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SEM CONDUCTOR SUBSTRATE Technical Field The present
invention relates to a cleaning conposition that 10
effectively cleans a photoresist film a buried
material, and a netallic DESORICTIONM a surface of a
substrate. The present invention also relates to a
met hod of cl eaning a sem conductor substrate using the
cl eani ng conposition and a nethod of formng wring on

a sem conduct or subs@LegﬁNgq'ﬁtgdghp(fg IN'9

conposition. 15 Backgroun em conduct’or

subst I (i

i o s PRI DECIEANING SEWFRCONOGETD SR IRATE, AND

of, for Ny , ' :

"ayer (1 METAOR; OF FORMING WikiNEIEN SRS ONbUCTOR

dielectric |ayer of the sern C substrate to

forma wiring. The |ayer srsnéﬁggﬂ'géfénst hat are used

to formthe patterns, for exanple, the photoresist

film are renoved after the filnms have perforned

their roles. These layers or the filns are renoved so

as heghnied) Hietbme an obstacle in the subsequent

process. The layers or the 25 filns are renoved using

a stri ppilie podsantonveftienselatppitog saningronspositiv®that

2004/ 113486 PCT/ JP2004/ 008951 al so used to renove

r esffbotivedy chetral a hdtoeediskiin,na heiddr eegétalRfand a metallic
residue, from a surface of a substrate. The present invention also
relates to a method of cleaning a semiconductor substrate using the
cleaning composition and a method of forming wiring on a

semiconductor substrate using the cleaning composition.

Background Art

Semiconductor substrates are generally formed by depositing a
dielectric layer (insulation layer) on substrates made of, for example,
silicon. A patterned conductive layer (i.e., a wiring layer) is formed in
the dielectric layer of the semiconductor substrate to form a wiring.

The layers or the films that are used to form the patterns, for
example, the photoresist film, are removed after the films have
performed their roles. These layers or the films are removed so as not
to become an obstacle in the subsequent process. The layers or the

films are removed using a stripping solution. The stripping solution is



wiring formati on. Conventionally, conpositions of the
stripping solutions have been optim zed for use

wa@e@andi4eg to a target filmto be stripped anPiCEHIP2004/008951

target residue to be cleaned. 5 However, it has been
quite conplicated to prepare 'a variety of stripping

- solutions for each purpose. Furthernore, storage
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devi ces have needed to be provided. As a result, the
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the viewpoint of the sem conductor substrate, the
corl@arinednal respesbyemaseselancwihegefareghendedigated facilities and
Generally, in the sem conductor fabrication process, a
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or wth an am ne-based stripping solution, while in
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PCT/J 04/008951 T lel'ectric layer shields the
W ring | aygl iRlehtbAEdr U Breddlt invention worked toward the

development of such a stripping solution. Conséquently, the inventors
foundlthat a stripping solution containing a quaternary ammonium
~ compound as a main componenf may be a réquired ohe.

However, with regard o the properties rquired for the stripping
solution from the viewpoint of the semiconductor substrate, the
conventional method has following problems. |

Generally, in the semiconductor fabrication process, a
photorésist film is removed through O, plasma ashing or with an
amine-based stripping solution, while in the method of fofming
multilayer interconnection using the damascene process, the buried
material (which is also referred to as a sacrificed film) is removed with a

hydrofluoric acid dilution after the photoresist film is removed.



photoresist filmand the buried material, and
electrically insulates the wring |ayer from another

wowroing4Bayer. This dielectric layer is requirBdr/Jr2004/008951
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have a permttivity as |low as possible in order to
prevent influence 5 thereof from being exerted on the
el ectrical characteristics of the wiring |ayer. Anong

di el ectriThd @ietsstricanl, 80 spidi@ViReWTHhyildl ey prévided under the
particular dielectric |ayer having a permttivity k
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fi ldielestric layesrawvag mapermitivish&rofthe et lesspsiigcoming a
solution was used.. The inventors concluded that the

| ow&instrieam.al and copper (Cu) deteriorates because
the treatnment is perfornmed for a long time. 20 The

i nvent or $Hgweper, edmisasrianflewHiahsatehial) ltavind siesioadow
conmponents of the stripping solution and al so sone
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The inventors evaluated the stripping solution containing the
quaternary ammonium compound as a main component. - The inventors

7fouﬁd that a lot of time is required to completely remove the photoresist
film and the buried material when the stripping solution was used.. The
inventors concluded that the low-k material and copper (Cu)
deteriorates because the treatment is performed for a long time.

The inventors prepared raw materials that could become
components of the stripbing solution and also some types of the same
‘material, and prepared samples of the stripping solution by
combinations of the types to evaluate stripping characteristics of the

samples. The inventors found that some of the samples were

excellent in the stripping characteristics and there was no bad effect on



sanpl es and found that these sanples contained traces
of potassium hydroxide (KOH). Therefore, the
w0 pooentase concluded that if traces of KOH arBCHMRDOG/008951
to the solution, it is possible to clean the
substrates 5 quickly w thout damagi ng the | owk
material and Cu, and even the strippability is high.

