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1 DESCRIPTION SUBSTRATE PROCESSING METHOD AND
STORAGE MEDIUM Technical Field [0001] 5The present invention
relates to a substrate processing method for performing a denaturing
process for denaturing a predetermined substance and a process for
dissolving and removing the denatured substance, in manufacturing a
semiconductor device by use of, e.g., a 10dual damascene method. The
present invention also relates to a storage medium that stores a program
for executing a method of thijs kind. Bagkgrognet Art [90Q2] 15In
semiconductor devices, a decrease in the interconnection line space due
to miniaturiZaBiof kings AROUES argiér ¢EpatitanédlbetWEeRAGE MEDIUM
interconnection lines, which makes the signal propagation rate lower,
thereby resulting in a delay in 25 &ﬁdﬁi p@péc?]t order to solve this
problem, d? i ents are being made in insulative materials (Low-k
materials) with a fow specific dielectric constant (k-value), and multi-layer

interconnegtien fRessusing sHek: sulative MmatedalscOndhe gl rate
25hand, copper is attracting attentions as an interconnection line material,

becamsze:'ftmwIm@@viﬁpan@ah@mt@:}roan@eathjnufe’sismmeocess
for denaturing a predetermined substance and a process
for dissolving and femoving the denatured substance, in
manufacturing a semiconductor device by use of, e.g., a
dual damascene method. The present invention also
relates to a storage medium that stores a program for
executing a method of this kind.

Background Art

[0002]

In semiconductor devices, a decrease in the
interconnection line space due to miniaturization
brings about a larger capacitance between
interconnection lines, which makes the signal
propagation rate lower, thereby resulting in a delay in
operation speed. In order to solve this problem,
developments are being made in insulative materials
(Low-k materials) with a low specific dielectric
constant (k-value), and multi-layer interconnection
lines using such insulative materials. On the other
hand, copper is attracting attentions as an
interconnection line material, because i1t has a low

resistivity and a high electro-migration resistance.
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-2 Where copper is used for forming interconnection lines in grooves
and/or connection holes, a single damascene method and/or a dual
damascene method are frequently used. 5[0003] FIG. 1is an
explanatory view for explaining the serial steps of a process for forming a
multi-layer cupper interconnection Iine‘,“usﬂwg"a dual damascene method.
On a silicon substrate (not shown), there is 10disposed a low dielectric
constant film (Low-k film) 200, which is an insulating film made of a Low-k

matgHal At Hesbpa towes infeeconpeetianline 202 maderfoppetison lines
formed in the insulating film 200 with a barrier metal layer 201 interposed
therebetyweerv 45 Thed/® cowdnfiler20oosérbas an imteslavel msaitiagcene
film is formed thereon with an etching stopper film 203 interposed
therBBERRSET ANER ar afiti-Perstale oafity [BARE BBtiGm: requent Ly
Anti-?gf&ective Coating) 205 and a resist film 206 are formed in this

2001rl er on the surface of the Low-k film 204. Then, the resist film 206 is

subjected tpdightexposure with a predetermined pattern and is then
development, so that a circuit pattern is formed on the resist film 206 (step
(a)). 25[0064)G - 1THeh, ¥BiNg:theé RESSHIM 206245 & praskitdalowrg the
film 204 js etched to form a via-hole 204a (step -3 (b)). Then, the,
antiF&ffective Toakifg 265 And T8SIECHim 506 artremibled B eg. a2YST

Phe@é@ﬂ;!ﬂuigrm%%é&r@&m@ﬁhi@%éOC%ﬂ;?% aRacrifigigh flm 202
is formed on the surface of the insulating 5film 204 including the via-hole
204meésiapc&c)). Aftrthis time,itbherviashble20dkads fited withdhe sacrificiale is
mnqé?éﬁosed a low dielectric constant film (Low~-k film)
200, which is an insulating film made of a Low-k
material. At first, a lower interconnection line 202
made 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 1is subjected to light exposure with a
predetermined pattern and is then develoément, so that
a circuit pattern is formed on the resist film 206
(step (a)).
[0004]

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

Low-k film 204 is etched to form a wvia-hole 204a (step
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[0005] Then, a resist film 208 is formed on the surface 100f the
sacrificial film 207. Then, the resist film 208 is subjected to light exposure
with a predetermined pattern and is then development, so that a circuit
pattern is formed on the resist film 208 (step (d)). Then, using the
resist film 208 as a mask, the 15sacrificiaffilm 207 and Low-k film 204 are
etched to form a wider trench 204b on the via-hole 204a (step (e)). Then,
the resist film 208 and sacrificial film 207 are removed to complete the
via-hiole) 204 aranch frenele 284k in-thednsuating filse 204 fstep iff). 20Bhessist
the via-hole 204a and trench 204b are filled with copper as an upper
intefdokinedfién fife [DBOGTVIAEIdeTHallf, - the sagrifidiarmhma2o7lisquid
sometimes made of an Si-Q based inorganic maiegrial, 25which is. difficult

to rEMBVE B tRE Colertioal dching rotess usBiYor Bnfsiiny'd téaist
film£Theres # casemhered eherpical liqud isusedodissolyesa film i ng

film 204 including the via-hole 204a (step (c)). At
this time, the via-hole 204a is filled with the
sacrificial film 207.

[0005]

Then, a resist film 208 is formed on the surface
of the sacrificial film 207. Then, the resist film 208
is subjected to light exposure with a predetermined
pattern and 1is then development, so that a circuit
pattern is formed on the resist film 208 (step (d)).
Then, using the resist film 208 as a mask, the
sacrificial film 207 and Low-k film 204 are etched to
form a wider trench 204b on the via-hole 204a (step
(e}). 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 (step (f)).
Then, the via-hole 204a and trench 204b are filled with
copper as an upper interconnection line.

[0006]

Incidentally, the sacrificial film 207 is
sometimes made of an Si-0 based inorganic material,
which is difficult to remove by the conventional ashing
process used for removing a resist film. There is a

case where a chemical liguid is used to dissolve a film
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-4 of this kind, but the processing rate is very low. [0007] Asa
technique for removing a sacrificial film of this kind, there is proposed a
method in which a 5process gas containing water vapor and ozone is
used to denature the sacrificial film to be soluble in a predetermined
chemical liquid, and then the sacrificiarfilrf} is Temoved by the chemical
liquid (Jpn. Pat. Appin. KOKAI Publication No. 2004-214388), 10[0008]
However, where a process gas containing water vapor and ozone is used

to petforth adiquidso)ubslizationprecesseas dagcrikad-abeveyang theswa
chemical liquid is used to perform a cleaning process, 15a Low-k material
may be darh@ged land thereby increase the specific dielectric constant
thereof. This may deteriorate effects obtained by use of the Low-k material

as an interd&vel ifstiating ¥, [6009T SBIR thisdedpdachd i dfiqde-igh ©f

rec ing ge-of.this ki d,p:gggﬂ; [ | Publicati 0.
200%%%%7@%%0%&2@5 rri?e%hod for%gr&fﬁﬁn%%giﬁ/@an%% &?g)aéggs %fter

etchingeetesisidign cemoxah This silyladien pipeessds arcpgad ta fawed to
damaged 25surface portions by a silyiation agent, thereby forming end

grodpseralss gidipss aaeh B methyl Grdops. cTHis techhidueemay be

TRl e s ety o o ccorea deroge L heeen 1 cia
film is removed by the chemical liquid (Jpn. Pat. Appln.
KOKAI Publication No. 2004-214388).

[0008]

However, where a process gas containing water
vapor and ozone 1s used to perform a liguid-
solubilization process, as described above, and then a
chemical liquid is used to perform a cleaning process,

a Low-k material may be damaged and thereby increase
the specific dielectric conétant thereof. This may
deteriorate effects obtained by use of the Low-k
material as an inter-level insulating film.

[0009]

In this respect, as a technique for recovering
damage of this kind, Jpn. Pat. Appln. KOKAI Publication
No. 2006-049798 discloses a method for performing a
silylation process after etching or resist film removal.
This silylation process is arranged to reform damaged
surface portions by a silylation agent, thereby forming
end groups of alkyl groups, such as methyl groups.

This technique may be applied also to a process for



[0010] However, even where the silylation process is 5performed
after the cleaning process or denaturing process, recovery of the k-value
is insufficient, as the case may be. Disclosure of Invention [0011] 10An
object of the present invention is to provide a substrate processing
method that can sufficiently recover thé k*alte of a low dielectric constant
film, even where the k-value is increased due to damage caused to the
film by a denaturing process and a 15subsequent dissolving process.

Anotherobiactof thepeesentinventiamis te psavide @ gewgesredium
that stores a program for executing the substrate processing method.
[0013 P@neEamingira first adpect of bss! prssene invention, there is
provided a substrate processing method comprising: performing an
etching proéggégllw a low dielectric constant film disposed on a substrate,

thereby fmﬁ‘&%@é’f?d%‘@gﬂi”ﬁﬁé’f&te%‘é‘eé?L‘i’g/l@fé‘ﬂt_gSiné‘ess is
remaining substance to be soluble in a predetermined liquid after the
etchirg-proeass] disselving raddemoningdhp substance thusdenatuhat
process, recovery of the k-value is insufficient, as
the case may be.
Disclosure of Invention

[0011]

An object of the present invention is to provide a
substrate processing method that can sufficiently
recover the k-value of a low dielectric constant film,
even where the k-value 1s increased due to damage
caused to the film by a denaturing process and a
subsequent dissolving process.

Another object of the present invention is to
provide a storage medium that stores a program for
executing the substrate processing method.

[0012]

According to a first aspect of the present
invention, there is provided a substrate processing
method comprising: performing an etching process on a
low dielectric constant film disposed on a substrate,
thereby forming a predetermined patterﬁ thereon;
denaturing a remailning substance to be soluble in a
predetermined liquid after the etching process;

dissolving and removing the substance thus denatured,
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-6 by supplying the predetermined liquid thereon; then, performing a

silylation process on a surface of the low dielectric constant film, by

supplying a silylation agent thereon, after said dissolving and removing

the 5substance denatured; and baking the substrate after the silyiation
process. [0013]  According to a second’aspect of the present invention,
there is provided a substrate processing 10method comprising: forming a
sacrificial film on a low dielectric constant film disposed on a substrate;

forniing anpaicking gnaskeon thedeaosificiah fikin, Jaingoatching ¢hve sacrificied n ,

film and the low dielectric constant film, thereby forming a predetermined
pattefr f5thBieth; YeRathying thEBaBrmFATimAhdthe efdrg naskige Lov

be soluble in a predetermined liquid; dissolving and removing the )
subs %‘ﬁbéée ncursf((]:er?a%}rse%?gg sgjﬁp&n;b t\ﬁesﬁlrgg g fmined I%ﬁilldyti'ftaeJrceloonr;l

then, performing.a silylationrpcess an @ swiace oidhe Joyw 2QdigleeHie the
constant film, by suppfying a silylation agent thereon, after said dissolving

and semsvingcthe dabstance denatuiedhzanichbaking thexsuistrate afi€itthe the
silylation process. [0014] 25In the first and second aspects, after said
den&thiting A rePRaiRiAg SEBStance and before said dissolving and

removing thgoali tance denatured, the method may further comprise
performing a silylation process on a surface of the low dielectric constant

film with the,patiernifaEmed thergarcHee loypdielecyic eonstanidiant

preferably comprises a porous 5low dielectric constant material. The low

dielectriention, there is provided a substrate processing
method comprising: forming a sacrificial film on a low
dielectric constant film disposed on a substrate;
forming an etching mask on the sacrificial film, and
etching the sacrificial film and the low dielectric
constant film, thereby forming a predetermined pattern
thereon; denaturing the sacrificial film and the
etching mask to be soluble in a predetermined liquid;
dissolving and removing the substance thus denatured,
by supplying the predetermined ligquid thereon; then,
performing a silylation process on a surface of the low
dielectric constant film, by supplying a silylation
agent thereon, after said dissolving and removing the
substance denatured; and baking the substrate after the
silylation process.

[0014]
In the first and second aspects, after said

denaturing a remaining substance and before said

dissolving and removing the substance denatured, the
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constant film may include alkyl groups as end groups. [0015] Further,
said denaturing a remaining substance may comprise supplying a process
gas containing water vapor and ozone. Alternatively, said denaturing a
remaining substance may comprise supplying a process gas containing
ozone. The predetermined liquid may toniprise an acidic or alkaline
chemical liquid. [0016] 15Further, the silylation agent used for the
silylation process may comprise a compound including silazane bonds

(Si-Np bnenalegsiess & be kompasng including siazane bordssimmoleculss
may be selected from the group consisting of TMDS (1,1,3,3-
20Tetranmthydisilazane); TMEDMA {Dinethyamiradtemiethydsitame, taait
DMSDMA (Dimethylsilyldimethylamine). [0017] Furthermore, said baking
the §&B§?réffé@2§%¥%fé’&ﬁ§%’éﬁ’f0ﬁﬂé@%‘i atBfperature RigRertftan a

temperatur ed for silylafion process.. Specifically, said.baking the
o e e R I & W rous
additien, thednethed nay-firthes comprise pesforming-a bakipgpregesse ric

before the silylation process. [0018]
constant film may include alkyl groups as end groups.

[0015]

Further, said denaturing a remaining substance may
comprise supplying a process gas containing water vapor
and ozone. Alternatively, said denaturing a remaining
substance may comprise supplying a process gas
containing ozone. The predetermined liquid may
comprise an acidic or alkaline chemical liquid.

[0016]

Further, the silylation agent used for the
silylation process may comprise a compound including
silazane bonds (Si-N) in molecules. The compound
including silazane bonds in molecules may be selected
from the group consisting of TMDS (1,1,3,3-
Tetramethyldisilazane), TMSDMA
(Dimethylaminotrimethylsilane), and DMSDMA
(Dimethylsilyldimethylamine) .

[0017]

Furthermore, said baking the substrate is
preferably performed at a temperature higher than a

temperature used for the silylation process.

