an etching target film that can be easily
damaged, such as a Low-k film, while using a substance
difficult to remove, such as a sacrificial film. Then,
a process for removing a residual substance of, e.g.,
the sacrificial film is performed, by solubilizing the
residual substance relative to a predetermined liquid/
and then dissclving and removing the residual substance
by the predetermined liéuid. At this time, a
silylation process is performed to recover damage of
the etching target 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.
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from bei ng caused by dissol ving and renoving the

resi dual substance. 8 Further, where additiona

silylation process is performed after dissolving and
renovi ng the residual substance, it is possible to

recover a deterioration in the electric property of

the etching-target filmdue to damage caused by

di ssol ving and renoving the resfdual substance. Bri ef
Description of the Several Views of the Drawing FIGS

1A to 1F are sectional views schematically show ng

st eps of rarpheeesshieare fa@idiitigradl 1) I yited CannNecdtOHs is
line in a trench, using a conventional dual damascene

net bedfoEn&d 2fitsraniespllanaiomnd/irmmechendticatdyidual
showi ng the arrangenent of a wafer processing system
usedubBEaacseniifonduPresidde ¢ manevEst @ idef prioeestsion in
15 enpl oyi ng a dual damascene nethod, to which a
subsPraBéeChraceBSPRG It REd the StdiHgad-aipet film due to
enbqdi nent of the. present invention is applied;, FIG

3 i a%tagﬁaﬁaws@ S¥hERSEOAIY SHEWTRITHEY sthquctgiedual
of QUBEEQHEQQ apparatus used in the wafer 20

processing systemshown in FIG 2; FIG 4 is a front

' - ' - i t f _th .
ol ear e e A PO A Qe P EHE L 80l o "Eng prawing
vi ew schefgls caldl ¥ SheWiNQ the Stdet W ddematically

cl eani ng apparatus shown in FIG 3; 25 FIG 6 is a

seckheRahgVisewpschbemat iptaldes sSF¥ raning an
interconnection line in a trench, using a conventional
dual damascene method;

FIG. 2 is an explanatory view schematically
showing the arrangement of a wafer processing system
used for a semiconductor device manufacturing process
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 Qiew 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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denaturing unit disposed in the cleaning apparat us;
FIG 7 is a sectional view schematically showing a - 9
silylation unit disposed in the cleaning apparatus;
FIG 8 is a sectional view schematically showi ng a
cleaning unit disposed in the cleaning apparatus; FIG
9 is a flowhart show ng a sen1§oqguctor 5 device
manuf act uri ng process enpl oyi ng”a dual damascene

met hod, to which a substrate processing nethod
according to an enbodi nent of the present invention is

appbiedlabieh. uh0A HasHOsear @rsatid Qladanreyss oM hgs ;
steps 10 of the flow shown in FIG 9; and FIG 11 is

a vi ew f 8IGexl disniang ez tdamege wfeva sdiommdke f¢d M @nshowing a
recovery thereof by silylation. Detailed Description

of ctheanavgnuindt Anspeisedi mentthef alemrpimeserpparatus;
invention will now be 15 described with reference to

t he accoipényi’ng SdPavileyshatergiaainera 47l goerdentor
invention is exenplified by a case where a
senfe8haGicMBRrUdeviteE 1N RERFeR mw% Ffiijal damascene

SCHERBTaal £ 90 Shom A5 e e AR T B aRabr

prog?§8%89n§y§gegh %%%%dl %H% %%ﬁ%ﬁ?”d%%§Q&ﬂ??ﬁ%&éntlon is
manufactari process dual” darh
et had; i£Q; mhlch a substrate proceSS|ng nethod

accordi ng fo an enbodi nent of the present invention
i s appli edgsThiipanafer i RGAS Ik Zon SV St £ d Ne MeleSg asteps

process section 100 and a main
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 according 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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control section 110. The process section 100 incl udes

an SOD (Spin On Dielectric) apparatus 101, a resist 10

- coating/ devel opnent apparatus 102, a |ight exposure
apparatus 103, a cl eaning apparatus 104, an etching
apparatus 105, a sputtering apparatus 106 used as a

PVD apparatus, an electrolygiq pl ati ng apparatus 107,

and a 5 CWP apparatus 109 used gs a pol i shing

apparatus. The nmain control section 110 includes a
process controller 111, a user interface 112, and a
meneoyt pagY Heneldgmenthapb@atppanalys al QL.g P Wty d uee
apparatus 106, and electrolytic plating apparatus 107

of &bpapabues30R) sectlieanih@O appafratmst ArdMgt ison etching
apparatuses. As a nethod for transferring a wafer W

bet appArappar abbses sputheripgoepys rsgors AP 6l0ked as a PVD
transfer nmethod by an operator _and/or a transfer

met ABE2BF LHST r aRsPErCHACL A6t PIRGWAY a@mRraygfas 1%, and a
Each of the agﬁaratuses in the prqcess section 100 is

conlEt BAPRE3EHE d8Ft MSPCedShy PR LNk SPRHGWI 1 erThe
111 hayi U_ Th troll 111 |

conMBet etorbT the SGSes Tniart 366 LEEES e cs el GRIEE oL Lex
e. g%ﬂ.la 5‘%’1@8? gn?g(}f%c%l ﬁel2ay’an\g1%r ?nleri]notrhe.pzoor ion 113.
keyboafd i s uSed for a procéss operator t&’lani

conpradgohoL LeReLALsNG ohhe %&%ﬂ:&%ﬁ%ﬁ}ﬁ%m%ﬁ%nd

section 100, and the display is use oW ng
Vi Sé@bb%@@lyﬁﬂgeﬁl@ﬁ:i‘h@e aRRAMAt@nalo Bt ushofptdtess

apparatuses in the process section 100. Further, the

25 peacesa ¢oot del fenml kb rins tdomnegied dtudde. M®ry method
for transferring a wafer W between apparatuses in the
process section 100, a transfer method by an operator
and/or a transfer method by a transfer unit (not shown)
are used.

Each of the apparatuses in the process section 100
is connected to and controlled 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 ihe 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 recorded therein, for
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portion 113, which stores recipes with contro

prograns and process condition data recorded therein,
for - 11 realizing various processes performed in the
process section 100 under the control of the process
controller 111. Arequired recipe is retrieved from
the nmenory 5 portion 113 and_exgcuted by the process
controller 111 in accordance h an instruction or

the like through the user interface 112.

Consequent |y, each of various predeterm ned processes

i s peEflarzted ivadiwn Processsssechie ofodRddungethéhprocess
control of the process controller 10 111. Reci pes may

be stateédn 10 rneatkbl therecmmtyraedd finthe spebcassacontroller
CD-ROM hard disk, flexible disk, or nonvolatile
memdryt.- Further, recipes may be utilized on-line,

while it is transmtted among the respective
apparatu§é§QQP%?ﬁﬁp¥%%é%§ sec¥ebhiaved éromrahgnmﬁm@ay

15 fron1an external a arat s t hrough
dedPOHEE™ I Iﬁé %% I?Vp?%%epﬁ?c?%é ﬁPBEéPller 111

cont,r ol ontrol section 110,

b
o ek S O e b cani £ 8F 21BE%pprouon

102, I RSB L0200 B ocenySEE! 1 90cous

Con%ﬁ@dé%%yﬂfﬂbd'B%é@%i%b@-1§r§@§§§rﬁgﬁtiglkﬁé pfocess
user interface, and a storage portion. The

appaeitisnl AL 0 urised 9 apphiral chentkal praéebsqabatroller

onto a wafer Wto forman inter-|level insulating
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 100 may ge 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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filmformed of, e.g., a Lowk film or an etching
stopper filmby a spin coating nethod. Although the 12
structure of the SOD apparatus 101 is not shown in
detail, the SOD apparatus 101 includes a spin coater
unit and a heat processing unit to performa heat
process on a wafer Wwith a coat4ng filmforned

thereon. 5 In the case of a waf processi ng system a
CVvD apparatus may be used to forman insulating film
on a wafer Wby a chem cal vapor deposition (CVD)

met hadudturplatend sbe 5600 appas at 08 191noThenkesi sh
coati ng/ devel oprment apparatus 102 is 10 used to forma
resicstt&lill mtise B @3 appetastisngl hskncandesad spin coater
anti-reflective coating. Although the resist

coatimig/ denceloofraait Rppae at sy 1021 stoopesfiorn anheat
detail, the resist coating/devel opnent apparatus 102

i NCIRFRESE S r¥si 3t Webari Hg Wikt @ £BARC T obtimgf ermed ghereon.
15 sacrificial filmcoating unit, a developing unit,

and I H&YSrédiasi dtles3i Ryt ehi REOCaRRl P@sF¥BteBat # ngVani t

i's arragggd to aqgly a resis% quuid,ontﬁ a,mafgr W

to FOIHRE Tl ¥ 1A%y Spi lOTbat? niSHhat BARcE11m on a
coat | b i P n.anti-r ctiy .
coarine 20 ey HrFEOEE SRefP RidRR: EXbh: FFLPE e RRe 1o

coak“@&elggttﬂé;§55a€§§gﬂégu§pp¢y_a sacrificial film

(SLAM onto a wafer e developing unit is

arranged e pesfof satenNg) QPFENEpREAECESpARaRLEESDS is
filmwhich has been subjected to ?lght exposure wth

a 2mgudedet foimed pasiet nfimtbhecdii 8t afXPOSHLIRg mask, and

appar at us
an anti-reflective coating. Although the resist
coating/development apparatus 102 is not shown in
detail, the resist coating/development apparatus 102
includes a resist coating unit, a BARC coating unit, a
sacrificial film coating unit, a developing unit, and
thermal processing units. The resist coating unit is
arranged to apply a resist liquid onto a wafer W to
form a resist film by spin coating. The BARC coating
unit is arranged to apply an anti-reflective coating
(BARC) onto a wafer W. The sacrificial film coating
unit is arranged to 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
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103. The thermal processing units are arranged to
respectively performtherml processes on a wafer W13
with a resist filmforned thereon, a wafer Wtreated

by a light exposure process, and a wafer Wtreated by

a devel opnent process. The |ight exposure apparatus

103 is used to 5 subject a m@fqr Wwith a resist film
formed thereon to |ight exposuﬁ% with a predeterm ned
circuit pattern. The cleaning apparatus 104 is

arranged to performa cleaning process using purified
wat @t ter aa reBeriCcdilnl ifptnthd aHaredilr i NOvPfOEEBSt Béated by
pol ymer residues or the 10 like remaining after an

et chi Aggproeepssuard par aacmerand i oceSsr 0f tareated by a
inter-level insulating filmfor damage due to

et cHengloagengspridsedd.ater in detail. The etching
apparatus 105 is arranged to perform an etching

process dfi€an idter@dRAAUTLS ARPIEIHYS 10 5P uasdt he
like faormed on a wafer W The etching process may be

of §UPYFELUS HGIFadha'idt & t5f56 Usihigi™ g @ afhereon to
[ i.d, . Th tteri. 106 i dtof
T SR el e s oS 10 L

| \ l.ectraql yti td Ng t 7 0]

