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*159159* *(00002* D ES CRI1 P T 1 ON SUBSTRATE

Pm m" WHCD AND STORAGE MEDI UM Technical Field
present invention relates to a substrate

processiissg net hod for performng a denaturing process

fﬁ'Mﬂm‘ﬁw mw'g a predetermined substance and a process

g and renovi ng the denatured substance,
manut acturi ng a sem conduct or devi ce by use of,
g., °2%0 dual damascene nethod. The pr esent
|nvent|on also relates to a storaﬁg medi um t hat
t

stores a program for ket it o method @fNthis kind.

sem _conduct or devi ce

Backgr ound 0

decr ease |ﬁébﬁngggt§%géﬁﬁégy CoMETHRE @H&béTgﬁgGﬁoMEDIUM
m niaturization brings a a paci t ance

bet ween i nterconnecti on IPﬁeénxﬁhq%ﬂﬁﬁﬁkgs t he signa
propagatlomob@g§ | ower, thereby resulting in a delay

in 20 operation speed. In order to solve this

probl em deyel ppaBahLS @h%e%%h%ﬂ @@qgtb@ ks ul hb%%rate
materials (Lowk materials) with a | ow specif

dle|eptbtéssﬁﬂ@ShéﬂhoékaQ|p@}fo@ﬁgnquhtdehéiﬁElng process
i nterconnection lines using such insulative

mat er faksde@attuhéngt hepr2Behamnadinedppebsitanakt aadt an@rocess

attentions as an interconnection |line material,

becauterj €¢ipaglyingwand removing 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
bringé 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 intercoﬁnection
lines using such insulative materials. On the other
hand, copperlis attracting attentions as an

interconnection line material, because it has a low

resistivity and a high electro-migration resistance.



resistivity and a high electro-mgration resistance. 2
Where copper is used for formng interconnection |lines
i n grooves and/ or connection holes, a single damascene
nmet hod and/or a dual damascene nethod are frequently
used. 5 [0003] FIG 1 is an explanatory view for

expl aining the serial steps of- agprocess for formng
a multi-layer cupper interconnection |ine, using a

dual

damascene nethod. On a silicon substrate (not

shown) . there is 10 di sposed a | ow di el ectric constant

film

Ab&AK FIERGE LE0OS shifaF | &0 TH ih sl tatgRMgdton lines

made of a Lowk material. At first, a |ower

i nt er cShEFATET 13N 0 OnRRRE iGN S5t i Figiaked damascene
the insulatjn il m20 ith a barrier .netal | er
20? : rq{egrhr?(glseag“{/ﬁerr ?be(f Wn(l.anﬁscﬁﬁﬁl,meé:q%{/v-%ef ?ﬁlx}ﬁ%@tly

used

inter-level insulating filmis forned

thereon Wth an etching stopper film 203 interposed

5t her ebet weemyogoHyen, an anti-reflective coating (BARC
Bottom Anti-Reflective Coating) 205 and a resist film

206 are forgegl in tdisnh WOrAet Oy thee WA aidtng the
Lowk film204. Then, the resist film206 is

subj ectead &10 dtegist cEXpoPHR-BS Eoxr fMUaierdarimecti-layer
pattern and is then devel opnent, so that a circuit

pat t erquppedf dmbed apmnteve: iragsi sitnd i lumiz0p { stepl (dnascene
25 [0004] Then, using the resist film 206 as a nask,
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method. On a silicon substrate (not shown), there is
disposed 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 is subjected to light exposure with a
predetermined pattern and is then develobment, 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 via-hole 204a (step
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Lowk film?204 is etched to forma via-hole 204a (step
- 3 (b)). Then, the anti-reflective coating 205 and
resist film206 are renoved by, e.g., a chenica
liquid process and an ashing process. Then, a
sacrificial film207 is formed on the surface of the
insulating 5 film 204 including the-vi a-hol e 204a
(step (c)). At this tinme, the via-hole 204a is filled
with the sacrificial film207. [0005] Then, a resist

film208 is formed on the surface 10 of the ,
sacri fiPeilal fiERy 267 PRER,-Tefd acddiver cPRtingo@ Oi5s and resist
subj ect ed | ight exposure with a predetermned.
patte%ﬁig'né%@s Fer SBEVECop¥ente - Bo £h eé“l&a:lcﬂi’tquld
pattern is fornmed on the resist film208 (step (d).)e. .

Then: PRSRs o ROCh 601 SPPAMAEagi 88 o (SR (haaps Uficial

cacr el allpofy 510 2Ren@0 oOWrS 19 P2 Y & 18 %&%ggaocing

forma w der trench t he Vvi a-

(e)). rihen2ouhe ncasigdhf itha %Q%—%Rﬂes@ﬁ)ﬂxiaf ld@dp fidym, At

207 are renoved to conplete the via-hole 204a and
trenckhi@4l iime,t kel RSWl-AJ1RY Fo4damiZ204 i(1teRP Wifth -tH0

Then, the via-hole 204a and trench 204b are filled

W th seeppidricdslarfidppe7i.nt erconnection [ine. [0006]
Incidentally, the sacrificial film207 is sonetines

made of an [SI00Olbased i norganic material, 25 which is
difficult to renove by the conventional ashing

process usdddor & &RfiSty B e @t ¥s |farmEran jteheg surface

of 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
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)).

20 Then, the via-hole 204a and trench 204b are filled with

25

copper as an upper interconnection line.

[0006]

Incidentally, the sacrificial film 207 is
sometimes made of an Si-O 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 liquid is used to dissolve a film



case where a chemcal liquid is used to dissolve a
film- 4 of this kind, but the processing rate is
very low. [0007] As a technique for renoving a
sacrificial filmof this kind, there is proposed a
method in which a 5 process gas containing water vapor
and ozone is used to denature thg sacrificial filmto
be soluble in a predeterm ned chem cal |iquid, and
then the sacrificial filmis renoved by the chem ca
liquid (Jpn. Pat. Appln. KOKAI Publication No.

2004- 2f4388)s kind.0b0d] HhewRaace Sfere R s dobseergaslow.
cont ai ni ng ﬂﬁie{ vapor and ozone is used to performa
l'iquid- sol Gilzation process, as described above,

and then a . chemical liquid is used to performa . .
cl eani ng pr%sce%srg,ec?guaq‘i K EERPYHIY ys%%rﬂ%;\)n%’g%]d film of
and ther. iner t.ne specifi¢c dielectric canstant
t her e%ﬁlﬁﬁﬁlsn%crfm% %Segéat ei II}‘I rate ef eactnéetgb%(%i ]rfé&"qbﬁ/dbsae

50f the douds gn%t%roirpclaﬁﬁr@ WS 'Ja%voetl d uc;i%r{{'glrs used to

film "[0009] °20 In this respect, as a technique

I ecovefdnit udamage fcAilfiskdindsi dPnto Rt s AL in a

KOKAI Publication No. 2006-049798 discloses a method

for perdfeatatiengimedsidngntitdadn Jprcess Afd ethet Chid s rificial
resist filmrenoval. This silylation process is

arrandédm o g efonanehnmgeth@5chanfiaad paguiany Jdpn.a Pat. Appln.
silylation agent, thereby formng end groups of alkyl

gr oupKOERJc P ulpd iratthiyin gicoupa?04-214388) .
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However, where a process gas containing water
vapor and ozone is used to perform a liquid-
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



This technique may be applied also to a process for 5
recovering damage after the cleaning process or

denat uring process described above. [0010] However,
even where the silylation process is 5 perforned
after the cleaning process or denaturing process,
recovery of the k-value is insuffgcient, as the case
may be. Disclosure of Invention [0011] 10 An object
of the present invention is to provide a substrate
processi ng nethod that can sufficiently recover the
k- val F&CErv e Jngiy Mg tarfi (e ro gt adedriing prsvass swher e

the k-value is increased due to damage caused to the

film

712 e A LR S5 ST HRe h aP v@ubsequent
di ssol vi ng @ﬂﬁb ss. Anot her object of the present
i nvention i

f trat
method, 0012185 AP € 5 1 pa;é’l‘;o?ifp%?"cm is

5prese
proceSS|ng met hod conpri sing: p ormng an e

procepsroie sk, A s ithLasiAnte ﬂ§rﬁd§&ﬁ¥¥%¥%ﬁHl as

a substrate, thereby formng a predeterm ned pattern

provi de a storage medi um t hat stores

Mo r JPHRIY | ’eﬁigﬂéadf%éyi B AURRL T ti%turlng

t her eae Zmdenaiurdeng a remai ni ng substance to be
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soluble in a predetermned liquid after the etching
process; 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 is 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 patterh thereon;
denaturing a remaining substance to be soluble in a
predetermined liquid after the etching process;

dissolving and removing the substance thus denatured,



di ssol ving and renovi ng the substance thus denat ured,

6 by supplying the predetermned |iquid thereon;

then, performng a silylation process on a surface of
the low dielectric constant film by supplying a
silylation agent thereon, after said dissolving and
renovi ng the 5 substance denat ured; -and baki ng the
substrate after the silylation process. [0013]

According to a second aspect of the present

i nvention, there is provided a substrate processing 10
met hoPYe R SIME  §hs RuRfier eErined chiguid | thereeni ovren,

dielectric constant fjl.mdi sposed on a substrate;

form kg P SN iy Tk B TheORFIT IV & FHFHRcamf the low
et chi tthe..sacrificial filmand the |low dielectrjc .

const an e%t%ﬁtfnlal{h%(ér%so@aqtor%rﬁ‘rﬂnmq gﬂbrse%%f et ?)Jah’]e‘??]lon

15 th : [ criftici f i .

ot chi g sl T bE L oS TR ShEBhulld AT heiPing che
5di SSOlSUDME AHY IS ik d Nea il IGS dHWISs ASDE W 80arter the
by supplying the predeterm ned |liquid thereon; then,

per f orsni IngL & isdrl YW eddexs process on a surface of the

|l ow 20 dielectric constant film by supplying a

silylation {&ehl thereon, after said dissolving and
renovi ng the substance denatured; and baking the

substrate adfeerrdhrg 0|yl sedond propess. of 00d] prasehnh

the first and second aspects, after said denaturing a

remai AIMEEUES anfde ghd Datrnelded @ substrate processing

10 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
15 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 surfacé of the low
20 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)]
25 In the first and second aspects, after said
denaturing a remaining substance and before said

dissolving and removing the substance denatured, the



di ssol ving and renovi ng the substance denatured, the 7
met hod may further conprise performng a silylation
process on a surface of the | ow dielectric constant
filmwith the pattern formed thereon. The | ow

di el ectric constant filmpreferably conprises a porous

5 lowdielectric constant materiah. The [ ow dielectric
constant filmmay include al kyl groups as end groups.
[0015] Further, said denaturing a remaini ng substance
may conprise supplying a process gas containi ng water
vapor melttherhdnay oherthént erormat s veed ype st chidenad usihglation
remai ni ng substance may conprise supplying a process

gas cHRAWFINhPOAARULEre mrledaterimedi ¢ gt ti gragonstant
conprise an acidic or al kaline chem cal |iquid. '

[ 0016]F 48" Plirtherhe (st S 1y | &Ry dgutieased The e
o L St TR BRI orous
5 ncl u 'Y dsj!el,fezcacnreicbgc??risgtl%rftmﬂl %‘Seecurlij%s]l.rrgy’@nbeg oevl/ e&%e?fjectric

from the group consi

Tetra [+Si 44 T
reramp il sengly B spiygeqos o0 end orouos

(D et hyl si jyd g pet hyl amne). [0017] Furthernore,
sai d baking the substrate is 25 preferably perforned

at a tenpermittiee hj gheld tdea Bur i €HPLT Bk Bn US@dsfi®Etance may
the silylation process.
comprise supplying a process gas containing water vapor

10 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.

[001l6]

15 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-

20 Tetramethyldisilazane), TMSDMA
(Dimethylaminotrimethylsilane), and DMSDMA
(Dimethylsilyldimethylamine) .

[0017]
Furthermore, said baking the substrate is
25 preferably performed at a temperature higher than a

temperature used for the silylation process.

Specifically, said baking the substrate is preferably



Specifically, said baking the substrate is preferably
8 perforned at a tenperature of 150 to 400C. 1In
addition, the method may further conprise perform ng
a baking process before the silylation process.