Thethienstena s of $ieitowdk hidtefsl. St TRE ihvésiors Unes draljiédlthese
out the reason why the existence of KOH in the
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real i zed that cl eani ng 15 solution for
seﬁ#@BHéBUﬁ%ﬂ%%Hﬂhtalnlng KOH has been proposed in

JP-A No._2001-244228 and that a cleaning agent for

i nt egr at edheinvantess stigtiedithe xikog hb%rag@r@@ for Bpdsud the

i n Japanese Patent (JP) No. 2836263. However, in the

st riegsongvByltoe iexist¢nsel afde@H i the sirjping 2@IUtion gave better
2001- 152190, the KOH is exenplified only as one of
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reduci ng agent and a hydroxi de-based reduci ng agent.

10Mormettedd td Bediig e KOlas cmeeihvientorkPsthdiNed, for example,
2001- 152190 was sol ved by the conposition that did not

conjadhddeerdht Aﬁpl@éé}%n MaffOpdnEIP-AgaNs haboa-152190, U.S.

conbl nation of at 25 | east the quaternary ammoni um .

32%33%%%%%%%%%5?%? F130ga Ehsequently, the
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been proposed. For example, the inventors realized that a cleaning

15  solution for semiconductors containing KOH has been proposed in JP-A
No. 2001-244228 an\d that a cleaning agent for integrated circuits
containing KOH has been proposed in Japanese Patent (JP) No.
2836263

However, in the stripping solution disclosed in JP-A No.

20 2001-152190, the KOH is exemplified only as one of candidate
components selected from a quoriAde-based reducing agent and a
hydroxide-based re.ducing‘.age‘nt. Moreover, the problem described in
JP-A No. 2001-152190 was solved by the composition that did not
contain the KOH. In other words, the idea that a combination of at

25 least the quaternary ammonium hydroxide, solution, water, anticorrosive,



degradation of the surface of the lowk material, has
been neither disclosed nor suggested. In addition,

w0 ndoanm@Bé on required for actual use such as PCT/JP2004/008951
conpositions for an optimal conbinati on. containi ng
KOH 5 as an essential conponent and each anount of the
conpositions, is not even suggested. Furthernore,
st ramp&OHidlloved strippibyroredtatririytical toi Se M@broed@afithout
fromthe publication. In the conpositions disclosed in
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to effectively renove the photoresist filmor the
| i KdeBeEaR Ehe pwpHRaHeB. of a conmposition are
different fromthose in the present invention.
Mor eover ,Intthe gmnpositions dieo in2head S JPatents No. 3980587
2836263 do not solve the problemto be 20 solved in
t hean &kerl1 3960 tasoexplBirsed teter,ethef amouabof O Htisirsore that
an object of the present invention to provide a
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15 Furthermore, with the technology disclosed in the JP-A No.
2001-244228 and JP No. 2836263, it is impossible to effectively remove
the photoresist film or the like because components of a composition -,
are different from those in fhe present inv_ention. Moreover, the JP-A
No.‘2001-244228.and JP No. 2836263 do not solve the problem to be

20 solved in the present invention.

Disclosure of Invention
It is an object of the present invention to provide a cleaning
composition that contains at least quaternary ammonium hydroxide and

25 KOH as an essential combination and can singly and effectively remove



material. The inventors of the present invention
realized, based on 5 experinents, that the cleaning

W@ vpasi4Bé on can singly strip and renove phot BCEIP2904/008951
films, buried materials, and netallic residues wthout
corrosion to a substrate form ng | ayer such as a | owk
material, if it contain at |east quaternary amoni um
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anticorrosive, and potassium hydroxide 10 (KOH) of 1
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solution. As a result, a cleaning conposition % A)

acqpLefy to one aspect of the present invention

consists of at |east quaternary ammoni um hydroxide, a

wat er - sol ' ; ;

anticorr O@{P%/gm%frﬂgm of fr?é é?%ﬁrhtv@&gﬁlhaﬁr}e]ahie gased on
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sem conduct:or substrate that is in the process of
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one of a photoresist filmand a buried material as the

| amrganedsbiviemt t water ani antidarosidepanthmtasbim dtyeroxide

and a netallic residue after formation of the etched
10spaE@OH Y be 1ahessipegcentppads ofia totlitanoanabf tieR8bIution.

quat ernary anmoni um hydroxi de, a water-sol uble 25

or gani ¢ i yaRkutWat@eanmy eApeRITAS(APacédiing to one aspect
pot assi um hydr oxi de of 1%6 V\Dp2(a0%04/ 153}286 J P
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amount he sol ution e sem conduclor substrate
na%))d?&fﬂ%? aa\gva'teel@sc'&uﬁle organic solvent, water, an anticorrosive, and

potassium hydrbxide of 1 mass percent or less of a total amount of the
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15  solution.