) Shee TR R GREE e Y BRI AlE 85O -

| ayen eah@nEe glr'i)ws@._rﬁlegiqd\%%ﬂ 2 d Pt ereonnect o@héljng@a 1

ina trenchline. apparatus 109 is arrange

to lﬁ%fi@f,maad@n%&@ﬂiﬁﬂ% DI NCaSS KU PnSHIFASLI@E s Bor the

groove interconnection line filled with Cu, and so 25

fortthke remaining after an etching process, and a recovery
process of an inter-level insulating film for damage
due to etching, as describéd 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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Next, a detail ed explanation will be given of the

cl eani ng apparatus 104, which plays an i nportant part
14 of the present invention. FIGS. 3, 4, and 5 are a
plan view, a front view, and a back view,
respectively, schematically showi ng the cleaning
apparatus 104. The cleaning_aqganatus 104 includes a

carrier station 4, a 5 process station 2, a transfer

station 3, and a chenmical station 5. The carrier

station 4 is arranged such that carriers each storing
wafef st V¥ ap ee senuenhivahly ont.r amgiGer.r g far,oranet Iterare a plan
processi ng apparatuses onto the «carrier station 4.
Thevtawri@rfsoati vhed,i snal sobbCkarmiawged esypett ttihvatly,
carriers each storing wafers W processed in the

cl eaphemaappat AyusheBangr éher gdsheringd apbagmtuse 104.  The

carrier station 4 to processing apparatuses for
subStyEehPI pRBEREEEES FRE PrEdedeSsPatGadi BT istdtiges 4, a

lurality of it d.to 15 _
 ooBCeTSe1 STPEEPEr fr a0 FEARSAS T eesAOn & rdd d i cal

pro nd a overy .process.. The transfer statio
3 TEERR R BRETREF AR TR A def Bl T T S enat
uEhg scheny cal

Proggssiepbabhon ¢+8R4nEALLIRL StALLQAN

statton 5 is arr angegn?o per frOI‘ m rranufs%gt ure,

prepasAtEOhreandrdf ot0ea9e r¥fced GhRMagRa ddtQldl onto the
purified water, gas, and so forth to be used in the

proggessistattanidn Eachear Idaglr i€ rceittaaiing tdhereidlso
wafers W essentially in a horizontal state at regul ar

i nt ervahgedi authethert icaalr idinse @aabn stordinecia s W

The wafers W25 are transferred to and fromthe
carprere€selir bughheneleaning apparatus 104 are transferred

from the carrier station 4 to processing apparatuses
for subsequent processes. The process station 2
includes a plurality of process 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 is arranged to perform manufacture, preparation, and
storage of a chemical liquid, purified water, gas, and
so forth to be used in khe 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



side of the carrier C, which is opened/closed by alid
| 0a (which is not shown in FIG 3, but shown in FIGS.
4 15 - and 5 in a detached state). As shown in FIG 3,
the carrier station 4 has a table 6 on which carriers
C can be placed at three positions arrayed in a
Y-direction defined in FIG 3. 1 Each carrier Cis

pl aced on the table 6 such that'“the side provided
with the lid 10a faces a partition wall 8a between the
carrier station 4 and transfer station 3. The

par shtii eninakl d8aabasdwishdew)portions 9a forned
therein at positions corresponding to the nmount 10

posi ti onasf showar HneFSGC. Fadthofcdhe ev Nty oot t4 anss a
9a is provided with a shutter 10 on the transfer

st atabhe36spdewhacbpenkelieses tthean dowlpardd @t Yhree
This shutter 10 includes hol di ng nmeans (not shown) for
hol BPEgtiRas| pgragadofing ac¥digreat iagp defdmeachelin FIG. 3.

hol di n% 15 nmeans can hold the lid 10a and withdraw it
i nt BaFReCALFARST &r l§t Rliege B ot heh dap lien GFIsssth £ hadd the

5. t f t 3 d th f
r anfe PR SpaghahoRaY HaDIhY AT et i ign vall
traggf%rtWQQﬁ.f J(gaP0|dln a?%%ﬁe dg%glggsﬁsgﬁgné%ation 3.

t ansfer unit I'S novapnl e

gw des Egr(ci%go%' G114 8%”218.@ @go%@ﬂ é{z%t%r%éﬂeg;r'?&med

the"transfer station ectl on
vaf eperbhanstepboRi ek ofd i rSld E A @ i Ketd on,

novabl e up and down in the Z-direction, and rotatable

in pbeiXiod® Yopl aaer(ielsr @t.at imdbh .of the window portions
9a is provided with a shutter 10 on the transfer
station 3 side to ocpen/close the window portion 9a.
This shutter 10 includes holding means (not shown) for
holding the 1lid 10a of a carrier C, so that the holding
means can hold the 1lid 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 holding a wafer W. The wafer
transfer unit 7 is movable 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 (8 rotation).

With the arrangement described above, the wafer

transfer pick 7a can access any one of the carriers C
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Wth the arrangenent descri bed above, the wafer
transfer pick 7a can access any one of the carriers C
16 placed on the table 6, in a state where the
shutters 10 are retreated to allow the interior of
the carriers C to comunicate with the transfer
station 3 through the w ndow pgrtions 9a.
Accordingly, the wafer transfer pick 7a can transfer
a wafer Wfrom any height position in each of the
carriers C, and can transfer a wafer W onto any

hei ghtceasbh @hel ’a@ach Of ey Crdtienthdse e PERGEEErs 10
station 2 includes two wafer nount units (TRS) 13a

andatdbrem rithe elor ansfadrl st afHonirk st ey cflOcH®rcarriers C
exanple, the wafer nmount unit (TRS) 13b is used to

pl ate eowafugri Atwhen tthhe heaftaranWier tstanisfar r2dtironyh the
the transfer station 3 to the process station 2. The

waf B nABUNPoItiionSTRS). 13 dardisegl Y0 Piace tenaf sanyfer
when 't he mafer Wis returned to the transfer station 3

15 BEE&r TRt Gag §&@Jn§cfteéd & vaf oF dlet e aey e bglespppition

t he process st tion 2.. On the rear side of the
P oL BLE P atiion 12 CHAHET e UM T TS (VCajfer ¥

15f dt d
1930} Rol Sy LM S TSP PPN el sy o
an el chi 0g, PLOGRSS, o Bt o @ 85 CONLALAL D0 UL 61 YBPE 0

and ozone (0 So as to nat ur e be so

i N anpredeireldyl '1%% GRRMIGH od IRl G- rdAs fdve denai Yhni 80sige.

units (VOS) 15a to 15f, polyner residues, a resist
fil B‘bra%&aaxpi%qutﬁiemvﬂife‘ﬂ |iB 2Pt et n(m)afi:% 88 used to

etching process only change their
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 Qapor and ozone (03), so as to
denature them to be soluble in a predetermined chemical
liguid. 1In the denaturing units (VOS) 15a to 15f%,
polymer residues, a resist film, and a sacrificial film
remaining after an etching process only change their

chemical properties to be scluble in a predetermined

chemical liquid, while they maintain their shapes or
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chem cal properties to be soluble in a predeterm ned
chemcal liquid, while they naintain their shapes or

17 - the like. Silylation units (SCH) 1lla and lib are

di sposed on the denaturing units (VOS) 15a and 15d,

and are arranged to performa silylation process on

an inter- |level insulating fLIanagaged 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

arr amged itye perform a chemcal |iquid process or

wat er cl eani ng process on 10 a wafer W processed by

t he denatauirliyigs tidrt suf{ M3S) (46) 1Da lohd B0basréOdisposed on
renmove denatured polynmer residues or the like. In the

pr otéss dstrattivoni iy Jfrours hofOP) at &2 uamd s15¢ HRnd 9areo

19d are stacked at a position opposite to 15 the

waf & ragad it tre (fRS) a1 33l BnkR 4B widces sradm &af énter-
transfer unit 14 interposed therebetween, and are

arr afg&d N HER TR HE ymadaBrerdWRYr ddes stanafjut ey process,
cleaning .units (CNU) 12a to 12d. Further, cooling

pl Ca Y ee Sl %dt%blzlalf%r StACKRP B t HeS wdfrBpge -

20 nount uni TRS) 13a, ,and.are arranged to cool
waf er V¢%}&%gés€%%%§ $HE® heht “ERdPHPY ﬁ?o%%@g}o%hg’ there

waf er. Ut (GTRS) a n

ooy e Y, R (G, T e SLEGTRE R e pgrrorm
di Sposebrfilcalt Nei 4o Prddes Prosesst St ati O Zng a}?gobéss on
arranged to 25 send clean air into the process station

2. a wafer W processed by the denaturing units (VOS) 15a

to 15f, so as to remove denatured polymer residues or

the like.

In the process station 2, four hot plate units
(HP) 19a to 19d are stacked at a position opposite to
the wafer mount units (TRS) 13a and 13b with a main
wafer transfer unit 14 interposed therebetween, and are
arranged to heat and dry a wafer W processed 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 transfer unit 14 is disposed

essentially at the center of the process station 2, and
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The main wafer transfer unit 14 is disposed
essentially at the center of the process station 2,
and 18 is arranged to transfer a wafer Wwi thin the
process station 2. The main wafer transfer unit 14
has a wafer transfer arm 14a for transferring a wafer
W The main wafer transfer ynH% 14 is rotatabl e about
a Z-axis. 5 Further, the wafer ransfer arm l1l4a is
novabl e back and forth in a horizontal direction, and
novabl e up and down in the Z-direction. Wth this

arrapgepenhgetiheo fianswafelr taest & WwRHinldK@brocess
access the respective wunits disposed in the process

stastenid@nt 8.t r @anef emia 1@ fwaf eraslfetrwesrid el LHd Sa wafer
wi thout noving itself in the X-direction. The
chehtrenbferatironllai dolrudesns fprodess agasafesupgpl y The main
portion 16, a cleaning |liquid supply portion 17, and

a sVRyPat FeANA§Ent usdpplly Per tiosatE® leThRd Prtoce sk bl s .
gas_supply portion 16 is arranged to supply ozone,
matEPrEgE%r,tﬁﬁdwééeFoFFﬁnégeﬁr@é§5§4§h§é%IRQYQQkﬁ back and

d ' ' . VOS 5a .to 15f di dindth

o onbeEhodny FohBs YoRk ol Buimtig Lorqu i oh FpaP or 4R #hd
17 | : Y | [ l.i idto the 20

17 L AR el S g e e 20
SUPRLYnPQEELPN: 18 1sF A" LaNnged 4t %a%u%@c)éhsas Sdkié’y::g%él;ge%ctive

agent, a carrier gas, and so forth to the si

uni b1 € SCH shbaeandnl ithe NeXcesd detaiiled o anatiofer 4
wll be given of the 25 structure of the denaturing
uni #a(¥OSH BBawekehhthe units, 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
gas supply portion 16 is arranged to supply ozone,
water vapor, and so forth as process gases to the
denaturing 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 is arkanged to supply a silylation
agent, a carrier gas, and so forth to the silylation
units (SCH) lla and 1llb.
Next, a detailed explanation will be given of the
structure of the denaturing unit (VOS) 15a with

reference to the schematic sectional view shown in FIG.