[0018] 5 According to a third aspect of the present
invention, there is provided a_supstrate processing
net hod to be performed on a substrate including an
etching target film which has been prepared by
performng an etching process on the etching target 10
film perdoamed ertiviang- empr edBiey mhed Qpatd erd0°Cher danaddition,
then denaturing a remai ning substance to be soluble in

a predéCemeithed Imeglifd aithesr qamp rdtsehiney fvrmotess a drecking
t hen di ssol ving and renovi ng the substance thus

denat BFEFESSy P fAS) it tHe Yraddere mAEATES S+ qui d 15

t her eon, tw% hod conprising: performng a

silylation éﬂgbess on a surface of the etching target

filmby s [ Il ylation agent thereon; and
5baki ng the su%rlsc{l‘%a(fe af et?}“trﬁg SSEREYS ont%ber drgsent
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[ 0019]; nv2R tAGROr dipg-d o & &;er%q;itd'éoasapes%tbs%&ét%e t[%gecse%ti ng

i nvention, there Is provi a storage nedi um

St Or efed RO HAB Ye rPAGIHd P AN AFAPIMLT dQ uding an
control a substrate processing system wherein the

progr amchiwen saaxgutfadn, catseh e Uteddred by
control the 25 substrate processing systemto conduct

a subgerdoemipgoees St ing [Fot ceemprsittg: qretfiogritagget

an et%@ﬁgg 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 thé pfogram,
when executed, causes fhe cémputer 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



process on a low dielectric constant film di sposed on

a 9 substrate, thereby form ng a predeterm ned

pattern thereon; denaturing a renaining substance to

be soluble in a predetermined Iiquid after the

etching process; dissolving and renoving the

substance thus denatured, 5 by supplying the
predeterm ned liquid thereon; then, performng a
silylation process on a surface of the low dielectric
constant film by supplying a silylation agent

t her esimbsdinadre s itk iz of v¥min il pregaatiemnimed pattern
subst ance denatured; and baking the substrate after

the 1deH990 atdGPiotessa TOURDinpcedriaRce ot@ be soluble

fifth aspect of the present |jnvention, there |s

provi dél % Bh eatgeerrﬁjg‘b?inﬂt%‘éltd atifesthe Rlogh g fRFocess;
executj.on on .a computer to. control 15 a substrate

pr ocesdsllsnsgo svylsr}gen?@c\y/\h’éer%?%”f%etkb‘? osg‘f]téﬁﬁa“%ewus denatured,

xecuted, X . contyol 1he .
5gubst rbgjeS B?o?&?sc‘? %%%%%%%E@%ﬁ%c{l%ulsgub@er% @ then,
rocessd t F St NG ' sactifEcial
F o o L D T S poeef e oF the low
20 subsitdiade r fOrdbmgr it ef Chh N Peskp®yvihe a silylation
sacrificial film and etching the sacrificral film
and t lgydrow tidimd@ct rafteonsd antdfsdamnvimeraby fonsvngg the
a predeterm ned pattern thereon; denaturing the
sacri faulislarfdd memat whed et aid rgg nask the beulsst ubte afiter the
5 a predeterm ned |iquid; dissolving and renoving the
105 st sride iaficoHaneered; by supplying the

[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

15 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

20 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

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

predetermined ligquid thereon; then, performing a
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predetermned |iquid thereon; then, performng a 10
silylation process on a surface of the low dielectric
constant film by supplying a silylation agent

thereon, after said dissolving and renoving the

substance denatured; and baking the substrate after

the 5 silylation process. [0021]jg According to a

si xth aspect of the present invention, there is

provided a storage nediumthat stores a programfor
execution on a conputer to control 10 a substrate

pr oceSdilyd asyone mrogesseion theumfegeamt when lexeclitedectric
causes the conmputer to control the substrate

pr oce§8PFGa8Fs £aA o Pyo FRRRL Y4 Ngulgs SEAYé a tporc @gsintg thereon,
met hod to be perforned on a supstrate including an

et chi Ag T€4r §&t 9 FES AWMLY RES BEBRVIGIpLESasaPIHrnce
form t chi . h t ching t t
Pl i OEREEEBTE oPhn g R Eib Feie PHER A CpatEait The

t here@n, fhen de ring a remaining substance to be
solubge V%gglggeggkgﬁﬁgﬁed liquid after the etching

process, aq@obhgn di ssol ving and renoving the 20
subst ance thus denatured, by supplying the

pr edet er m pe@driddwigd tdhey enntit hesgeiched Gordrd S duht
performng a silylation process on a surface of the

et chi ngveatden, f itherky isupplopingda asiskpragieomeagemt that

t hereon; and baking the substrate after the silylation

25 pr étesses pO0P2Rpram 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 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 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.

(0022]

According to the present invention, after the



According to the present invention, after the - 11

denat uri ng process and di ssol ving process are

performed in this order, the silylation process is
performed and then substrate baking is further

performed. Consequently, the |ow dielectric constant
filmthat has 5 a specific dielec{yric constant

(k-val ue) decreased due to damage thereto is

processed such that the k-value is sufficiently

recovered. Specifically, after the dissolving

pr ocesienayimiing i tandedi sso 1 hind quwoak et exte i wer formed
constant film and then this noisture reacts 10 with

the sillfyIHtisorrkfant the gehkerbttelam Micasss al :iper formed and
by-product. This Si-containing by-product has a high

k- val (&' SURSH Tt Rp ok ebt sEYH&C \RE O M@ bei ng

sufficiently decreased even if the sjilylation process
i s per grsﬁe%‘etng&ryécgﬁber e]u%"ha PO T IR R gr bige that has

f 15 _al O ) t hyl .
sga rtic 3 I S?r/ﬁl Cyl,gfrl%J\/\h%zlreelSet%hcée} ]?% V\c/:rro‘érll S(I}ry%%q I &lcj'p"iao]n%ef anie¢rgazed due
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i's port@%an@adé)tthé}feﬂ%if‘é Lgr.eocj:e?‘sscéjcptﬁcr}xe Hdk POLESk—value is

so the Si-containing y-product 1s generated inside

the fidubmnd dmkes ddie,vdrabl ensglescsi hed @boyerer the

notable. In light of this, 20 according to the present

i nventdiaso vierdoakidige 91 0aessstuse pef fMEdidd€d in the low
deconpose and renove the Si-containing by-product.
Consequgnitdatrifchedrat atitel £ctm,i cambndtantthfs Imvisture reacts
free fromthe Si-containing by-product that increases

t he kWdhughesitlhd akian rgeit ttre Jow B ali®t edt r¢entaining

const %nt filmis sufficiently recovered. Brief
DescriﬁﬁgﬁQQch]%mﬁqﬁﬁ;Sl_contalnl“g 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. 1In 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]
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[0023] 12 _ [FIG 1] This is an explanatory view for
explaining the serial steps of a process for formng a
mul ti -1l ayer cupper interconnection line, using a
conventional dual damascene nmethod. 5 [FIG 2] This is
an expl anatory view schematically show ng the
arrangenent of a wafer processinggsystem used for a
sem conduct or devi ce manufacturing process enploying

a dual damascene nethod, to which a substrate

processi ng net hod according to an enbodi nent of the 10
present i nvignkG.onll Theigplisedn [6tB.argitoihyi sriiesv afqt an
view schematically show ng the structure of a .
cl eani®¥@ lagpdna Fhauger il tHfenmfc a prosessi fpr forming a
system slho in FIG 2. [FIG 4] This is a front view
schemBEH TN YET HRRSTy e oot e dsddd iy

appar at us _used i h fer processing system shown

in FI GOSN Oéaq’S]Juﬁii Véaeﬁ"? ed’a?cli“e\ﬁ}@%'schenatl cally

showi ng t r uct . of. the cleani ng appar.atus used . .

in the m@ﬁp'r g%]egfshﬁnsg ls%/safnerﬁx oaﬁagﬁorfpﬁlglvée“?.s matically

[FI G s8bwihiss the & S8GH |tsgd6§\é¥d§ﬁ1k%ﬁgr%|%ésy8ingg system

showi ng a denaturing unit _ “cleanin
appar atsest fldr @ sAmibiridctx %%Q}tﬂdénﬂlan\ﬁ'f%\@turinc_{ process

schematically showing a silylation unit disposed
t he clealioydn2% appedr afaditsddil<Cmedhol)i $d SWHich a substrate
sectional view schematically

processing method according to an embodiment of the

10 present invention is applied.

[FIG. 3] This is 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

15 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.

20 (FIG. 6] This is a sectional view schematically

25

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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showi ng a cleaning unit disposed in the cleaning 13 -
apparatus. [FIG 9] This is a sectional view
schematically showing a hot plate unit disposed in
the cleaning apparatus. 5 [FIG 10] This is a

fl omchart showi ng a sem conductor device

manuf acturing process enpl oying g3 dual damascene

nmet hod, to which a substrate processing nethod
according to an enbodi nent of the present invention
is applied. 10 [FIG 11]- This is an explanatory view
for @RPRARKVAY states appearing in steps of the
flowchart shown in FIG 10. [FIG 12] This is a view
for expl ai ifAG -d@taddist 1sa a /K ianah iewr seheaarically
thereoB by silylation. 15 Best Mbde for Carrying Cut
the IR 8H¥P8na %@62 akf ERESditSROSeH iRe thResdfRN1INg

i nventjion will now be described with reference to the
accon%gﬁﬁfﬁéugramﬁngs. Herei nafter, the present

i nvention irgrexeqpli i qd Ry CRQ%E%%b%%%aﬁﬁg a

sem conduct or deV|ge IS manu aé%Ure y a

damasgene cBRbed ol GR%3ke Rl uf%éﬁ%rﬂ&gﬁégbégggg%ﬁgggying a

view schematically showi ng the arran nt o \
pr ocedshNgdanatesndd més@ddf, Ot -a whARFHC ANEUEERradRV i@ cessing

manuf acturing process enploying a dual danmascene
met hotdethodwhicch raisgbsior ahe 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 is 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



processi ng net hod according to an enbodi nent of the -

14 present invention is applied. This wafer

processing systemincludes a process section 100 and

a main control section 110. The process section 100
includes an SOD (Spin On Dielectric) apparatus 101, a
resist 5 coating/devel opnent appafgat us 102, a light
exposure apparatus 103, a cleani ng apparatus 104, an
etching apparatus 105, a sputtering apparatus 106

used as a PVD apparatus, an electrolytic plating

appar aresebl7,irarechta orCNEB aperisgdis 108 susedeas processing
polishin% apparatus. The 10 nmin control section 110

i ncl ugestemridedssiesom myldagss kGt imrudd0 iamderd acein
112, and a storage portion 113. The SOD appar at us

101, SPGEEe) ﬁ@%p\m dilfs 108he @pcatie@adlypn 00 includes

platin aratus 107 of the process section 100 is .
film F‘gr%g’ﬁs. o‘%Pdﬁ’pi%f‘atq}ﬁéﬁct Q ARBGRLUSS Yy, a resist

et ween in_t

transferr.i. waf.er. W arat.uses i, he
5pr ocegg)arstégt%i/gjﬁvfdﬁpnher} Ui hlg)&'bya art BfesgtRpsure

and/ ot r.ansf qr, t.h : ransfer. unit. (nat .
shomfpggtrg%l%eg.o.j'n[s(?og%] 58 gtEaa o) attu%e Wsarkt e ing

in thappheeess 390, o s cdrs 24 J0 13

controFPed by the process congggl r 1115£avin§%§d as a BVD

CPU. Zppapbecess aeoRiledd eyl ythikl ddlsatCiQ{a;n%ﬁ:tp%dcatthst hey7,
user interface 112, which includes, e.g., a keyboard
and aCtiies plog@yp,r ather €i09 tiseRaKeyhodaridHihqusehdritds. The
process operator to input commands for operating the

and a

10appar BRdSe st e Secddess 110 includes a process controller

15

20

25

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. .

[0026]

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



section 100, and the display is used for show ng 15
visualized i mages of the operational status of the
apparatuses in the process section 100. Further, the
process controller 111 is connected to the storage
portion 113, which stores recipes with contro

prograns 5 and process condition @ata recorded

therein, for realizing various processes perforned in
the process section 100 under the control of the
process controller 111. [0027] 10 A required recipe

i s reviseedd zZedormmage sstadT dade gpertatdonkl3 saatus of the
executed by the process controller 111 in accordance
wi t h 2RPPESTMGES G@-&@qjﬂquqa§tﬂﬂQﬁkym 10e udmrther, the
interface 112, as needed. Consequently, each of

var i oRSOFFESe CORTEd &t ddds d6s Gaanssitest fred tihe e rpsre

proce ectl 100 ungFr the control of the process

contrgPFEﬁ fl 3Re@qﬁ I LETEES Wikl €28&810d programs

onvolatile nenory

55t or agﬁdnﬁ@ot&@s s> %t;lxoasz 1onCIa'a trﬁg:arr%ggilc Sggf l@' %Ié)r
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Ut' I 2ed 1991 hign&a M e ﬂrtoée%ster a%%méor%%daq%n%%h%rzo%ess

respective apparatuses in the ess secti on

transgettednf NOM amR¢ thféalco%&%flatolfs hiar ?}f%*&es% Eontroller
a dedicated |line, as needed. In place of

contralliby the main control section 110, or along

with the global control by the 25 main control section

110, each dfoOiYd apparatuses in the process section

100 may be provided w th and

A required recipe is 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, fiexible
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




controlled by its own control section including a - 16
process controller, a user interface, and a storage
portion. [0028] The SOD apparatus 101 is used to
apply a chemcal 5 liquid onto a wafer Wto form an
inter-level insulating filmformed of, e.g., a Lowk
film or an etching stopper filmgyy_a spin coating
nmet hod. Al though the structure of the SOD apparat us
101 is not shown in detail, the SOD apparatus 101

i ncludes a spin coater 10 unit and a heat processing
uni t PEFogesisoanrd trdalter ,praocesy dmtzemfafey, \Wna teh storage
coating filmformed thereon. 1In the case of a wafer
pr ocePSkGoRystem a CVD apparatus nmay be used to
forman insulating filmon a wafer Wby a chem ca
vapor depos[iotq2<§1] (CVD) nethod, in 15 place of the SOD

appar at us 1. 0029] The resjst, coating/devel oprment.

appar at us %8‘? issch L%Fé‘%alf%t‘f%rm]a 1251279 159 rARREY chemical
an et ghi .. and n ti-reflective coating., . .