Specifically, said baking the substrate is preferably
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5According to a third aspect of the present invention, there is provided a
substrate processing method to be performed on a substrate including an
etching target film, which has been prepared by performing an etching
process on the etching target 10film, thereby forming a predetermined
pattern thereon, then denaturing a rermairfing-substance to be soluble in a
predetermined liquid after the etching process, and then dissolving and
removing the substance thus denatured, by supplying the predetermined

liquick 5therean, the methagbeomprisiag:erfosminga styaion piecesgdition,
on a surface of the etching target film by supplying a silylation agent

theigon; ard bakingdlye Substrate aftenthe. sitylatonforoness) [80k8 king
20According to a fourth aspect of the present invention, there is provided

a storagEEmadRFT tat stdies Siprddfin 78r eXeREHS&T on a computer to

control a SLﬂla%tﬁaggef processing system, wherein the program, when

executed, causesthe computer to control the 25substrate processing

system to gonebietia sybstrate prReessing pethod,gompHsipg-parfarming
an etching process on a low dielectric constant film disposed on a 9
substraten theveby fonmirg a predetenmindd pattebstherden; eratFingray
remaining substance to be soluble in a predetermined liquid after the

etcfiG PRsteSs: MSsANihg B ntRiny HESbstmeethtd Uenatrad
5by&1@9 Mﬂ? tlé'g I%%qet§ Erﬂiﬁ‘,edw'igy&”}?é%o% él%%n 'prepared by

performing an etching process on the etching target
film, thereby forming a predetermined pattern thereon,
then denaturing a remaining substance to be soluble in
a predetermined liquid after the etching process, and
then dissolving and removing the substance thus
denatured, by supplying the predetermined liquid
thereon, the method comprising: performing a silylation
process on a surface of the etching target £film by
supplying a silylation agent thereon; and baking the
substrate after the silylation process.

[0019]

According to a fourth aspect of the present
invention, there is provided a storage medium that
stores a program for execution on a computer to control
a substrate processing system, wherein the program,
when executed, causes fhe computer to control the
substrate processing system to conduct a substrate
processing method comprising: performing an etching

process on a low dielectric constant film disposed on a
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performing a silylation process on a surface of the low dielectric constant
film, by supplying a silylation agent thereon, after said dissolving and
removing the substance denatured; and baking the substrate after the
10silyiation process. [0020] According to a fifth aspect of the present
invention, there is provided a storage medfunrthat stores a program for
execution on a computer to control 15a substrate processing system,
wherein the program, when executed, causes the computer to control the

subsgtrale Pracessing2ysie) te Sepdyct asyhstrate processing methad
comprising: forming a sacrificial film on a low dielectric constant film

disposed enrg; 2@sttstrate; fiornzing anetehing nsasksarathessaceficial oy uble
and etching the sacrificial film and the low dielectric constant film, thereby

formifly & JrégsteiRined pattetd thetebri dematiiiiyy theQatRfciRTmaess/

and the etching mask tp be soluble in . 25a predetermined liquid; dissolvin
g P S sT S ah el A oAt o 55 SARSme e dene turda,

predetersined {quid thereop:then - perfarming A 4104 silylation process

on a surface of the low dielectric constant film, by supplying a silylation
ageptethéreon] afieresaid tissalvingrapd rermewingrihe sebstdnee of the low
denatured; and baking the substrate after the 5silylation process. [0021]

AccOrifiPlote sixticadpeed B theiprBseinveiohy iitde % provideatalon

if)onrt%g%ee me d{:l'f{% yéaé ot EO resarogramy foc{iesxs? S g‘olrgl 8 nag n?:%lfgg 'rvtlong the
substance denatured; and baking the substrate after the
silylation process.

[0020]

According to a fifth aspect of the present
invention, there is provided a storage medium that
stores a program for execution on a computer to control
a substrate processing system, wherein the program,
when executed, causes the computer to control the
substrate processing system to conduct a substrate
processing method comprising: forming a sacrificial
film on a low dielectric constant film disposed on a
substrate; forming an etching mask on the sacrificial
film, and etching the sacrificial film and the low
dielectric constant film, thereby forming a
predetermined pattern thereon; denaturing the
sacrificial film and the etching mask to be soluble in
a predetermined liquid; dissolving and removing the
substance thus denatured, by supplying the

predetermined liquid thereon; then, performing a
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10a substrate processing system, wherein the program, when executed,
causes the computer to control the substrate processing system to

conduct a substrate processing method to be performed on a substrate
including an etching target film, which has been 15prepared by performing
an etching process on the etching target fm,thereby forming a
predetermined pattern thereon, then denaturing a remaining substance to
be soluble in a predetermined liquid after the etching process, and then
disspiving andgemevingLthe 20substanee thus denatured; By, SHRRlY G ric
the predetermined liquid thereon, the method comprising: performing a
silylatios prodestionma sbifaceipbthg ietchingtarget &l by sagplying@ereon,
silylation agent thereon; and baking the substrate after the silyiatio:

25pPOCeRE. 52 ALESIANG 10 %ha preseiftiivétfioh D&rtet Hhé tdetzuring
pro issolyi re.performed. in this order, the silylation
pro%ﬁa%n&gr%fmég %r%%%?ﬁi&%atg g Fnrgaig?ur?h%eprerf%r%ed.
Consegyeatty,dhe jave diglaetric constant film that has 5a specific
dielectric constant (k-value) decreased due to damage thereto is
processed &UeR tHat the k-value is sufficiently recovered. Specifically, after
the dissolving process, moisture is contained in the low dielectric constant

film, and tHeRREMBRTE réacis TBWitPRFSilyRlioh et & Gterate

~ an Sizcontaining by-product; This, Sizcontaining. by-product has a high, , ¢

k-value in itself, and prevents the k-value from being sufficiently

decreased evengiibe silylation peacesats parfermed taresaverdammagentrol

by forming end groups of 15alkyl groups, such as methyl groups. -

Particufatistrate processing system, wherein the program,
when executed, causes the computer to control the
substrate processing system to conduct a substrate
processing method to be performed on a substrate
including an etching target film, which has been
prepared by performing an etching process on the
etching target film, thereby forming a predetermined
pattern thereon, then denaturing a remaining substance
to be soluble in a predetermined liquid after the
etching process, and then dissolving and removing the
‘substance thus denatured, by supplying the
predetermined liguid thereon, the method comprising:
performing a silylation process on a surface of the
etching target film by supplying a silylation agent
thereon; and baking the substrate after the silylation
process.

[0022]

According to the present invention, after the
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where the low dielectric constant film is porous, a lot of moisture is
contained in pores, so the Si-containing by-product is generated inside the
film and makes the problem described above notable. In light of this,
20according to the present invention, the baking process is performed to
decompose and remove the Si-containind by-product. Consequently, the
low dielectric constant film is free from the Si-containing by-product that
increases the k-value, so the k-value of the low 25dielectric constant film

is suffigiently recpvsres: &Krief Descrptionaf Riawipgs [9023] 512 Lo rned
1] This is an explanatory view for explaining the serial steps of a process

for formingiss muttitayer tppersinfeydarinection finesusing a qoavéntiorad and
dual damascene method. 5[FIG. 2] This is an explanatory view

schémafic Al sHohdiG P &rkaRg erfe it ot & Raf& HFSCETBRY system

used for a semiconductar deviee manufadturing process emplaying adugl
damascene method, to which a substraté processing method according to

an embodiment of theckQpresent invention is applisgh 1 ue (FlR JISIS due

a plan view schematically showing the structure of a cleaning apparatus
used in threnagfer phecessingisystene shewadn FIGh2 HEEG. 4HEhisisvalue is
front view schematica 15showing the structure of the cleanin% apparatus
use§ifficiently recovered. Specifically, after the
dissolving pfocess, moisture is contained in the low
dielectric constant film, and then this moilisture reacts
with the silylation agent to generate an Si-containing
by-product. This Si-containing by-product has a high
k-value in itself, and prevents the k-value from being
sufficiently decreased even if the silylation process
is performed to recover damage by forming end groups of
alkyl'groups, such as methyl groups. - Particularly,
where the low dielectric constant film is porous, a lot
of moisture is contained in pores, so the Si-containing
by-product is generated inside the film and makes the
problem described above notable. In light of this,
according to the present invention, the baking process
is performed to decompose and remove the Si-containing
by-product. Consequently, the low dielectric constant
film is free from the Si-containing by-product that
increases the k-value, so the k-value of the low

dielectric constant film is sufficiently recovered.

Brief Description of Drawings

[0023]



the wafer processing system shown in FIG. 2. [FIG. 5] This is a back
view schematically showing the structure of the cleaning apparatus used
in the wafer processing system shown in FIG. 2. 20[FIG. 6] This is a
sectional view schematically showing a denaturing unit disposed in the
cleaning apparatus. [FIG. 7] This ia sectional view schematically
showing a silylation unit disposed in the cleaning 25apparatus. [FIG. 8]
This is a sectional view schematically showing a cleaning unit disposed in

the cleaningr rd 3 -1appetats i |@n9txPis s a segtional wiems r
schematically showing a hot plate unit disposed in the cleaning apparatus.
5[FEEPICIThie B & Hewelsart showingresarfiicenductoe devier forming a

manufacturmgg)rocess emg %/l g a dual damascene method, to which a

subBtrate procéSding WRBtRGd BRESTHY S ¢ odihét o‘f?Hélﬁreasent

IhV%Wéﬁ@PBk%q 19[EIG. &%H’Qgelﬁg%%@tory view for explaining
states appearing in steps of the flowchart shown in FIG. 10. [FIG. 12] This

is a view farrp@lainingTlamagesofan 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] This 1s a plan view schematically showing
the structure of a cleaning apparatus used in the wafer
processing system shown in FIG. 2.

[FIG. 4] This is a front view schematically
showing the structure of the cleaning apparatus used in
the wafer processing system shown in FIG. 2.

[FIG. 5] This is a back view schematically showing
the structure of the cleaning apparatus used in the
wafer processing system shown in FIG. 2.

[FIG. 6] This is a sectional view schematically
showing a denaturing unit disposed in the cleaning
apparatus.

[FIG. 7] This is a sectional view schematically
showing a silylation unit disposed in the cleaning
apparatus.

{FIG. 8] This is a sectional view schematically

showing a cleaning unit disposed in the cleaning
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a Low-k film and recovery thereof by silylation. .15Best Mode for Carrying
Out the Invention [0024] An embodiment of the present invention will
now be described with reference to the accompanying drawings.
Hereinafter, the present invention is exemplified by a 20case where a
semiconductor device is manufactured byda dual damascene method.
[0025] FIG. 2 is an explanatory view schematically showing the
arrangement of a wafer processing system 25. used for a semiconductor
deviga-magufacturing process employing a dual damascene method, to
which a substrate processing method according to an embodiment of the
- 14 presentihGentioh iElabplied. Fhis acferopratessing systermiacludes hy
process section 100 and a main control section 110. The process section

1oo‘3.1aerﬂaa§ ah 6D @pit-Oniclectici2pparhths 168 Ca rdGaning

%gﬁg/gg)églgpment apparatus 102, a light exposure apparatus 103, a
clea apparatus 104, an etching apparatus 105, a sputtering apparatus

106 used ggra®VD appanatus, 88 elegtiolyfic plating apRaraius 107, and
a CMP apparatus 109 used as a polishing apparatus. The 10main control
seciemitomtlddes a peotess coatrolfercll; ingsarintedace ¢ landag a
storagef Ortécr){]a]s']éBenTehem%?f?o?ir,)patrgtug 110c1 SpUtterm%gg%%ra;urso]égfss:Lng
an
method according to an embodiment of the present
invention is applied.

[FIG. 11] This is an explanatory view for
explaining states appearing in steps of the flowchart
shown in FIG. 10.

[FIG. 12] This 1s a view for explaining damage of
a Low-k film and recovery thereof by silylation.

Best Mode for Carrying Out the Invention

[0024]

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.

[0025]

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
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electrolytic plating apparatus 107 of the process section 100 is film
formation apparatuses. As a method 15for 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. [0026]
20Each of the apparatuses inprocess-sedt#dbn-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 keyloard and g display, wherein the,2okeybeard s ysed LfoPﬁ% BOSERS ng

operator to input commands for operating the apparatuses in the process
secigiz 160, ancttheddisplay is-usedtor shewingh - 160 \Asualized images
of the operational status of the apparatuses in the process section 100.
Furfer tthe brécessicontrolér 11 T lsecamnectestore sioragé portionc Ludes
113, Wh'cﬁ%)stires.reci es with contro] programs 5and process condition

e

dat& fecod thRtein Rdr PeAT o Varous Proeeseeshertotmed i Bt st
process.secton 100 underthe contral of the presess; cantiglier 11110027

10A required recipe is retrieved from the storage
apparatus 103, a cleaning apparatus 104, an etching
apparatus 105, a sputtering apparatus 106 used as a PVD
apparatus, an electrolytic plating apparatus 107, and a
CMP apparatus 109 used as a polishing apparatus. The
main control section 110 includes a process controller
111, a user interface 112, and a storage portion 113.
The SOD apparatus 101, sputtering apparatus 106, and
electrolytic plating apparatus 107 of the process
section 100 is film formation apparatuses. As a 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.