6. The other denaturing units have exactly the same
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reference to the schematic sectional view shown in

FIG 6. The other denaturing units have exactly the
same 19 structure. This denaturing unit (VOS) 15a
includes an airtight chanber 30 for accommobdating a
wafer W The chanber 30 is fornmed of a stationary

| ower container 4la, and a_liﬁ 41b that covers the

top face of the 5 | ower contai gr 4la. The lid 41b is
novabl e up and down by a cylinder 43 fixed to a frame
42 of the film denaturing unit (VOS) 15a. FIG 6
shoysrbotlr©f arhstatienwhakenyhankicd (#dk)i 3 920 iGlASRes an
contact with the |ower container 4la, and a state

whez ert heht i chdibers300fpet neabrdodbavedt ke wadwer W. The
contai ner 41la. The |lower container 4la is provided

wi tehampeer r3higl s siodingegosédaontehéonepyf dowesf cwntainer
rai sed portion at the rim Wen the |id 41b is noved
dowh!dy 2p@ 2yliddéibaBhatt geverm shet herbdacemofadde

of the Iid 41b conmes_into 15 contact wth the top face

of tPECT FLRPHOFEi Oh2at ThE lifnféP dReMoyd@dle up and
i 41 d the 0-ri 51 to. f _
o TISUR P DeBL b RPGEe Pn fHECHANBOFT30e Hie dloge £ilm
: e : | aci
comete-fip uprlsioge, Toage Sacioe flan g iy

pin§té€ea&h@r@|@ﬁéliiﬁ_QﬁFgg§i3h0E§ogg c%é%%%&?w&@% the

wafer W The stage 33 includes a heater bui 't~
t her@nvéy c@@ﬂaiﬂ@r'ﬂ@aﬂlanﬁn§|B@gﬁeawH§§EeEh%SQi%gMH% is

therein, so that each of the stage 33 and lid 4 IS
mai rnéar eetedt ab@be at heedletverncnadat eapenatur e.
Consequently, the
The lower container 4la is provided with an O-ring
51 disposed on the top face of a raised portion at the
rim. When the 1lid 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 thereon. 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

temperature of a wafer W can be kept constant.

The 1lid 41b has hook members 46 at, e.g., three
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tenperature of a wafer Wcan be kept constant. The lid

41b has hook nenbers 46 at, e.g., three 20 positions
(only two of themare shown in FIG 6) on the bottom

face to hold a wafer W The wafer Wis transferred to

and fromthe hook nenbers 46 by the wafer transfer

arm 14a. Wen the |lid 41b is ed down 5 while a

wafer Wis supported by the'ﬁgg menbers 46, the

wafer Wis transferred onto the proximty pins 44

provi ded on the stage 33, on the way. The | ower
conpakNeioAda (basyatr@gasoieedcpoblre34Aowhoi rSUR .Yidd ¢h the
process gas into the chanber 30, and a 10 gas exhaust
porboB4bmf bacexhaurbilagat ke fprowess Tgas walfle rofiy tie

chanber 30. The gas feed port 34a is connected to the

pr oteggsfasrsdppbyandi £rof, tardhbbé gasbedsadsa bypate

34b is connected to an exhaust unit 32. Wien a wafer W

i s parbeessednpyesn procede.ga¥henhéhels igh ddsuries imsiadk down
the chanber 30 is preferably maintained at a constant
posVBive predsare’ E6r SHRPETHEFApEYe thehsodkomembers 46,
container _4la and |id 41b is supplied with not, only a

or cESPnYeFEFcl By ERENGHFFRGEr XSO b EFEF ity Pins 44

cl anping . fqrce a_l ock chani 35 _t hrough 20
pro?gg ?%Sgngt?§ sSh%8%and 476 ?g%pgéyrvely di sposed

on end Shelgs 18letneclougiconhal pel 413 Andddd 4 344

The | ock mechani sm i'ncludes a support sha

rotapy EHEFl?§nEOEab§QE%szg%srQBQBOEh%mdhék%efi30, and a
circular platie 56 fixed to the rotary tube 55, and 25

p!ﬂ@BFnsxﬂsubee§05¥ dispp@sed eghatile ihigMtdfe th®cess gas out

Clrgz ?Le 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 this purpose, the
lower container 4la and lid 41b is supplied 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 disposed
on end sides of the lowér container 4la and lid 41b.

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

plate 56. Each of the pinching devices 57 includes

press rollers 5%9a and 5%b and a roller holding member
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pl ate 56. Each of the pinching devices 57 includes
press rollers 59a and 59b and a roller hol ding nenber
21 - 48 which holds rotary shafts 58. The projecting
portions 47a and 47b are equidistantly disposed at
four positions, between which gap portions 49 are
defined. The projecting portions, 5 47a and 47b of each
set are disposed at positionS erl apping with each

- other. Wen the pinching devices 57 are positioned in

the gap portions 49, the lid 41b can be freely noved

up apd,down pWien the Liy alar plage 56 is rotated
along with 10 the rotary tube 55 by a predeterm ned

angl e, the\ePrAss)edtold @S0 POPo R €484 0OPREdsab Lbe top
faces of the projecting portions 47b, while the press

rol keefud d5%a ararley siioppesedingerfdde psoj etéhsg PetweOASwhich
47a. Next, a detailed explanation will be given of the

15 gepupoute cofs t4te aid ydeff iroed uniThe SGH)jétaingt portions
reference to the schematic sectional view shown in

FI G47a7 anthd 7§ [ofl #aTn 341 taxsSCH spsed net udesihions
chanber 61 for accommodati ng a wafer W_The chanber

61 Pé’efréraﬁé’&n%wl&fst%ﬁ%r%ﬁffgﬁlroweWh%n*flaﬁan@%nenangaﬁamces
a I| 61b that, 20 covers the | ower contai ner 6la

li d 681675 %H‘P&«}&&O@%&%@%&@P KPP E SPRvar nEhEan 41b

(no% %pgwn) 2 )} cont ai n 2 61a i ncl udes a hot
pl af€ arSimd Wﬂﬂe TR 1359 Yhs with vapor of a

o e P e, SRR RS, roe SUED B0, DURPIACES i
the rotary tube 55 by a predetermined angle, the press
rollers 59b are stopped at the top faces of the
projecting portions 47b, while the press rollers 58a
are stopped under the projecting portions 47a.

Next, a detailed explanation will be given of the
structure of the silylation unit (SCH) 1lla with
reference 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 61lb that
covers the lower container 6la. The 1lid 61lb is movable
up and down by an elevgting 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 Ny gas into the chamber 61.
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chanber 61. DMSDMA is vaporized by a vaporizer 63, and
carried by N2 gas into the chanber 61. 22 The hot
plate 62 is adjustable in tenperature wthin a range
of, e.g., froma roomtenperature to 200C. The hot
plate 62 is provided with pins 64 on the surface to
support a wafer W Were a mafgh Wis 5 nounted not
directly on the hot plate 62 e wafer W is
prevented from being contam nated on its bottom
surface. The |ower container 6la is provided with a

first seaherhog 63attiespesad epijtihe aaR fiace Gfpdiecure
peri pheral portion. The Iid 61b is provided with a 10

seceohtdhs$eak range66fd|qusedf@@mtbeﬂmmm<nnﬁpﬂxauﬁréfub

peri pheral portion. Wien the lid 61b is pressed
agakAsiC t heThevert cohtaene? S3aprohiédsdcenthspahnsriedgon the
66 cones into contact with the first seal ring 65. The
spageréiefenéd@ Bupress eh&affierst?.andhegcomd ‘@e‘eﬂr M rigs

15 65 and 66 can be pressure-reduced.. Wen t

pr e88UPESIoPOLth S T§F4CY P@ reGubed, HQQQ%SQ%uthﬁiwqﬁﬂr il
the, chanber 61 i_s ai The I|d 61 has, an
exhéasPIGBSPtt sSERD % gatcotnﬁé‘ 15 TExh AR5 HY