Al t hoﬁlgﬁ%tqﬁg%?e%s? S %@ecrogiwi%og/fgoeli%la&br?éhttera“plpea%gea]t gdrsulating
102 i §iAQt sShowy | tai |, the, resdst :

coat | ng_:}/ devel o\graenc{k'a%ga _a’t s Lribng }gisfnlgllmddeo_sr aar} eestlcs_lnq |

coat i R@ opielr, A 1BARY ePalditg dBldind me@dd f i dl@ndidi the
coating unit, a developing unit, and thernal

pr ocessirg tutid f Tiee res dpnait g 10 tid SnaAD shown in

arranged to apply a resist liquid onto a wafer Wto
f orm aletegilst thid By agparaoat irQl Thel BAERC cogdimgoater

a

10 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
15 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
20 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 cdating unit, a developing unit, and
thermal processing units. The resist coating unit is
25 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



unit is arranged to apply an anti-reflective coating

17 (BARC) onto a wafer W The sacrificial film

coating wunit is arranged to apply a sacrificial film
(SLAM onto a wafer W The developing unit is

arranged to perform a devel opnent process on a resist
filmwhich 5 has been subjected t]ol  ight exposure with

a predetermned pattern in the |light exposure

apparatus 103. The thermal processing units are

arranged to respectively performthermal processes on

a waf etBARCwidrit@ a esa Bér fi] mTios skt herepam 8 Maf@bating
Wtreated by 10 a |ight exposure process, and a wafer

W tredtih bys & r anvagdpherppl pcessaciDOBOjal Thelmi gSLAM)
exposure apparatus 103 is used to subject a wafer W

with PHesiSWEiemA or nllee tdevelrping 151t ghs @xposgee to
with a predeternined circuit pattern. The c|eaning
appar RUST Y § SHGORRIN & PIRFIDY A 2 Feshstgfilm which

rocess.  using purified ter. or a chemcal |iquid, a
5(Czl)enat [}ra}snzoep ocsé’sbsjeo?tep%e]rl?}é%i?ﬂ%%s‘b?et%t}Piéke '
remai nj - ' pr ocess,, a a recovery 20
pr oce?sg%%eacg%&{lr{f%r -egfag{/]ee% nsll @S n]gqu?d‘? T FR0P S Yirrerrp @ ratus
due t o efchi rgsd, dat [ detajl. 0 _

The et ching Tg%p%ﬁ%sii 51s %‘a%lrrg(%gde étjsg %e%f%l&%‘é%%d to

et chi ngqpeanasse 190 ey fotwrciaMel 1 ipssbedddy $4 1N Xrer w
25 the like formed on a wafer W The et ching process

mra]ly _ beiltdf a8 rteyyies tusf ingn pf Gnied ATher doPe AISkde @ W treated by
¥ en]%?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
15 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
20 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
25 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,



liquid. The sputtering apparatus 106 is used to form

e.g., each of an anti-diffusion filmand a Cu seed

| ayer. The electrolytic plating apparatus 107 is
arranged to enbed Cu in a groove having a Cu seed

| ayer formed therein to forma groove interconnection
line. 5 The CWP apparatus 109 Ls]%rrgnged to performa
pl anari zation process on a surface of a groove-

i nterconnection line filled with Cu, and so forth.
[0032] Next, a detailed explanation will be given of

€0 gcl, e ®michg odp@ar atrusi -Hi4 fusiiosh flillaysnana Cu seed

i nportant part of the present invention. FIGS. 3, 4,

and 5lavera plfae eliesrad friontpdtéwg appaa tack 10i7ews
respectively, schematically show ng the cleaning

appar #FG8NE64. tPhembae iy if @pEaoeies hEydnanel Gdesead layer
carrier station 4, a 15 process station 2, a transfer

stati 6RF8e%fdE Sdfe i fCr M LaldrOR s IThercannestion line.

53tati

4 1S arranged s t.hat carriers each storing
maferg%ﬁ/gpe ?88&&%?#5 ﬁ& i@ EEd fPoRmSHIREM 2
processi r.at.u to the carrier ation 4.

The ¢ r??gféggg#i%n% f%ﬂ% §%’ Surﬁ%ﬁﬁb&%;ﬁcﬁrPﬁgﬁ

carri enht e@@eRneleNiong 1MRfLrS 1We PLAGES 2R 1R RS forth.

cl eani ng apparatus 104 are transferred fromthe

carrier stgbioge]4 to processing apparatuses for

subsequent processes. The process station 2 includes

a pluralit YWeaft,process illnid xpliaaisgedd wid3 be given of the
respectively performa cl eaning process, a denaturing

arra

10pr ocesd canatgaappecRamys Br0dc e 31 chhe ltayan sfnerimpattiaon part

15

20

25

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 other 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



3 is arranged to transfer a wafer Wbetween the

process 19 station 2 and carrier station 4. The

chem cal station 5 is arranged to perform -

manuf acture, preparation, and storage of chem cal

liquid, purified water, gas, and so forth to be used

in the process station 2. 5 [O(_)33|]9 Each carrier C

contains therein wafers W essentitally in a horizontal

state at regular intervals in the vertical direction
(Z-direction). The wafers W are transferred to and

from tste tdanr i2eran@ tdamighr areatlibrsigde afhd h&@@idd Brstation
C, which is opened and closed by a |id 10a (which is

not siPovirs iar rAINGe Bt hyte wfrovwm nanufd@Sire}, gmefaiation, and
detached state). [0034] As shown in FIG 3, the

carri &t5ag &f # Gl 15 quHishe I igd otatears igrs, and so

C can be placed at three positions arrayed in a
Y-dir f&’ﬁ%ﬁ td’eg?%é’d;qdn A Ehe Progass cdatiian @i s

pl aced on t ble 6 such that the side provided
5vvith t he Iigﬁﬁ@ faces a partition wall 8a between the

rier statj ' r.an stati,on 3. 20_The
gg;t ition \?éaéiﬁqugé%{}ge%mcﬁd%%e{)%ﬂsl ONSCHA T FIETES ¥
t her eigy sfn AQ3i1ty ARS L£YJ e o]fngstr{]aocé he lar intervals

positions for carriers C. Eac e W ndow portions

9a is ipf @HedeWildhia siddtelonl O 21y it e A1 @3NS er'The wafers w
station 3 side to open/close the wi ndow portion 9a. 25
Thi s shet tteransFdmaldides drl dimgn reanscdnote SROWMNrd@§h one

holding the Iid 10a of a carrier C, so that the
10hol di sgde of the carrier C, which is opened and closed by a
lid 10a (which is not shown in FIG. 3, but shown in
FIGS. 4 and 5 in a detached state).
[0034]
As shown in FIG. 3, the carrief station 4 has a
15 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 1lid 10a faces a partition wall
8a between the carrier station 4 and transfer station 3.
20 The partition wall 8a has window portions 9a formed
therein at positions corresponding to the mount
positions for carriers C. Each of the window portions
9a is provided with a shutter 10 on the transfer
station 3 side to open/close the window portion 9a.
25 This shutter 10 includes holding means (not shown) for
holding the 1lid 10a of a carrier C, so that the holding

means can hold the lid 10a and withdraw it into the



(3]

means can hold the Iid 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 5
transfer pick 7a for holding a wafer W The wafer
transfer unit 7 is novable in thenyY-direction al ong
guides 7b (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,
novablteab® fgr atdtdown 3,n asheshdwh riectFI@s. andcnd 5.
rotatable in the X- Y plane (0 rotation) [0036] Wth
t he arrangel®Sldescri bed above, the wafer transfer
pick 7a can access any one of the carriers C 15 pl aced
on the tabl™%, tiansf et aite bt & tife miItidsd With o evafer
retreated to aIIQM/&he_interior of the carriers C to

commuli"GASd Shi th-itthe (HamASGd Hhanedm 3 Whridudipg ife wafer

bi ok TE R Bl S ik Gt Al et e water

posi t1¢qR aQdn u‘?ﬂ&? ofi 4 I?n%vcaﬂ;lré %'er t(;i’e %n—%icr%r}:tion along
y heirg

transfer a wafer onto an position 1n each

of thgEaldd s (Gee [EQQ;@J] 4Ttb%d3r590%§&e%tcﬁtrjgo%(§?1t e ofnloor of

includes two wafer transit wunits (TRS) 13a an

the trarsfrafarsifald @tad 98 i3 Ol -@KaEIt8.0d.N€ The wafer
wafer transit unit (TRS) 13b is used to place a wafer

W whert riaimes figaf gricW i7a tirsanslfiefatde fimoman X-direction, movable

10 up and down in the Z-direction, and rotatable in the X-

15

20
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Y plane (8 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 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



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 Wis returned to the transfer

station 3 after it is subjected to a predeterm ned

process in the process station 2. 5 [0038] On the

rear side of the process statiagn 2’2] there are

denaturing units (VOS) 15a to 15f arranged to process

pol ymer residues, a resist film and/or a sacrificial
filmremaining after an etching process, by 10 a gas

cont aiwd fier wataats Mapari angrezonesd 03 ,used aso tiPlace a wafer W
denature themto be soluble in a predeterm ned

cheni odlen [thguivh fdm W hies destattmedigtinites MOS fdbastation 3
15f, polymer residues, a resist film and/or a

sacri fafdied 1% iimsdrseied o terrredetetminedrocessss in the
only change 15 their chem cal properties to be sol uble

in a : Rhermical |iquid, while they

5mad ntai n tpﬁrgsfihapes or the like. [00391 Silylation

units (SCH) nd Il b are disposed on 20 the
denat uri ng [ (VOS) 15a an 5d, and are aryange
éﬂléﬁé E&?E Side 09 é%% EO?%?%r§€?é§%ﬁ 9, there

to performa silyl on~ pr ocess

i nsul af, ' : e [ n r
cl ean %Inﬂg@ gjr%rt:aleﬂsnsl,dﬁﬁ gltﬂﬁle@%/ i L\;;?S )? of]?ge g%(J\J/ e?S tP h%ggsa[?r%%% . to

[ 0040% 2@k the) Jiontrsd deuof  therpsocess; shatiQn/dr a
there, are cleaning units (CI\fU) 12a to 12d arranged

to perdamificial film remaining after an etching process, by

10 a gas containing water vapor and ozone (03), so as to

denature them to be soluble in a predetermined chemical
liquid. 1In the denaturing units (VOS) 15a to 15f,
polymer residues, a resist film, and/or a sacrificial

film remaining after an etching process only change

15 their chemical properties to be soluble in a

predetermined chemical liquid, while they maintain
their shapes or the like.
[0039]

Silylation units (SCH) lla and 1lb are disposed on

20 the denaturing units (VOS) 15a and 15d, and are

25

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



a chemcal liquid process or water washing process on

a 22 wafer Wtreated by the denaturing units (VOS)

15a to 15f, so as to renobve denatured pol ymer

residues or the like. [0041] 5 In the process

station 2, four hot plate units (HP) 19a to 19d are
stacked at a position opposite-t@y the wafer transit

units (TRS) 13a and 13b with a nmain wafer transfer

unit 14 interposed therebetween. The hot plate units
(HP) 19a to 19d are arranged to bake a 10 wafer W

af t er e s HrsEted prvoddss demathe igid yirdttison(Vafi tia to
(SCH) .11a and |lib and/or to heat and dry a wafer W

t r eat & foy SohéScit@adiony ignidenataugd prd ymerl xgsidues or the
Furth:Lr. cooling plate units (COL) 2l1a and 21b are

stackéd *§n the wafer transit unit (TRS) 13a, and are

15 arrangedtsc}oo ool a wafer Wtreated by the heat and

dry process. e wafer transit unit (TRS) 13b may be

sarranged as;f GRO .f&ﬂsatsecaﬂqgn A f%hr?rhdog igltaetre units

unit (FFU) 25 1's disposed at e tdp he process

statiqmed, 1370 tcS 130 anged d0 18N (€1 L% Al Jht ngg%te to
20 process station 2. [0042] The main wafer transfter

unit hd sradiespasetsiessentdsal (nrpt 113e Lentiel ofi dh& main
process station 2, and is arranged to transfer a

waf er Wwaffigirt Hirantsife rpruodeas § 425 rateatdose 2.t HEl@ U@iWween. The
wafer transfer unit 14 has a wafer transfer arm 1l4a

for th@tsdatiengnd bsaf(@P)WL9Bheodidd are arranged to bake a

10 wafer W after the silylation process in the silylation

15

20

25

units (SCH) 1lla and 1llb 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 2lb 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 trans%er 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 14a for transferring a wafer W. The main

wafer transfer unit 14 is rotatable about a Z-axis.
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wafer transfer unit 14 is rotatable about a Z-axis. 23
Further, the wafer transfer arm 14a i s novabl e back

and forth in a horizontal direction, and novable up

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

the min wafer transfer unit 14 can access the

respective 5 units disposed in_thg process station 2

to transfer a wafer Wbetween the units, w thout

noving itself in the X-direction. [0043] The

chem cal station 5 includes a process gas 10 supply

porti dmrrhera dlheamiafpd itqudrnds Sup@Eym dora iien bAablandack and
a silylation agent supply portion 18. The process gas
suppl ¥ oFét iien 21915t zantadgeti nas tsigrpl yarok armevab leatugr and
vapor, and so forth as process gases to the

denat dO%Rg ithithe Andremtd ay 15¥ W SPuse@ErRNgRNers:, the
process .station 2. The cl eanin iquid supply portion
D S MR AGET h G St ok (AT ARRSRR S espect Lve
cl eani ni {. 123 .to 12d. The sil.yl atjan ent

suppl ﬁ%&%t idgl%p ggl% ar %glnegéjorqcoessﬁjpqu%}”é)%i% %Oataqg‘(ﬂ'fwfer a
agent | W2as, rth Jl tj .0 .
i e nglb‘ﬁﬁ‘{sgol&]gh%&gxﬁos‘}a”gdeﬁa‘% Qf in the
expl axatdige MWildn be gi ven of the structure of the
denaturing unit (VOS) 15a with reference to the

schematic s@@t43nal view shown in FIG 25 6. The

ot her denaturing units (VOS) 15b to 15f have exactly

t he same sthhectahremiaslt et aeimat UF | e ludds (/@R)ocess gas

supply portion 16, a cleaning liquid supply portion 17,
and a silylation agent supply portion 18. The process
gas supply portion 16 is arranged to supply ozone,
water vapor, and so forth as process gases to the
denaturing units (VOS) 15a to 15f disposed in the
process station 2. The cleaning liquid supply portion
17 is arranged to supply a cleaning liquid to the
cleaning units (CNU) 12a to 12d. The silylation agent
supply portion 18 is arranged to supply a silylation
agent, a carrier gas, and so forth to the silylation
units (SCH) 1la and 1llb.

[0044]

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

15a. This denaturing unit (VOS) 15a includes an



5
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15a. This denaturing unit (VOS) 15a includes an 24
airtight chanber 30 for accommobdating a wafer W The
chanber 30 is formed of a stationary |ower container

4la, and a lid 41b that covers the top face of the

| oner container 4la. The lid 41b is novable up and 5

down by a cylinder 43 fixed to_adfsrane 42 of the film
denaturing unit (VOS) 15a. FIG shows both of a

state where the Iid 41b is in close contact with the

| ower container 4la, and a state where the lid 41b is

r et r eatied igihdy ehtalmdb d o fmon taad avemodiba i nk) 4 GRAGdr e The
| oner container 4la is provided with an Oring 51

di sposéampen B tigp Hoamedofofa a aitsdd oparttyi drowatr tdwntainer
rim Wien the lid 41b is noved down by the cylinder

43, fHériaddbe tHE Yot dhatacevsirs Hde itv ifReoms the

into 15 contact with the top face of the raised
port | (])ll‘?wftr tcr?é‘taﬁnr‘?\rof‘ﬂﬁe Ifert ol der meraRAR) up and

ress he O-ring. 51 to farman airtight proces )
gpace%?)r"f %é’ ghé:ﬁ'%é'lnd%(f 43[%4%i]dqﬁ?eal Jsﬁmego%aﬁ grhe film
41a i ngl - r 0 pl.aci ng. a ,waf er, W
t her egi%.nlé%%lzltgzté@ﬁ%?,s&g Sgr olvsl?aded EaI%vm't h psrho%smqoythpionfs a

44 at sq aRleUf@leddey t¥fe NASY t1QNS & Q5 SURRY tcfg&%bé’@fwﬁirth the
W [0047] The stage 33 includes a heater a built

t her eilowe r2Zomit@ itee l41ch,4Had nelsides aHgat &hdSbig 41b is
built therein, so that each of the stage 33 and |id
41b | sermieattaidnatboate the lower container 41la.