A semiconductor s.ubstrate cleaning method (B) accofding to
another aspect of the present invention includes'applying the cleaning
composition to a semiconductor substr;e\te that is in thé process of
forming metal wiring using a temporary laminated film obtained by

20 temporarily layering film on the substrate. The method also includes
removing at least one of a photoresist film and a buried material as the
laminatéd film temporarily formed on the substrate, and a metallic
residue after formation of the etched space. The cleaning composition
contains at least quaternary ammonium hydroxide, a water-soluble

25 organic solvent, water, an ‘anticorrosive, and p.otassium hydroxide of 1



| ow-dielectric layer of which permttivity k is 3.2 or
|l ess. A nmethod of formng wiring according to still

warethexsaspect of 5 the present invention i nPCT/ER2904/008951
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form ng an etched space in a dielectric Ilayer on a
substrate using a lamnated filmtenporarily provided
by a |I|ithography-nethod, formng a netal wiring |ayer

by Rusyipegcert 8t g3 dhe toBll ciiREUBPBEthe BBRItIHTOVI Ng_ at
| east one of a photoresist filmand a buried nmateri al

as the |amé1§bﬁﬂc6hdimtb@f§&%fs%fdtéyné "rﬁ@qderhttlaﬁstlg
substrat e, and a netallic residue arter formation of

thqoElRle M |'i’.:' Iﬁg #)?chh rﬁﬂttﬁltgffsgﬁrig of QEEROsI ti on.

The renova or ned a pr rmne point in

time int 5]
[ ayer f?h%@réfsfo?mﬁ@ 8 ARl Ml Bt pgpoct o
at east tern anmoni um hydr oxi d

ttbp %r&sggf rﬁgﬁh @cgbq%gc]? MW&%’F e?cq%d gnace in a dielectric
antl corrosive, and ot assium h drOXI de of 1
perﬁ)é‘ﬁ'i ogra §g§§trg§e 8indof 47 ik 1151 t?'iﬁ‘@%%’i”l)(tﬁ"@l"{'ded by a
The predetermined point in time my be a time after
t héltgpﬁfﬁm\y Bysibed: formingetimetati winieg dayaerely dpaviegietal in the
formed with.a first etched space formed 20 in the
. f iatehedispase, @ind teagevingnal least onedofea pivedorgsastcfiim and a
formed in the second dielectric |layer so that the

sedariectredtedas padthedaminatexbfiks temiponatityeforirest on the
etched space. The first etched space may be

t erquysardiey antiid histawict fesid i@ te@idrdbrinatibd dilthieafletal wiring
before the second etched space is forned. 25 The

burnhgér, 'I}%tn a0k cBR ? hgjﬂ%\{ﬁ@ h 1T omet RenbidIsk p%IrFJ‘rﬁS’ed at a
space 2004/ 113486 PCT/ JP2004/ 008951 wusing the

?Lﬁﬂ&%&@@eﬁﬁ’ﬁ@ﬂ%&h?ﬁ A& in tHE pPEEaoPANRAgIRBRetal wiring
layer. Furthermore, the clea‘ning composition contains’at least
quaternary ammonium hydroxide, a water-lsolu[ble organic solvent, water,
an anticor.rosive, and ‘potassium hydroxide of 1 mass perqent or less of
a total amount of the solution.

'I:he predetermined point in time may Lbe a time after the etched
space is formed.

And the etched space is formed with .a first etched space formed
in the first dielectric layer and ‘a second etched space formed in the
second dielectric layer so that the second etched space communicates
With the first etchéd space. The first etched space may be temporarily
filled with a material to be buried befo‘re the second etched space is
formed.

The buried material may be removed from the first etched space



The first etched space nay be a trench and the second

etched space may be a via hole. 5 The first etched
wepasal1asy be a via hole and the second et chedPCHpRR0@H/008951

may be a trench. The dielectric |layer nmay be a

| ow-dielectric layer of which permttivity kis '3.2

or less. 10 Best Mdde for Carrying Qut the Invention

Thesi{ e BlLARG DM PpOsitioNaftdr theesdd@seBlcdl ephteiis
contains at least (a-1) quaternary ammoni um

hygsexige. (a-2) water-soluble organic solvent, (a-3)
wat er, (a-4) potassium hydroxide of 1 ,mass percent

or less ghlfie:lQbily @%#Eérﬁsyfbet Qetré%ﬁ”abﬂ”che\;%orweetched

(a-5) 15.anticorrosive. esent 1 nvention

explained in detajil below, and materials to be used
ca%pﬁgea{ﬂw @ovrlf?ré\pi?'al |y avail able materials unless

ot herwi se specified. (A) C eaning conposition (a-1

5 Quat er nar P eHR G GHG S5 BRESi Ay A FHe8 Bl S sedond etched
amoni um hydroxi de i s conpounded to i nprove the
st sPppaNaytbe aftrenghot oresi st filmused for wiring.
patterning, particularly.an etched resist fornmed when
a substr a"%@ dielecicicdaye nmaynee qulavediclegtrigriasrah which
hydr oxi de, a conmpound represented by the foll ow ng
gepermlittivity fuisa3(21pr lesspr ef erabl e. 25 [ NRLR2R3R4] +
O+ ... (1) 8 WD 2004/113486 PCT/JP2004/008951 \Where
Rl1, R2, R3, and R4 are each either an al kyl group or a
hydr oxyal kyl group having 1 to 4 carbon atons.

10 SPEEst iMEdd Yor TRRnAHG BNy In/Ei@idinum hydr oxi de is
particul arly
The cleaning composition (A) of the present invention contains
at least (a-'1) quaternary ammonium hydroxide, (a-2) water-soluble -
" organic solvent, (a-3) water, (a-4) potassium hydroxide of 1-mass
percent or less of the total amounts of the solution,v énd (a-5)

15  anticorrosive. The present invention will be explained in detail below,
and materials to be used can be any of commercially available
materials unless otherwise specified.