.m t%S?EQCEQaSTWEtH %%nq:%r e%d 6tlg(:“r1(:“sI ) SL{PpAeIé:“ with a

i nt 0 charber he “exhaust port

Con@§9E€dsEglaré%@Clé%mdﬁlé £ tow wwépf&%&f&f the

adjusting unit I'n FI 7, liqu

vapgeikzgdebyt B%r\t%wl zehbd i Andeard i wash a
into the chanber 61. Alternatively, vaporized DVSDVA

gassékofd, sBBDVYANZS ssapasposyd 22l elhe e tsuppliase of the

into the chanber 61
peripheral portion. When the lid 61lb 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-reduced. When the pressure

of this space is reduced, it is ensured that the
chamber 61 is airtight. The 1lid 61lb 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, ligquid DMSDMA is vaporized by the
vaporizer 63, and carried by Ny 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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When DVSDMA is supplied into the chanber 61, the
interior of the chanber 61 is maintained at a 23
predet erm ned vacuum | evel . Accordingly, utilizing the
pressure difference between the vaporizer 63 and
chanber 61, DVSDVA gas is easily supplied into the
chanmber 61. The silylation unit,(SCH) |ib has exactl
5 the sanme structure as the sil%ﬁ ation unit (SCH) |II
Next, a detail ed explanation will be given of the
structure of the cleaning unit 12a with reference to
t hepseherBiinG neRL tviain Vit IsShowmtddrddig1P¥, JbLlizing the
cleaning unit (CNU) 12a includes an annular cup CP 10

di speseduat Wid feaningle, batdveiers e chuusdkr 7de £li 6posed

inside the cup (CP). The spin chuck 71 is arranged to

fi xcanobkal ¢la WMSEMANIRs nesares Of 1 waowpm sedtione ahd

to be rotated by a drive notor 72 in this state. A

dr achappge F3 .i s Tdisspddled adtiarhearbiot t 0¥ F lhe kap exactly
(CP) 15 to exhaust the cleaning liquid and purified

vat 8Fe SPRE FHIME 02 72N i loplletPr o bkt mbvabl ella-

up and down in ap opening 74a forped in e unit

Pt tom Bty By A LR AR IS, WDy e B ippnot the
an el evatin ni sm 76,. such as air.cylipder
TnaSsFiEsLa MRCNAN S T P Ao iaPeFEngs o
nme r ; rJ Ve . r J2.1S. i ded-wit hga
cyrgﬁgr%?aeﬁgﬁ;éﬁﬁfjz%ﬁﬁﬁi'xggﬁt%ééé% %ﬁ ?p%'s§de.The
Thecﬁ%%&&%g'HH?%ﬁkéN%ﬂfiZHtfﬁgﬁﬁhéQ &@V§ﬁnﬁﬁ§rU@QSrCP

hal f of the cooling jacket 78. 25 Wien a chem ca
I quii@pRisedhed it icerstppl iftH a spin chuck 71 disposed

y
a.

inside the cup (CP). The spin chuck 71 is arranged to
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 p}ovided with a cylindrical
cooling jacket 78 attached on its side. The flange
member 75 is attached to cover the upper half of the
cooling jacket 78.

When a chemical liquid or the like is supplied
onto a wafer W, the lowexr end 75z of the flange member

75 comes into close contact with the unit bottom plate
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onto a wafer W the |ower end 75a of the flange nenber
75 cones into close contact wwth the unit bottom pl ate
24 74 near the rimof the opening 74a to nake the
unit interior airtight. Wen a wafer Wis transferred
between the spin chuck 71 and wafer transfer arm l4a,
the drive notor 72 and spin_phagk_]l are noved up by 5
the el evating mechani sm 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

i s Th sposedtnabeve bhetgEPo Qﬁing07$ﬁpﬁ|oynéke the unit
predeterm ned cleaning 10 liquid onto the surface of

a waitesr Wr Thercl eanl ngwhequadwias ets @d ifson rdinsseInHaay

a substance denatured by one of the denaturing units
(Va3 tisant bhéSspinhcobhckwi Ll abd weffenr edansfasr arm 1l4a,
denat ured substance, hereinafter), such as a
denEh@r@gisacnpipei a8 &nfinpris phasdént’ logreheonsfderup by
The cleaning |iquid supply nechanism 80 includes a

cl &M Nl eV gLt BIdBEFDRRYSR0Z &k e 581 tha teltdgniliyan quidd of

suppl rtion 17, a an arm 82, a vertical support _
Terbe? BEENGRANERLSE kel Br PYPAG AEchARMEACoS TOThd hsp unit

cleaning liquid livery nozzle 81 is arranged to
deﬁ?%%? h%E%F%agghg liquid onto the surface of a

f h 1t he . spi. 7 . , .
ot eT o AneL e snt sl The DO PO 18 o cposec

Lo el eanoct surtito o hamin e
liquid onto the surface of a wafer W. The cleaning
liquid ié used for dissolving a substance denatured by
one of the denaturing units (V0OS) 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 liguid delivery nozzle 81, and to be

movable back and forth in the Y-direction. The
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hold the cleaning liquid delivery nozzle 81, and to be
novabl e back and forth in the Y-direction. The - 25
vertical support nenber 85 is arranged to support the
scan arm 82. The X-axis driving nechanism96 is

di sposed on a guide rail 84 extending in the X-axis
direction on the unit bottom plate 74, and is arranged
5 to shift the vertical suppbr@ nmenber 85a in the
X-axis direction. The scan arm 82 is novable in the
vertical direction (Z-direction) by a Z-axis driving

mechapt$pL198upperkhal ¢ glsean Iy Id
nozzl e 81 canngernnvgghgo an g%bﬁgfgﬁgﬁ%gggff%ﬁﬁg:%%éthe

a watehn Wémasd.lOThet xeaked He & iHPLGRIGIAAINGd 96 is
position outside the cup (CP). The cleaning liquid

supghigppeeti on 27 gudne seliecBidvelxtssiduiplyy ioner @-axis

di ssolving/renmoving liquid and a rinsing liquid

condiistchgoof oputinki ediwabert tiom 18 attee 0l ,eanichg d it ahged

delivery nozzle 81. The dissolving/renoving liquidis

usedof spiditssbevivegta cadesapmogd sersteandda siucitltes ¥raxis

sacrifici al filnk denatured by the denaturing units

(VOB} FE551P8 - 158 NeakGarnc GAPY Bged,S @qyabld iyt &he vertical

hydr of | uori c id.or an am ne- 2Q based chem cal ,

|i qfitgec Fré’ndg%é FefG ORIt SY(Fodar8s (F W5 Hfpchanism

dengt.uri_ng,uni.t VQOS) 15d t .15Eﬁfe r.i_bed above h

St adt urae tHRke by e o ol T redioeraar i OF can

parEbthggeﬁakb %%ba E r%&by%@gf%ldﬁugbéég}ﬁ JJEEf”W{ and

25 silylation unit ( b have structures

esseBti-dbk¥d to a predetermined position outside the cup
(CP) .

The cleaning liquid supply portion 17 can
selectively supply one of a dissolving/removing liguid
and a rinsing liquid consisting of purified water to
the cleaning liquid delivery nozzle 81. The
dissolving/removing liquid 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 ligquid.

The denaturing units (VOS) 15a to 15c¢ and
denaturing units (V0OS) 15d to 15f described above have
structures essentially symmetric 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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symetric with respect to the partition wall 22b.
Simlarly, the cleaning units (CNU) 12a and 12b and 26
cl eaning units (CNU) 12c and 12d have structures
essentially symmetric with respect to the partition
wal | 22a. Next, an explanation will be given of a 5
sem conduct or devi ce nanufac[yr&gg_process enpl oyi ng a
dual danmascene nethod, to which substrate processing
met hod according to an enbodi ment of the present
invention is applied. FIG 9 is a flowhart show ng a

semMORHIGIPrunkl: gleviwe) menef 264 UL AInBLECE8Suctures
enpl oyi ng a dual damascene nethod. FIGS. 10A to 10J

ar e eseedritandl 1 wisntnshiont: ngi ti5t epspottt be thewpshewnion

in FIG 9. At first, a wafer Wis prepared froman S
substaldt € 4anot shown) as follows. Specifically, an 15
insulating film 120 is disposed on the substrate. A

| over i ntNgxlonneetéxplanaelar2wihdebef gdopperti s

di sposed in the insulating film 120 wth a barrier

met AeMigAtductoy Y Hes dirt her eber hBEnPrACSEEppRPloying a
film(such as an SINfilmor SICfjilm 123 is disposed .
20 SHANSIBRIAHRT ML ¥R 199 Whdchofepubstrate processing

i nt ti i 122 f . .Th f W

i R A T BT
i -] [y ' fil which will b

o0 el gt aans T Cmicn i e T

a | ow di e+£e1rg c; 255 CONSHARL r FBEAbLRhg( LoWelh: BRLGHI Al
is formed on the
device 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 is
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 coppef. 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). Consequently, the state

shown in FIG. 10A is prepared.
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stopper film123 (Step 1). Consequently, the state
shown in FIG |0A is prepared. 27 Then, the wafer W
with the insulating film124 forned thereon is
transferred into the resist coating/devel opnent
apparatus 102, in which an anti- reflective coating
125 and a resist film 126 are 57sequentially fornmed on
the Lowk film 124 by the resi s#/ coati ng unit. Then,
the wafer Wis transferred into the |ight exposure
apparatus 103, in which the wafer W is subjected to a

| i ght exposiy e dHOGRSE W N, fch PrRdel 8L akt efn;
Then, the wafer Wis 10 tran%% erred brggclgl%]ﬁtgget E%% 124

r esifsirneenting/cdey alOpreits £ appad atntso 102 Fasybi ch
the resist film126 is subjected to a devel opnent

pr ocess inyg Adeyrederedeop repparrtud 0LFDF Mm@ which an anti-
predeterm ned circuit pattern on the resist film 126

( St g e cthiiven cadta ngaflerS Wiid dSregimtsfErkredl? @t aré he
etching apparatus 105, in which an etching process is

per BEvED tard ltle figgimad \Wry Sty I3)w-k Cohsequehthy, tlae resist
shown in FIG 10B; a via-hole 124a reaching the .

st ofPEt NI MMES3 | SSnEd s afRr bwk t¥3nedapred opnto

e ol st M U e Yigohol & dad (o Lhereen Lo

o, IR docksn SRR oAb e W

eTRH ISR e e SRR D)
transferred back into the resist coating/development
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 124a
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 thé cleaning apparatus 104, in
which a chemical liquid process is performed on the
wafer W by one of the cleaning units (CNU) 12a to 12d
to remove the resist film 126 and anti-reflective
coating 125 from the wafer W (Step 4 and FIG. 10C).