[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 1lid 41b is moved down by the cylinder 43,
the rim of the bottém face of the lid 41b comes into
contact with the top face of the raised portion at the
rim of the lower container 4la and presses the O-ring
51 to form an airtight process space in the chamber 30.

[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 lid 41b includes a heater 45b built therein, so
that each of the stage 33 and lid 41b is maintained at

a predetermined temperature. Consequently, the



a predeterm ned tenperature. Consequently, the 25
tenperature of a wafer Wcan be kept constant. [0048]
The lid 41b has hook nenbers 46 at, e.g., three
positions (only two of themare shown in FIG 6) on
the 5 bottomface to hold a wafer W The wafer Wis
transferred to and fromthe hoqgk nbers 46 by the

waf er transfer arm 14a. Wen the Tid 41b is noved down
while a wafer Wis supported by the hook nenbers 46,
the wafer Wis transferred onto the proximty pins 44
10 pr overeReirdnutdeo Stagea B3 Wncdmebavakept [OSHO]adhe

| ower contalner 41a has a gas feed port 34a for
suppl yi ng alpP$dRkss gas into the chanber 30, and a

gas exhaust_por 4b for exhausting the process gas
out 15 of t%@ chh 2P 3bas %Oﬁa@e$%%ﬁﬁpg§ta%4a3r§ + three

connected. . to th 0CEesSs S. .Su unit 16, and th
gas e%oa%sttlorb rf ’gi% %0 ‘gﬁ g&?’@ ]'%/eo sé‘rP‘“é&h’arbs?I%m? on the

72, (9900 Whet, 3l W15 PLOSFSS, Y BB 0985

gas, pressure I NSl

pr ef erabl ys f@i L R {tkﬁgar?c? £r GONSL r“o&?%ﬂe%‘%beerfg)r uii%he

For this purpose, ower con alner and

are supptdec MArdOtar®PM ¥z a PIESSI 1k flolrc?e4fny Jikgemoved down
cylinder 43, but also a clanping force by a loc '

nmechamiisim S5 twd iy W 26s Qs & PPMEHONSo N e rs 46,
47b respectively disposed on end sides of the | ower
cont aiter wHlZemritl 1s dcddibsferred onto the proximity pins 44

10 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

15 of the chamber 30. The gas feed port 34a is connected

20

25

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 maiﬁtained
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 lid 41lb.

[0051]



[0051] - 26 The | ock nmechani sm 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 5 plate 56. Each of the pinching devices
57 includes press rollers 59a_a 59b and a roller
hol di ng menber 48 which holds rotary shafts 58.

[0052] The projecting portions 47a and 47b are 10
equi di stantly di sposed at four positions, between

whi ch gap o tlons déclaarel stef3 hethc Mlde praoj @egppdigt shaft 52,
portions 47a and 47b of each set are disposed at

posi t iSorre tagiertd Wi Ty v tataalch ot rerrotWieor tureit 54, a
pi nching devices 57 are positioned in the gap

porti SAFHdag Rlate W f ppddp e rieet g yoveee upd andnd

Al ong BT T O T UEE SHIP @ prifeveii fodthe circular
anol o, e ol or S 5oh ors S mpes . U0e 01

or 1 SresfrpoiEs s MR MHETe PARLEISIANN penber

the sae JIUEHE RIS asoddd) deserd bagd above. [0054)
25 Next, a detailed explanation wll be given of the

structure ofodde) silylation unit (SCH) Ila with
The projecting portions 47a and 47b are
10 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 1lid 41b

15 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 59b are stopped at the top faces of the

20 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]

25 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.



reference to the schematic sectional view shown in

FIG 27 7. The other silylation unit (SCH) Ilb has

exactly the same structure as the silylation unit

(SCH) 1la. The silylation unit (SCH) I|la includes a

chanber 61 for accommodating a wafer W The chanber

61 is fornmed of a 5 stationary_JoyPr_container 61a,

and a lid 61b that covers the |ower container 61la.

The Iid 61b is novable up and down by an el evating

unit (not shown). The |ower container 6la includes a

hot plate B etioamdillabiontuogen($es) Wilh Naposx@Etly the
a silylation agent 10 carried therein, such as DVSDVA

(D met¥3ISsi sy Wty antme)sil glaupph iwdi € n{®CHhella. The
chanmber, 61. DVSDVA is vaporized by a vaporizer 63, and

carri ettt byl APl itk of § )chbﬁb@¢ckude$O@S@WaﬁnﬁrTﬁb for

hot plate 62 s adjustable in tenperature wthin a

rangg %‘F?org?‘béa}tlfr} A &% 5o ¥ enpBratchaiker gbots fpemed of a

I 62 i ided with pi 64 on the_ surface
gsgt sﬂp%%a?ttloan%/vr;’f 21{0%%1: \%1%’? ah“??\é?é}aW?%d Frobhteflothat

10

di rectdy, ons the hat, pl aécfn@gin%Pesi"éa.ferTry%of?%L]&b is movable

prevented from being contanm nated on its _
surfaagy e daweTo POl A Nera by | o A O JEds MbLR) 2 he
first seal ring 65 disposed on the top face of the

peri phiesved r pdtidimedhe1d | thélbads Prieyd dedaet 822 around
second seal ring 66 disposed on the bottom face of the

25 peritpher alitporgérorgadMentt heapd sl Hlba i $1i pyeS6€EN agent

agai nst the | ower container 6la, the second seal ring
carried therein, such as DMSDMA
(Dimethylsilyldimethylamine), is supplied into the
Cchamber 61. DMSDMA is vaporized by a vaporizer 63, and

carried by Np gas into the chamber 61.

[0055]

15 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

20 is prevented from being contaminated on its bottom

25

surface. The lower container 6la is provided with a
first seal ring 65 disposed on the top face of the
peripheral portion. The lid 6lb is provided with a
second seal ring 66 disposed on the bottom face of the
peripheral portion. When the lid 61b is pressed
against the lower container 6la, the second seal ring

66 comes into contact with the first seal ring 65. The



66 co
28 s
rings
press
t he

mes into contact with the first seal ring 65. The
pace defined between the first and second sea

65 and 66 can be pressure-reduced. Wen the
ure of this space is reduced, it is ensured that
chanber 61 is airtight. The Iid 61b has an

exhaust 5 port essentially at thggﬁenter for

exhausting nitrogen gas with

suppl
conne

carried therein
ied into the chanber 61. The exhaust port 67 is
cted to a vacuum punp 69 through a pressure

adj ustspegeuriaf 6@&d Hed0&En thd fiHdE ahd |denormt DM ings

is va
gaS|

porized by the vaporizer 63, and carried by N2
¥t arige Qﬁ‘lmrb%PreS‘HLI@-rmdme WHPOT itdedl pressure
., DVMSDMA vapor) may solely be supplied

as (i.
|nto Fﬁg %W@Q@Q§115\Nﬁquﬁﬁﬂjw¢|k$5ﬁﬂﬂﬂﬂ&ﬁiﬁhﬂ&)umm

chanb
mai nt

5ACCOF

10
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bet we

f th h mber 61 is

i n Ut L ressure |fference
o&h%s &ﬁaﬁ. j:ﬁ}fp Wr@agutrogen

'S eagidy Ul p'dp%% %Mee aﬁr}be%rn 651% o the

Next ,

a detail ed ex p anatlon Wi

t I
S B WIS Shean I o o )4 HRRR o o

the s
ot her

velceaini Rewgnidos thNWghl2b g sk havs; @é@fr{d Yarfite 68

25 same structure as the cleaning unit 12a.

cl eani
di spo

ing WwoasqICNU) 12a i ncludes an annul ar cup cP
sed a&n FIG. 7, liquid DMSDMA is vaporized by the
vaporizer 63, and carried by Ny gas into the chamber 61.
Alternatively, vaporized DMSDMA gas (i.e., DMSDMA
vapor) may solely be supplied into the chamber 61.

When DMSDMA is supplied into the chamber 61, the
interior of the chamber 61 is maintained at a
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) 12a includes an annular cup CP disposed at

the center, and a spin chuck 71 disposed inside the cup



the center, and a spin chuck 71 di sposed inside the

cup 29 (CP). The spin chuck 71 is arranged to fix and
hold a wafer Wby means of vacuum suction, and to be
rotated by a drive notor 72 in this state. A drain

line 73 is connected to the bottomof the cup (CP) to
exhaust the 5 cleaning liquid_ang purified water.

[00581 The drive notor 72 is disposed to be novabl e

up and down in an opening 74a fornmed in the unit

bottom plate 74. The drive notor 72 is coupled wth

an 10 @&PBdvat iThg redhardismk/ 6,1 sisca asrggedito cfd i nodet ,hold a
and a vertical guide 77 through a cap-like flange
menbeMWaESr Wiy @Gaps adft o crun sysitovirdedend tie e rotated

cylin rlcal .cool i ng | acket 78 attached on its side.
The fPanhde rﬂ'é’r?oé‘}o T’S'J i’ dtht déred ¥ tover® tHeappkine 73 is

hal f of th cket 78. [0059 When
cﬁem %éjlnnl |e dg e%dta:émfeffs i ! Grit) oefao [Shaust the

W H1I r fl nber 75 cones
5i nt o g o%\é\ﬁc taé{u %hc{ e runtﬁtegga"traetoerﬁ plate 20 74

near the rimgfgthe opening 74a to nmake the unit

interior alrtlght When a wafer Wis transferred

bet ween t herrspidy GhUGko tolr and mafersdsansfes @é%é@ble up
the drive notor 72 and spin chuck 71 are noved up by

t he elaematdawg necl@nicpanifhg soid airide 1roweie angi ©fbottom
25 the flange nenber 75 is separated upward fromthe

unit Pettteordpl atthe74lrive motor 72 is coupled with an

10 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

15 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

20 74 near the rim of the opening 74a to make the unit

25

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]



[0060] 30 A cleaning liquid supply mechanism 80 is
di sposed above the cup (CP) to supply a predeterm ned

cleaning liquid onto the surface of a wafer W The
cleaning liquid is used for dissolving a substance
denatured by 5 one of the denaturing units (VOS) 15a
to 15f (which wll be referred tg,as a denatured

substance, hereinafter), such as a denatured

sacrificial film present on the wafer. [00611 10

The cleaning |iquid supply nechani sm 80 includes a

cleaning |iAuctedeinyel yquddzsepBly me€h&ADNEMI8DI 881 disposed

supply portion 17, a scan arm 82, a vertical support

menbera2iBsve afte aduiX- 6XF s v | supgl yrex hare set Sfmidée@ cleaning

cleaning liquid delivery nozzle 81 is arranged to 15

del i vebTqWed cortlemi e | e Acone® a heaBew flaice Die acleaning

wafer - Whel d on the spin chuck 71. The cl eaning

li qui dtTSUbHI S poved o?Pr:ndJr%S%WJarP@ﬁe@ Tteb%w?_@eh@ztured by
redeterm ned cleaning ljquid to the cleaning |Iiqui ,

gél)el i veTyF ok 2 e.nal‘%é”s% 3t hs 89Ve) aﬁ%n‘@%df% Q‘E))thh
hol d t I ' Lguid delivery nozzle 8 and to be
mvabl%e]bgctié%&d%%#% tlgcﬁ The Yq%'??te%lf‘?cgns.%%a“ce' i

verti LHPPor [ t ort .

scan g?érﬁéSZ. Th%r&?g%;sh gars? v%ncgérgrec an?s%%%fflsuai Fllm’

di spogee Mm@ SHie N te84 extending in the X-axis 25

direction on the unit bottomplate 74, and is arranged
to shift theOwgrtical support nenmber 85a in the X-axis
10 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 liquid delivery nozzle 81 is arranged to
15 deliver the cleaning liquid onto the surface of a wafer
W held on the spin chuck 71. The cleaning liquid
supply portion 17 is arranged to supply the
predetermined cleaning liquid to the cleaning liquid
delivery nozzle 8l. The scan arm 82 is arranged to
20 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
25 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



direction. The scan arm 82 is novable in the vertica

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

mechani sm 87, so that the cleaning liquid delivery

nozzle 81 can be noved to an arbitrary position above

a wafer W and retreated to a predeterm ned position
outside the cup 5 (CP). [0062] QWe_cIeaning liquid

supply portion 17 can selectively supply one of a

di ssolving/renoving liquid and a rinsing liquid

consisting of purified water to 10 the cleaning liquid

del i veliy ewizizire &k-diffeect idirs)s & wiangl+enny idgi ¢4 kylikkdifanism
used for dissolving a denatured substance, such as a

sacri Bi’ei &o fiah theerstaanddndyl e dletesltive g noddike 81 can
(VOS) 15a to 15f, and conprises, e.g., dilute

hydr oPeudiavehdicd 3t P idmares PIos idadsuy afters calwafer W, and
l'iquid. [%%8%} Next, a detailed explanation will be

gi ven S €hd° B Aedrtiaryimsd resijdan fgitside the cup

5bakinqcﬁéocess after the silylation process, wth

10

15

20

25

reference to the schematic 20 sectional view shown in
FIG 9. The@fder hot plate wunits (HP) 19b to 19d
have exactly the same structure as the hot plate unit

(HP) 19a. THes hidali@y € iy 4{;%]]%%fﬂgﬁ+ﬁjdfﬁéan

process chanber 91 having an ess I ndrica

heat een@3 abuiilrs iterldiquid @didisting of purified water to
the cleaning liquid delivery nozzle 81. The
dissolving/removing liquid ié used for dissolving a
denatured substance, such as a sacrificial film,
denatured by the denaturing units (VOS) 15a 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) 19a 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,



heat process, such as a baking process after

silylation, 32 can be perforned on a wafer Wpl aced

on the wafer table 92. The heater 93 is connected to

a heater power supply 94. The wafer table 93 is

provided with wafer lifter pins (not shown) that can
project and retreat 5 relative_103%he waf er table 93.