(A) Cleaning composition
(a-1) Quaternary ammonium hydroxide

20 The quaternary ammonium hydroxide is compounded to improve
the strippability of a pﬁotoresist film used for wiring patterning,
particularly an etched resist formed when a substrate is etched.

As the quater'néry ammonium hydroxide, a compound

represented by the following general formula (1) is preferable.

25 INRsR,R3R4] + OH™ o (1)



preferably at |east one conpound selected fromanong 5

t et ranet hyl anmoni um hydr oxi de, tetraethyl anmoni um
whgenoxisee, tetrapropyl amoni um hydroxi de, PCT/JP2004/008951

t et rabut yl ammoni um hydroxi de, nethyltripropyl anmoni um

hydr oxi de, and net hyl tri butyl ammoni um hydroxi de in

terns of the availability. Furthernore,

t et r anet hyhansmy, lF(Qh R K ar8Heh either an alk¥l group or a
tetraet hyl ammoni um rOXI de 10 is preferable Trom

- Inadrrpakl g Péu;?%@nfd 10SPLHRI LYo, temporari |y

Iamna I'm “particularly a buried nateri al
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hydrOX|de S CO pre era I'n an’anoun

vertairenly BRLER) R bR L3, BRgS 15
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mass percent, the overall stripping
abﬂﬁtrﬁpromdﬁaynpal% th‘i’ﬁia%(Mecﬂ%H?bu%%m@F%'l hiyfir%ee
proportion is nore than the per limt, i.e
nasgekbwﬂkfmopykaﬁ@mgmmmrfa\tc&om&n rrea}bvlt(lbut/wammomum
material) is prone to corrode. (a-2) Water-sol uble
or dyriroxisiel metermasot the amaidabiitl. ubf ertbegaare, sol vent,
any ordinarily used conpound. can be used. The

wattetrasod thiylsam nrogaumnch garoxéedy and/éravegledathymnvmmmn’iydroxnde
an al kanol am ne- based wat er -sol ubl e organi c sol vent

10ands PrefSTHbVR oM $19¢ lvhi\ﬁp@m@@ﬂleﬁﬂmic‘{@%%om&mw dh®mporarily
that, and an appropriate 9 WO 2004/113486

PC—%%’@@Q%@Q% flrﬁnﬁaﬁ’tﬂﬂjl?ﬁ CHEGEY \ﬁ%ﬁéﬂéﬁ%f the 1hffinated

al kanol am ne- aseo| er-so % e organi c solvent, any
ﬁl]arlly used conpound can be used. More

speC|f|caIIy, the .

The quaternary ammonium hydroxide is compounded preferably
in an amount of 1 to 20 mass percent, more preferably 2 to 15 mass
15 percgnt of the total amoﬁnts of the cleaning composi,tion. lf’the
proportion is beyond this range, for example, if the proportion is less
than.the lower limit, i.e., 1 mass percent, the o;/erall‘ stripping ability
tends\to be insufficient’. Conversely, if thte proportion is more than the
upper limit, i.e., 20 méss percent, the substrate forming layer (low-k
20 material) is prone to corrode.
(a-2) Water-soluble organic solvent
As the water-soluble organic solveﬁt, any ordinarily used
compound can be used. The water-soluble organic solvent is largely
divided into an alkanolamine-based water-solublé organic solvent‘and

25 any water-soluble organic solvent other than that, and an appropriate



conpound i ncl udes nonoet hanol anm ne (MEA),
di et hanol am ne, 5 triethanol am ne, 2-(2-am noethoxy)

wetdwanoi4ge N, N- di net yl et hanol am ne, PCT/JP2004/008951
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N, N- di et yl et hanol am ne, N, N-di butyl et hanol am ne,
N- et hyl et hanol am ne, N-et hyl et hanol am ne,
N- but yl et hanol am ne, N net hyl di et hanol am ne,

DR eS ORH BRABEIRVBRs ugk | sopropanol am ne,
triisopropanol amine,” and the like. 10 Anpbng these,

nmonoet hanal g{d ﬁqar%lé%lﬁéﬂb%%%tdhﬁéyér %IUBT@Pbdgaﬁﬁdsolvent any

N- et hyl et hanol am ne are preferably selecte
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| |f des h th de
5o FEHEATOIaTURC 02 @ra@ine hen} BRianch Bt Ny efietagotamine,

bis (2- hydr oxyet hyI ) sul f one and t et ramet hyl ene
sulN.dirdietylathanslamines MsNnliRubflebanoiamiees de,

N-netyl formam de, N, N-di metyl acetam de,

N- Mxyetdwéef@mn@éammj Niethiezh gn olesriasi debupdethanalamine,
such as N-nethyl -2-pyrrolidone, N-ethyl-2-pyrrolidone,

N- deebtwkﬁetiyamﬁapynephiaimisopmpanolamine, diisopropanolamine,
N- hydr oxyet hyl - 2- pyrrol i done; | actones, such as

P- prigwprbpahoimming, kind/the hké.one, y-val erol act one,
b- val erol act one, y-caprol actone, and 8-caprol act one;

i m dazol 'Mhﬁﬁgecﬁesesﬁﬁhé&hanolamme 2-(2-aminoethoxy) ethanol,
1, 3-di et hyl i m dazol i di none