Then, the wafer W is transferred into the resist

coating/development apparatus 102, in which a
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Then, the wafer Wis transferred into the resist

coati ng/ devel opnent apparatus 102, in which a _ 28 _
sacrificial film 127 nade of an inorganic materi al
(such as an Si-O based material) is fornmed on the
surface of the Lowk film 124 having the via-hole 124a
by the sacrificial filmcoatingunit (Step 5. At this
5time, the via-hole 124a is fi 8IeEI with the
sacrificial film127. Then, a resist film 128 to be
used as an etching nmask is forned on the surface of

t hesagackikiigilale ifikd ME2hde tde dresimdr fatd Nea ok tal
Then, the resist film128 is subjected to |ight

expasuce \ist AnlGiaopbadeid mE twad Jat ted nfdwmddecnh i ghé
exposure apparatus 103. Then, the resist film128 is
subpectfedet o fa theelewepnentlpricte ssabing hehaeved eipbhg 124a
unit (Step 6). Consequently, as shown in FIG 10D, a
ci r byi theatseern fiicd aflorfriddn aroatieng esist (Itew 128, At this
such that a groove 15 wider than the via-hole 124a is
for ﬁédlelrntﬂ?e vigsinetl e fliddn 128 Bbbhed thitlvitheosacrificial

124%._ %2 the wafer Wis transferred into the
et chiAg ﬂpar A§L 165 F G5 Hhi Chlmnt & e e proedsdsi an

per%gagg&gl yas %Oléz’s ?&%\%ﬁj |OQ];P H]E S.L"b‘E{ CY.l\e/(S%etgh‘?rench

f 4
sacPPFLAr SR o o3 2o Bl i e 1 TRt R 10, Then,
t he chat t-amisyr fqu%l 19fs_tihe sﬁwj@&@@r&s O df ¢ %&Qﬁ% with

film124 can be flat. The wafer Wthus treated
et chi PG cRI@EOFS nict p%&tté'ﬁﬂsé}erﬂ%j 1410; tdep&s@A81 Bfparatus

apparatus 104, in which
103. Then, the resist film 128 is subjected to a
development process by the developing unit (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 the etching
apparatus 105, in which an etching process is performed
on the surface of the wafer W (Step 7). Consequently,
as shown in FIG. 10E, a wider trench 124b is formed
above the via-hole 124a: 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 1is
transferred into the cleaning apparatus 104, in which
the wafer W is sequentially subjected to a denaturing

process of the sacrificial film 127 and resist f£ilm 128
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the wafer Wis sequentially subjected to a denaturing
process of the sacrificial film 127 and resist film
128 29 (Step 8 and FIG 10F), a silylation process of
the Low k film124 (Step 9 and FIG 10G after the
denaturing process, and a renoving process of the
sacrificial film 127, resist film 128, and pol yner
residues (Step 10 and 5 FIG f@ro Specifically, at
first, a carrier C storing wafers treated by the
etching process is placed on the table 6. Then, the

lid(dPap0é Lhg easriepre, andsting1shutden el eof the Low-
retreated in the transfer station 3 S|de to open 10

t hek cor1espendi pgepi BAAWAPEITE.0N 023, aFteY thevafdiatMring

at a predeterm ned position in the carrier Cis

trapsbeessd antloat hemomfiay pwort senicdf EHRS)sak3 e idie film

waf er transfer pick 7a. Then, the wafer Wplaced in

t heldaf ereabant fuhint 1285 eMRSpol3imeirs rtersdnbfesy rtdyy 10 and

the wafer transfer arm14a into one of the denaturing

uni ¥5G( vEBil) 15a to 15h, in which the denaturing

process of the sacrificial film 127 and resist film

128 i's péPfBG.lﬁé&aMYSt &h §irddscrd t?é’cFrdt?dfveC (srﬂtq;mg wafers

10F 20 I.n_thi the lid 41b of t anbe
%f??g?drgyr %éa&ﬂgtﬁﬁf??ﬁ%rlﬁoﬂ ﬁFﬁ Oﬂlﬁhelﬁable 6.

thlfheﬁt aL g, the dt@mw LAgster Al [" Hia Lhat, NS 4 10

Wirs nove Such tha & Wafer®
'n3§£ée9eekea€e80§htt9@ $ bl glteey. Q€614h9Q3 Go open
portions for 25 supporting the wa er in the

nEn@EéScéﬁrékb@ﬁBQHg window portion %a. Then, a wafer W
at a predetermined position in the carrier C is
transferred into the wafer mount unit (TRS) 13b by the
wafer 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 the 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 the lower container 4la. In this
state, the wafer transfer arm 145 that holds the wafer
W is moved forward such that the wafer W is inserted at
a position slightly higher than the portions for
supporting the wafer W in the hook members 46 attached
to the lid 41b (portions extending in the horizontal

direction). Then, the wafer transfer arm l4a is moved
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to the lid 41b (portions extending in the horizontal
direction). Then, the wafer transfer arm 14a is noved
30 down to transfer the wafer Wonto the hook nenbers
46. After the wafer transfer arm l1l4a is retreated
from the denaturing unit (VOS) 15a, the |lid 41b is
nmoved down to bring the lid 4 into cl ose contact
with the 5 | ower container 41a,°Yand the | ock nechani sm
35 is further operated to set the chanber 30 in an
airtight state. When the |lid 41b is noved down, the

waf gbwW % tirbargker ked hizaad he SHReK tRIMRie: e Ps 46.
the proximty pins 44 on the way. 10 The stage 33 is

mai nt ai ned tatr a her edetear rimed f:eer at4d e Hyrdtheeated from
heaters 45a and 45b. For exanple, the stage 33 is

mai nhei dedadatiri@Q@Cundnd ((MOS)| ilbadl-Hes 1imii4itkai e th@ted
110C. When the stage 33 and lid 41b are set at 15

pr edewar iyon&d ingnpéecatlucded 1os et cass 10I3C ¢antiRAC)wi @mdt he

the _tenperature distribution of the wafer W becones

esseftral CPNERIMAEGEM? 18 rmiadurtdggas If meBrnigm 35 is
nitro g &Mﬁth an ozone content of 9 wt% and at a fl ow

Fat EU3E D LPRER TG tox &Rt &N SHAMRAT st ely &uphtFleboht

20 fron1the roc S gas, S l.Ly unit 16, into the

chafbér ©30. %gﬁ s 4Li%fﬁes RO nga%]'rhstt&? "ﬁﬂ:%er Wis

thatcr‘a'i‘x%g%'}%’%erfro%ot' il e g ffeliérh% g “rtehefq proxmlty

ozoné and nitrogen ave a predeternine p05|
presswi:e 4af on€t@e W&y2 MPa by gauge pressure.

Then, a process gas prepared by m xi ng water vapor

The stage 33 is maintained at a predetermined
temperature by the heaters 45a and 45b. For example,
the stage 33 is maintained at 100°C, and the 1id 41b is
maintained at 110%C.

When the stage 33 and 1lid 41lb are set at
predétermined temperatures (such as 110°C to 120C), and
the temperature distribution of the wafer W becomes
essentially uniform, a mixture gas of ozone 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 ié adjusted 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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with the m xture gas of ozone and nitrogen (with a

wat er vapor content corresponding to 16 m/mn - 31
expressed in terns of liquid, for exanple) is supplied
fromthe process gas supply unit 16 into the chanber
30. Wth this process gas, the sacrificial film 127
formed on the wafer Wis degagﬁqeg to be easily

di ssolved in a 5 particular chetmcal |iquid, such as
HF. Further, polynmer residues deposited on the resist
film128 and wafer W (such as pol yner residues

gengkpiedsby tiRe teek@hicty 1RINGRES)f & & admo denad W dhlied
to begeasily di ssol ved in fﬁg chem cal fﬁghid. As @ﬁp e

desérbhedhabeneceldd tdwes psosess gastdemativres tHe chamber 30.
sacrificial film2127, resist film and polyner

resiWdobs thibepsoppelsy matse dame ssxhauStcial ef Dfmth®7 formed
process gas to and fromthe chanmber 30 are controlled

f or onh&henwekiesr Wofl st kenattamssl 30 o edmivky adissolved in a
predeterm ned positive pressure. 15 Wen the process

usi R§TEREVBRECEEETGES o HAve deTeFh B 1F i ni Bieldhe ¥ he
supply of the process gas .is . stopped. Further,

i { PBYAReGad SPaauE5o ARk e (e T dEesss gabl Buphp§ and
unit 16 _intg_the chanber 30 to purge the interior of

e Ehatbar SH 6 KECrEEn e L SOt ge By he
Progessihy peplastnd L comp iy Edipus ddCasiiy

m xture gds of ozone and nitrogen even fromthe
exhausko1yBit 132+ 120 driati J2a NN §. 9ass ocﬁeéjczf’ﬂ?e@n%bove,

nitrogen flows fromthe exhaust unit 32 back into the

chamher p3@ceaRrd dagakerRuthu refs the: chadberi St whemther7,
chanber 30 is 25 opened thereafter

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
have 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 gas 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 ana 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 i1s confirmed that the inner pressure and external
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When the nitrogen gas purge process is finished, it
is confirmed that the inner pressure and external - 32
pressure of the chanber 30 are the sane. This is done,
because, if the chanber 30 is opened while the inner
pressure of the chanber 30 is higher than atnospheric
pressure, the chanber 30 may b amaged. After the 5

i nner pressure of the chanber is confirmed, the

| ock rmechani sm 35 breaks up the clanmping force
applied to the |ower container 41a and |id 41b, and

thep deh@ried o A lthd cHEmRd UWn Mencidesdhd. 41dnis is done,

noved up, the wafer Wis noved up along with the |

41b paltide heiirg the seppdreB Oy d hepdwok wenbershdbinner
Then, the wafer transfer arm14a is inserted into the

gap phetssegre tdfe tHeoovedramdmen aithers 4lisglend than 4dbtmospheric
that the wafer Wis transferred fromthe hook nenbers

46 oressture wadfhe champef 10 aray 1aa. damag¥eén thtter the
denaturing process is finished at one of the film
dendt S FLAFTE § VB this £hamast 3¢ hes eerfifnedal the lock
film127 and so forth have heen not yet _renoved from

t he AR At TG WP & RS SR Rg/ Fehevi agelied to

I ' . [ d :
Phe SR G GO TG/ Thd b -Hort Fo 1 rom ¢ Hesar F 24
W (St .10 i.hed ! d
Loni S P e B e ® dbon by ¢ For o7 dBesche
USi QG AL & (ARSI, 9Z0M6hd Nyi e leNl T A DY WRiie being

(VOS). If the dissolving/renbving 25 process using a

chemgoddetligy ithsuhs@gURHders 46. Then, the wafer
transfer arm l4a is inserted into the gap between the
lower container 41la and 1lid 41b, so that the wafer W is
transferred from the hook members 46 onto the wafer
transfer arm 1l4a. |