[00206]

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 the apparatuses in the process

section 100, and the display is used for showing
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portion 113 and executed by the process controller 111 in accordance
with an instruction or the like through the user interface 112, as needed.
Consequently, each of various predetermined processes is performed in
the 15 process section 100 under the control of the process controller 111.
Recipes may be stored in a readable stordge 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 20respective

apparatses nuhe pracess seetiond 09pantansinifteddrom an exterpak
apparatus through, e.g., a dedicated line, as needed. in place of the
globalrantropetheimainhcontnod sectonskEld), doaldrgpwith thecglobal, the
control by the 25main control section 110, each of the apparatuses in the
ProBESCEsthoR 100 Ry BE plovidéd with kI oRftrolied bystsSowrrage
control section.including a_- 16 - process controller ser interface, and
2 SIRTAE paHian. 10036] The SOD SSparalia- 0L i Uad 18 apblya b - 07 ans
chemieal Sliguid onte.grwafer Whtosform andptardevelinsylating filey, -
formed of, e.g., a Low-k film, or an etching stopper film by a spin coating
methed lAlthoughthe strusture of tes86 Doapparatusdl Ghhistriot showndrs s
detail, the SOD apparatus 101 includes a spin coater unit and a heat
proS&&sinPinitdhetsifra hBat FroRéLdn afwdfer W HRRSS Sty nl ler
formed thereon. In the case of a wafer processing system, a CVD
apparatus may be used to form an insulating film on a wafer W by a
chemical vapordeposition (CVD) method, in 15place of the SOD
apparatus 101. [0029]

A required recipe 1s retrieved from the storage

portion 113 and executed by the process controller 111
in accordance with an instruction or the like through
the user interface 112, as needed. Consequently, each
of various predetermined processes is performed in the
process section 100 under the control of the process
controller 111. Recipes may be stored in a readable
storage 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 be provided with and

controlled by its own control section including a
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The resist coating/development apparatus 102 is used to form a resist film
used as an etching mask, and an anti-reflective coating. Although the
resist 20coating/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 coatif§ unit, a developing unit, and
thermal processing units. The resist coating unit is 25arranged to apply a
resist liquid onto a wafer W to form a resist film by spin coating. The

BARC oating Uit is-aranged 1o apply anantireflective,coatingst Ll age
(BARC) onto a wafer W. The sacrificial film coating unit is arranged to
appboa sacrificial film (SLAM) onto a wafer W. The developing unit is
arranged to perform a development process on a resistwhich 5has been
subjected tbg&ﬁ@ éxposure with a predetermined pattern in the light

exposure aﬁpgr%tag %é)gﬁ;% f]%eé Ehuesrm% Eroicsessig

O{J its are arranged to .
. u % O'ﬁ?ﬁ g.% ?hemlcal
respectively perform al processes ona wafer W wi resist film

formed thereqm @wafey Y reajpddyy Hoalohtexposy He-RIOGESS, B3A ating
wafer W treated by a development process. [0030] The light exposure
appéaratus £03nsusertto subject aawakew YW withlanjesist film fernagding
thereon to 15light exposure with a predetermined circuit pattern. The

cleaPrPRSFaratus™ GAis ArdingRd 6 peibim2EEBaMing prdddseiEing he

purified wajer,or a chemicaldiquiid, 3 %‘?:”aa?:ﬂrsi”q piocess of polymer,, i p

residues or the like remaining aftEngn etching process, and a recovery

20prasess pf anttestevekippulating §lm dar dafBagRles a spin coater
unit and a heat processing unit to perform a heat
process on a wafer W with a coating film formed thereon.
In the case of a wafer processing system, a CVD
apparatus may be used to form an insulating film on a
wafer W by a chemical vapor deposition (CVD) method, in
place of the SOD apparatus 101.

[0029]

The resist coating/development apparatus 102 is
used to form a resist film used as an etching mask, and
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
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due to etching, as described later in detail. [0031] The etching
apparatus 105 is arranged to perform an etching process on an inter-level
insulating film or 25the 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,17 18- e.g., each of an
anti-diffusion film and a Cu seed layer. The electrolytic plating apparatus
107 is arranged to embed Cu in a groove having a Cu seed layer formed

thereipriRdprm A g/ogve, Infereopnectionling, o, The; W7, appaatis 109,,
is arranged to perform a planarization process on a surface of a groove

intergannegtion inexfilpd widvCupang sa fedh. {00321 51 Next-a detailag
explanation will be given of the cleaning apparatus 104, which plays an
imp&idrit partsifthe present vehtior IFIGS.SB, Wn atd Ssarewrplagadewo
a front vitew, and abaclaview, respectively, schematically showing the

u

cleaRirg 5Phran it TRE HEariy S65&ratls Podmekdbs Hddtighich
statign . glaproaesataian 2.2 vanger sialon & and  ghemical

station 5. The carrier station 4 is arraniged such that carriers each storing

wafers s <re seduentiatly transterrad fram athemrproeegsing:appakdtdses: us
onto the carrier station 4. The carrier station 4 is also 20arranged such

that €8rtiers Bagh shatiiganafezopeprotegsed intthe Tleanimy appardtis
104 are tran%ferrefl from th carriep&statio 4 to processing apparatuses
C ve

for sﬁ%g’g&geﬁt Stoceded THE procesLatatoh s ekides A plardity 6F W
procgss yNds AaNged 0 1m formed thereon, a wafer W treated by

a light exposure process, and a wafer W treated by a
development process.

[0030]

The light exposure apparatus 103 is used to
subject a wafer W with a resist film formed thereon to
light exposure with a predetermined circuit pattern.
The cleaning apparatus 104 is arranged to perform a
cleaning process using purified water or a chemical
liquid, a denaturing process of polymer residues or the
like remaining after an etching process, and a recovery
process of an inter-level insulating film for damage
due to etching, as described later in detail.

[0031]

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,
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25respectively 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 - 19 - station 2 and carrier station 4. The chemical
station 5 is arranged to perform manufacture, preparation, and storage of
chemical liquid, purified water, gas, ard 9@ forth to be used in the process
station 2. 5[0033] Each carrier C contains therein wafers W essentially in
a horizontal state at regular intervals in the vertical direction (Z-direction).

Iocees ar sty g (AT s e TP

10side’of the carrier C IS opene close

not shgwa in FiG.3,dk shewnjn RIGS1 4 @ndp insbdetached state). s

[0034] As shown in FIG. 3, the carrier station 4 has a 15table 6 on which
carriers Qgantbé plazridet thireelpositionscarray eddm antrdireCtiors definedb yer
in FIG. 3. Each carrier C is placed on the table 6 such that the side

providédGiith the hig ﬁ@a?&cé?é%aﬁitﬂ)ﬁ%éﬂ%& Béﬁﬁécé?Pfh%céérﬂér line.
station:s 2 tagslet stalor o 20Tbe A UOnEL B2 hap oy

portions 9a formed therein at positions corresponding to the mount

positivas doricadtiars:C.dzacteeftherwindew perionsSa is peyised with a
shutter 10 on the transfer station 3 side to open/close the window portion
9a. 28TRisEPORECLD ineludesehdldihg etearist{motshownyifoso forth.

[0032]

Next, a detailed explanation will be given of the
cleaning apparatus 104, which plays an important part
of the present invention. FIGS. 3, 4, and 5 are a plan
view, a front view, and a back view, respectively,
schematically showing the cleaning apparatus 104. The
cleaning apparatus 104 includes a carrier station 4, a
process station 2, a transfer station 3, and a chemical
station 5. The carrier station 4 is arranged such that
carriers each storing wafers W are sequentially
transferred from éther processing apparatuses onto the
carrier station 4. The carrier station 4 is also
arranged such that carriers each storing wafers W
processed in the cleaning apparatus 104 are transferred
from the carrier station 4 to processing apparatuses
for subsequent processes. The process station 2
includes a plurality of 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
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holding the lid 10a of a carrier C, so that the holding means can hold the

lid 10a and withdraw it into the - 20 - transfer station 3, as shown in FIGS.

4 and 5. [0035] The transfer station 3 is provided with a wafer transfer

unit 7 disposed therein, which has a wafer 5transfer pick 7a for holding a
wafer W. The wafer transfer unit 7 is movidle-in the 1-direction along

guides 7b (see FIGS. 4 and 5) extending on the floor of the transfer

station 3 in the 1-direction. The wafer transfer pick 7a is slidable in an
diectionomoyaley unand dowe Ig he 2 glrectign, andiglalanielp, c; on
the X- I plane (61 rotation). [0036] With the arrangement describe

aboge, itbe avafentiaasfebpick 7accan aceess ady one ofjhe arFigrs 6n, and
15placed on the table 6, in a state where the shutters 10 are retreated to

allow e frteriorfoftheamielrs Cltocommpnicafel with wiee transferstationd so

3 through the window portions 9a. Accordingly, the wafer transfer pick 7a
can ﬁ%ﬁ%lkér %owgl%r Font Any RBight BGSiticn 36Mmte&th of the carriers

C, and can @p@qr a wafer W onto any height position in each of the
carriers C. [60037] The process station 2 includes two wafer transit
units (TRS)ER3mand A3bhon thedeanster statione3 site. K5Ferexample,

the wafer transit unit (TRS) 13b is used

essentially in a horizontal 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 and closed by a
lid 10a (which 1is not shown in FIG. 3, but shown in
FIGS. 4 and 5 in a detached state).

[0034]

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.

Each carrier C is placed on the table 6 such that the

side provided with the lid 10a faces a partition wall

Ba between the carrier station 4 and transfer station 3.

The partition wall 8a has window portions 9%a formed
therein at positions corresponding to the mount
positions for carriers C. Each of the window portions
9a 1s provided with a shutter 10 on the transfer
station 3 side to open/close the window portion 9a.
This shutter 10 includes holding means (not shown) for
holding the lid 10a of a carrier C, so that the holding

means can hold the lid 10a and withdraw it into the
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to place a wafer W when the wafer W is transferred from the transfer
station 3 to the process station 2. The - 21 - wafer transit 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. 5[0038] On the rear side of2fe process station 2, there are
denaturing units (VOS) 15a to 15f arranged to process polymer residues,
a resist film, and/or a sacrificial film remaining after an etching process, by

10a C ini ter vapor_and ), to denature them to
be solu ?eso ﬁ}% pérlé9 g’%?r’f]lin%éc'j c%agmlsmﬁuﬁ : Ing%(gédengtl?r%}% E\usn' its
(VOS) 15a t@ 456 polymer residues, a resist film, and/or a sacrificial film
remaining after an etching process only change 15their chemical

properties tBhise solabkefinna predétepminkdichemicaliiitpdd, wilile theyafer
maintain their shapes or the like. [0039] Silylatlo. units (SOH) ha and Ilb

are G5pBS&E bn Poitte aeﬁd‘;ﬁﬁﬁgsﬁﬁit f\?@%}iSa%ﬂcﬁd{iﬁﬁd_%r&af er
arrapged to-perform a sjlylation process on an intel; jevel 'HSHF@“%@&

damaged by the denaturing process, cleaning process, or the like, to
recover therdamage £[004Q]s256r thelfsontrside of thejareeessisiation gng

ﬂmﬂgﬁides b (see FIGS. 4 and 5) extending on the floor of
the transfer station 3 in the Y-direction. The wafer
transfer pick 7a is slidable in an X-direction, movable
up and down in the Z-direction, and rotatable in the X-
Y plane (6 rotation).

[0036]

With the arrangement described above, the wafer
transfer pick 7a can access any one of the carriers C
placed on the table 6, in a state where the shutters 10
are retreated to allow the interior of the carriers C
to communicate with the transfer station 3 through the
window portions 9%9a. Accordingly, the wafer trénsfer
pick 7a can transfer a wafer W from any height position
in each of the carriers C, and can transfer a wafer W
onto any height position in each of the carriers C.

[0037]

The process station 2 includes two wafer transit
units (TRS) 13a and 13b on the transfer station 3 side.
For example, the wafer transit unit (TRS) 13b is used
to place a wafer W when the wafer W is transferred from

the transfer station 3 to the process station 2. The
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are cleaning units (CNU) 12a to 12d arranged to perform a chemical liquid
process or water washing process on a - 22 - wafer W treated by the
denaturing units (VOS) 15a to 15f, so as to remove denatured polymer
residues or the like. [0041] 5In the process station 2, four hot plate units
(HP) 19a to 19d are stacked at a positionxppesite to the wafer transit
units (TRS) 13a and 13b with a main wafer transfer unit 14 interposed
therebetween. The hot plate units (HP) 19a to 19d are arranged to bake a

10wafer W after the silylation p s in.the silylation u itsgg CH) ha and
b AA/EF to NEAL ARG dRy & waldr W trested by (HE Sidanthg e (LY 2% ¥

12a §; d2d certher s eeoling platednits (SOl 2 Jaend- 21, are-stagked o8n 3

the wafer transit unit (TRS) 13a, and are 15arranged to cool a wafer W
treatefdtmrthetheiat andidiy prosessol ke paderettansit indtd TRS) dSbsmay the
be arranged as a cooling plate unit. A fan and filter unit (FFU) 25 is

dispBS&F &EtheStbp 'of Bk process station 2, and is arranged to send clean

air into the %e%nooggess station 2. [0042] The main wafer transfer unit 14

is disposed essentially at the center of the process station 2, and is

arranged tograngier awafer W yuthin the,process 2sstaen 2; Jhemaighere

wafer transfer unit 14 has a wafer transfer arm 14a for transferring a wafer

W. Theandrrwafer tragsfen uni 14V Botafdide abolt e Zaaximnged to
process polymer residues, a resist film, and/or a
sacrificial film remaining after an etching process, by
a gas containing water vapor and ozone (03), so as to
denature them to be soluble in a predetermined chemical
liquid. In the denaturing units (VOS) 15a to 15f,
polymer residues, a resist film, and/or a sacrificial
film remaining after an etching process only change
their chemical properties to be soluble in a
predetermined chemical liquid, while they maintain
their shapes or the like.

[0039]

Silylation units (SCH) 1lla and 1lb are disposed on
the denaturing units (VOS) 15a and 15d, and are
arranged to perform a silylation process on an inter-
level insulating film damaged by the denaturing process,
cleaning process, or the like, to recover the damage.

[0040]

On the front side of the process station 2, there,
are cleaning units (CNU) 12a to 12d arranged to perform

a chemical liquid process or water washing process on a
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- 23 - Further, the wafer transfer arm 14a is movable back and forth in a
horizontal direction, and movable up and down in the Z-direction. With this
arrangement, the main wafer transfer unit 14 can access the respective
5units disposed in the process station 2 to transfer a wafer W between the
units, without moving itself in the K-direc#@n. f0043] The chemical station
5 includes a process gas 10supply portion 16, a cleaning liquid supply
portion 17, and a silylation agent supply portion 18. The process gas

supplymartign 464s aranged 19,8URRIY QZARS, WAteR YaRor, aad sofarth «
as process gases to the denaturing units (VOS) 15a to 15f disposed in the
15ptdcesssstation 2.0l hesclearingdigaidustgapyopdgina A 7ris atrngedde the
supgly a cleaning liquid to the cleaning units (GNU) 12ato 12d. The

silyl ﬁﬂﬁﬁ?agent supply portion 18 is arranged to supply a silylation agent, a
carrier gas, agg js‘i forth to the silylation 20units (SCH) Ha and 11b. [0044]
Next, a det([il ed explanation will be given of the structure of the denaturing

unit (VOS) dsanmith feferencs ta the sehiematiceaetionglview sHowmdi «

FIG. 256. The other denaturing units (VOS) 15b to 15f have exactly the

saméestiuct9re asothedenatwingcanik@O8r a position opposite to
the wafer transit units (TRS) 13a and 13b with a main
wafer transfer unit 14 interposed therebetween. The
hot plate units (HP) 19a to 19d are arranged to bake a
wafer W after the silylation process in the silylation
units (SCH) 1lla and l1llb and/or to heat and dry a wafer
W treated by the cleaning units (CNU) 12a to 12d.
Further, cooling plate units (COL) 2la and 21b are
stacked on the wafer transit unit (TRS) 13a, and are
arranged to cool a wafer W treated by the heat and dry
process. The wafer transit 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.