1§ R g Qggé‘%ﬁﬁvngﬁéa@i’%g'%%teehydrnv
S'e?a‘?egbéua@i%eh@ é’%&%ﬁ’ﬁ%ﬁo‘%&@%ﬁncﬁé PEAEAREZBR, yagg eitner

et her, ethyl ene glycol nDnoethyI
et t‘?’é?glye?rhm g&@”%‘l Veol rmnobutyl et her, ethylene

| ycol nmnoacetate,  ethyl ene
ay The water- so|ub|eyorgan|c sglvents other than the

alkanolamine-based water-soluble organic solvent include sulfoxides,
such as dimethyl sulfoxide; sulfones, such as dimethyl sulfone, diethyl
sulfone, bis (2-hydr6xyethyl) sulfone, and tetramethylene sulfone;
amides, such as N,N-dimetylformamide, N-metylformamide,

N,N- dirﬁetylacetamide’ N- metylacetamide and N,N-dietylacetamide;
lactams, such as N-methyl-2- pyrrolldone N-ethyl-2- pyrrohdone
N-hydroxymethyl-2- pyrrolldone and N-hydroxyethyl-2- pyrrolldone
lactones, such as B-propiolactone, y-butyrolactone, y-valerolactone,
d-valerolactone, y-caprolactone, and e-caprolactone; imidazolidinones,
such as 1,3-dimethyl-z-%midazolidinone, 1,3-diethyl-2-imidazolidinoné,

and 1,3-diisopropyl-2-imidazolidinone; and polyhydric alcohols and

10



nononet hyl et her acetate, ethylene glycol nonoethyl
et her acetate, 5 diethylene glycol, diethylene glycol

womaacasat e, di et hyl ene gl ycol nononethyl etPer/JpP2004/008951
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di et hyl ene gl ycol nonoethyl ether, diethylene glyco
nmonobutyl ether, propylene glycol, propylene glyco
nmononet hyl ether, dipropyl ene glycol nononethyl

et fdl%rrl,vaﬂlv}éQQh@lfeofls@uchtéé/bﬂ’fWe@é)gF ol, elhydehutgiene
gl ycol, and 2, 3-butyl ene glycol. nponent may be used

10 n%r‘i&ﬁbt@l%ﬁe?%t‘h?l&%@lﬁ%‘i hfgh gdthiyl @ﬂ?era%@l’é)h@he glycol

Specifically, a nost preférable solvent Is at |east

on?raéﬁé fdindy %%@Eﬂeﬁg)?b(g‘sﬁ\%'oa%!é d%t%’é"e‘?lz%lg%’@%éﬁ

azo I none, yrroli

- sol
3@%@@13 78" AR RERG Fseft HontR s Bk are,
t f bl
%‘S‘?ﬂ“"byf’enpees&ya# RS roLmatrecBlite rae v flyoo!
t [f th t b dth
RS i thet AGopRURER 0 Al eEnBEL b et siveol
l[imt, the overall: strlpplng ability tends to be
i ngeRekityhetherconorylearyglycel, phepy glyiceh mangmethyl ether,
than the upper Iimt, the substrate 20 form ng |ayer
i s dipromyleme gQraabdeonCrmtlthﬁhes,ogIubeeoloﬁg%rrhzmylgolex@ucol

may be the al kanol anmi ne-based wat er - sol ubl e organic

SO|1vié*tIut§\llaxd1eagﬂycoWz?drm‘ 2sdbulylenergacolc  sO©bmgranesttimeay be used
than that. However, 'it is preferable to use the

Wateﬁ%ﬁ@l@ﬁé%r%%?hﬁm%@ﬂo‘v‘ﬁﬂtth‘ﬁrhﬁénbhﬁ? the 25
al kanol am ne-based one if it is used singly. In this

case, ET liG8ally? a %s‘f‘@r@@?ﬁbi’e@é%nt is at least one selected
PCT/JPZOO 00895T'the lowk material can be further

ST SN, A ..
us?\?—mé‘thygbypyrrohdone, and diethylene glycol monobutyl e'ther.

Such water-soluble organic solvents are preferably compounded
in an amount of 1 to 82 mass percent, more preferably 2 to 78 mass
percent of the total amounts of the cleaning composition. If the
proportion is beyond this range, for example, if the proportion is less
than the lower limit, the overall stripping ability tehds to' be insufficient.
Conversely, if the ‘prbportion is more than the upper limit, the subsfrate

‘ forming layer is prbne to corrode.

The water-soluble organic solvent may be the
alkanolamine-based water-soluble organic solvent and any
water-soluble organic solvenf other than that. However, it is preferable

to use the water-soluble organic solvent other than the

alkanolamine-based one if it is used singly. In this case, corrosion to

11



The al kanol am ne- based wat er - sol ubl e organi ¢ sol vent
and any 5 other water-soluble organic solvent may be

waiged/1ass@ conpounded solvent. By using the chopoe2oce@sdst
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solvent, it is further possible to inprove the
stripping ability of the photoresist filmand metallic
resi dues. \Wen the conpounded solvent is used, the

al kK mertdasecan be fatresr-sugipreksedrgaco mpaody evith the case
i s conpounded preferably in an amount of 1 to 50 nmass

PelhRPE thEIRaREBhehatbased WatéPsBRASe RSTHEANY soRent i€ used
total anpunts of the cl eaning conposition.