When the denaturing process is finished at one of

the film denaturing units (VOS) 15a to 15f, the
sacrificial film 127 and so forth have been not yet
removed from the wafer W. Accordingly, a
dissolving/removing process (cleaning process) 1is
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 on the filmwth such damage, pattern
peeling nmay be caused. - 33 In light of this,
according to this enbodinment, the silylation process
of Step 9 described above is perforned in one of the
silylation units Ila and Ilb before t he

di ssol vi ng/ renovi ng process. s process 5 allows the
Lowk film124 to recover dana and thereby
prevents pattern peeling fron1be|ng caused in the

di ssol vi ng/ renovi ng process. Damaged portions of this

ki nd havenaisiyate os tth i sJankae @si vhovd) tik &1 &mbddiment,
Specifically, the Lowk 10 film 124, which has net hyl

groupe Ehk)ylasiendpgeeps afd Sthus 9 ddwsrippwhiove is
reacts with water nolecules during the denaturing

pr opess$ousedg inaber wdpdhearsd 1 ydzdnean Qonsteguerd land 11b
the nunber of methyl groups is decreased and the
nunbefost Kidr d)iylsogwd@@s};:ie@omriqwmm@s neafhiheprocess
sidewal | of the via-hole 124a. If the renoving

pr o@és&vwsf thReLodck ffildmall 44 YA EECQMRE ANt BIG

per f inthis state, filmpeelin na be caused
due S05ERY BARNGELS |Pattﬁ'1e§”ré3§§§6t Y (P3RS in

| ati.on Rrocess Is perfornmed 20 to

nakggfnggfgﬁEVlPﬂ/ %ﬁﬁ%ﬁﬂ%&qﬁ%ﬁoﬁ%ob|c and t her eby
recover tﬂ%ﬁ} %gﬁgat% {l 4 Wrdes dhs qpfﬁé'ﬁa@é‘“?%fj?te with

portions time increase the dielec
conghanlyeoh st RE kAWl fiddn But thesitylatieEn &H@Q@éﬁ—k

can decrease the dielectric constant. Although FI G

10F rgh@anky , s hoMsha T B@eth Rordri b sl 28ud pra@dehd éf’@ups
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 and the number of hydroxyl groups is
increased near the sidewall of the via-hole 124a. If
the 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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Lowk film124 for the sake of convenience, the
boundary between the damaged portion 129 and non 34
damaged portion is not necessarily clear. In the
silylation process of Step 9, the wafer W is
transferred into one of the silylation units (SCH)

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

ar eqaphbabl yosekeet ed Inrata%%re%@mw tdyd e type of
the silylation agent, as follows. For exanple, the 10

t enper at une tofe tsha MaRAZrdkds Setstdp be, f{e Rafer w
roomtenperature to 50C. The silylation agent fl ow

rat ési sraesfearke Angd @nk Ofg/anen.silhel N2 @asur Ptus gesSCH)
gas) flowrate is set to be 1 to 10 L/mn. The process
predder ends 136t Bodbe 532 s DB TP pbdt 72hs 64 of
Torr 15 The tenperature of the hot plate 62 is set

to B efh@ﬁ]pﬂ@éﬁ\@@npeﬂ&ﬁ@neq(ﬁ%&Mﬂ@thﬁHQQQMEIm#u¢@ as
used as the silylatign agent, the follow ng nethod

ey DY&DN&e daPPap Cé%emﬁde ysﬁ(quq%:eﬂ% yURmeied into the

ure hot ate 62 et at. 100C, and
m%?lﬁf? FTpP ssu:}z‘ 56'% € @tt é%l@c?réa%% ess
N2 éas Iéléupp@Gs %%ﬁFg 1n agy DMP Q5i%§r{¢§g D e of
'nn%epfgﬁﬁz%%lo%a%%%%hreanrfrolloW” Et B3, 1 She

perf orne e m nutes rral al n| ng
t he tl%ft@%&kért%re-r%% $Hey Al an 225 reactd %@S&@go@'\@a%\ a

is expressed by the follow ng
room temperature to 50°C. The silylation agent flow
rate is set to be 0.6 to 1.0 g/min. The Ny gas (purge
gas) flow rate is set to be 1 to 10 L/min. The process
pressure is set to be 532 to 95,976 Pa (4 to 720 Torr).
The temperature of the hot plate 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 bynN2 gas 1s supplied into the
chamber 61 until the inner pressure reaches 55 Torr.
Then, the process is performed for, e.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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reaction formula. {Insert the reaction fornmula.} 35
CH3 CH3 | ,CH3 1 ,CH3 CH3-Si-N+ HOb CH3-Si-0 + HN
I \ HCH3 ° HCH3 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, i% is preferable to use
a substance having a reIatiVéI9 simall 10 nol ecul ar
structure selected fromthe conmpounds i ncluding

sil azane bonds (Si-N bonds) in nolecules, such as a
subst ance having a nol ecul ar weight preferably of 260
or less, and nore preferably, of 170 or |ess. Nanely,
exanpl es ot her €Han DMA afd HVDS 1§Har e\ TVSDVA

(Di met hyl ani not ti met¥iyd si | ang), TMDS | ,CH3
Trinethylsilylpyrolka, BSTFA (N, 0- Bi 4(trifrethy SIK&LF
trifluoroacetanyde), ﬂ%d BDMVADNVS # 3
(Bi s(di net hyl am no) di net hyl sil ane). The chem cal 20
structures of these substances are as foll ows.

{Insert the_chem cal structures.} 25 -

36 -
The silylation agent is not limited to DMSDMA described

above, and the agent may comprise any substance as long

as it causes a silylation reaction. However, it 1is

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 of 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.}



CH3 CH3 I I / CH3- Si-NHS -

CH3 CF3 - CO- S1

(CH3) 3 | | N- Si (CH3) 3 CH3 CH3 HVDS BSTFA CH3
CH3 CH3 CH3 CH3 | I | I I HSi-NN- Si-N CH3 CH3 |
I | CH3 CH3 CH3 DVSDVA BDVADMB CH3 CH3 | | CH3

/CHz::=CH CH3 - S i-
CH3 CH3 TMSDVA TMspyr ol e

N CH3- Si-
CH3 CH3 | |

NI I I 1 \CCH CH3

HSi-NHSi-H

| | CH3 CH3 TMDS 37 OF t¥ conmpound set out above,

TVMSDMA and TMDS are

high in the effect of
constant, and the effect of

CHs CH:

l I
CH:— Sli—NH—S i— CHs

|
CH: CH:

HMDS

CHs CHs
| I
H— Sli—N
|

CH: CHs

DMSDMA

CH: CHs
.
CH: — Si—N
||
CHs CHs

TMSDMA

CHs CHs
H— S:i—NH'—S: i—H
CHs CHs
TMDS

CFs —¢

preferably used, because they are
recovering the dielectric

,0—3i (CH3) 3
\\N—Si (CHs) 3

BSTFA

CHs CH: CHs
|

| |

N — Sli— N
| |
CHs CH: CHs

BDMADMS

Cra /£H==CH

CH;— Sli — N\ cH
CHy CH

TMSpyrole
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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 silazane bond is bonded
to three alkyl groups (such as nethyl groups). The
waf er Wthus treated by the §iéﬁlq§ion process 10 is
transferred into one of the clé&aning units (CNU) 12a
to 12d, in which a dissolving/renoving process of the
sacrificial film2127 and so forth is perforned by a

predet ey re@d IeRd |deuighd hdovean dissval vend hevDs are
sacrificial film 127 and so forth (such as dilute 15
hydpetlfeeabt yaciseédor barianechased ehenhdalh sel WHonffect of
(Step 10 descri bed above and FIG 10H). By the
denatupivegipgotess dielecsadd facgisdlantti,| mnt? & Heecofifesct of
soluble in various chemcal liquids. Particularly, an

aci dechemiséal Ith@uil@ac<§@|eutq11(m)entsucWugsthwdr ofrt ubkglet of
20 acid, can _strongly damage patterns. Accordi ngly,

t hethsi Isﬁlaéi’tllléﬁypla%é%s sgfL Y3Eds oo/ déé'—cr%soédf%ﬁﬁﬁ/%bl% to use
nor e v&fectlve re an acid chenijcal qyld i's

used. SHRERMIE diFSSEI FisndFetiovithg f%@%%egga 7ing a structure
f f Wi.s t f d _int t.h

E’fé&?ﬁ%lf@ it o8 D) 138 TOAZETTHE TG Thee

pl ageg g&%%ﬁ ams%c%h%% nkkAnd J ersobeb e),d thereon

essentlall hori zont nmeans of vacuum

suction. T-Héemaﬁr?’&l tqn?sm@ﬁlaﬂécﬂ%}d ttkr@tstléjﬁf'élng‘fﬁocess

denat ured substances of the sacrificial film 127 and
so fier thrains reuield adtd rem e wealidiginfuitits (CNU) 12a

delivery nozzle 81 of the
to 12d, in 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 S£ep 9 described above is more
effective, where an acid chemical liquid is used.

When the dissolving/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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cleaning liquid supply nmechani sm 80 onto the surface
of 5 the wafer Wto forma puddle of the liquid. After
this state is held for a predeternmned tinme, the
wafer Wis rotated to throw off the chem cal liquid
fromsurface of the wafer W Further, while the wafer
Wis rotated, the chem cal Li%@id_is supplied onto
the surface of the 10 wafer Wt'G conpl etely renove the
sacrificial film2127 and so forth. At this tinme, the
resist film 128 and polyner residues are al so

di sepbMedaandigarey et ahy dahe qicheiveladdfAuibd ubstances
renmoving the sacrificial film127. After the chem ca

| i quEdtpeoeess, fukiikbe tthemnwafer aVd sdcl¥Jmiratiad dyppheed
drive nmotor 72, purified water is supplied onto the

waf Erol tbeperldkaning ldigeri ccldesdniveyy praoralss &ih dhethe
wafer W Then, the wafer Wis rotated at a higher
speedenpiper flagmispistpdrlyi mechEme sspidd artd nthefswhace of
waf er Wmay be perforned while a drying 20 gas is '
supphredadhtto™ he werey anpusdemefedFortivhd30 Mayer this
be formed by tHis processcjn the surface of the Lowk
fil AF#28, 185 ehwdoni & BrEdefGHM RS ddifaged pofiton W is
130_i orti cha from a .hydr aphobi tate to

2 YAFBRATI TG SOACE S8 Ml (TG K FIT O 2 L sufface
subpacted La ey di s3olyidg/ LA NG PrAceSs ©f; S eBeaceq,
10. "Thi's portion ‘incréases 'the specific dielectric

conghanihehilha Lawk B39s fdddpilizh AN thus dNEFLASESE the

t he parasiti C capacl tancge bet yveen I nt erponnect 1 on
| i ngs fakt & tiontcenparreaty aendddeHOrdmdn iticial film 127

Consequently, problens arise in
and so forth. At this time, the resist film 128 and
polymer residues are also dissolved and removed by the
chemical liguid 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 portionﬂl30 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 hydrophobic 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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el ectric properties such that a signal delay occurs

and 5 the insul ation between groove interconnection

lines is deteriorated. Also in this case, although

FIG 10H clearly shows the damaged portion 130 forned

in the Lowk film124 for the sake of convenience,

t he boundary between the daqug@ portion 130 and non-

10 damaged portion is not nece$Sarily clear. In this

case, after the dissolving/renoving process of Step

10, a silylation process is perforned again,

f ol Fowhng2t heagamenpkoeadueascdsedel PaPa@Atdc capacitance
descri bed above (Step 11 and FIG 10I). Consequently,