When the wafer Wis |oaded and unl oaded, the wafer W

is set at a predeterm ned position above the wafer

table 92 by the pins. The chanber 91 has a wafer

t r ansf@@n gor tPEpbermethonn)a forfred Wrpléaecedi dewahé @4fer table
10 [0064] Further, the chanmber 91 has an air feed port

95 fotdred THE thRALEHeAI +5 %@mcgeqbotscptaoheazcler %Zwer
correspondj ng,,to fhe wafer Wplaced on the table ¢

and ew1%ﬁ?iyg%%au§fh%dv?£%% FP R ntt hereeidedgwivan| wafer

91b at, ¢ 15, center. [.0065 The denaturing units
(\nglﬁﬁé?%%)%fﬁsah td%%% %%i?&ﬁ?wﬁ?% Qﬁﬁiﬁg?F@“?oretreat
5f d i V, t r essent i Yy .

5slymrete§eiclcé W t F]agr)cgs%é%?y‘t?%eé g#%?ar??ti on’ wal &%2‘6‘?‘f%ﬁew 1S

St Yl atdatedinida (36Hdadda, and Shivlalion yoito (SOH)

lib have structures essentially symmetric wt
respegirddetdimnasd i pdon o lapRbe tid WA pLE Veab D8 92 by the
cleaning units (CNU) 12a and 12b and cleaning units

(CNU) gi%es andrHdetivantse st 9 Licias es whf€ssendhd@féy port (not

symretric with respect to the partition wall 22a.
shown) formed in the sidewall 91a.

10 [0064]

Further, the chamber 91 has an air feed port 95
formed in the sidewall 91a 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

15 center.

[0065]
The denaturing units (VOS) 15a to 15c and
denaturing units (VOS) 15d to 15f described above have

structures essentially symmetric with respect to a

20 partition wall 22b. The silylation unit (SCH) 1la and

silylation unit (SCH) 1lb have structures essentially
symmetric with respect to the partition wall 22b.
Similarly, the cleaning units (CNU) 12a and 12b and

cleaning units (CNU) 12c and 12d have structures

25 essentially symmetric with respect to the partition

wall 22a.

[0066]



[0066] 33 Next, an explanation will be given of a

sem conduct or devi ce manufacturing process enploying a

dual danmascene method, to which a substrate processing

met hod according to an enbodi nent of the present .5
invention is applied. FIG 10 is a flowhart show ng a

sem conductor device manufacturigg process enploying

a dual damascene nethod. FIG 11 1s an explanatory

view for explaining states appearing in steps of the
flomchart shown in FIG 10 10. [0067] At first, a

waf er Wi s Nexdparad dxmiarent Sin wiulls tiveatael aroto £ hown)

as follows. Specifically, an insulating film120 is

di spoSENIE? tubsiavdice mRME dgwarinatperaomarecanmioying a
l'ine 122 made of copper is disposed in the insulating

film Bendarasasns imathasbt 1o ["jiah B BUbftarfes arocessing

t her ebet ween. A stopper  film (such as an SiN film or

S C MR ot 24 TR h AMEdREh et 19 [RRSBER

‘gand Iq}pﬁ,rer{ﬁto%rconnecti.on 20 line 122 nmade of copper.
er

The wa IS tlrsar?ﬁpelrlreedd into the SOD apparat us

101, in whi andnter:|ev ' i.ng fjl whi ¢

will be rengﬂrtr'egldt {)hsgsa aﬁoﬁ%&%%dﬁrﬁ}& e% n‘J%In Bryraugtor
made efevad deOW G g Gt Ji@lg (

mat er i ael) IS fagirtﬁeaﬁt{]ﬂlt%hge 25 se?l(}tpgﬁlﬁ}}llﬂgl%%ét&epdamascene

1). Corez:elqwent IBLG.t he stats SHuhdtdbdy) Gidd £ dilaining
pr epar ed. -
states appearing in steps of the flowchart shown in FIG.

10 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

15 lower interconnection line 122 made of copper is
disposed in the insulating film 120 with a barrier
metal layer 121 interposed therebetween. A stopper
film (such as an SiN film or SiC film) 123 is disposed
on the insulating film 120 and lower interconhection

20 line 122 made of copper. The wafer W is transferred
into the SOD apparatus 101, in which an inter-level
insulating film (which will be referred to as a Low-k
film, hereinafter) 124 made of a low dielectric
constant material (Low-k material) is formed on the

25 stopper film 123 (Step 1). Consequently, the state
shown in FIG. 1l-(a) is prepared.

[0068]



[ 0068]

- 34 Then, the wafer Wwith the Lowk film 124

formed thereon is transferred into the resist

coati ng/ devel opnment apparatus 102, in which an anti -
reflective coating 125 and a resist film126 are 5
sequentially formed on the Lowk film 124 by the
resist coating unit. Then, the vwafer Wis transferred

into
waf er

the |ight exposure apparatus 103, in which the
W is subjected to a Iight exposure process with

a predeterm ned pattern. Then, the wafer Wis 10
transferredhsack b ovafer esiisth cdet iLgy-devel opnEM formed
apparatus 102, in which the resist film126 is
subj eéhegecd & sddvarspimemedricdes $hsy newd stevel opi ng
unit to forma predetermned circuit pattern on the '
r esi sCRYLAISEVEIFHNE 2RRATa tidfe rerin\Whsiglg an anti-
transferred. i.nto the .etching apparatus 105, in which

% ggﬂbfﬁ&ﬁ

an et

e NLT I Y .

3).
124a
Low k

(2]

vi a-hol e 12

iN5g S &9a b1, P GHeS Tt ihm W4 srase

cd%k&%?i%égﬁﬁgdhgﬁﬁg]EHS?Q%?&? ﬁNfMtéhéigﬁ?fﬁﬁgainto

ereon is transferre

cl eanich@ apRAtaldPHokithe idbpatlitcls & cNeMLand Wkt wafer w
process is perfornmed on the wafer Wby one of the

cl eaniimg subijies te@\Wo k2a itghtl 2kp2sure Eenesd heith a

resist film 126 and anti-reflective coating 125 from

t he waffedeWe(Btieed patd G, ITheg) )the wafer W is
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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. 1l-(c)).

[0070]
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[0070] 35 Then, the wafer Wis transferred into the
resi st coatlng/devel oprment apparatus 102, in which a
sacrificial film 127 nade of an inorganic material
(such as an Si-O based material) is formed on the 5
surface of the Lowk film 124 having the via-hole 124a
by the sacrificial filmecoating wygit_(Step 5). At this
time, the via-hole 124a is filled with the sacrificial
film2127. Then, a resist film128 to be used as an
etching mask is formed on the surface of the 10

sacri fici alTHENmtry Mafehdl riesi starcdarimeyl umitte tHwemnesist
the resist fi]lm 128 is subjected to |ight exposure

with S23b P@r %@@H@waléqal,gg{n e&p@guraet |
t t film i's subjecte
?E’F’Zr FeE St el Ty h 2 oofevFala dpoRgaa Teseial
n
ot cui® %2%%2%%”% RSt oﬁn“at%eraaelf 4 ft%r’iq;fé‘sm the
a |

i_a-.hal K
formed in the resist fil mt?g‘gn tkglv\eﬁa{%m%| ho1E hole 124a

124a. tly0RRY] sa2Q iEN@N a1t e 14T &Sa W, utnrlz?:ns(fs%rer e% i nt gy, this
the etching apparatus 105, in whi c an et chi

procesdmes ekl arir@tolen 0. Lok 1fliddmyliz4 @%éigécr1f1c1al
wafer W(Step 7). Consequently, as shown in FIG

Il -(e)fila vwi2der Themcha k244 sts fidmmadsakeved ied as an
via-hol e 124a. Since the 25 sacrificial film127 is

f or me@t6h inlge Mag- K sf iflonmERY on tthe Isotrtfemes wiff ade of

the etched portion . in the Lowk

10 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).

15 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]

20 . Then, the wafer W is transferred into the etching

25

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. l11-(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.



film124 can be flat. - 36 - [0072] The wafer Wt hus
treated by the etching process is transferred into
the cl eaning apparatus 104, in which the wafer Wis
sequentially subjected to a denaturing 5 process of
the sacrificial film 127 and resist film128 (Step 8

and FIG [I-(f)), and a renoving gy ocess of the
sacrificial film2127, resist film 128, and pol yner
residues (Step 9 and FIG I1-(g)). [0073] 10

Specificallg, at first, a carrier Cstoring wafers

treated by t}& %k ching process is placed on the table

6. Then, the lid 10a of the carrier C and the shutter .
10 are retY¥Eatefsh W HYT dresared thiy | Be e6¢hieng dprocess is

t.h din i ndow portion 9a. Then, a .
wa er OWATEE St S pEdBt i ThRA TS (RRF 13F thel O rivhich
Ci ransfer into the wafer transit_unit (TR _
13|bsbytthet t%f\%/aégg 45 ane i bt Wasf‘ﬁ:[](ﬁﬁ-zﬁé] t‘l%e%,dse%rhaeturmg
swaf er pWoQJe%%e(‘}fb;H{ %av@%iqiéfﬂns f 04, 32{10d(TF\)sSQS 12Pilm 128

I
is transferre e warter transter armlaln‘?oo

of thegstepatsurdfag iy ! sll(—V@)) A9hd 9 I ox%i{l’rc;{nvg‘f.lcg;éss of the

the denaturing process of the sacrificia
and r esicati ffiid i1l 28 ling 1067 f ofBichd NeiSten B8, deserddesher
above (FIG 11-(f)). 25 [0075] In this case, the |
41b ofresneluswanisgremB® iand FIG. 11-(g)).
[0073]
10 Specifically, 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
are retreated in the transfer station 3 side to open
the corresponding window portion 9a. Then, a wafer W
15 at a predetermined position in the carrier C is
transferred into the wafer transit unit (TRS) 13b by
the wafer transfer pick 7a.
[0074]
Then, the wafer W placed in the wafer transit unit
20 (TRS) 13b is transfefred 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)).
25 (0075]
In this case, the lid 41b of the chamber 30 is

first retreated above the lower container 41la. In this



first retreated above the | ower container 4la. In this
37 state, the wafer transfer arm 14a that holds the
wafer Wis noved forward such that the wafer Wis
inserted at a position slightly higher than the
portions for supporting the wafer Win the hook
menbers 46 attached 5 to the |i-d glb-(portions
extending in the horizontal direction). Then, the
wafer transfer arm 14a is noved down to transfer the
wafer Wonto the hook nenbers 46. [0076] After the
waf er Stvedifaf éhearidfeta transdiaranmy ¥4omhato tdiels the wafer
denatV{Lng uni t (}§§? 15a, the lid 41b-is nmoved down
to bring MYSY PrYasd o udtbddatorfihge tafiath W He inserted at
| ower _caont ai.ner 41a, d the |l ock nechanism 35 is
Py it

5 % e Lifmidia B¢ e Pt tians dir

further oﬁéFaQQj%(}
st at e g \Whentihe Lid ﬁa I s Jjaved down, .the wafer i s
N 0% t (% Yook ‘Henter o pd Fie 16 St rachea

15 transferred from

5pr oXi Rict ¥ hePi1N$y %ﬁ@r‘(ﬂé}ﬁz s e[p&(ezegm;c%ing-rq% th%g%osr%.zontal

and lid 41b are maintai ned at ermne

t enpedatrieces oday .t h@hréf?ﬂt he %@Q%fe&o A d14a is moved
exanpl e, the stage 33 is nmaintained at 100C, an t he

lid 4dowins traitraaisted athel WEed M HRlro \WRN HIM $ldRers 46.
33 and |id 41b are set at predeterm ned tenperatures

(such as 11®Q*%&d 120C), and 25 the tenperature

di stribution of the wafer Wbecones essentially

uni form affbeturtdiqgas fisfr dzmmes gl arm 14a is retreated from

10 the denaturing unit (VOS) 15a, the lid 41b is moved

down to bring the lid 41b into close contact with the
lower container 4la, and the lock mechanism 35 is
further operated to set the chamber 30 in an airtight

state. When the lid 41b is moved down, the wafer W is

15 transferred from the hook members 46 onto the proximity

20

25

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 llO%tho 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



nitrogen (wth an ozone content of 9 wt% and at a flow
- 38 rate of 4 L/mn, for exanple) is first solely
supplied fromthe process gas supply unit 16 into the
chanber 30. At this tine, the gas is adjusted such
that the chanber 30 is filled with the m xture gas of
ozone and nitrogen 5 to have a-pr3gdeterm ned positive
pressure of, e.g., 0.2 MPa by gauge pressure. [0079]
Then, a process gas prepared by m xi ng. wat er vapor
wth the m xture gas of ozone and nitrogen (wth a 10
wat er r\?&ﬁopfcént%l%orﬁ%mw)tdsl imYtrisplely supplied
expressed in terns of liquid, for exanp

anple) .is supplied
from ﬁgmpfﬁ§%§§“§§§s§u%%?ysﬁﬂP}YlB“FﬁtéGtHét@hégﬁeﬁhamber 30.
30. (th this. S gas, .the sacrifjcial film127
for megE gr?tl{ékzl\%{/aqg?ﬁ\ﬁ/ ig%agdéﬁc’at jéJdStlte(SJ bslé“‘é‘ag:hég}i the chamber
di ssobyedsi 33 1Ly RAMH Ctlﬁearmi%gfeppegélatslel oéjolr?dﬁ%lzeu%g'aai‘titrogen