Fugthgy nore, an anmount of water-sol ubl e organic
sol'v ot her than the al kanol am ne-based

wat er - so I njc s ' ' \

r e nde?H%@%%@8%%&%?%%@@M%%a—%?l@‘%‘n%@%ﬁ%#F%@t and any
wat er - sol ubl e organi ¢ sal vent . a-3) \Wate '
ot bREBIgRTIR EiVenimed £ urgucts Bgidhgbinded
per cent, re preferably b 5.to 75 SS percent f
EhEokers | Byousing thercq 80§nésﬂisr$§vm”€%§ifﬂr T Rgssilg to
proportion is beyond this range, for 20 exanple, if.

t himpraxsothe siinmngahlivainthenehetaresist ifilin and o eadic
percent), renoval performance on the residues tends

t or¢giddegr aded. Conversely, if the proportion is nore
than the upper. limt (80 mass percent), the various

types of Wis¢rkthe compsur@ed sobiemtrg used:; hize adkdrselaatipe-based
are prone to corrode. 25 (a-4) Potassium hydroxide 4

( K@Hter-£31uM0: 20184h 161 84186 nPET £3 R RRBP e railydnamamount of
of KOH to be conpounded is preferably 1 nass percent

BT PRSI, ek 1 oTeseperegt, e o
KA SurRdrde th! @hiing composi‘tion‘.v Furthermore, an amount of
water-soluble organic solvent other than the alkanolamine-based
water-soluble organic sblvent is determined as the remainder of the
total compounded amount of the water-soluble drganic solvent.
(a-3) Wa;[er
Water is compounded preferably in an amounf of 10 to 80 mass
percent, more preferably by 15 to 75 mass percent, of the total amounts
of thﬁe cleaning composition. If the proportion is beyond this range, for |
example, if the proportion is less than the lower limit (10 mass percent),
removal performance on the residues tends to be degraded.
Conversely, i,f the propprtion is more than the upper limit (80 mass
r'percent), the various types of metal such as Cu remaining on the

substrate are prone to corrode.

(a-4) Potassium hydroxide (KOH)

12



preferred to be conpounded in an anmount of 0.01 to 0.1
mass percent. 5 By adding a trace anmount of KOH, it is

wW@Oomsilkd486 t 0 i ncrease an etching rate of a bupCEaP2004/008951
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20

material used in the damascene process, which nekes
it possible to increase an etching selectivity between
the buried material and the lowk material as a

subst r at g&nfh eLRYCNMKIGH itélbe dbRipdundeldiie pradeidbipr wiass
the KOH al l ows the buried material to be speedily

E@Nﬁ%t%ﬂ 18&$ hRifre ?Eff&'aﬁ gy bheo{ eyvoks med<y batcerfof e total
er hand, if the KOH is "added excessively than the

up&ﬁ{ gdt@?ﬁéhigf?awﬁgt&ﬂﬁgofsﬂfdﬂ NOTh@K&HHI 8 peﬁh@ﬁ%rhﬁ

Corro an effect to enhance t

sohﬁeg'glg:?t %%gg’?p%({&&ﬁh&#@gﬁ%ﬁ?}v%ﬂ&é I'(‘)‘?’I mass percent.
be&I Coc{f{lgglﬂvﬁ'aﬁggéaoeaﬁﬁgmeéﬁgtp%%rs@g%t 9 g?g%pse an etching

cont gwflog%pﬁl [}53‘@}?\% lIJS ﬂ&ﬁgﬁc&é\%é}&?gf Wti*ncﬁ makes

foIIovmng gener al forrrula(2 : N A rN?2
it RoBsibleiteriscrEasmanreching é@k@@tlvrtmé)@éw&@ﬁtw *éu”ed material
hydr ogen atom a substituted or unsubstituted
hydnddhedow-ignoaterief as a substrate formimgomaterial. cafrixig) the
group, an am no group, a hydroxyl group, a cyano
gr adgitioh dBthe KOH allows the buried material to be speedily removed
without damaging the low-k material. On the other hand, if the KOH is
added excessively than the upper limit, the substrate forming layer is
prone to corrode.
The KOH also has an effect to enhance the solubility of the
buried material used in the damascene process.
(a-5) Anticorrosive
As an anticorrosive, at least one selected from among
benzotriazole-based compounds and mercapto group containing

cbmpounds is used. The benzotriazole-based compouvnds include the

ones represented by the following general formula (2).