15 péewdanagetéornrdecnivhe lhawsk affitlem 124 eyedritection

di ssol vi ng/ renovi ng process of denatured substances is

r ecbvee efoomathensan€opsengeplitéy, Fprioldemst lae isggedid i ¢
dielectric constant of the Lowk film124 is also
recoveFkedicspraperdipeevurh thetprobiigmg ldesdm@voearcres and
above in electric properties. Then, the wafer Wis
traﬁ%?e%?éal?ﬁﬂentE@tW§EGtBéPPH§ &Bﬁﬁﬁﬁﬁ&?gﬂﬂ}OQr%lnes is

whi ¢ch b d

o éﬁ?ﬁgrgél%é't?éyer?ﬁ'g?em;n S e eIt R Som

t é?%a hgle 1%ﬁ % edz O&Q%OW?E%% %@fﬁed %n the
r anst er roI ating apparatu

107Loknk2’|@&% ﬁ@@pggel%ﬁeué%ﬁiea%fa%o nlAlS %%”ectt}{é)”

i ne met din the via-hole - 124a and

treﬁéﬂnégﬂp Bﬁt@%@ﬁtEQEYHb%a%f@tb@&tﬁ%&ﬁﬂ3b2aﬁﬂ“%éﬂia
0J). Thereafter, the wafer IS subjected to a heat
pr ogemssgka pertaom as asrealkicegspraqgssiefart.he

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. 10I). Consequently,
the damage formed in the Low-k film 124 by the
dissolving/removing process of denatured substances is
recovered on the same principle. Further, the specific
dielectric constant of the Low-k film 124 is also
recovered, so as to prevent the problems described
above in electric properties.

Then, the wafer Wﬂis transferred into the
sputtering apparatus 106, in which a barrier metal 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 electrolytic
plating apparatus 107, in which copper 131 used as an

interconnection line metal is embedded in the via-hole



10

15

20

25

copper 131 enbedded in the via-hole 124a and trench 5
124b (no anneal ing apparatus is showmn in FIG 1).

Then, the wafer Wis transferred into the CVWP
apparatus 109, in which a planarization process of
the wafer Wis perfornmed by a CW nethod (Step 13).
Consequently, a predeterm ned,sem conductor device is
manuf act ured. 10 As describéd & ove, in order to
renmove the sacrificial film 127 and so forth, the
sacrificial film 127 and so forth are denatured to be

sol upi £ éﬂdatrgﬁéﬂeigﬁﬁ1B?de§éeﬂk6§PtthHﬂthﬁﬁd (shen 12
the denatured substances are dissolved and renoved by

theaghenical 145) | i quhdrehptthi stret hadekeind serpibdged.ed to
damage forned in the Lowk film 124 by the denaturing
prozeissat sproeessetedpbyfohm shl ghatbadnpr peesessand the
then the subsequent dissol ving/renoving process is
per¢opped. 13Coaskgddat] yn phebiveéashodech2d4s paidt émench
peeling, are 20 prevented from bei ng caused by the

di skofRi K]QPréﬁﬁ@laﬁgnCJpra@@@é?@tufsurltshe?ho‘ﬁanh@eﬂg 1). Then,
formed in_the Lowk film 124

th
d|s%%?vWﬁB?FeWn%?n5r6P65@§§edaﬁatﬁa§helﬁ@?eé@@aﬁﬁéus 109,
speC|f|c dj ric congtant of the fi

(he %.vwgbeanp bBeES2aRLen pRhahas by The pdAtormey 5
t d h f
%8r%880¥ r ﬁP ﬁgﬁgggl?ggeé %ﬁzpeCI onsequen H%/ a

congt an reby “drastica

decﬁ?éﬁ@@erﬁ}negbékmléenﬁﬁekégahbg d@lﬂs m%dﬂfggidyed

experinments conducted to conf |rn1ef ects of the

present pavEBLL@Abed RLLRR, eXRELHRH S0 thehdwawdhd il m
124 made of Si CHO

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
liquid. In this method being employed, damage formed
in the Low-k film 124 by the denaturing process 1is
recovered 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 film
124 by the dissolving/removing 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 drastically

decreased.
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was used and processed to obtain the state shown in

FIG 5 10E, follow ng the procedures described above.
Then, the denaturing process using a m xture gas of

wat er vapor and ozone was perfornmed under conditions
including a tenperature of 100 to 200C and a pressure

of from at nospheric pressure t 12Q_O kPa to denature

the 10 sacrificial film 127 tg be soluble in HF.
Thereafter, the silylation process was perforned under
conditions including a tenperature of 50 to 250C and

a pressufex®f ah. 3%pland@iGrkRa.11Thengitdeh of experiments
di ssol ving/ renmovi ng process of the sacrificial film
127candusoefiotbhcvasitm perftorseds tdiengrdsent invention.
Thereafter, an exam nation was perfornmed in terns of

t heIpather axptatmenasd tbendomek gatirerli?2 peeddengpf GiCHO
the other hand, the denaturing process was perforned
undeast heedamadcmrdiad e Usedohain heheoseteestuppine, in FIG.
and then the dissolving/renoving 20 process was

per } BEnedol hovhBIs &R RERFEAUFESC Aiesed ihasbwadort Then,
wi th no silglation process interposed_ therebetween.

As BNPedBNEtUABREr REPCHESt EPHSY SuBH TN T AR Water
peel in were found in this latter example. ... Fraomthe

oS UPPST dBSEr PBEY BT P4t SRS hEBR dort I 35 ( hat
theiﬁth%h?kgog QE%&%%%t'@%GB%GQO%GH%@%ﬂxyﬁeand a pressure
denaturrng process an gissoIV|ng/renDV|ng procesg

feggﬁfk@%bﬁ SYRBEESRES P LRI 0 S UL &S RMAL fre the

- peeling. Ekxt, under the sanme conditions as
thogsgcdegeriped fiaRove,7 the péerAIWHIRg I aoess, THéwkeafter,

silylation process,
the silylation process was performed under conditions
including a temperature of 50 to 250°C and a pressure of
1.33 to 26.6 kPa. Then, the dissolving/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
process 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 sililation process interposed
therebetween. As a result, abnormal patterns, such as
pattérn peeling, were found in this latter example.
From the results described above, it has been confirmed
that the silylation process inserted between the

denaturing process and dissolving/removing process

remarkably suppresses pattern damage, such as pattern



10

15

20

25

and the dissolving/renoving process were sequentially

5 perforned, and then the silylation process was

further perforned under the sane conditions. After

this process, the specific dielectric constant

(k-value) of the Lowk filmwas neasured, and was
confirmed to have been recoveﬁ d to a state near the
initial state. On 10 the other "hand, the denaturi ng
process was perfornmed under the sanme conditions used

in the former exanple, and then the

di spekviing/renovi ng process was performed in the sane
manner descri bed above, but with no silylation

process Nakerposerkt herebainweenndiaricils sdd Wddondescribed
process at the end. As a result, the k- value of the
Lowakofrel, mtivas denglt,u iegagseces sr,ectnversi I wlesc ion process,
obt ai ned. Furthernore, under the same conditions as

t hosaddéber dbed cdlygvie,/ nefe vdaiga PHCasE Sprasses ssequrntially
silylation process, and the di_ssol ving/renoving

pr oBeg$ornefer @nsediliem ithe ¢ iderrdrired Punges was further

silylation process s perforned at the end. In this
exaéﬁFéPrPﬁg W99§FUé%%) e LCHRE N5 Y9we than

that _of the exanpl e .using,.ngne of. the silylatjon

pr OBESEESS  bit o IR Tt AR I (TR Sl B U ) ©f
.thets?lle! X.lo%.t—lkorfiﬁ. PGy n‘%ta d 25&1%@«1 sTh:,eoﬁ'%H to, have
i nvention is not |imted to thé -embodi ment described

aboygenahd dolyeFRY 18 MPddded ddd A3 he/al QUS: VIS on
For exanple, in the enbodi nent described above, the

denahll iotthelt 0GesS afhd hRnasagfiidd Prdcddd Mmanb&Oformed

forth is perfornmed using a
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
silylation process interposed therebetween, nor
silylation process at the end. As a result, the k-
value of the Low-k film 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 eﬁa. 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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m xture gas of water vapor and ozone, but the process
5 may be perfornmed solely using ozone gas w t hout

wat er vapor. Wiere the process is perforned solely
using ozone gas, the reactivity becones | ower as
conpared w th a case using water vapor and ozone, but
the sacrificial filmand so fg&th t hus denatured can
be 10 sufficiently dissolved i f°the subsequent

di ssol vi ng/ renovi ng process using a chemcal |iquid.
Further, the Lowk filmon which danage recovery can
be aghig¥gdnhYnkhe.Si Fy¥kakik@mpROCass tihe Albodimdied
to a specific film and it may be an SCD film 15 of
por ayscMBRedAhbekBat ithel Menbel réxgplreces I O0&hdased
film which is an inorganic insulating filmformed by
CVDsanmyfheiadedilh tinkdmsef folrits typeeodiotmeed preipar et
froma conventional Si02 filmby introducing nethyl

gr ompstr€HZRsi pttow8ite® Wempds pnesemoran tthet 2thd igmcess
to mix Si-CH3 bonds therewith. Black Diamond (Applied
Mat Bevabg pedfprmegr gloleNovelsigg ozpne R/ Wikhoita water
(ASM Ltd.) correspond to this type. Furthernore, it,

i s BBBSFbl eWPETENBPSy P& OF6SSus SSPEEIIAS 1947 1A wHing
it IS possible _to enploy _an based .i nsul atin 25
(11 REABE: Agoa CORpRCPtbtitve BSFohasd Bieh Horduyared
textyre. ol nathe enhedinent deserd hed abows WG tne
presént 44 " invenfion i s applired to a procéss using a

dual, @ ﬁéeg@egq&&h%_df U FHAGHId N Btured can be

sem conduct or evice inclu |ngfa copper

i nt g¢@RReehtdy WiR@o1Rd in the subsequent
dissolving/removing process using a chemical liquid.