HF. Further, polymer residues

5F i1 m £238harnd Q@I WGl £5 0! iRS ﬁ.fe?é%ﬁ&fm £49-, 0.2

generated by the etching process) are‘-a

t o beMeasbly gatiges @readide the chenmical liquid. As

descri bed above, 20 the process gas denatures the
sacrificiall0O79h 127, resist film and pol yner

resi dues. The supply rate and exhaust rate of the

process gadhen ,amd Frorsdsheyashamegra r&0 ey enicantg eldtedk vapor
for the interior of the chanber 30 to have a

predet'efFRi §8§ Pésitunre e sfucEonEs reD80jt rfgem t(hath a

{oProcess usin thecprocess gas on the

15

20

25

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



wafer Wis finished, the supply of the process gas is

39 stopped. Further, nitrogen gas is supplied from

the process gas supply unit 16 into.the chanber 30 to
purge the interior of the chanber 30 with nitrogen

gas. This purge process is perfornmed to conpletely
exhaust the 5 m xture gas of ozorg and nitrogen even
fromthe exhaust wunit 32, so that no m xture gas of

ozone and nitrogen flows fromthe exhaust unit 32

back into the chanmber 30 and | eaks out of the chanber

30 whé&roPRETharfblt sy i N itgmarn 9derienfsepplied from the
[ 0081] When the nitrogen gas purge process is

fini SREFCETR 958 CHRH Ao thato CHELG e @rasass S purge

extern

| .pressure of the chanber are the sane. ,
Thi's itilledolrl{let,er Oercaotffset,h‘? f&{ﬂ‘?l‘égoec%aﬁcgevfl Ritpsfegas.  This
whi |l e 'Qﬂﬁf \r e chanber IS
hi ghelptu?f?aeln at oS p glrsle?é%foe[géeué &Ot%%mn%hea% S the

gbe da rAf | re f
35 TR N AR I8, SN cvnaust

s up e
cl anpiung tf @6e sappHad dd nihadOds oNtE N Ao And-ogen
lid 41b, and then the |id 20 41b is noved up. Wen the
lid 4¥ows moved the dteauswmfieritVis pavedi b adiNthamber 30
wth the lid 41b while being supported by the hook
menbeefdig.edkremutt et wafeerchamiansf3r wiren Idee i shamber 30 is
inserted into the gap between the |ower container 4la
and | o@eresl e nasfitahe wafer Wis 25 transferred

1Ofromthe hoqh)nenbers 46 onto the wafer transfer arm

15

20

25

14a. (0081l

| When the nitrogen gas purge process is finished,
it is confirmed that the inner pressure and external
pressure of the chamber 30 are the same. This is done,
because, if 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 1id 41b, and then the 1lid
4lb is moved up. When the 1lid 41b is moved up, the
wafer W is moved Qp along with the 1lid 41b while being
supported by the hook members 46. Then, the wafer
transfer arm 1l4a is inserted into the gap between the
lower container 4la and lid 41b, so that the wafer W is
transferred from the hook members 46 onto the wafer

transfer arm 1l4a.

[0082]
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[0082] 40 Wen the denaturing process is finished at
one of the filmdenaturing units (VOS) 15a to 15f,
the sacrificial film 127 and so forth have been not
yet renoved fromthe wafer W Accordingly, a 5

di ssol vi ng/ renovi ng process (cleaning process) is
performed to renove the sacrificigg film 127 and so
forth fromthe wafer W(Step 9 descri bed above).

[ 0083] When the dissolving/renoving process is
performed, 10 the wafer Wis transferred into one of
t he cl eani ferurdihes daonuning trrdoess |is thisished ,ata one of
predet%ﬁTo m ned chemcal liquid (such as dilute

hydr off rfllclmaéedw&r“rlé’nﬂ wguﬁa%eﬂfqmerﬂ&aaltq ilffi-d)the

t hat can sol ét} crifjcial film127 and so

forth i§ 6&Ha d niéibeﬁf MG HPrth have been not yet

di | fli | fil

T oy é%ﬁ'ﬂ%*%r%%%ieescrlb% e

[ - t
(ghhs48¥¥¥ﬂ9/ﬁéﬁﬁv eghk%fﬁ @%lé%%lqﬁufr%ﬁ$ss is

di ssol ving/ renovi ng pro or

waf er \é/ﬁf%ﬁﬁe%{‘%foerﬂe%%\ﬂer‘tt%é)rkeaékflftﬂﬁac %fm'nﬂqzﬂﬁ!atrﬁj so
(CNU) 12a to 12d. The wafer Wis pl ace on e spin

chuck £oktand dom heled watRIrean (Rs5e idRlddkiged above) .
hori zontal state by neans of vacuum suction. Then, a

chem cal lilQ@8B]t hat can di ssolve 25 denatured
substances of the sacrificial film127 and so forth
i s suppl i ed’farorahehed icd sl imp [ e di el pncergss 1s performed,

the wafer W is transferred into one of the cleaning
units (CNU) 12a to 12d. 1In this unit, a predetermined
chemical liquid (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-(qg)).

[(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



nozzle 81 of the cleaning liquid supply nechani sm 80
41 onto the surface of the wafer Wto form a puddl e
of the solution. After this state is held for a

predetermned time, the wafer Wis rotated to throw

off the chemcal |liquid fromthe surface of the wafer
W Further, while 5 the wafer Wig rotated, the
chemical liquid is supplied onto the surface of the

wafer Wto conpletely renove the sacrificial film 127

and so forth. At this time, the resist film 128 and

pol ym&ntesituediifracan|asfho tdies st Sl antb rémoved myddde of the

chem cal liquid for 10 renoving the sacrificial film _

127. AT iHe cHdfisalthis gifiatorbedield wint e tieedetermined
drive notor 72, purified

wafer Wis rotated b he )

wat er tilénes'uptgﬁ é"c‘iadf(ﬁ%ai the TR 679 W oF et ik LRt @remical
was hi .Q on.,t he er W_Then, the fer Wis ,

r ot at ;l%cg{m;ﬁ:lsog {e]:rhespseuer I% 95 %é? f“b?‘?ﬁ%ﬁ?h- oZ‘iﬁﬁ’_Q‘Tr' while
gThe SpRiyy i f qu . pey for me ile .

a dr yl%rl{lrgé géa?‘{kg vgulpgp{}foeeﬁ)ﬁ'owq e % leéf)a{/\/ﬂ[w]ls fuPplled
damageth tROrdHOB k3 dess Jordmd Pyrd hig %%&ﬁlé lé?oremove
the surface of the Lowk film 124, as shown in 11

(9). Thies staypEgediRar t4idmn 1307 i $nd@ RO EdO4h Chagedhis time,
froma hydrophobic state to a hydrophilic state when

the Ldwek fedimtl 24 lins IAfbjaaet giblymd heresidues are also

di ssol vi ng/ renovi ng process of Step 9. This portion 25

i ncr edsesaliveds el fiemadical duyt ritee comstard L of iqnisd for

Lowk film 124, and thus increases the parasitic

100apad§%mﬂﬁ§ng 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

15 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

20 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

25 increases the specific dielectric constant of the Low-k

film 124, and thus increases the parasitic capacitance

between interconnection lines after interconnection



bet ween i nterconnection lines after interconnection -

42 line formation. Consequently, problens arise in

el ectric properties such that a signal delay occurs

and the insulation between groove interconnection

lines is deteriorated. At this tinme, although FIG

I1-(g) 5 clearly shows the damage4p portion 130 forned
inthe Lowk film124 for the sake of convenience,

the boundary between the danaged portion 130 and non-

damag edrPortlon IS not necessarily clear. [0086] 10

In Ii AR ok A e UEIRFYHR iérbd?/TeObJaﬁFm%ralth%e in

di ssol vi ng/ r.enmovi n rocess of Step 9, a silylation
processlef rp]e‘?f%’?cﬁg%‘pt(’ﬁseps‘i@a tFI%SH‘-‘i“ﬂ;)O‘}e]]E%Y occurs and
recov e of the damaged portion 1 0

Lo k 19 SRR f[d%?stﬂe%n% %%V‘go]rri‘f%ﬁ%"’&?e‘ffrﬁ%n lines is

gipggl fi \é%llaly aa’%e Lo phi< g?lr%i%ajl@% ucﬂé fﬁé‘t i]{é (g)

50r oup (W1 ASsHIWE HHRURSam 1c§n hygs ophaRi €. i the
reacts with water nol ecules 20 urlng t he denaturlng

pr ocegsowsi Mg MAt1ers IRnort i ds a 102 ahe @k b d Nk f hee
di ssol vi ng/ renovi ng process. Consequently, the nurber

of metdodndprmou s i adedrteasatagead gdrer ibeso afnd non-
hydr oxyl groups is increased near the sidewall of the
vi a- helagnagerh pasd itdre ispavitf ine@Ssghiel pcteieaconst ant
(k-value) is increased. Accordingly, the silylation
process is PEormed to '

10 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.

15 [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

20 during the denaturing process using water vapor 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

25 dielectric constant (k-value) is increased.
Accordingly, the silylation process is performed to

make the Low-k film surface hydrophobic, and thereby



make the Lowk fil m surface hydrophobic, and thereby
43 - recover the damage. [0088] In the silylation
process, the wafer Wis transferred into one of the
silylation units (SCH) Ila 5 and 11, and is placed on
t he support pins 64 of the hot plate 62. Then, a
silylation agent, such as DVBDMA 4gyapor, carried by N2
gas is supplied into the chanber 61. The conditions
of the silylation process are suitably selected in
accordance with the type of the 10 silyl ation agent,
as folT¥wRVeForthe @@l - the tenperature of the
vaporizer 63 s set to be froma roomtenperature to
50C. The sif@@%@]on agent flow rate is set to be 0.6

to 1.0 g/mp. The N2 gas ur ge as) flowrate is, set
to be 1 to ﬂ% E?%1%%l%ﬂ%tégﬁc £Qc§8SprBagurates YetsSto

be 53 6,Pa (4 to 720 Torr).. The,tenperatur

of thét%%?sggp?%{eed@}é% §8 65 SRE b ihy TPELAE BRIE ser 11
g enper repto 0. m DVEOME, | . 1 he
sinIé?%gﬁ?%béﬂ%? %%e 6%%%MAng netﬁ%%aﬁggaééﬁ%s%%,Of the hot

for exedtd es2 Spemidn cad | ¥ 1§ N8 L EAPSESL YT esQEnt he DMA
20 plate 62 is set at 100C, and the inner pressure o

the chater &drisedlasy agseshsoid J@ppl{sd 668tFahe chamber
Then, DMSDMA vapor carried by N2 gas is supplied into

the dhanbefhSlcamditidme ¢ hnene ps ebglaei svasheseSS are
Torr. Then, the process is performed for, e.g., 3

m nut 811 58P Lihi selertied aimi agce hdapcessitle. tHhetype of the

silylation reaction using DVSDVA is expressed by the
1q(ﬂ|(nﬂ%ﬁylatlon 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 No> gas (purge
gas) flow rate is set to be 1 to 10 L/min. The process
15 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

20 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 N» gas is supplied into the
chamber 61 until the inner pressure reaches 55 Torr.
Then, the process is performed for, e.g., 3 minutes,

25 while maintaining the pressure. The silylation
reaction using DMSDMA is expressed by the following

chemical formula 1.



chemcal formula 1. - 44 - [0089] [Chem cal formula 1]
CH3 | ,CH3 CH3 ,CH3 CH3-Si-N+ HOb CH3--Si-0 + HNH
CH3 H CH3 [0090] The silylation agent is not limted

~to DMSDVA 10 descri bed above, and the agent may

10

15

20

25

conprise any substance as long as it causes a
silylation reaction. However,~if4is preferable to use
a substance having a relatively small nol ecul ar
structure selected fromthe conpounds including
silazane b Si -N bonds) in 15 nol ecul es, such as a
subst ance EQ@?%@ a nol ecular weight preferably of 260

or | ess, refera Iy of 170 or | ess. Nanely,
exanples orﬁer %ﬁag até  HVDS

(Hexanet hyl di si |l azane), TNMSDVA

(Di nethylaninotrinethylsiIane), TMDS (1,1, 3,3 20
Tetranet hyl di ggj4gzane TvVsSpyrd e (1-
TrlnethyIS|IpryroI 3BSTFA (NNO

Bi s(tri gHB%- trifl oo qgag
( Bi g(dl net hyI Sm%)\d(é{]@lt ;'Sllglef ne). ?ﬂaﬁe % + H- N
(1,1, 3, 3-Tetr gyret hyl | azane)\ TMSDVA 25|1

(Di wethylan1notr|nethyIS|Iane) and DMSDVA

(Di net hyl'si |yl di met hyl am ne) are preferable. The

chem cal structures of these substances are as

fol lows. [0030]

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,O-
Bis(trimethylsilyl)trifluoroacetamide), 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.