Rs
N
(Y
Ay
Q ... (2)
Where R; and Rg are each independently a hydrogen atorh, a
substituted or unsubstituted hydrocarbon group of 1 to 10 carbon atoms,

a carboxyl group, an amino group, a hydroxyl group, a cyano group, a

13



WO 2004/ 113486 PCT/ JP2004/ 008951 fornyl group, a
sul fonyl al kyl group, or a sulfo group; Qis a

WO boodnoiyesr at om a hydroxyl group, a substit uP€rJRR004/008951
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20

unsubsti tuted hydrocarbon. group of 1 to 10 carbon
atons (the hydrocarbon group may have an am de bond
or ester bond in the structure), an aryl group, or the

Or RHR greap €8 iR Ik hgrd | ové salfoeneual; A ¢ aLiyadrogen
(3). }gngPN R9 y}q)a(q?,;, gV\F‘llgire R7 rep?%?e?ts an alxgjyl

gr fb‘?noéerﬁlotrexyﬁl SRIRPY 84PSHuteNSr URBudRAtIRBded¢dYocarbon.

i ndepen tly Tepresent a hydrogen atom a hydroxyl

gr - r

o 8184, BF 130115 AN Boma" @48 riaraGabotUMAIS HlaPhawe an
gro . r

Spatftde BoriFor ABRsruldit e SEERLTe) AT} ik, Ftne group
hydr ocar bon, gr .be an ar L rocar bon

o teapnint BxthBalBYing aRBelh CBta i ay be

saturated or ungaturated, and may 15. be a straight

chain or_a brafched chain. Exanples of a substituted
hydrocarBﬁﬁ_ﬁ oup i nclude hydroxyal kyl groups and

al koxyal kyl groups. In the general fornula (2), Q.i3)
particularly preferable to be a group represented by

t he for mMilteere3dR; réprasents amalkyl g3)yp a8 1H® Gsarixon atpms; and

is preferable to i ndependently sel ect a hydroxyal kyl

ar Ryrared Raredtth aldeperaldntly wpoapenf a hytdosogenatbon a hydroxyl
atonms. In the general fornula (2), Q preferably forns

a "Wed @5, 6108 ldeox g myp?rdmf er speglikbikgalklyy greuhpfirioged carbon
atom an al kyl group of 1 to.3 <carbon atons (i.e.,

metfyhsdr oup, ethyl group, propyl group, or isopropyl
group), a hydroxyal kyl group of I to 3 carbon atons,
and a hygt 9y liefinition of the groups Q, Rs, and Rg in the general
fbrmula (2) as specified in the preéent invention, each of the |
hydrocarbon groups may be an aromatic‘hydrocarbon group or an - |
aliphatic hydrocarbon group, may be saturéted or unsaturated, and may
be a straight chain or a branched chain. Exémples of a substituted
hydrocarbén group include hydroxyalkyl groups and alkoxyalkyl groups.
in the géneral formula (2), Q is particlﬁlarly preferable to be a
group repreéented by the formula (3). In the formula (‘3), as Rg and Ro,
it is preferable to independently select a hydroxyalkyl group or an
alkoxyalky! group of 1 to 6 carbon atoms.
‘ln the general formula (2), Q preferably forms a water-soluble
group. Mofe specifically, a hydrogen atom, an alkyl group of 1 to .3
carbon atoms (i.e., methyl group, ethyl group, pfopyl group, or isopropyl

group), a hydroxyalkyl group of 1 to 3 carbon atoms, and a hydroxyl

14
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whenwzoil¥B@zol e- based conmpounds i nclude benzot PCHIRMO@L008951
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5, 6-di net hyl benzotri azol e, 1-hydroxybenzotri azol e,
1- net hyl benzotri azol e, 1-am nobenzotriazole, 5
1- phenyl benzotri azol e, 1-hydroxynethyl benzotriazol e,

1-@%@%@ aéﬂwﬁﬁy hybrdpedoxyl ate,

otri azol e-carboxylic acid,

1- met hoxybe g.;.etgfia%gif f(]jthﬁ &énzoma%qﬂé %%%th’dmpounds

benzotriazo ydr oxypropyl)

Rt B Rrigile SRR B S e iR 20 2%
anrlﬂé(ﬂ é{)&k@éqﬁﬂ‘apz}élez 12-meqﬁyftfetr{zlbo ﬁélml?l,W—;ﬂnﬁ&t}%iotriazole,

benzot riazol - i set hano 2,2" -

{" Ph@nymrhmtrlfzmle b%ﬁXQ}QWa{E%ﬁ%yib?néc’tﬁ@Fﬂ 7] imno}

bi set hane, and 2,2 (4- et H
behhenziogriarole- me)thyimafi»p}(ylawné}b%@mlaéa%cafb@fwﬁlg acid,
t hese conpounds, it is particularly preferable to use

1 1—1\58([‘12),)@be|nhpthaﬁ(yﬁrdp—y(lZ),Zttth@mﬁyaih)WbbeZlZQ'trla?{mF 1-
(4-methyl -1 H benzotriazol-1-yl) nmethyl] im no}

bi %&Bktﬁhyﬂrowmoﬁyla benZpotfiatslematioyproucts of "IRGAMET" series
enzotriazol-1-yl) nethyl] imno} bisethanol, etc.