[0042]

The main wafer transfer unit 14 is disposed
essentially at the center of the process station 2, and
is arranged to transfer a wafer W within the process
station 2. The main wafer transfer unit 14 has a wafer
transfer arm 1l4a for transferring a wafer W. The main

wafer transfer unit 14 is rotatable about a Z-axis.
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15a. This denaturing unit (VOS) 15a includes an - 24 - airtight chamber
30 for accommodating a wafer W. The chamber 30 is formed of a
stationary lower container 41a, and a lid 41b that covers the top face of
the lower container 41a. The lid 41b is movable up and 5down by a
cylinder 43 fixed to a frame 42 of the fim2&naturing unit (VOS) 15a. FIG.
6 shows both of state where the lid 41b is in close contact with the lower
container 41a, and a state where the lid 41b is retreated above the lower

containgndla. 10100451 .  The lgwer container,41a if&fﬂ\égsgw{gﬁlﬁg and

0-ring 51 disposed on the top face of a raised portion at the rim. W

lid 4dbds moveddaver by the: aylinder 43 rthertim ghtheddettom dacgofthe
lid 41b comes into 15contact with the Cop face of the raised portion at the
rim PR léWetbentdinét 426 aherpresdbistihetDiiing 51 16 fgreman @irtighte

process space in the chamber 30. [0046 The lower container
41aﬁ‘r?c§lf}d§’sa§%{:agter§§ﬂ%%p\%{ntg é%va‘?é‘r“\/\latﬂ‘é?e%sn. The stegess s ve

providack with PLoXITUY pins 44! 3 Phitally of postions 10 BUPRALIE:.r 5

wafer W. [0047] The stage 33 includes a heater 45a built therein, 25and

the lich 4ty includeswa:beatei45hbuikthesginhsmt moving itself in the
X-direction. 4

[0043]

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 ligquid to the
cleaning units (CNU) 12a to 12d. The silylation agent
supply portion 18 is arranged to supply a silylation
agent, a carrier gas, and so forth to the silylation
units (SCH) 1la and 1lb.

[0044]

Next, a detailed explanation will be given of the
structure of the denaturing unit (V0OS) 15a with
reference to the schematic sectional view shown in FIG.
6. The other denaturing units (VOS) 15b to 15f have
exactly the same structure as the denaturing unit (VOS)

15a. This denaturing unit (VOS) 15a includes an
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that each of the stage 33 and lid 41b is maintained at a predetermined
temperature. Consequently, the - 25 - temperature of a wafer W can be
kept constant. [0048] The lid 41b has hook members 46 at, e.g., three
positions (only two of them are shown in FIG. 6) on the 5bottom face to
hold a wafer W. The wafer W is transferr@d to-and from the hook members
46 by the wafer transfer arm 14a. When the lid 41b is moved down while a
wafer W is supported by the hook members 46, the wafer W is transferred

ontq, the, Rroximity, pins 44 %f@gigegego%ﬁé%%gggu an (he yay. 0049},

The lower container 41a has a gas feed port 3 pplying a process

gasdntanibe chambes 38oanea gas exhaust por 34b foexhausting thener
process gas out 15 of the chamber 30. The gas feed port 34a is

confAeéted 33 theé plok@dsd Yas Supplyasiviels drivkthegasexbaustpdrbe
34b.is connected tg an exhzust unit 32. [0050]. When a wafer W is

proce¥4Bd by A procaSS gad dthe J0pTesstite didd theEhamrbist IpRisand
prefgrahly maintained.at a.constantnosifive pressure, Eor,this purppse. ¢ ; 1

the lower container 41a and lid 41b are supplied with not only a pressing

force dydhe cylinder; buvalsp acdampirg forcesbyiadack meeharisma
35 through 25projecting portions 47a and 47b respectively disposed on
endiddsSofthe Iewéhcontaifer 4lpa Afd Hid 410 §G0319ntact with the

lower container 4la, and a state where the lid 41b is
retreated above the lower container 4la.

[0045]

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 lid 41b is moved down by the cylinder 43,
the rim of the bottom face of the 1lid 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.

[0046]

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.

[0047]

The stage 33 includes a heater 45a built therein,
and the 1id 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
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- 26 - 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 pinching devices 57 disposed at the rim of the circular plate 56.
Each of the pinching devices 57 includes press rollers 59a and 59b and a
roller holding member 48 which holdsrotdby shafts 58. [00521 The
projecting portions 47a and 47b are 10equidistantly disposed at four
positions, between which gap portions 49 are defined. The projecting

port Band-470 pf gach setarg disppsed atnositions overiapping
with each other. When the pinching devices 57 are positioned in the gap
portions 49] titetld 41b 15can be freely moved up and down. [0053]

When the circular plate 56 is rotated along with the rotary tube 55 by a
predetermir@d ahgle, thePpreas roifes 59BTERe sfophfedadt the top-facés BES

the 20projecting portions 47b, while the press rollers 59a, are peéj
B ST S ich & Tar ThE Bineieor By it acty £

the sprpe siuetire asdhafsescrbed above; [0054]-25Next, a getailed

explanation will be given of the structure of the silylation unit (SCH) lla

withtrefenerneertosttie tschemati€ seatidried vieve RhowmlireEKG.462By the
wafer transfer arm l4a. When the lid 41lb is moved down
while a wafer W is supported by the hook members 46,
the wafer W is transferred onto the proximity pins 44
provided on the stage 33, on the way.

[0049]

The lower container 4la has a gas feed port 34a
for supplying a process gas into the chamber 30, and a
gas exhaust port 34b for exhausting the process gas out
of the chamber 30. The gas feed port 34a is connected
to the process gas supply unit 16, and the gas exhaust
port 34b is connected to an exhaust unit 32.

[0050]

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 are 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 lower container 4la and 1lid 41b.

[0051]
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7. The other silylation unit (SCH) lIb has exactly the same structure as the
silylation unit (SCH) ha. The silylation unit (SCH) ila includes a chamber
61 for accommodating a wafer W. The chamber 61 is formed of a
Sstationary lower container 61a, and a lid 61b that covers the lower
container 61a. The lid 61b is movable-upZénd-down by an elevating unit
(not shown). The lower container 61a includes a hot plate 62, around
which nitrogen gas with vapor of a silylation agent 10carried therein, such

as DMSDMA (Dirpethylsilvidimgthylamine), is siupplied infg the chamhgr+ 52,
61. DMSDMA is vaporized by a vaporizer 63, and carried by N2 gas into

the ehamber 61 .L[OBS5PE5 The: hatyilate G2/issadjostablenn temperatyrea

within a range of, e.g., from a room temperature to 400C. The hot plate 62

is providedlwith Pinstes 6% tie SGfadetto i perta Wafdr ewhere and

walfer, W is mounted not directly an. the ot pa!%tet%zé the waler W,2018 ;  cular
pre\?en?ed from eing contaminatecton its bottom surface. The fower

CO”E?i%EHélf%iS pr@\g@gd Mh@stbé%ﬁﬂggG@g_i@P@%%d en the,top fase

of the peripheral portion. The lid 61b is provided with a second seal ring

66 disposedmnlthedsotiopa facedofile 25pdripheral pertioho\Whendghedidber
61b is pressed against the lower container 61a, the second seal ring 66

conftd iMtdiOhtaQ With the fRstsedMAng 85°Fhe - 28 - 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 thatthe ghamber 64ds gistighto hke 4id 6 1b-hassamexhaust Sport

essentially at the center for exhausting nitrogen
equidistantly disposed at four positions, between which
gap portions 49 are defined. The projecting portions
47a and 47b of each set are disposed at positions
overlapping with each other. When the pinching devices
57 are positioned in the gap portions 49, the 1id 41b
can be freely moved up and down.

[0053]

When the circular plate 56 is rotated along with
the rotary tube 55 by a predetermined angle, the press
rollers 5%b are stopped at the top faces of the
projecting portions 47b, while the press rollers 59a
are stopped under the projecting portions 47a. The
other denaturing units have exactly the same structure
as that described above.

[0054]

Next, a detailed explanation will be given of the
structure of the silylation unit (SCH) 1la with

reference to the schematic sectional view shown in FIG.
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gas with DMSDMA carried therein supplied into the chamber 61. The
exhaust port 67 is connected to a vacuum pump 69 through a pressure
adjusting unit 68. [0056] 10In FIG. 7, liquid DMSDMA is vaporized by the
vaporizer 63, and carried by N2 gas into the chamber 61. Alternatively,
vaporized DMSDMA gas (i.e., DMSDMA &&petr) may solely be supplied
into the chamber 61. When DMSDMA is supplied into the chamber 61, the
15interior of the chamber 61 is maintained at a predetermined vacuum

level. Ac in ilizi ure. differ etween the vaporizer
3 o e D T e ek Ty tne

20[0057E stNext ardetaitedrexplanatipnawillhe givan: ofthersfructure ofthe
the cleaning unit 12a with reference to the schematic sectional view

showh hy FaG 18T bthef Elddhinglunitsn(@NUR $21e tochzdnhave éXadtiy:
the 25same structure as the cleaning unit 12a. The cleaning unit (GNU)

12a F5SGIGEY SR ahidla? clip EtD HiSpog@(?a?meéénc}% : gmed of a
Chugﬁg{95ﬁ§§§dﬂEW&%”EHHE@i@@f(E%Q;TgﬁépQ(¥¥§Kgfﬂsthat

arranged to fix and hold a wafer W by means of vacuum, suction, and to

be rotated- by ardriveometor Z2rim #1is state 1A dramyige 734s €0pnecieddQable

the bottom of the cup (CP) to exhaust the 5cleaning liquid and purified

watélp and down by an elevating 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 N9 gas into the chamber 61.

[0055]

The hot plate 62 is adjustable in temperature
within a range of, e.g., from a room temperature to
400°C. The hot plate 62 is provided with pins 64 on the
surface to support a wafer W. Where a wafer W is
mounted not directly on the hot plate 62, the wafer W
is prevented from being contaminated on its bottom
surface. The lower container 6la is provided with a
first seal ring 65 disposed on the top face of the
peripheral portion. The 1lid 61lb is provided with a
second seal ring 66 disposed on the bottom face of the
peripheral portion. When the 1lid 61b is pressed

against the lower container 6la, the second seal ring

66 comes into contact with the first seal ring 65. The
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[0058] 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 10elevating mechanism 76, such as an air cylinder, and a
vertical guide 77 through a cap-like flange member 75. The drive motor 72
is provided with a cylindrical cooling jack@878-attached on its side. The
flange member 75 is attached to cover the upper half of the 15cooling
jacket 78. [0059] When a chemical liquid or the like is supplied onto a

wafer W, the lower.end 773, afthe flange member 76 g%@gﬁdnthCA S&.ings

contact with the unit bottom plate 2074 near the rim of the opening 74ato

makesthendnitiaterion aiytighttr ¥en-a wader\yeia trangtesiedbriweendbe re
spin chuck 71 and wafer transfer arm 14a, the drive motor 72 and spin
chuel€ 7thake maeup by trdlglesating methanismuzs: dotthatthehlewer

end qf 25the flange member 75 is separated upward from the unit bottom
platg%ﬁf.n 0 i 30°- 2 TA Eidhning Iidtid Sagply hredhamisth sprhaust

disposed above the gyn Ezt%ﬁ@%aﬁgd%swiggﬂﬁ%ﬁ%%"gﬂi@rogen

onto the surface of a wafer W. The cleaning liquid is use olving a

substasce denanysdhby Soneof dhe dapatuting snite (VO8) 15ado 4bk
(which will be referred to as a denatured substance, hereinafter), such as

a déthtiverisaetificialiim, présent bnRe wadr. joosipnnected to a
vacuum pump 69 through a pressure adjusting unit 68.

[0056]

In FIG. 7, liquid DMSDMA is vaporized by the
vaporizer 63, and carried by N gas into the chamber 61.
Alternatively, vaporized DMSDMA gas (i.e., DMSDMA
vapor) may solely be supplied into the chamber 61.

When DMSDMA 1is supplied into the chamber 61, the
interior of the chamber 61 is maintained at a
predetermined vacuum level. Accordingly, utilizing the
pressure difference between the vaporizer 63 and
chamber 61, DMSDMA gas is easily supplied into the
chamber 61.

[0057]

Next, a detailed explanation will be given of the
structure of the cleaning unit 12a with reference to
the schematic sectional view shown in FIG. 8. The
other cleaning units (CNU) 12b to 12d have exactly the
same structure as the cleaning unit 12a. The cleaning
unit (CNU) 1l2a includes an annular cup CP disposed at

the center, and a spin chuck 71 disposed inside the cup
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10The 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 86. The
cleaning liquid delivery nozzle 81 is arranged to 15deliver the cleaning
liquid onto the surface of a wafer W held 2fh 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 arrapged ta.p0hQld the clganing;liquiddelivery nozzle 81cand 1Q.Rey 614 o
movable back and forth in the Y-direction. The vertical support member 85

IS arranged 0 Bypposhthe scanarou8a He-X-axis, dréviag teahanisot8Ged
is disposed on a guide rail 84 extending in the X-axis 25 direction on the
unithotndpiate 7odrRtis @ rdiy et shift thesvertidal dtpport higber3 1s
85a in the X-a>§s directjon. The scan arm 82 is movaﬁle in the vertical -

31 CRREIGH - dinctios) BPE 7288 HrifiRg nidha 's%}l 670sG st e the
cleaging.liguid delivery gozzls ,carbenayeddo an arbitrary positon

above a wafer W, and retreated to a predetermined position outside the
cup 5(CP).[0062]] The cleaning liquid supply portion 17 can selectively
supply one of a dissolving/removing liquid and a rinsing liquid consisting of
purified watgto d0tHeecIBaFiAg ligdididelVeRPRsAte 89, Tife movable up

dissolving/removing liquid is used far dissplving a denatyred substance,
U A8 LT fi, PR Ta by ind QEREacg unie (V8 T8a ggom

15, gndicomprisesyed. filite hydroflvoricacid or anaraines 1shasgd
chemical liquid.
elevating mechanism 76, such as an air cylinder, and a
vertical guide 77 through a cap-like flange member 75.
The drive motor 72 is provided with a cylindrical
cooling jacket 78 attached on its side. The flange
member 75 is attached to cover the upper half of the
cooling jacket 78.
[0059]
When a chemical liquid or the like is supplied
onto a wafer W, the lower end 75a of the flange member
75 comes into close contact with the unit bottom plate
74 near the rim of the opening 74a to make the unit
interior airtight. When a wafer W is transferred
between the spin chuck 71 and wafer transfer arm l4a,
the drive motor 72 and spin chuck 71 are moved up by
the elevating mechanism 76, so that the lower end of
the flange member 75 is separated upward from the unit
bottom plate 74.