Further, the Low-k film on which damage recovery

can be achieved by the silylation process is not
limited to a specific 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 Si0p film by introducing
methyl groups (-CH3) into Si-O bonds present on the
film to mix Si-CH3 bonds therewith. Black Diamond

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

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

it is possible to employ a porous SiOC-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



this is not limting. The present invention may be 5
applied to any process in which an etching target film
may be deteriorated, and a substance to be denatured
and renoved is present. 45 What is clained is: 1. A
substrate processing nmethod conprising: performng an
etching process to forma Q[ngtqfnined pattern on an
etching-target film5 di sposed™n a substrate;
denaturing a substance remaining after the etching
process to be soluble in a predeterm ned |iquid; then,
per{ QrEhPYoR 8kl a}agtwea, REOGepSoRBsE difRCe Rfalt he
etching-target filmhaving the pattern fornmed 10

t hedgnascand hbeRodstppl yiang fehe uphedetzersamedbddupitiat
to dissolve and renove the denatured substance. 2.
Thedsubsér ahelpddogssi ngppetrhadtaccondiend itoon  Icilred,midyt
wherein the nmethod further conprises 15 performng a

si | yhasi ba procéimisang.sufhaceresenite 1natestiivg: ey die
filmafter renoving the denatured substance. 3. The
subdPphiedpEacesyi RGOREERod PatEdrdi /G & chding rhagget film
wherein the etching-target filmconprises a, 20 | ow
dieW%EtP?chBﬁ§%8ﬁgt efPd @ FUPPIEnGRtG fi% denatured
proce sing?nethod according to claim3, wherein the

| owPBPeF ERPVEE ¢SnEEERE Mt erial  incl udes al kyl

groups as end groups.
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5. The substrate processing nmethod according to 25
claim1, wherein said denaturing is performed while
suppl ying a process gas contai ning water vapor and
ozone. 46 6. The substrate processing nethod
according to claim1l1, wherein said denaturing is
perfornmed while supplying q_péfcgss gas cont ai ni ng
ozone. 7. The substrate processing nmethod according to
5 claim1, wherein the predetermned liquid is an acid
or alkaline chemcal liquid. 8 The substrate
processi ng net hod accemditng st @ 1Clmidnilk: wherein the
silylation process is perforned while using a
conpoundli nchusubgt satazpnecbendsg( SetNpd TOmprising:
nol ecul es. 9. The substrate processing net hod

accor di ngerboroiagneB, ethbiagnerrheessnpeuddrime udi ng
silazane bonds in nolecules is TVDS .
(1,arsdstqeniapet Byt BE SN | a2anB) S6FR1TRSbREIet film

(D nethylan1notr|neth | silane). 15 10. A substrate

pr oeEERP Agd n%?h%ds%%ﬁ%F?Ean formng a sacrificial
filmon agn _etchin tar m di sposed

Subst rat QPR GR AR &n° BBERPRG S mESE oA itie SeeH i1 fEening
flln}ocggg @chéng ;Qﬁléagﬁ'g' %deg'gﬁﬁﬂg@.ﬁqguld;

et hr RGST ar gét mto for a predeterm ne

gfghefn,tﬂéﬂatFékgerhﬁﬁgS%C%hﬁbe%hod' RRAL RS a surface

ing mask e soludble in"a predeterm ned |iquid;

thegr pgeferphiggacskhykation BEOERSS toR PaswfraC&ormed
thereon; and

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 film after removing the denatured
substance.

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

4. The substrate brocessing 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.
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of the etching-target filmhaving the pattern forned
25 thereon; and then, supplying the predeterm ned
liquid to dissolve and renpove the denatured
substance. 47 11. The substrate processing nethod
according to claim 10, wherein the nethod further
conprises performng a silylati.on process on a
surface of the etching-targét4pirh1after renmovi ng the
denatured 5 substance. 12. The substrate processing
met hod according to claim10, wherein the

et chi ng- gar gehef KLBLERARE $8% R sdi0W MR ld€cording to
constant material. 13. The substrate processing mnethod

accerdimnglt owhdé@echakmid2 denhaerigiihd e lpaw i wleaCtwhLle
constant material includes alkyl groups as end

gr osipppl ¥dngThepsubstsatea sprocessiniggretdooct .accor di ng

to claim 10, wherein said denaturing is perforned

whil e slppl fiheg sabptoedss pyas-aonirg matdedhtarcoynpgong to
and 15 ozone. 15. The substrate processing nethod _
accotdiimglyowhelraiim e Wecete SHineddniatlird ngs ian acid or
performed while _supplying a process gas contai ning
ozopekaigneTrbeRdFstr &893 Focessi ng net hod accordi ng

Lo 20 chai myle, erelp (he preseleriaad L g .

SHOBAERRE 32 SFRSRINY TR NS PGS 00 J6h o614 BPrormes
while using a compound including silazane bonds (Si-N)
in molecules.

9. The substrate processing method according to
claim 8, wherein the compound including silazane bonds
in molecules is TMDS (1,1,3,3-Tetramethyldisilazane) or
TMSDMA (Dimethylaminotrimethylsilane).

10. A substrate processing method comprising:

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

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

denaturing the saérificial film and the etching
mask to be soluble in a predetermined liquid;

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

then, supplying the predetermined liquid to

dissolve and remove the denatured substance.
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whi |l e using a conmpound i ncl udi ng silazane bonds (Si-N)
25 in nolecules. 18. The substrate processing nethod
according to claim 17, wherein the conpound havi ng
silazane bonds in 48 nolecules is TMDS

(1,1, 3,3-Tetranet hyl di si |l azane) or TMSDVA

(Di net hyl am notri net hyl silane).,;19. A substrate
processi ng net hod conpri sing: erforming a silylation
process on a surface of an 5 etching-target film

whi ch is disposed on a substrate and has a pattern

fornmed thereomy AbLLLNOPPSOEESEng WERSH NatBEEFEing to
is a substance renmai ning on the substrate after the

et cliilag mpnagesseard rdanad wiethdd hertgod mbd@mpt nsas
predeterm ned liquid; 10 then, supplying the
pr egetrefrommmiedy la guild/ltad iah geodass anoh renpwvefade of the
denat ured substance. 20. A conputer readable storage
medietmohtingt-t astamte S id e crttrol  FRIOQT HMY e eferaitwvadon
a computer to control a substrate processing system
f or SpEdEeEdsicng a 15 substrate, wherein the control
progran]:ﬁgen xecuted, causes the, co

t

urer to o
contr ol ?r%ﬂ%f?ﬁ%%%s%?%@es§§§?gﬁ??%®€oﬁ888fdéng.to
ot CR e dt s o T SR e it fen Balt crahgh: 8fs
ot chigg-d el 114 BAf 1 5PaRele P, SUbSL rat &,

denaturing a su ance remaining after the etching
process t0z be 5ol ubli®si Pade §f§g§5§iﬂbnﬁgthbguhécordlng to

then, performng a silylation procesS on a surface
of . tékéfﬁ(ﬂﬁiﬂkﬂéﬁéﬁﬁ fhé mbavdglectric constant material
includes alkyl groups as end groups.

14. The substrate processing method according to
claim 10, wherein said denaturing is performed while
supplying a process gas containing water vapor and
ozone.

15. The substrate processing method according to
claim 10, wherein said denaturing is performed while
supplying a process gas containing ozone.

16. 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 silyiation 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
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the pattern fornmed thereon; and then, supplying the 25
predetermned liquid to dissolve and renove the

denat ured substance. 21. A conputer readable nenory
medi um that stores 49 _ a control programfor

execution on a conputer to control a substrate
processi ng system for proce§§i3? a substrate, wherein
the control program when executed, causes the

conputer to control the substrate processing 5 system

to conduct a substrate processing nmethod conprising:

f ormdngcarsacisfrepal (1| LpBoB-28 tetakithyl disridetzdrid )mor
di sposed on a substrate; form ng an etching nmask on

t heTwaDMAf  Diméthylamiandrémelihyd sttlenesacrifi ci a
filmand the etching-target filmto forma 10

pr edet er iPnedApatbetna téepargeissg nohaeddad fqamr 1 $ingm
and the etching mask to_be soluble in a predeterni ned

li qui d; PREACTPERHoRNSAE YaASLON HLOSHE I S¥ess Birpce of an
surface of the etchin -tag et filmhaving, the pattern
forﬁ%@hﬁﬁéFééﬁgeSnglgﬁenw gﬁprﬁiﬁdSPﬁg Sdetderitrate

15 liqujd to dissol d t he, denat .
subepankas 2265 RS hgRERPS CRATEIE. Funory SN dREgoSSS:

Sto&ﬁér §n°9HE28'égrQQEE%EE%%C%K%%HEE%Qn féﬁf%ﬁgng§%strate

to "control a stbsfrate processing syste

Progessi-ngna e%%g§%gab§ocwg%rgdﬁ‘d@%é%ﬂgédﬂtd”Béﬂéﬁﬁuble

when execut ed, uses the conputer to control the

substr gt greHeEeSRIiAGd IYFuEM;t 0 conduct a substrate
processi ng nmethod conprising: performng a silylation

process ahed, Suppdganef tdve efrddetgeimairgsd Iiduddwhe ch
i s di sposed on
dissolve and remove the denatured substance.

20. A computer readable storage 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 thé computer to control the substrate processing
system to conduct a subétrate processing method
comprising: performing an etching process to form a
predetermined pattern on an etching-target film
disposed on a substrate; denaturing a substance
remaining after the etching process to be soluble in a
predetermined liquid; then, performing a silylation
process on a surface of the etching-target 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
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a substrate and has a pattern fornmed thereon by an 25
et ching process, wherein there is a substance

remai ning on the substrate after the etching process
and denatured to be soluble in a predetermn ned

liquid; and 50 then, supplying the predeterm ned

l[iquid to dissolve and renqye4§hq_denatured
subst ance.

a contrcecl 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: forming a sacrificial film on an etching-
target film disposed on a substrate; forming an etching
mask on the sacrificial film, and etching the
sacrificial film and the etching-target film to form a
predetermined pattern; denaturing 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 film having the pattern
formed thereon; and then, supplying the predetermined
liguid to dissolve and remove the éenatured substance.

22. A computer readable memory medium that stores
a control.program for execution on a computer to
control a substréte processing system for processing a
substrate, wherein the control program, when executed,
causes the computer to control the substrate processing
system to conduct a subétrate processing method
comprising: performing a silylation process on a
surface of an etching-target film, which is disposed on
a substrate and has a pattern formed thereon by an
etching process, wherein there is a substance remaining
on the substrate after the etching process and

denatured to be soluble in a predetermined liquid; and



then, supplying the predetermined liquid to dissolve

and remove the denatured substance.