CHs

CHs



- 20

- 45 - [0091] [Chemical fornmula 2] CH3 CH3 5 CH3- S |

i-NH-S | i- CH3 CF3 -C /0--Si(CH3)3 | | \N-Si(CH3)3
CH3 CH3 HVDS BSTFA 10 CH3 CH3 CH3 CH3 CH3 | | HSi-N
I 11 1 1 NSi-N CH3 CH3 1 | | CH3 CH3 CH3 DVSDMVA
BDMADMS 15 CH3 CH3 | | CH3 /CH CH I CH3 -Si-N CH3- S

i-NI CH3 CH3 1 CCH 20 CH3 FMIABVA-TMSpyrole CH3
CH3 25 HSi-NHSi-H CH3 CH3 TMDS - 46 - [0092]

(0091]

[Chemical formula 2]

CHs CHs Si (
5 CHa— $ i—NH—S i— CHy CH-CQ >
| N—Si(CH
CH; CHs ( 3)'3
HMD S BSTFA
10 CHs CH
I, l 3 CHs CHs CHs
H—g—v #—ﬁ—ﬁ
L1
CH: CH; . CH: CH: CHs
. DMSDMA BDMADMS
CH:; CH
- O ) CH; CH§CH
CHs — Si—N cm—§pm/
] | \ CH
CHs CH: Chy CH™
TMSDMA TMSpyrole
CHa CH:
| |
25 tr—*—wu—m—ﬂ
|
CHs CHs

TMDS



Where danage recovery is perfornmed by the silylation
process descri bed above, the k-value. is decreased to
some extent, but cannot reach a 5 predeterm ned |evel
in many cases. By studying this nmechanism it has
been found that this is due to the follow ng reason.
Specifically, where a porous matggial is used for the
Lowk film124 as in the «current trend, noisture is
contained in the Lowk film 10 124 during the

denat uri ng Frocess and dissol ving/ renovi ng process
(see FIG 1129%3] and -(g)), and then this moisture
reacts with a silylation agent supplied in the

si |yl ati on ProfkceseenadgerRFar et uni S PeESAERRA| Ry the
by- product.. . The Si-containing hby-product 15 thus )
ggngr ated! 1A VIR 5P eSS o ?ﬁ‘%ﬁl%@‘ga‘?%@’%xi Ehe hrvaiwe is

surfac insi,de of the film .and prevents the k-
val ue TR Do QT ITE | GHITY 1 Roh TR RheReRFh the

5i 1yl g U QeSS | e\gﬁ;fr( g@%nu%gcégggvengag?%P%% this

form ng end .groups o , such as’ne

gr oupsnecHLA093, ¢ rkéghlseél&ﬁ thisa egser dihng IQfé@éS%o the

enbodi nent, after the silylation process Is perforne

on a VidlErowdng ardkdmg EEEssicsl el fonaed 9npdheus
wafer Win one of 25 the hot plate units (HP) 19a to

19d ( Stegpedilalanis Rised 1flof i jhle Komskegfiehkl y24tHe in the
Si -containing by-product in the Lowk film124 is
deconpdseerand: remdy el L siir¢ hies -cdiytainedkifii tihe 124w~k film

d s free fromthe Si-containing by-
1 124 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
15 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 is performed to recover damage by
forming end groups of alkyl groups, such as methyl
20 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
25 the hot plate units (HP) 19a to 19d (Step 11 and FIG.
11-(i)). Consequently, the Si-containing by-product in

the Low-k film 124 is decomposed and removed, and the



product that increases the k-value, so the k-val ue of
the Lowk film124 is sufficiently recovered. [0094]

5 Wien the baking process is performed in one of the
hot plate units (HP) 19a to 19d, a wafer Wis
transferred through the wafer transfer port (not

shown) forned in the sidewall -9147 of the chanber 91
and placed on the table 92. Then, the heater 93 is
supplied with 10 a power to heat the wafer Won the
table 92. The heating tenperature used at this tinme

i s préfRrdblitdeil24 o Hef HYHeFom Hare t hie- eemprimtng oy -
of the si|ylation process, because the Si-containin
by- pr é’di?c‘i‘ycr’r_eéﬁhatt O PP IRTDNPYR T Y e f$%a‘ﬂ|“§/,k‘t‘h%‘1€ of
heat i t eratur.e | s. preferably set to be 150 to
400C, r]:gjnedel‘%r eka flr;irle"f élfza 1y t%ug‘zel%”o%mi Y VIS
baki ng proc Ry be perforned in the silylation
units 1la and li'b. [0095] After the baking process is

5 hus perforymd, dHe @Q{Me%rygé§st{§5§%?f%ﬁg?9g%r§gc?ne of the

transfer arm 14a fromthe ot plate

the wafey glraansidnid t ({ARS)9a 138. 1dhen dhes waf efs W

is transferred by the wafer transfer unit 7 into a

carri erra@sfidrimdd ithtdegh thansdBsr eglrdiofet heort (not shown)
cl eani ng apparatus 104. 25 [0096] Then, the wafer Wis

t r ansflemmadl iim dhehesidpaltleriy eppaiatcsad®s: 9N and placed
which a barrier nmetal film48 and a Cu seed | ayer

(i.e. ’orb|tth ﬁg.alcsl@e@q.aygl')era,r gthe heater 93 is supplied with

10 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

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

preferably to be 300 to 360°C. This baking process may
be performed in the silylation units 1lla and 11lb.

[0095]

After the baking process is thus performed, the

20 wafer W is transferred by the transfer arm l4a from the

25

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 cleaning apparatus 104.

[(0096]

Then, the wafer W is transferred into the

sputtering apparatus 106, in which a barrier metal film



formed on the inner surface of the via-hole 124a and
trench 124b. Then, the wafer Wis transferred into the
el ectrolytic plating apparatus 107, in which copper

131 5 used as an interconnection line netal is

enbedded in the via-hole 124a and trench 124b by
electrolytic plating (Step 12_angg FLG 11-(j)).
Thereafter, the wafer Wis subjected to a heat

process to performan annealing process of the copper
131 enbedded in the 10 via-hole 124a and trench 124b.
(no arAfehld kY @Rss dtarer i 61 showplat FidG sddd Tdeer) are
the wafer Wis transferred into the CMP apparatus

109, ifPERAtIP Wiaddmeatswntagr cesthofvidehakd k244 and

is perforned a CVP net hod Step 13 Consequent |
a pPe % H%%em%f&uc‘irb? “(’fi%elgé‘bl%% ‘P’sansgerred into the
nanufa ur.ed. As descri bed above, in order

to
renove ﬁ?tro%iﬁﬁqléﬁ%ﬁquI?ﬁﬂiﬁaEHﬁi%99#(&4?V %QRECOPPer 131

gsacrifj I forth are tured to
sol ubll'lesci:“ld;1 2 gd‘mpr eterm n<‘gt Uheht ™ ‘%ﬁﬁ dcped in

then the dﬁ%ﬁlﬁgl%d 1?44’34?&%' r‘? 485 eéjl %“gtodlytlc

renmoved by the chem cal Where t
adopt ed.atihgy s@aépe\tlgorhndarpf@ssli_s rf o] ¢71=To th
recover damage forned to the Lom#k:?ﬁln1124 untlﬁethe ©
di ssolwa frey/ menmyisnth jEracessso 2hand ghereddecbakd Mrm an
process is further perforned. Consequently, the

Si - comraig# g doynuaeda toff hdte | sopmener 3t eshmiyddd® in the
silylation and prevents recovery of - 49 the k-val ue

10i s deddpdsed 12da madk-tegneh of24the(novenealing apparatus

15

20

25

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
procéss 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



5
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15
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film124 is sufficiently recovered. [0098] The Lowk
film1l24 with a pattern forned thereon 5 may be
damaged by the process using water vapor and ozone in
the denaturing unit (VOS). If the dissolving/renoving
process using a chemcal liquid is subsequently
performed on the filmw th such dgmage, pattern
peeling may be caused. In light of this, a 10
silylation process may be perforned before the

di ssol vi ng/ renovi ng process, so that the damage of the
Low k tHi® f~v24 vies ige dorammrpserhi ssitthg dtivelys cmfl'eslshe Low-k
may be perfarnmed in one of the silylation units Ila
and FEROT [ 28nd Ss S0 THEHRRIE 1AE RaRaveRedhe o | yl ation
15 process @%{fqrned after the dissol ving/renoving
process. | &&] A pre-baking process may be perforned

before the Th‘lcéi l]’)ézlvfa—tlé Y1 N OCEPS ftﬁl’( I%irgge??%:eeg{r% ﬁ%o}rg%d thereon

di ssol vi ng/ renovi ng process. W

DI St WG HRMRAMARE OBt Q%é’\oﬁir%ce\gg Sdf \rgﬁagcneczzgf&%l#e and

the effect of the silylati process 1s e

heat i RgJnRMREr @hir @ewsed Aing hisid | (Bd)S Pref enabl y
set to be 200C or less. Further, in order to

ef f ecidivelof vihgnaeaoviingt Wrncde igatd ng dHperat Wieguid is

is preferably 25 set to be 50C or nore. This

pr e- bakibsg queatdys peanf chene perd artreed il twhiecthafudgi al#age,

units (HP) 19a to 19d or silylation units Ila and

1l Db. paggern[@f@gpng may be caused. 1In light of this, a

- silylation process may be performed before the

dissolving/rembving 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 lla and
1lb 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 200C or less. Further, in order to effectively
remove moisture, the heating temperature is preferably
set to be 50C or more. This pre-baking process may be
performed in the hot plate units (HP) 19a to 19d or

silylation units 1lla and 11b.



Next, an explanation will be given of an experinment
conducted to confirmeffects of the present

invention. In this experinment, the Lowk film 124 was
5 formed of a porous Lowk film (k-value: about 2.5)
and processed in different manners, as shown in Table
1. Specifically, they were a ranger-(initial: No.1)
in which no process was perforned thereon, a nmanner
(No.2) in which only the denaturing process (VOS) and
10 dissolvin&t&ennving process (Wet) were perforned

t hereon wit iote9% he silylation process, a nanner
(No.3) in ich the depaturing process (VOS) and
dissolving/$€ﬁ%wi?ﬁ)?ﬁ %%%ttv@tyl riee YR el an

th . h il ti LKR 15

LD AT A U TR 10 oren
th i AV i | vi / [

b oceot A DIGEARRf etler heR0 WROIGTN Efin 124 was
Sper f orfidehed et eprpilid e\, L her paki Q%—H%?Sakgweé .5) and

was further perfornmed thereon at 25 and a manner

(No. S)prdreduad 20 dlefed ted th hPiRELSS {3/GHown in Table 1.

di ssol ving/ renovi ng process (Wt), and silylation

procesipddtiKR)calere perdorvmte 4 hesmosr anchitient § heo.1) in

baki ng process (Bake) was further performed thereon

at 3500 1@y neensfcade vawpeffdrmed 2Zhdtamn processeer (No.2)

the k-val ue at roomtenperature, 25 the | eakage :

curr et athiqv ontlie tdeyadeHa et inm pfodes (&R tded
1OdegasicI.icatio.n gf a substance haviqg nol ecul ar

&

a
Wei ght® 675 767 Wi TREISUIB P TaShT e PPehowie ke et formed
reSU|t€hé¥e§JKafgﬁ%% r%ﬂgytsilylation 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

15 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 250°C, and a manner (No.5) in which

20 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 350°C. By use of the Low-k film
124 thus processed, the k-value at room temperature,

25 the leakage current at 1MV, the degasification of HyO,
and the degasification of a substance having a

molecular weight of 75 were measured. Table 1 shows



[01011 In this experinment, the process conditions
were set as follows. 5 Denaturing process (VOS): at
105C for 1 mn, Dissolving/removing process (Wet):
with organic alkaline chemical liquid for 1 mn,
Silylation process (LKR): at 150C for 150 sec, and
Baki ng process (Bake): at atnosphgric pressure for 10
30 min. [0102] As shown in Table 1, where the
silylation process was performed, recovery of the
k-val ue and decrease in the | eakage current were

obt ai &P UFuT t Herthewigasyramant paki ng process was

per f or med a[@g he silylation process, recovery of

t he k-val ue él evel oped. Particularly, mﬁerelthe
baki n rocess,_was perforned at . 350C, the k-val ue was
recovgrgd by abott ORSIHESNEpnhRPeRT PGEFReCRRER ERABFWETE
only t (ly i process 20 was performed. The
deg)allsi%?tczétél oﬁﬁojfoqgs substance having a nol ecul ar

srei ght  of 7§er\o@tsum<9ep@$&§§ﬁt WBS% 'nékaib% PEQECEShin,

but it was decreased after the process and
partiCU|ar'Nié@éEﬁiﬁéﬁ%éﬁ%#ﬁﬁ% PrOEESsS @Wegﬁgc&ikh_baganic
t hough that the substance 25 having a nol ecul ar weig

of 75 alasa laimeSi cromicd i Niggu by - pepduchinpnd recover of

t he k-val ue obtained by the baking process was caused

by a decreaSkelylativrs [Brod@sscohKRi hi ag byoi oflet150 sec, and

Further, noisture was slightly

Baking process (Bake): at atmospheric pressure for

10 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

15 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

20 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

25 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-



decreased by the baking process, and this noisture
decrease supposedly contributed to recover of the k-
value to sone extent. 5 10 15 20 25 53 - [0103] o
to rni of ao 31 5U000005LC) CXDOXOX N O
tih &Vt- '- O st NEGoC gol- 00 coco OOO
O O 0XXXXX W=r- Oogq-togN —ct Mto to Ig 10
EoOO0OO0O o OL) XXXXX totl) toC) c'i Ci

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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20

25
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J 15 Cd) ti Na) NC C) N NN OtO1l ) Nco
20r ---t + + >>>> 25 uZ- 54 - [0104] The
present invention is not limted to the enbodinent
descri bed above, and it may be nodified in various
manners. For exanple, in the enbodi nent 5 descri bed
above, the denaturing process of gshe_ sacrificial film
and so forth is performed using a m xture gas of

wat er vapor and ozone, but the process may be
performed sol ely using ozone w thout water vapor.

VWhere the gdilddesls is performed sol ely using ozone, the
10 reactivity becones | ower as conpared with a case
using water vapor and ozone, but the sacrificial film
and so forth thus denatured can be sufficiently

di ssolved in the,_syhseqlient| di ssol i ng rquV|ng
process using ajcRegimal |l qpid.
sge 1Sl |els
8 slelelgle
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15 [0105] Further, the LowKk filmon which damage
recovery can be achieved by the silylation process is
not limted to a specific film and it nmay be an SOD
film of porous MSQ Alternatively, for exanple, an
Si OC 20 based film which is an inorganic insulating
film formed by CVD, may be used.5fA Lilmof this type
can be prepared froma conventional SiQ2 film by
i ntroducing nethyl groups (-CH3) into Si-O bonds
present on the filmto mx Si-CH3 bonds therewth.
Bl ack Di anoh®l2%] (Applied Materials Ltd.), Coral .
Novel lus Ltd.), and Aurora (ASMLtd.) correspond to
§his type. ?%?t%%?ﬁ%?%,lnY?“Fé°%oé§iBP% téméhpfoloathe
orous_ Si OC-based film. - 55 Also, it,]s possible to, ,
grrpl oyengonO rbtas%%ls?ﬁjs%?%t“i’s?%vefi?’?ﬁi hhbi AgY aPgofpdified in
texturege, i p S ext ure, 106 5.ln
t he eﬁ%g!Pﬁ%%?&ggg%?$be8§§%o%%%m? %’p%%sg%? ;?RgghT?Bﬁ

§s appidged i@ %W@?%H@i@&n&@yﬂk% nggg@égsnsf ”Ffé@gd

for manufacturing a sem conductor d I ncl udi n

coppersdduief COTWECE i DR dhdeso PESrthiNi§ hSrB9tmed using a
limting. The present invention may be 10 applied to

any pmoicessrd yadli &h @t ef Chapgr t afi@geszbhé M biBYtRE process

deteriorated, and a substance to be denatured and

renmovatRy sopresehvormé8 soCellyAulsiMigSozone without water vapor.
Where the process is performed solely using ozone, the

10 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.