[0060]
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[0063] Next a detailed explanation will be given of the hot plate unit
(HP) 19a used for a baking process after the silylation process, with
reference to the schematic 20sectional view shown in FIG. 9. The other
hot plate units (HP) 19b to 19d have exactly the same structure as the hot
plate unit (HP) 19a. This hot plate unit—(HR) 19a includes a process
chamber 91 having an essentially cylindrical shape and provided with a
wafer 25table 92 disposed therein on the bottom. The wafer table 92
includes a heater it t in, $0 heat process, S as a hakin
process aftZ\r as%%?a%?é%% 3%?_&%5%@%5 gé&%%nén& %ﬁﬁaanv:\L/g e:%\? pfa%e%lo%pgsed
the wafer table 82-The healerOs is gppnectad to-adieatanpowel SYPB¥ning
94. The wafer table 93 is provided with wafer lifter pins (not shown) that
can project@ndretreahsretativeac theoWaterdalfle937 Whéhhtheodafen g
is loaded and unloaded, the wafer W is set at a predetermined position

above'tHE-WafbP tati€ 82 Hythe b0 FHé Rhambzi ol Racg warda tured by
transfer port (nQt sh r in ide 1 [Q064 .
Furtﬁg?tk?é%cﬁglrfbg%{%é%s%%d%ir#g%c? §or QSS%orarlnég int elsﬁgev&gﬁléfg
at a pagitiom eorrespanding tethesvaferbhplaced ondhp dabla 82, and an
air exhaust port 96 formed in the ceiling wall 91b at the 15center. [0065]
The Bemstunag uaits (VOSI 5ago 4 56and Werrturimrumiitsi(vios) 13dLto,
15f described above have structures essentially symmetric with respect to

a present on the wafer.

[0061]

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 86. The
cleaning ligquid delivery nozzle 81 is arranged to
deliver the cleaning liquid onto the surface of a wafer
W held on the spin chuck 71. The cleaning liguid
supply portion 17 is arranged to supply the
predetermined cleaning liquid to the cleaning liquid
delivery nozzle 81l. The scan arm 82 is arranged to
hold the cleaning liquid delivery nozzle 81, and to be
movable back and forth in the Y-direction. The
vertical support member 85 is arranged to support the
scan arm 82. The X-axis driving mechanism 86 is
disposed on a guide rail 84 extending in the X-axis
direction on the unit bottom plate 74, and is arranged
to shift the vertical support member 85a in the X-axis

direction. The scan arm 82 is movable in the vertical
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20partition wall 22b. The silylation unit (SSM) lia and lylation unit (SOH)
ilb have structures essentially symmetric with respect to the partition wall
22b. Similarly, the cleaning units (CNU) 12a and 12b and cleaning units
(CNU) 12c and 12d have structures 25essentially symmetric with respect
to the partition wall 22a. [0066] - 33 -—- JVext, an explanation will be
given of a semiconductor device manufacturing process employing a dual
damascene method, to which a substrate processing method according to

an e&rlt}oed(j;rp]e_gkOf(wgﬁ%%%ncti%rlll\sengginCJ;S ?pgg:felds' dr'jz_lle'nlo ir%eachanism

flowchart showing a semiconductor device manufacturing process

empioyjngsa duak damascenemethos. FGu1d isian explapatosy view for can
explaining states appearing in steps of the flowchart shown in FIG. 1010.

[0067¢ moAEfirst,@ wafer W is preparacbfrofmian Skbubstrate (rrof sholin) and
as follows. S%er:cifically, an insulating film 120 is disposed on the substrate.

A 15i6héERtS omfe@ioR TRE A2 HAAE Of RBFPeriS BispBssd fifthehe cup

insulatipg 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 filmp d29jand lower interconnection 20line 122 made of copper.

The wafer W is transferred into the SOD apparatus 101, in which an

inter-level ifSiatidgeflmivehidh willlise referréd to as allcow-k filman

hereina%tgg){fl% made of a low dielectric constant material (Low-k
i

mate &ﬁﬁ&¥oﬁﬂ%§ly one of a dissolving/removing liquid

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) 15%a to 15f, and
comprises, e.g., dilute hydrofluoric acid or an amine-
based chemical liquid.

[0063]

Next, a detailed explanation will be given of the
hot plate unit (HP) léa used for a baking process after
the silylation process, with reference to the schematic
sectional view shown in FIG. 9. The other hot plate
units (HP) 19b to 19d have exactly the same structure
as the hot plate unit (HP) 19a. This hot plate unit
(HP) 19a includes a process chamber 91 having an
essentially cylindrical shape and provided with a wafer
table 92 disposed therein on the bottom. The wafer
table 92 includes a heater 93 built therein, so that a

heat process, such as a baking process after silylation,
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25stopper film 123 (Step 1). Consequently, the state shown in FIG. 11-(a)
is prepared. [0068] - 34 - Then, the wafer W with the Low-k film 124
formed thereon is transferred into the resist coating/development
apparatus 102, in which an anti- reflective coating 125 and a resist film
126 are 5sequentially formed on the Low32film. 124 by the resist coating
unit. Then, the wafer W is transferred into the light exposure apparatus
103, in which the wafer W is subjected to a light exposure process with a
predetermiaed pattemdhennthe wafes Wis tatransfersed back ipigthe cable
resist coating/development apparatus 102, in which the resist film 126 is
subjggted tdreedévaiapmeMprocess by ¢ delveloping biai te forppae r
predetermined circuit pattern on the resist film 126 (Step 2). Then, the

wafétiRAS 1 st ansfetrdd iMtdtRé et@hin§ apparsfutos] intmictiah wafer
tchy is_performed, on the wafer W (Step 3)..Consequently, as
SIGEeSS RIS nIe VAEL U (op ) Consennenly o8,

formegliin the dowdK filne124 20{0069]1 dhe wafgeW ith theazholg ;s

124a formed thereon is transferred into the cleaning apparatus 104, in
whichoa deemivatlliquid pecteds i perfermhed ol the wafsr Wtbyaone of the

cleaning units (GNU) 12a to Itd 25to remove the resist film 126 and
antiFefetave TBafTs 128 bt RRRY SV ¥R pRATT FiGPLie(df. by the

pins. The chamber 91 has a wafer transfer port (not

shown) formed in the sidewall 91la.

[0064]

Further, the chamber 91 has an air feed port 95
formed in the sidewall 9la at a position corresponding
to the wafer W placed on the table 92, and an air
exhaust port 96 formed in the ceiling wall 91b at the
center.

[0065]

The denaturing units (VOS) 15a to 15c¢c and
denaturing units (VOS) 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) 11b have structures essentially
symmetric with respect to the partition wall 22b.
Similarly, the cleaning units (CNU) 12a and 12b and
cleaning units (CNU) 12c and 12d have structures
essentially symmetric with respect to the partition
wall 22a.

[0066]
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[0070] - 35 - Then, the wafer W is transferred into the resist
coating/development apparatus 102, in which a sacrificial film 127 made

of an inorganic material (such as an Si-0 based material) is formed on the
5surface of the Low-k film 124 having the via-hole 124a by the sacrificial

film coating unit (Step 5). At this timethe¥ia-hole 124a is filled with the
sacrificial film 127. Then, a resist film 128 to be used as an etching mask

is formed on the surface of the 10sacrificial film 127 by the resist coating

unit. Thenytheresigtfil 8 issubiected 1o light expoayrewith a
predetermined pattern by the light exposure apparatus 103. Then, the
resistfilicb28l iscsubjecied iaa developaent ptocess hydbe devalopingi ng a
unit (Step 6). 15Consequently, as shown in FIG. 11-(d), a circuit pattern is
forridd on dRE PEsTR TifMIPBN 8deh fifat dhgrebve widey dhae tife Matais sing

124a i%flor ed in the resisttfilm 128 a%O\t/g?,the via-hgle 24a.%){el’iL
20Then! Ha STer 10 1 Warisfortid T8 The Brehing ppdl St e Foss 1T
whigh an.etghing QQOC%F is performed on the Low-k film 124 on the wafer
W (Step 7). Consequently, as shown in FIG. 11-(e), a wider trench 124b is
formed abavesthe Ma-heleal 2 Giheerthes b waarficial fdmilhisuct or
formed on the Low-k film 124, the bottom surface of the etched portion in
the EBWHERNT 224 £ BEHERY - BEQGEER2]eploying a dual damascene

method. FIG. 11 is an explanatory view for explaining

states appearing in steps of the flowchart shown in FIG.

10.

[0067]

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 lavyer 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 copper. The wafer W 1s 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. 11-(a) is prepared.

[0068]
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The wafer W thus treated by the etching process is transferred into the
cleaning apparatus 104, in which the wafer W is sequentially subjected to
a denaturing 5process of the sacrificial film 127 and resist film 128 (Step 8
and FIG. 11-(f)), and a removing process of the sacrificial film 127, resist
film 128, and polymer residues (Step 9 aldd FS. 11-(g)). [0073]
10Specifically, at first, a carrier C storing wafers treated by the etching
process is placed on the table 6. Then, the lid 10a of the carrier C and the

shutter 10 ?'f?erf?,tre@t?éj Wa@@fr%]sfn%@tﬁt@rﬂeg g@g_tg 0??%“%24 formed

corresponding window portion 9a. Then, a wafer W 15at a predetermined
positioairthe carrier &nis franstetrethinto thieavafes transit unit (TRS) 13b
by the wafer transfer pick 7a. [0074] Then, the wafer W placed in the
wafEORansHaieroirRe)ersh isrinsiekied By the Wafer rhfabferarmnga-

intogg&of tté%ggnatgg ‘unit é\g[O%)&Sg tq 15h, in. hich th elnaturing
process of the sacrﬁlmag%ﬂﬁ 1; and Tesidt fifky 138 é\[ﬁg or% in‘Step 8
desgribackahave (FG £ 1 1:4B) 25{00404 In Hiis cass, fthe 1id 4 199? e resist
chamber 30 is first retreated above the lower container 41a. In this
coating unit. Then, the wafer W is transferred into
the light exposure apparatus 103, in which the wafer W
is subjected to a light exposure process with a
predetermined pattern. Then, the wafer W is
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. 11-(b), a via~hole 124a
reaching the stopper film 123 is formed in the Low-k
film 124.

[0069]

The wafer W with the via-hole 124a formed thereon
is transferred into the 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. 11-(c)).

[0070]
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- 37 - state, the wafer transfer arm 14a 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
5to the lid 41b (portions extending in the horizontal direction). Then, the
wafer transfer arm 14a is moved dowiT todansfer the wafer W onto the
hook members 46. [0076] After the wafer transfer arm 14a is retreated
from 10the denaturing unit (VOS) 15a, the lid 41b is moved down to bring

the lid 41b infe:cjosereoniagtavithithe dowesgantaines 41aand thedock s 1 st
mechanism 35 is further operated to set the chamber 30 in an airtight

state owhenahe didetibonencyeddowrs the wiadér, Wiis 1&transferred from

the hook members 46 onto the proximity pins 44 on the way. [0077] The
stag®™$F ahd fid H bt Indinthimaria predaterhiitdRitiberdiafcsBythe

A P oL I e 20 P 00
surface of the Low-k film 124 having the via-hole 124a
by the sacrificial film coating unit (Step 5). At this
time, the via-hole 124a is filled with the sacrificial
film 127. Then, a resist film 128 to be used as an
etching mask is formed on the surface of the
sacrificial film 127 by the resist coating unit. Then,
the resist film 128 is subjected to light exposure with
a predetermined pattern by the light exposure apparatus
103. Then, the resist film 128 is subjected to a
development process by the developing unit (Step 6).
Consequently, as shown in FIG. 11-(d), 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.

[0071]

Then, the wafer W is transferred into the etching
apparatus 105, in which an etching process is performed
on the Low-k film 124 on the wafer W (Step 7).
Consequently, as shown in FIG. 1l-(e), 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.
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When the stage 33 and lid 41b are set at predetermined temperatures

(such as 110C to 120A2), and 25the temperature distribution of the

.wafer

W becomes essentially uniform, a mixture gas of ozone and nitrogenan
ozone content of 9 wt% and at a flow - 38 - rate of 4 L/min, for example)

is first solely supplied from the process g&$ supply unit 16 into the

chamber 30. At this time, the gas is adjusted such that the chamber 30 is

filled with the mixture gas of ozone and nitrogen 5to have a predetermined
positive pregsgre of, e.g., 0.2 MPa by gauge pressure. [0079] Then, a

process gas prepared by mixing water vapor with the mixture gas of

ozone and fitrogenf{withid T0watetr vapdrecbritentidosrespending tpd6cess is
ml/min expressed in terms of liquid, for example) is supplied from the

procdeC A5 EOpRH diit s S tic-ERdhibsr 3CRATR S pidtss aswhich

k equen . b
dissolved in a l%partllc%IaSr c emlcajlﬁlunﬁ, SticH a8

resigiyes-deposited ondhe sesistefilei 128 @ndyy 127 and resist

(Step 8 and FIG.‘11~(f)), and a removing proce

a_de

the $ cgifi\%akglm %27 formed on %he \iv:ilfer W.is der%flﬁt‘_gred to be easil

sacrificial film 127, resist film 128, and pol
residues (Step 9 and FIG. 11-(g)).

[0073]

aghring

Ftu?ther, polymer

film 128
ss of the

yrer

Specifically, at first, a carrier C storing wafers

treated by the etching process is placed on the table 6.

Then, the 1lid 10a of the carrier C and the shutter 10

are retreated in the transfer station 3 side t

the corresponding window portion 9a. Then, a

o open

wafer W

at a predetermined position in the carrier C is

transferred into the wafer transit unit (TRS)
the wafer transfer pick 7a.

[0074]

13b by

Then, the wafer W placed in the wafer transit 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. 11-(f)).

[0075]

In this case, the lid 41b of the chamber

first retreated above the lower container 41la.

30 is

In this
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wafer W (such as polymer residues generated by the etching process) are
also denatured to be easily dissolved in the chemical liquid. As described
above, 20the process gas denatures the sacrificial film. 127, resist film,
and polymer residues. The supply rate and exhaust rate of the process
gas to and from the chamber 30 are contédlled for the interior of the
chamber 30 to have a predetermined positive pressure. 25[008Q)]

When the process using the process gas on the wafer W is finished, the

supply=afdhe pracess gas is ra3%sreiepped, Furtheryiogen gas ishe wafer
supplied from the process gas supply unit 16 into the chamber 30 to purge

the Thtéforusitle! chambers0 withmittbgen gas: Thas purge precesssisrted at
performed {o completely exhaust the Smixture gas of ozone and nitrogen

eveR RS the-&Xhatist IRt 82, 5-fa¢ hotikturs jaskp peéreandor
nitrogendions iomdne exfiaust ypit32 back inio the chamber 3pand. ¢, chea

leaks out of the chamber 30 when the chamber 30 is opened. therea

10[a081the Wihen4he nitrogenigasspwgednacess is finishednibisi zontal
confirmed that the inner pressure and external pressure of the chamber
30 dté fike Same) ThisTedone thecausésif theretramiber 30-is dpknetls moved

Whi|8 the inner 15pressure of the chamber 30 is higher than atmospheric
pressure:; {%18 cﬁﬁr%%gf 36 ni&lf b AaTaghd O Rier thasnherire8siers 46.

the chamber3(;is confirmed, the lock mechanism 35 breaks up the

clamping force applied to the lower container 41a and lid 41b, and then

bhe lid 2044bts=moved upa Mhenthedidf4lb isrmoverhup.dhe wafeWel§ From
moved up along with the lid 41b while being supported by the hook
mentbérs 4o Thh Lthe WateEtraMsfer afmadatis thskbited4nto the gapved

PR RSB S

25transfrérrg frolﬁﬂh% hook membe

lower container 41la, and the lock mechanism 35 is
further operated to set the chamber 30 in an airtight
state. When the 1lid 41b is moved down, the wafer W is
transferred from the hook members 46 onto the proximity
pins 44 on the way.

[0077]

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

[0078]

When the stage 33 and lid 41b are set at
predetermined temperatures (such as 110C to 120°C), and
the temperature distribution of the wafer W becomes
essentiaily uniform, a mixture gas of ozone and .

nitrogen (with an ozone content of 9 wt% and at a flow
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[0082] - 40 - 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
5dissolving/removing process (cleaning process) is performed to remove
the sacrificial film 127 and so forth from t€ wafer W (Step 9 described
above). [00831 When the dissolving/removing process is performed,
10the wafer W is transferred into one of the cleaning units (CNU) 12ato

12dr brthisdnit, apredaterminedchemicalliguid (suebassdiiea v supplied
hydrofluoric acid or amine-based chemical liquid) that can dissolve the
sacfiffiGal fifhel 27 peeseionhds suppiied toribperférni tHeo the chamber 30.

[ [ [ ificial film 127 and so forth (Ste
dlss&wr% /r.em\%\e/:ﬂg%dplr:o ess on the sacrificial film an (

9
described'abo .ﬁﬁ@)ﬂﬁO@ﬂ%ﬁ&?ﬁzaﬁ%%&bﬂq@ the chamber
dissglying/remquiag pipaess 201s perarmied. fie.waler Y3 fA0FRNE rogen

into one of the cleaning units (CNU) 12a to 12d. The wafer W is placed o
the spintchuek 4 1anekis helththeseprpessentially isra: Berizentalrstate by, , 0.2
means of vacuum suction. Then, a chemical liquid that can dissolve
MPa by gauge pressure.
[0079]
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
expressed in terms of liquid, for example) is supplied
from the process gas supply unit 16 into the chamber 30.
With this process gas, the sacrificial film 127 formed
on the wafer W is denatured to be easily dissolved in a
particular chemical liquid, such as HF. Further,
polymer residues deposited on the resist film 128 and
wafer W (such as polymer residues generated by the
etching process) are also denatured to be easily
dissolved in the chemical liquid. As described above,
the process gas denatures the sacrificial film 127,
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.
[0080]
When the process using the process gas on the

wafer W is finished, the supply of the process gas is



10

15

20

25

25denatured substances of the sacrificial film 127 and so forth is supplied

from the cleaning liquid delivery nozzle 81 of the cleaning liquid supply
mechanism 80 - 41 - onto the surface of the wafer W to form a puddle of

the solution. After this state is held for a predetermined time, the wafer W

is rotated to throw off the chemical liquid {fonithe surface of the wafer

Further, while 5the wafer W is rotated, the chemical liquid is supplied onto

the surface of the wafer W to completely remove the sacrificial film 127
andssofasthd At this tintes the resist ditrerl 28zandipolyuppiesiduesrane alse:
dissolved and removed by the chemical liquid for 10removing the
sachfiGigPfh T2F AfEPRHe chérhical fqui proddss, whigserwafertw igurge

rotated by the drive motor 72, purified water is supplied, onto the wafer W _ .
to Ste?r}f%rr%natv?/gt%?gva% in%%péroéﬂé%n (g))rel th(?’ \9va¥'elr .?ﬁé%r{ciﬁgr\l/vﬁgrsw isThls

VOt?ge%%‘}m?Eaﬁi%’@é speed to,15 perfaum spin-drying: Jhespin-grying of thee

wa may be performed while a drying gas is supplied onto the wafer

W. [008blire gas Aflamaged portiom 18@ dsytarmedday thisoprocess kaxhaust
20the surface of the Low-k film 124, as shown in FIG. 11- (g)This

dan¥abed portio 2364 poftidhiéttahiddpsm athyrireptiobie Stdid tagen

hydrophilic state when the Low-k film 124 is.subjected. to the
S SrGng Broc i Step BT hiE parar pebibataS e amber 30

spegifig dieleqtec sonstant efifbe diownk dim 31241004 thus ingreasestheo ;s
parasitic capacitance between interconnection lines after interconnection
opened thereafter.

[0081]

When the nitrogen gas purge process 1s finished,
it is confirmed that the inner pressure and external
pressure of the chamber 30 are the same. This 1is done,
because, 1if the chamber 30 is opened while the inner
pressure of the chamber 30 is higher than atmospheric
pressure, the chamber 30 may be damaged. After the
inner pressure of the chamber 30 is confirmed, the lock
mechanism 35 breaks up the clamping force applied to
the lower container 4la and 1lid 41b, and then the 1lid
41b is moved up. When the 1lid 41b is moved up, the
wafer W is moved up along with the 1id 41b while being
supported by the hook members 46. Then, the wafer
transfer arm l4a is inserted into the gap between the
lower container 4la and lid 41lb, so that the wafer W is
transferred from the hook members 46 onto the wafer
transfer arm 1l4a.

[0082]
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- 42 - line formation. Consequently, problems arise in electric properties
such that a signal delay occurs and the insulation between groove
interconnection lines is deteriorated. At this time, although FIG. 11-(g)
clearly shows the damaged portion 130 formed in the Low-k film 124 for
the sake of convenience, the boundary béfveen the damaged portion 130
and non-damaged portion is not necessarily clear. (0086] 10In light of the
problem described above, after the dissolving/removing process of Step 9,

a silylationypiecessHs pegprned (SleplO-REEIG.sL 15 (M) tegover thee of
damage of the damaged portion 130 of the Low-k film 124. 15[0087]
Dariéigedt pditiods of this kimd have tesstatéOwith damalge dsddhovirhin FIG.

12. Specifically, the Low-k film_124, which has methyl groups (Me) as end

grodfis arid tHus s hdrophbiE, FEsES Ritfh Watdt MolEEuRS2bdifihg ¥fid
denaturing DroGess sing water vapgr an 85&@%9{3@0@“% the

dissolving/removing process. Consequently, the nu 'of methyl groups

is decreasad:and he-numberobhyskexd greupsds increased-seanthes
sidewall of the via-hole 124a, so the specific 25dielectric constant

(k-valaef rhnedased rassodinglye trreasiiyistibn iprdcdsslis performed teo

make the Lok fim surface hycigeghig 1 Wereby ; 43 - gsoyer he

[0083]

When the dissolving/removing process is performed,
the wafer W is transferred into one of the cleaning
units (CNU) 12a to 12d. In this unit, a predetermined
chemical ligquid (such as dilute hydrofluoric acid or
amine-based chemical liquid) that can dissolve the
sacrificial film 127 and so forth is supplied to
perform the dissolving/removing process on the
sacrificial film 127 and so forth (Step 9 described
above and FIG. 11-(g)).

[0084]

Specifically, 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 chemical liquid that can dissolve
denatured substances of the sacrificial film 127 and so
forth is supplied from the cleaning liquid delivery

nozzle 81 of the cleaning liquid supply mechanism 80
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In the silylation process, the wafer W is transferred into one of the

silylation units (SCH) ha 5and 11, and is placed on the support pins 64 of

the hot plate 62. Then, a silylation agent, such as DMSDMA vapor, carried

by N2 gas is supplied into the chamber 61. The conditions of the silylation
process are suitably selected in accordarfde with the type of the

10silylation agent, as follows. For example, the temperature of the

vaporizer 63 is set to be from a room temperature to 50C. The silylation
agephilew fate issetta-be 86 tonk0 ghmiw: ThedN? gas(purgp@as) Howr the
rate is set to be 1 to 10 L/min. The process 15pressure is set to be 532 to
95,876LR& {41to 720 Toer). The eenyieratere of telhotislates6 Disesit tebrined
from room temperature to 200t. Where DMSDMA Is used as the silylation

agehtTe foiRWiING Afethdl ity BRI exaiiify. Sidciffdify thgmical
temperatur hpt. 20pl iS S 0 the inn re of .
the gﬁéﬂm%gr %Iit ?s% déeglr%a%g&eﬁ% %‘E'Igoﬁ%(il£ 69%% Igfg)?@%e@rf D S&ljjp‘l\%leigv%'po%lle
carriggbywbl2cgasis suppliadintaitheahambentilountil theyinner pEessu 1ied
reaches 55 Torr. Then, the process is performed for, e.g., 3 minutes,

25whilé mdihriribg flrcpressute) Fhe sifyatitn feactionubiieDV SEWAvVe

is expressed by the following che{nZig]al formula l. - 44 - [oopz?g] LCh_emicaI

and so forth. his time,

fornfuls 1FEERERE 1 EH3ICH3

the resist film 128 and polymer residues are also
dissolved and removed by the chemical liquid for
removing the sacrificial film 127. After the chemical
liquid process, while the wafer W is rotated by the
drive motor 72, purified water is supplied onto the
wafer W to perform a water washing 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.

[0085]

A damaged portion 130 is formed by this process in
the surface of the Low-k film 124, as shown in FIG. 11-
(g). 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 9. This portion
increases the specific dielectric constant of the Low-k
film 124, and thus increases the parasitic capacitance

between interconnection lines after interconnection
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CH3 - Si- N+ HO ¢c=> CF13-Si -0 + H-N Il N CH3 HH [0090] The silylation
agent is not limited to DMSDMA 10described above, and the agent may
comprise any substance as long as ft causes a silylation reaction.

However, it is preferable to use a substance having a relatively small
molecular structure selected from the T:orf‘\%ou‘nds including silazane

bonds (Si-N bonds) in 15molecules, such as a substance having a

molecular weight preferably of 260 or less, and more preferably of 170 or
lessl Namelyrexamplas otlesthayDMIDMA aredidVBs arise in
(Hexamethyldisilazane), TMSDMA (Dimethylaminotrimethylsilane), TMDS
(1,13,3<EaTetranetiidisiRzafe)C TMSsykoRe (31 TrmbtiiasBipyrele)rs and
BSTEA (N,OBii trimethylsilyitrifluoroacetamide), and BDMADMS ,
(Bis%é}r%e%ﬁlysfélmlntoljﬁi%ekfﬁy § a%%).%?fﬁ%%,l ggconnection lines is

(1.1 33Jetrametbyldisilazang); IMSOMA 31 thougn FIG. 11-(q)
25(Dimethylaminotrimethylsilane), and DMSDMA

(Dimethylsilyldimhethylantire)dae prefarablie.t Thechernicabstrseiures afhe

these substances are as follows. - 45 - [0091] [Chemical formula 2]
Low-k film 124 for the sake of convenience, the
boundary between the damaged portion 130 and non-
damaged portion is not necessarily clear.

[0086]

In light of the problem described above, after the
dissolving/removing process of Step 9, a silylation
process is performed (Step 10 and FIG. 11-(h)) to
recover the damage of the damaged portion 130 of the
Low-k film 124.

[0087]

Damaged portions of this kind have a state with
damage as shown in FIG. 12. Specifically, the Low-k
film 124, which has methyl groups (Me) as end groups
and thus is hydrophobic, reacts with water molecules
during the denaturing process using water wvapor and
ozone and during the dissolving/removing process.
Consequently, the number of methyl groups is decreased
and the number of hydroxyl groups is increased near the
sidewall of the via-hole 124a, so the specific
dielectric constant (k-value) is increased.
Accordingly, the silylation process is performed to

make the Low-k film surface hydrophobic, and thereby
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- 43 -

recover the damage.