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, and it may be an SOD film
of porous MSQ. Alternatively, for example, an SiOC-

20 based film, which is an inorganic insulating film
formed by CVD, may be used. A film of this type can be
prepared from a conventional SiOs film by introducing
methyl groups (-CH3) into Si-O bonds present on the
film to mix Si-CH3 bonds therewith. Black Diamond

25 (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.



[1] A substrate processing nethod conprising:

perform ng an etching process on a low dielectric
constant filmdisposed on a substrate, thereby formng
5 a predeterm ned pattern thereon; denaturing a
remai ni ng substance to be soluble in a predeterm ned
liquid after the etching process;g5 dissol ving and
renovi ng the substance thus denatured, by supplying

the predetermned liquid 10 thereon; then, perform ng
a silylation process on a surface of the |ow

di el ecthi¥ cddnstarkossibde bYy° st S R MS@Thgsed i bmsulating
agent .ergg%}.after sai d di ssol ving, and, renoving the
subst af:fgé“ Tt Y CAMRR IS TR WP tHe RidGSe raf @ peEpus
t he s#g&gggém process. [2] The substrate processing
nmet hod according to claiml, wherein, after said

denat uri ng ﬁjf@@pining subst ance and before said

di ssol ving and renoving the substance denatured, the

Sret hod furthere KOBhbSESmelt p&éé&é{%{gcé‘bé%}" @fi% gﬁfesent

process on a surface of the | ow tric cons

filmvidveddiopatd edgpf psdreh 4 her et s bys SHpPs Yang a

silylation agent thereon. [3] The substrate processing

met hodlaacoraiengndtthod | B M mranwihes i fi ddea | §¥hmiconductor

dielectric constant film 25 conprises a porous | ow

di el edaviccorstamimpteriaiper [4]tehsosubst fat eline, but

processi ng nmethod according to claim1, wherein the _

| ow ditdtieTtis Atonkthting | mThespredent ubesert kyp may be
uproup%.a%:end groups. , _ . .

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

and removed is present.



[5] The substrate processing nethod according to
claim1, wherein said denaturing a remaining substance
conpri ses supplying a process gas containing water 5

vapor and ozone. [6] The substrate processing nethod

according to claiml1, wherein said denaturing a

remai ning substance conprises_supplying a process gas
cont ai ni ng ozone. [7] The substrate processi ng net hod
according to 10 claim1, wherein the predetern ned
liquid conprises an acidic or alkaline chem cal
liquid. [8] The substrate procks8i AgMn8t hod accordi ng

to claim1, wherein the silylation agent used for the

5

10

15

20

25

silyl ation [plrloc"e R T S 63 A DTS § el uelpmigr 151 ng :
sil azane bonds _%%% in nolecules. [9] The substrate

proceSS|ngHﬁﬁﬁﬂﬁW cﬁQh?ﬁfq%Pg(ﬂ%ﬁqﬁ%F Whet el Pt hbelectric
in nmolecules is

Conpo%%% I@%éj fﬁk | azane, bonds StE thereby forming
o151t ihg B L ENE

sel ect&d PO tHe gr

(D i B BTN S i« ARA] Bhie UGEVR 50

(D e [ 'am notrine ane)’,

(Di m5t hyl S'déﬂﬂmmlﬁr@é}ﬂlnu{%%ub@]@a (ps{(gatgg soluble in

processing nethod according to alm1 ere Said

baki ng phedsthksiiate) i15i pard afmd w@le aeécgr&;ﬁyl%@ess,

hi gher than a tenperature used for the ation

process. [ HilssHier supsiridit genp0ioes iy s@bd0shce thus
according to claim210, wherein said baking the

subst dgnativgesg perfupmiadirat the gnpetattarrme oéd 160gu 0d
400C
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 denaturéd; and
baking the substrate after the silylation process.
(2] The substrate processing method according to
claim 1, 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.
(3] The substrate processing method according to
claim 1, wherein the low dielectric constant film
comprises a porous low dielectric constant material.

[4] The substrate processing method according to

claim 1, wherein the low dielectric constant film



[12] The substrate processing nmethod according to

claim1l, wherein the nethod further conprises

perform ng a baking process before the silylation 5

process performed after said dissolving and renoving

t he substance denatured. [13] A substrate processing

nmet hod conprising: formng a sacgjficial filmon a

| ow dielectric constant film di sposed on a substrate;

10 form ng an etching nmask on the sacrificial film

and etching the sacrificial filmand the | ow

di el ectH§ Ao riskiaht F5QuRSs talffer%'g%/ FEYR g ah
redetermn tter t hereon; denaturing the .

gacrificialﬁglgﬁyﬁﬁﬂl Her 2t e R FCeasi nasRe fpogeaccording to

| ubl g i.n redeterm ned, | | qui d; . dissolving and
?gngvicﬁlgajt%zl’gu Shide b (%thaatilb?]erbg by Pt iihgsubstance

t he pr g [ ereon;_then, performn
siIyIat|gﬁﬁﬁ%%ggggk%ﬁﬁgg%Lé¥é§%§g%ﬁ)%ﬁst?é??%h@ln?gwgker
5di el eGtddsr canstyyndi I m by supplying'a silylation
agent thereon, after said dissolving and renoving the

subst ance dpaptTHeds usEEr Peki gt hes stéetSdakt&brding to
the silylation process. [14] The subsirate processing

met hod: laciooridi nehde iR 5l didenlak umihes ed r‘rerﬁéir@fn@%tﬂostance
denaturing a renaini ng substance and before said

di ssoladmmy vt rempdyignd e psutrstanges deswet aif ethg tdeone .

met hod further conprises - 59 performng a silylation
process on b/ kurfaceibit fkee |IpYPcessing method according to

10 claim 1, wherein the predetermined liquid comprises an
acidic or alkaline chemical liquid.

[8] The substrate processing method according to
claim 1, wherein the silylation agent used for. the
silylation process comprises a combound including
15 silazane bonds (Si-N) in molecules.

[9] The substrate processing method according to
claim 8, wherein the compound including silazane bonds
in molecules is selected from the group consisting of
TMDS (1,1, 3,3-Tetramethyldisilazane), TMSDMA
20 (Dimethylaminotrimethylsilane), and DMSDMA
(Dimethylsilyldimethylamine) .

[10] 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
25 silylation process.

{11] The substrate processing method according ﬁo

claim 10, wherein said baking the substrate is



dielectric constant filmwith the pattern forned
t hereon, by supplying a silylation agent thereon. [15]
The substrate processing nethod according to 5 claim

13, wherein the low dielectric constant film

conprises a porous low dielectric constant materi al .

[16] The substrate processing ret$gpd-according to
claim 13, wherein the | ow dielectric constant film
i ncl udes al kyl groups as end groups. 10 [17] The

substrate_ processing nethod according to claim 13,

wher e S TANE it oF | FRIURE FRF @i o 5bstant@0C.

conprises s as contai ni ng wat er

vapor and oggﬂe%l{‘?ﬁug‘%\ggg%%s Fates ptd Bethgd neemoEding to

5

accor ding claim13, wherein_sai.d denaturjng a
r emai %%l%nﬁsu st]‘g}%rem%otrlrhp?i%eetgh%%p%ﬂ’?thegr & PYPRTEESS gas
cont aiJ\ .| . T ocessin t.hod
accor di n%%t]g%l claiml l,“%?%?%% ﬁéeefpé)ge%e‘fehe? mq’% ation

i qui G resayd | r i f:,hle,l;% C ;
[iquid. 20 [Z?T%%ﬁs%%]g %%%%ais% nmet o%l'd removing
accor difyg dubstdradandehatiesi n the silylati on agent

used for the silylation process conprises a conpound

i ncl uding E13hzansubondst¢ S rdfesoin®l wethes. cdrdtising:
The substrate processing nethod according to 25 claim
20, wher ei nfe¥rirdnpotmer i htt lal nfibnl azanelbwondseléatric
nol ecul es is selected fromthe group consisting of

TMDS (RIS R Tek kbt IR0 $R S i 9razan)os tvsBMA 60 -

10( Di et hyl ar%'onotri nmet hyl si |l ane), and DVSDVA

15

20

25

rming 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;

diséolving 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.

[14] The substrate processing method according to
claim 13, wherein, after said denaturing a remaining
substance and before said dissolving and removing the

substance denatured, the method further comprises



(D et hyl silyl di nethyl am ne). [22] The substrate _
processi ng nmet hod according to claim 13, wherein said
baki ng the substrate is 5 perfornmed at a tenperature

hi gher than a tenperature wused for the silylation
process. [23] The substrate processing nethod
according to claim22, wherein sg d_baking the
substrate is performed at a tenperature of 150 to
400C. 10 [24] The substrate processing nethod
according to claim 13, wherein the nethod further
conpr iesasf o greirrfg rari sigl yal ke mep proees sobef serfdee of the low
silylation process perfornmed after said dissolving
and r R4 GRS L iheEgusinncel Henat th ethe 1B §1257n Aformed
substrate processing nethod to be perforned on a
subst FASFSHY R PR i hgs +hr et ian |3genhi Eherees -

been prepar erfqrning an etching process on the,
e b P B P L A e e e SR o e A gding to

. L hen d ' 0 I ni ,
Tibst SnE T o o dhnrE THE ol b irs o Corouane £ilm

after gd?[gj tchi QHESSy ; j ssol.vi .
renovi ng trﬁiesqsy'u%gt%ce thlu%@g%%%?%]%%%éb%%%@p%ﬁ/ﬁﬁ%terlal'

the predetefmgneghd i Sub sk £ HeE 89PxcL 58 MBIROChod according to
conprising: 25 performng a silylation process on a

surf acd aifm 1he weteding dres gedw fdlen oy SUPREYhHPaRt £ilm
silylation agent thereon; and - 61 baking the
subst ratel wfderalihyel sjtolpd | am qridcgssups . '

10 [17] The substrate processing method according to

claim 13, wherein said denaturing a remaining substance
comprises supplying a process gas containing water
vapor and ozone.

(18] The substrate processing method according to

15 claim 13, wherein said denaturing a remaining substance

comprises supplying a process gas containing ozone.
(19] The substrate processing method according to
claim 13, wherein the predetermined liquid comprises an

acidic or alkaline chemical liquid.

20 [20] The substrate processing method according to

25

claim 13, wherein the silylation agent used for the
silylation process comprises a compound including
silazane bonds (Si-N) in molecules.

[21] The substrate processing method according to
claim 20, wherein the compound including silazane bonds
in molecules is selected from the group consisting of

TMDS (1,1,3,3-Tetramethyldisilazane), TMSDMA



[26] A storage nmediumthat stores a programfor
execution on a conputer to control a substrate
processi ng system wherein the program when executed,
5 causes the conmputer to control the substrate
processing systemto conduct a substrate processing
met hod conpri sing: perforning_aqxptghlng process on a
| ow dielectric constant film di sposed on a substrate,
thereby formng 10 a predeternined pattern thereon;
denaturing a remai ning substance to be soluble in a
pr edet(©rimerrdq llaimguniodt rafrtedth vtlhsd letreh)i, NGndr OFSDSA

di ssol vi ng and renovi ng the substance thus denat ured,
by suppiyerdvilisd Jpledeedhyilaed nd)qui d 15 t her eon;
then, perfornmng a silylation process on a surface of
the | ow di 1%t rihe covatamt S inrgcens ingpplgtihegl @ccording to
sinIahion 3%Fnt t hereon, after said dissolving and

g Hhe Ssubdexsdd Férist heddnatde2subskinag o He

renovi

h i1yl ati ) . 271 A
5 or aG8 "REAITR, Phat: SEORES S DG @REor hoa o REMBIP TS
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a COMUILRN 0 Gl IGh 3 SURS! [ Alg.o Jr 0cessi ng system
[ %he program wh q,

wherein t en executed, ~‘causes the

comput er t o conti SR SURSS Iy c?c;zosr & ‘?rie%gxo%?.asé/c%r_eaqng to
thod ng:

to conduct a SUbSt.rate PrOCGS Ing ne ! COUprlSl
form ggaamsae,i fheiralinf islaNdo ok il tdiee lseBlshire t82 i

constant filmdi sposed on a substrate;
performed at a temperature of 150 to 400°C.

(24] The substrate processing method according to
claim 13, wherein the method further comprises
performing a baking process before the silylation
process performed after said dissolving and removing
the substance denatured.

(25] 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 liquid thereon, the method
comprising:

performing a silylation process on a surface of
the etching target film by supplying a silylation agent

thereon; and
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form ng an etching mask on the sacrificial film and
etching the sacrificial filmand the |ow dielectric
constant film thereby form ng a predeterm ned pattern

5 thereon; denaturing the sacrificial filmand the

etching mask to be soluble in a predeterm ned |iquid,

di ssol ving and renovi ng the subst@nce thus denat ured,

by supplying the predetermined liquid 10 thereon;

then, performng a silylation process on a surface of

the low dielectric constant film by supplying a

si |yl ati on bedemg tther evibstafater asftier dilssod Miyigatainsh process.
removi ng the substance denatured; and 15 baking the
substrate df4%r A REXIagA a!qcblrwbrlﬁ@ls?toq%]a fprogram for
storage nedi.umthat stores a programfor execution on

a conptf&EHP e "t it PolCCRRHEK it & Orpristle Ssisvp shysttem

wh in th wh executed, causes the

coﬁ{aﬁkgscteﬁss@%l‘%ﬁs?n@me&mmet Sy Tyt
cessi 0 e .

pr P A BT oo

fil ' o) r et.chi ng

b 00eSdBeh, 135 RAEMAT DML (b, RN A g

predetempiried ngattern thereon, then denaturing a_25
remai ni ng substance to be soluble in a predeterm ned

l'iquid aft eredfharaireNiay racass,paskdNesh H S5O AW ectric
and renovi ng the substance thus denatured, by

suppl gPngtedt tfhidmpredetosren rmed d syt tadver,eaherddt®y forming
met hod .
a predetermined pattern thereon;
| 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.
[27] 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



conprising: performng a silylation process on a
surface of the etching target film by supplying a
silylation agent 5 thereon; and baking the substrate
after the silylation process.

10
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20
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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 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.

(28] 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 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
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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.