[0088]

In the silylation process, the wafer W is
transferred into one of the silylation units (SCH) 1lla
and 11, and is placed on the support pins 64 of the hot
plate 62. Then, a silylation agent, such as DMSDMA
vapor, carried by Ny gas is supplied into the chamber
61. The conditions of the silylation process are
suitably selected in accordance with the type of the
silylation agent, as follows. For example, the
temperature of the vaporizer 63 is set to be from a
room temperature to 50°C. The silylation agent flow
rate is set to be 0.6 to 1.0 g/min. The Ny gas (purge
gas) flow ra%e 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 by Np gas 1s supplied into the
chamber 61 until the inner pressure reaches 55 Torr.
Then, the process is performed for, e.g., 3 minutes,
while maintaining the pressure. The silylation

reaction using DMSDMA is expressed by the following

chemical formula 1.
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TMS DMA CH3CH3 25H-Si-NH-Si-H CH3CH3 TMDS TMSpyro le - 46 -
[0092] Where damage recovery is performed by the silylation process
described above, the k-value is decreased to some extent, but cannot
reach a Spredetermined level in mapgy cases. By studying this mechanism
it has been found that this is due to the following reason. Specifically,
where a porous material is used for the Low-k film 124 as in the current
trend,[ta'nggs&jre is contained in the Low-k film

[Chemical formula 1]

7 cHs fHe ,CH
CH3-—S‘:i- N\ + HO+ = CH3--S|i-O + H-—N\
H CHs3 " H CHs
[0090]

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 is preferable to use a substance having a
relatively small molecular structure selected from the
compounds including silazane bonds (Si-N bonds) in
molecules, such as a substance having a molecular
weight preferably of 260 or less, and more preferably
of 170 or less. Namely, examples other than DMSDMA are
HMDS (Hexamethyldisilazane), TMSDMA
(Dimethylaminotrimethylsilane), TMDS (1,1,3,3-
Tetramethyldisilazane), TMSpyrole (1-
Trimethylsilylpyrole), BSTFA (N,0-
Bis(trimethylsilyl)trifluorocacetamide), and BDMADMS
(Bis(dimethylamino)dimethylsilane). Of them, TMDS
(1,1,3,3-Tetramethyldisilazane), TMSDMA
(Dimethylaminotrimethylsilane), and DMSDMA

(Dimethylsilyldimethylamine) are preferable. The

chemical structures of these substances are as follows.
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10124 during the denaturing process and dissolving/removing process

(see FIG. 11-(f) and -(g)), and then this moisture reacts with a silylation

agent supplied in the silylation process to generate an Si-containing
by-product. The Si-containing by-product 15thus generated typically has a
high k-value exists at the surface and4éside of the film, and prevents the
k-value from being sufficiently recovered even if the silylation process is
performed to recover damage by forming end groups of alkyl groups, such

as meth[y(l) gggﬁoups. [0093] In light of this, according to this

embodiment, after the silylation process is performed on a wafer W, a

baking process issperfermad an the wafer W in one of 25the hot plate

units (HP) 19a to 19d (Step 11 and FIG. 11-(1)). Consequently, the
Si-containing by-product in the Low-k film 124 is decomposed and

removed, the - AEH Low-k film 124 is free from the Si-containing
byproduct?}gt increadet the k-value, so the k-value of the Lowtz_tﬂ_nslﬂtm)s
IS m_i_g __r_grm_e_r _.__I_E?%?M When the balg pr_oys’s |
pe e o] T iRe hot'plate units (HP) 19ato 19d, a __iSSi (CH )
transferrechthrough t afer transfer port (not shown) formed it the 33
sidewall 914'9f the ¢ ber 91 and placed on the table 92. Then, the

heater 93 is supplied with 10a power to heat the wafer W on the table 92.

The heating{¢§yhper8ture used at this time is preferably s tSbd rh:gﬁer

than the temperature of the silylation process, because the Si-containing
by-product needs to be decomposed. Specifically, the heating

temperature 15is preferably set to be 150 to 400C, and more preferably to

be 300 to 3&%: ‘6“3? baking process may

o CH: CH: CHi

H—si—A N — SieN

R

CHs CHs CH: CH: CH;
DMSDMA BDMADMS

CHs CH
Lol | o Chscy
CW-*§~ﬁ CHi— §i—N_ éH
Ct: CHy o, OFF
TMSDMA TMSpyrole
CH:  CHy
| l
H—$i—NH—3i~H
CHs CHs

TMDS
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be performed in the silylation units lla and 11b. [0095] After the baking
process is thus performed, the 20wafer W is transferred by the transfer
arm 14a from the hot plate unit (HP) onto the wafer transit unit (TRS) 13a.
Then, the wafer W is transferred by the wafer transfer unit 7 into a carrier
C, which is then transferred from the 61ea4‘ﬁng"apparatus 104. 25[0096]
Then, the wafer W is transferred into the sputtering apparatus 106, in
which a barrier metal film - 48 - and a Cu seed layer (i.e., plating seed
layer) are fpomed pn the inner surface of the via-hole 124a and trench
124b. Then, the wafer W is transferred into the electrolytic plating
apparatus 102 rif ek e6ppes AB1ISBUsetisaarT fameansstiontime

metal is embedded in the via-hple 124a and trench 124b by electrolytic
Dot (T A5 B HESTE. (B AFer et e Fator I R SufedEd 5 a

heayprocess 1oyperforgy,an anpealing pigcess. ofinecopper 31

embedded in the via-hole 124a and trench 124b (no annealing apparatus

is shaowwat st ElG i) eThans the watemAry treastesred iBtp theu@MPng this

apparatus 109, in which a planarization process of the wafer W is

perfdafRed by FCMIE nfgBod tStep A3y nCofseduehily.sa predéterntifed ne

sem%é)?fuctor 159e\éigg Ii}s magufaé::tL ed:a [9§97] . As descrg)eg above,

ino 0 Femidve the sattificiaPfim and $6 forrﬂ{f,rtﬁe JakrifictaTilm

127 gnd sosforth are depatured-to-be selybledng 1y 124 as in the
current trend, moisture is contained in the Low-k film
124 during the denaturing process and
dissolving/removing process (see FIG. 11-(f) and -(g)),
and then this moisture reacts with a silylation agent
supplied in the silylation process to generate an Si-
containing by-product. The Si-containing by-product
thus generated typically has a high k-value exists at
the surface and inside of the film, and prevents the k-
value from being sufficiently recovered even if the
silylation process 1is performed to recover damage by
forming end groups of alkyl groups, such as methyl
groups.

[0093]
In light of this, according to this embodiment,

after the silylation process is performed on a wafer W,
a baking process is performed on the wafer W in one of
the hot plate units (HP) 19a to 19d (Step 11 and FIG.

11-(1i)). Consequently, the Si-containing by-product in

the Low-k f£ilm 124 is decomposed and removed, and the
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20 predetermined chemical liquid, and then the denatured substances are
dissolved and removed by the chemical liquid. Where this method is
adopted, the silylation process is performed to recover damage formed to
the Low-k film 124 until the dissolving_/_rer% ving process, 25and then the
baking process is further performed. ConSequently, the Si-containing
by-product that is generated by the silylation and prevents recovery of -

49 - the k-value is decomposed, so the k-value of the Low-k film 124 is
sufficiently recomered4[0098The Lowesknfilnh 224 with @npatternrfgringd
thereon 5may be damaged by the process using water vapor and ozone in
the BBAGHFIRg U VO FI5E BisEBRingmemdifg FOckES ukinged ue of
cheg}il%alﬂict)q\ldji_q(is ts:lLJ%snetltéeptlg 5perfﬁ)]Elr??d on ntJE'i film wéthvseurt:g do!amage,
pattérn peeling may be cause Inﬁlg of t]hIS, a f’OSﬁf?la?lon process may
be performegijaefore the dissolving/removing process, so that the damage
of the Low-k film 124 is recovered. This silylation process may be
performediiinene ohthesilylationemits daanddibde te same mannecaf the
that of the silylation 15process performed after the dissolving/removing

prodes. Pobef UnA hfe-hHKihgprcdsy maf beperdfftd'betsre the
siylation pracess perfpuned after he, dlssqving/temovipg process, Wity o,

this heating, 20moisture remaining on the wafer W is removed, so that the
effegtafiibg silylationR prress isienhanceds The beatingntemperatuedisedaced
at this time is preferably set to be 200C or less. Further, in order to

effectivety eerheve moisture, tHeeheatingatehipetaturedis prefesaplylied with

a power to heat the wafer W on the table 92. The
heating temperature used at this time is preferably set
to be higher than the temperature of the silylation
process, because the Si-containing by-product needs to
be decomposed. Specifically, the heating temperature
is preferably set to be 150 to 400°C, and more
preferably to be BOO‘to 360°C. This baking process may
be performed in the silylation units 1lla and 11b.

[0095]

After the baking process is thus performed, the
wafer W is transferred by the transfer arm 14a from the
hot plate unit (HP) onto the wafer transit unit (TRS)
13a. Then, the wafer W is transferred by the wafer
transfer unit 7 into a carrier C, which 1is then
transferred from the cleaning apparatus 104.

[0096]

Then, the wafer W is transferred into the

sputtering apparatus 106, in which a barrier metal film
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25set to be 50C or more. This pre-baking process may be performed in
the hot plate units (HP) 19a to 19d or silylation units lla and 11b. - 50 -
[0100] Next, an explanation will be given of an experiment conducted to
confirm effects of the present invention. In this experiment, the Low-k film
124 was 5formed of a porous Low-k fitm @8vatue: about 2.5) and
processed in different manners, as shown in Table 1. Specifically, they
were a manner (initial: No.1) in which no process was performed thereon,

a mangerz(Na;2)siavhich paly the denaturingProcessdVOS) AN ) are
10dissolving/removing process (Wet) were performed thereon without the
silylatamprbcess & mainmee (Ne.3) ifewkich the denatusing precass4yY Go)d
and dissolving/removing process (Wet) were performed thereon and then

the §ifyRatidh proéBss (L as BSfuFthéER peHorhfed theredit arranheto the

(No.4) in.which the denaturing process _(VOS), dissolving/removin

proceeisé ?g\/;le%!}é%dcsi@?a?%rl} %Jége%%a(f(ﬁﬁ)l E)vefgzérféf?n &d fh%fe%ﬁ BRa* 131
then,thecbakingprocess (Bake) wasifyrther performedh thereqn gt 200, 15
and a manner (No.5) in which 20denaturing process (VOS),
dissblving/remdbving pictéss Wt and siylagidio ptogess ¢eKRY Wete ¢
performed thereon and then the baking process (Bake) was further

perf8iricd ierdSir &P3%6C 28§ uEd Bf thelrow K fitm T2eike’ Predessede
the iGyallie af roamJlemperature. Z25the leakage currentat MV, the | an
(@)

degasification of HoO,
annealing process of the copper 131 embedded in the

via-hole 124a and trench 124b (no annealing apparatus
is shown in FIG. 1). Then, the wafer W is transferred
into the CMP apparatus 109, in which a planarization
process of the wafer W is performed by a CMP method
(Step 13). Consequently, a predetermined semiconductor
device is manufactured.

[0097]

As described above, in order to remove the
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. Where this method is adopted, the silylation
process is performed to recover damage formed to the
Low-k film 124 until the dissolving/removing process,
and then the baking process is further performed.
Consequently, the Si-containing by-product that is

generated by the silylation and prevents recovery of
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and the degasification of a substance having a molecular weight of 75
were measured. Table 1 shows - 51 - results of the measurement. [0101]
In this experiment, the process conditions were set as follows.
5Denaturing process (VOS): at 105C for | min, Dissolving/removing
process (Wet): with organic alkaline c‘herﬁﬂ:ar‘liquid for 1 min,

Silylation process (LKR): at 150C for 150 sec, and Baking process (Bake):
at atmospheric pressure for 1030 min. [0102] As shown in Table 1,

whesedhe sifylatien process wasqaestoymed, racovenrefithe komlugand.ow-k
decrease in the leakage current were obtained. Further, where the

15bkig groéesswas petoimad afterthecsilykaidn process, recovery of

the k-value was developed. Particularly, where the baking process was
performed By %%&2 the k-value was recovered by about 0.3, as compared

to the casayyhere,gnly tha shylation prpeess, 204as PEHOUNEJIE he reon

degasification of a substance having a molecular weight of 75 was large

aftendhe silylationprecess; buh i wassdesseased alierthe dakingqrecesst
and particularly after the baking process at 350C. It is though that the
substapee 25hating dfmoddouizkveightiof 76iwas an Si<ohtsning

dissolving/removing process using a chemical liquid is
subseguently performed on the film with such damage,
pattern peeling may be caused. In light of this, a

- silylation process may be performed before the
dissolving/removing process, so that the damage of the
Low-k film 124 is recovered. This silylation process
may be performed in one of the silylation units 1lla and
11b in the same manner as that of the silylation
process performed after the dissolving/removing process.

[0099]

A pre-baking process may be performed before the
silylation process performed after the
dissolving/removing process. With this heating,
moisture remaining on the wafer W is removed, so that
the effect of the silylation process is enhanced. The
heating temperature used at this time is preferably set
to be 200°C or less. Further, in order to effectively
remove moisture, the heating temperature is preferably
set to be 50°C or more. This pre-baking process may be
performed in the hot plate units (HP) 19a to 1%d or

silylation units 1la and 11b.
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by-product, and recover of the k-value obtained by the baking process
was caused by a decrease in this Si- - 52 - containing by-product.
Further, moisture was slightly decreased by the baking process, and this
moisture decrease supposedly contributed to recover of the k-value to
some extent. 51015 25 -53-[0103] @eg’é\sification of substance
having molecular weight of 75 ot-OIXTZ

[0100]

Next, an explanation will be given of an
experiment conducted to confirm effects of the present
invention. In this experiment, the Low-k film 124 was
formed of a porous Low-k film (k-value: about 2.5) and
processed in different manners, as shown in Table 1.
Specifically, they were a manner (initial: No.l) in
which no process was performed thereon, a manner (No.2)
in which only the denaturing process (VOS) and
dissclving/removing process (Wet) were performed
thereon without the silylation process, a manner (No.3)
in which the denaturing process (VOS) and
dissolving/removing process (Wet) were performed
thereon and then the silylation process (LKR) was
further performed thereon, a manner (No.4) in which the
denaturing process (VOS), dissolving/removing process
(Wet), and silylation process (LKR) were performed
thereon and then the baking process (Bake) was further
performed thereon at 250C, and a manner (No.5) in which
denaturing process (VOS), dissolving/removing process
(Wet), and silylation process (LKR) were performed
thereon and then the baking process (Bake) was further
performed thereon at 350C. By use of the Low-k film
124 thus processed, the k-value at room temperature,
the leakage current at 1MV, the degasification of H»O,
and the degasification of a substance having a

molecular weight of 75 were measured. Table 1 shows



5-01X911. L-01.X8' 8-01XV6 2-0LXC17 044 J-0 uogeowso2aa 8-0LXit
&MOT 8-01.X89 2-01XT9 Leakage @1 MV (A/lcm2) 6-01XTL 9-01X97
5-01.XT1 5-0LXE7 6-01.XL1 @R.T.
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results of the measurement.

[0101]

In this experiment, the process conditions were
set as follows.

Denaturing process (VOS): at 105°C for 1 min,

Dissolving/removing process (Wet): with organic
alkaline chemical liguid for 1 min,

Silylation process (LKR): at 150°C for 150 sec, and

Baking process (Bake): at atmospheric pressure for

30 min.

[0102]

As shown in Table 1, where the silylation process
was performed, recovery of the k-value and decrease in
the leakage current were obtained. Further, where the
baking process was performed after the silylation
process, recovery of the k-value was developed.
Particularly, where the baking process was performed at
350°C, the k-value was recovered by about 0.3, as
compared to the case where only the silylation process
was performed. The degasification of a substance
having a molecular weight of 75 was large after the
silylation process, but it was decreased after the
baking process and particularly after the baking
process at 350°C. It is though that the substance
having a molecular weight of 75 was an Si-containing
by-product, and recover of the k-value obtained by the

baking process was caused by a decrease in this Si-
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EZI1tCsitTZ VOSH-Wet VOS-1-Wet-ELKR VOS+Wet+LKR+Bake
250deg VOS+Wet+LKR+Bake 350deg I-. LEJ

- K2 -

containing by-product. Further, moisture was slightly
decreased by the baking process, and this moisture
decrease supposedly contributed to recover of the k-

value to some extent.
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- 54 - [0104] The present invention is not limited to the embodiment
described above, and it may be modified in various manners. For
example, in the embodiment 5described above, the denaturing process of
the sacrificial film and so forth is performed using a mixture gas of water
vapor and ozone, but the process may béperformed solely using ozone
without water vapor. Where the process is performed solely using ozone,
the 10reactivity becomes lower as compared with a case using water
vapor and pggnpe,jbut the sacrificial film and so forth thus denatured can
be sufficiently dlssolved in the subsequent dissolving/removing process
using a chemical liquid. 15[0105] Further, the Low-k film on which
damage recovery can be achieved by the silylation process is not limited

to a specific film, pnd if, may be an 5OD [film gf porpus MSQ. Alternatively,
for example, an O@Q%as dfllm which isjan inorganic insulating film
formed by CVD, Qsed Arflln"bf hf§ ty p‘@c fbe|prepared from a
conventional Si07 filngyintrad&ing g Iylc %psgcﬂ) into Si-0
bonds present on the fﬁn’gtg,) i>&58|-C 3|bends theyewith. Black Diamond
25(Applied Mater IggLEj—% CoraMNovellisLtd.5 and Adrora (ASM Ltd.)
correspond to thig tﬁ)eo Furéhermore, it is possiblejto empploy a porous
Si0C-based film. 55 -
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Also, it is possible to employ an MSQ-based insulating film having a
compact texture in place of a porous texture. [0106] 5In the embodiment
described above, the present invention is applied to a process using a
dual damascene method for manufacturi? a semiconductor device
including a copper interconnection ling, b8fthis is not limiting. The present
invention may be 10applied to any process in which an etching target film
may be deteriorated, and a substance to be denatured and removed is
present. MGSUWR 1 56 - 4 S [1] A substrate processing method
comprising: performing an etching process on a low dielectric constant
film dispos&denrarstbstiratel tvereby dorning aqiredeteirnmé dtpattene
thereon; . denaturing a remaining substance to be soluble in a

preo‘héf@mh@&ﬂauig%?t%?ﬁ%e&cﬁ%v&oc@&q i?dfgééﬂv}?@ gﬁtfiif.iEd in
fem,%'g%ﬁ% sphstance;thus denatyr '%Su&W@%h%ﬁgeod?e{%@y@ed

liquid thereon; 10then, performing a silylatiot process on a surface of the
low digtedtieeensigydfibm, by supplyig - SiiAtORRGEN thereenafter

said dissolving and removing the substance denatured; and baking the

substeate Bftertelsilyiation prdcess; 165whbrels after Saidrdshatgrimypaa

rem%ngﬁ%ngggeof water vapor and ozone, but the process
may be performed solely using ozone without water wvapor.
Where the process is performed solely using ozone, the
reactivity becomes lower as compared with a case using
water vapor and ozone, but the sacrificial film and so
forth thus denatured can be sufficiently dissolved in
the subsequent dissolving/removing process using a
chemical liquid.

[0105]

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 Si0C-
based f£ilm, which i1s 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.



and before said dissolving and removing the substance denatured, the
method further comprises performing a silylation process on a surface of
the low dielectric constant film with the pattern formed thereon, by
supplying 20 a silylation agent thereon. [2] The substrate processing
method according to claim 1, whereinthe?®w dielectric constant film
comprises a porous low dielectric constant material. [3] The
substrate processing method according to claim 25 1, wherein the low
dielectsie constantfilpuinghisies alkyl grgupsiasendigoupssed BlIheating
substrate processing method according to claim NICS1.12 1, wherein
saidfderattiint-a demaitiip sulstaned corfprises BUpPKimya pravessygas
containing water vapor and ozone. [5] The substrate processing
metﬁS&‘%%Egrding to claim 1, wherein said denaturing a remaining
substance (E@q\§@§es 5 supplying a process gas containing ozone. [6]
The substrate processing method according to claim 1, wherein the
predetermimed tigusid campiisesan atidie of akaliag ehemicahbiqyde sent
[7] The substrate processing method according to claim 10 1, wherein the
silylatisteagemtiused feirthéisigiation Provesscdmpises & cordpadnd
incllgjdin s lazane bor%ds S%:: l\%% in molgcules. _ [a8] The substrate
proce%rsTl acrﬁ&%oﬁ%% 8rdingO gy ?\f/Fi}élreJrﬁlﬁle c&ﬁﬁéﬁﬁ&fﬁ%ﬁﬁ%
silazane honds in 15 melgcules s, selected fram the, groupLensisting of
TMDS (1,1,3,3-Tetramethyldisilazane), TMSDMA

this is not limiting. The present invention may be

applied to any process in which an etching target film
may be deteriorated, and a substance to be denatured

and removed 1s present.
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(Dimethylaminotrimethylsilane), and DMSDMA
(Dimethylsilyldimethylamine). [9] The substrate processing method
according to claim 20 1, wherein said baking the substrate is performed at
a temperature higher than a temperature used for the silylation process.
[10] The substrate processing method agcarding to claim 9, wherein said
baking the substrate is performed at 25 a temperature of 150 to 400C.

[11] The substrate processing me&thgd}g?\%ogpigg to claim 1, wherein the
method further comprises performing a MOSUP - 58 - baking process

before the silylatignprosess pedewned affersaif alissohving andmemoving
the s_ubstance denatured. [12] A substrate processing method comprising:
formingpa sactificialdfilanore & dovi e leetric SScorstant fimrdispeseddrac
substrate; forming an etching mask on the sacrifici%l film anc%gtr(:rgilr}% A

frensdeiiciaf fithiaAd The e didtecirid BEISARTfim, thereby Torming a
gredgéecréngneld Q%tte({‘ t%%gqpnéﬁgggg@ltyr@ng th_e s_acrificial film and the
t%‘ﬁmg Mask to e%ofu e In a predetermined liquid;

denaturing a remaining substance to be soluble in a
predetermined liquid after the etching process;

dissolving and removing the substance thus denatured,
by supplying the predetermined liquid thereon;

then, performing a silylation process on a surface of
the low dielectric constant film, by supplying a silylation
agent thereon, after said dissolving and removing the
substance denatured; and

baking the substrate after the silylation process;

wherein, after said denaturing a remaining substance
and before said dissolving and removing the substance
denatured, the method further comprises performing a
silylation process on a surface of the low dielectric
constant film with the pattern formed thereon, by supplying
a silylation agent thereon.

[2] The substrate processing method according to claim
1, wherein the low dielectric constant film comprises a
porous low dielectric constant material.

[3] The substrate processing method according to claim
1, wherein the low dielectric constant film includes alkyl
groups as end groups.

[4] The substrate processing method according to claim
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dissolving _and rgm_oving the substance thus denatured, by supplying the
predetermined liquid thereon; then, performing a silylation process on a

surface of 15 the low dielectric constant film, by supplying a silylation MCSLLP

agent thereon, after said dissolving and removing the substance
denatur_ed; and bqking the substrate after the silylation process; wherein,
after said denaturing a remaining substance 20 and before said dissolving

and removing t%%&?i%?] tanc delngturgd @Igamﬁg'g)(? further-comRrisesprises

. . =
E)eerﬁﬁlﬁ’ﬁjaFQ 70268 oh & surface 0 ow dielectric constant

film.with the pattsin formed fhereasy by supplying:a sitylat

u i ; R sitylatigroagentd ozone.
ﬁwr&rggr? 2%13] he substrate processing method according to claim 12,
wherein the fove dieléctic eorstamofilrsedmprises- 2 pBrasdef disrctic clain

constant material. Malt-59 - ~ [147 The substrate prgcessi thod .
accorbingabeldim-t2 ARereihtthedof d?&f@%frfél@mq\s%%? ?ifsalg P ses

m inc?u es

glél{(hgclﬁ%‘rougs as eng rggwi. gas ¢ &l e substrate processing method

vl
|¥lg g 5'claim rein said denaturing a remaining substance

comprises; SupRlyingBRIEsesS gas centaining meaterovapor anddizopeto claim
[16] Thg substrate processing method according to claim 12, wherein said
denaturing areniainipg sdbsanté 16tohisised SUPPRANG 8 protekgas © ©F
cor_1taini_ng ozone.  [17] The substrate processing method according to

daik? 12 DwheRaH it pretibBHifined liquid comprises an acidic or alkaline

R R e
1, wherein the silylation agent used for the silylation
process comprises a compound including silazane bonds (Si-
N) in molecules.
[8] The substrate processing method according to claim
7, wherein the compound including silazane bonds in
molecules is selected from the group consisting of TMDS
(1,l,3,3—Tetramethyldisilazane), TMSDMA
(Dimethylaminotrimethylsilane), and DMSDMA
(Dimethylsilyldimethylamine) .
[9] The substrate processing method according to claim
1, wherein said baking the substrate is performed at a
temperature higher than a temperature used for the
silylation process.
[10] The substrate processing method according to
claim 9, wherein said baking the substrate is performed at
a temperature of 150 to 400°C.

[11] The substrate processing method according to

claim 1, wherein the method further comprises performing a
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_silylation process comprises a compound including silazane bonds (Si-N)
in molecules. [19] The substrate processing method according to

claim 18, wherein the compound including silazane bonds in 20 molecules MCSLLP

is selected from the group consisting of TMDS
(1,1,3,3-Tetramethyldisilazane), TMSDMA_(Dimethylaminotrimethylsilane),
and DMSDMA (DimethylsilyldimethYlamine). [20] The substrate

rocessing method according to claim.12, wherei i '
bR oNS PeroimEd S0 A taperatire Saner oz Ercporaiirs esd’

forthe silylation; pracess: MCIWd" r 80ovingl2dhZhe substialee denatured.
processing method according to claim 20, wherein said baking the

substrateds perferhed ata tempperatsrel ol 3¢toMed G omp 29} THe
substrate processing method according_to 5 claim 12, wherejn the method

further EdRIprises i‘)eﬁ%ﬁﬁﬁjﬁi&. Bﬁ&iqﬁ%o@% Beford'the iy fation™ ©
DS PeroTR] ATIEE S3E 330G Qe iEmAYIng the substance

forming an etching mask on the sacrificial film, and
etching the sacrifigial film and the low dielectric
constant film, thereby forming a predetermined pattern
thereon;

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

dissolving and removing the substance thus denatured,
by supplying the predetermined liquid thereon;

then, performing a silylation process on a surface of
the low dielectric constant film, by supplying a silylation
agent thereon, after said dissolving and removing the
substance denatured; and

baking the substrate after the silylation process;

wherein, after said denaturing a remaining substance
and before said dissolving and removing the substance
denatured, the method further comprises performing a
silylation process on a surface of the low dielectric
constant film with the pattern formed thereon, by supplying
a silylation agent thereon.

[13] The substrate processing method according to
claim 12, wherein the low dielectric constant film

comprises a porous low dielectric constant material.
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[14] The substrate processing method according to
claim 12, wherein the low dielectric constant film includes
alkyl groups as end groups.

[15] The substrate processing method according to

5 claim 12, wherein said denaturing a remaining substance
comprises supplying a process gas containing water vapor
and ozone.

[16] The substrate processing method according to
claim 12, wherein said denaturing a remaining substance

10 comprises supplying a process gas containing ozone.

[17] The substrate processing method according to
claim 12, wherein the predetermined liquid comprises an
acidic or alkaline chemical liguid.

[18] The substrate processing method according to

15 claim 12, wherein the silylation agent used for the
silylation process comprises a compound including silazane
bonds (Si-N) in molecules.

[19] The substrate processing method according to
claim 18, wherein the compound including silazane bonds in

20 molecules is selected from the group consisting of TMDS
(1,1,3,3-Tetramethyldisilazane), TMSDMA
(Dimethylaminotrimethylsilane), and DMSDMA
(Dimethylsilyldimethylamine) .

[20] The substrate processing method according to

25 claim 12, wherein said baking the substrate is performed at
a temperature higher than a temperature used for the

silylation process.
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[21] The substrate processing method according to
claim 20, wherein said baking the substrate is performed at
a temperature of 150 to 400°C.

[22] The substrate processing method according to
claim 12, wherein the method further comprises performing a
baking process before the silylation process performed

after said dissolving and removing the substance denatured.