They JPREZRE frof? Clilfa SPERAINYChemicssuseth &t her
individually or in conbination. 20 The nercapto group

Cop AL f{r{yf@r it ungd- @é‘ﬁzdlhﬁfzer-qbw nwmlyl]ammb} Bedathanol,

that a group and/ or a ‘carboxyl® group is

R Rl dar,
|n i dle{cla{‘ltm Jﬁygig‘r b%%%éﬁ%?$l'f' ;“rﬁ%ﬁ@@kenmmg'?ﬂ“a”e and

2 ,hQ/O-lr Xe/4QFn9£Kyﬂ$hg%%nzo’trlazol-T-yl) methyl] imino} bispropane.
Among these compounds, it is particularly preferable to use 1 -
(2,3-dih'ydroxypropy|) benzotriazole, 2,2' -

{[ (4-methyl-1 H-benzotriaéol-1-yl) methyl] imino} bisethanol, and

2,2" - { [ (5-methyl-1H-benzotriazol-1-yl) methyl] imino} bisethanol, etc.
The benzotriazole compounds may be ﬁsed either individually or in
combination.

The mercapto group containing compound has preferably such a
structure that a hydroxyl group and/ or a cérboxyl group is present in
either a-position or B-position on the carbon atom binding to the
mercapto grodp. Specifically, preferred examples of such a compound
include 1-thioglycerol,

3 - (2-aminophenylthio) -2-hydroxypropylmercaptan,

15
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Among these, 1-thioglycerol is wused with particular
preference. Such anticorrosives are conmpounded
preferably in an anount of 5 0.1 to 10 nmass percent,

noge (2-Bj&fodeth@itidol o2& yies gy pepydmercabtanh@-mievtaptopropinic
amounts of the cleaning conmposition. If the proportion

| SabRY Ml 3tMbfcdRBPRopihRy aepaarrm;ﬁon'gfth@a@, ALOREglyCBFo! is
is less than the lower limt, Al and Cu are prone to

COLE B4 iTRAYEESEl YroRYBRoh! the anticorrosive is

nore than t upper Timt, any particul ar effect

o P 8 LN el g gt o

recogni z nor e, surtace-actrve age

gi yen, additive co nent can. be added as required. As
25T 30 ass nBRBE iRk prEreb BLAR 0 40 S8 PEfent’®r the
al caohol - based surface-active agent usuagl used .. .

F ofIha AT AT e IRROGG SGHPRSLr of 4B PTRBEHion is beyond
An anmpunt of the agent to be added is preferably in a |

r atfije range; &sexaapie. it thepsopritiasis, lesgdhapdhe lower limit, Al
preferabl e conposition of the cleaning conposition

coasisty ask [rone toscomnede pe Coxvierselygesesrihiig anticorrosive is
ammoni um hydroxi de, 2 to 85 nass percent of :
wahetdedahobd ¢han gaeaiuppeollvneibt anyl pariicrar mffest 20rresponding to
percent of water, 0.01 to 0.1 mass percent of KOH, and

0. thd ad8edespoupeis bt rédodilzégorrosi ve, of the total
anmounts of the cleaning conposition. Mre

speci fi cglkiherkitfbeal SurPit-8eiPOHJdRB<LAFVS iaidife
5 mass percent of tetraethyl amonium hydroxi de as

0Ly, GTBE AT 585 e, S i b atane agent
Wata%rédc’e%fjemeea%ro%%rﬂjb%s%(&l gﬁ?éce—%%ti%sef‘gé%ﬂrlfﬁﬂnyo&sgd for.the
c'Ieani'ng compositioniis preferably used.
An amount of the agent to be added is preferably in a range of
Iesstthan 0.5 mass percent.’

- The most preferable composition of the cleaning composition
consists of 2 to 15 mass percent of quaternéry ammonium hydroxide, 2
to 85 mass percent of watér-solublé organic solvent, 15 to 70 mass
percent of water, 0.01 to 0.1 mass percent of KOH, and‘ 0.2 to 8 mass
percent of anticorrosive, of the total amounts of the cleaning
composition. More specifically, there is one composition consisting of
5 mass percent of tetraethgllammonium hydroxide as quaternary
ammonium hydroxide, N-methyl-2-pyrrolidone as the remainder of the

total amount of the water-soluble organic solvent, 30 mass percent of 2

16



16 WO 2004/ 113486 PCT/ JP2004/ 008951 - (2-am noet hoxy)
et hanol, 30 mass percent of water, 0.02 nass percent

WO@R0oK@HE486. 5 mass percent of 1-thioglycerol asP@mnJP2004/008951
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anticorrosive, and 1.0 nmass percent of | RGAVET 42
(G ba Speciality Chemi cals) also as an anticorrosive.
Alternatively, there is another conposition consisting

of -F2lamimesthxy T ettiamd], Bet masagidmbﬁmm:m,fmdzwbd@ percent
as quaternary anmoni um hydr oxi de,

N- i@ H, 2-. 5)h& 88 ipdedentast 1 hRidgyEdraliels £ anfitorioivd, and 1.0

anount of the water-sol ubl e organi c sol vent, 40 nass

Perk&8s pefce FFR?QMET '@SgCifB%r@,SBEia?ifty @'e'mi%a?s)r@gé as an
percent "of 1-thioglyce rol as an"anticorrosive, ‘an
1 %rm%%?rc?s\g enty@inkf theté ig.(ar%h?ﬁggtrfdeda%ﬁ%é%onsisting of

Chem cal s SO  as ah anticorrosSive.

8RBl RSB P 0 B B

resi dues. when a yia pattern_js formed or trench
paBrRmOniuM By oRldsi Nanathi-Putrolidoapi 2 the remainder of the
particularly in the process of formng wring using

t hdotal sragruaketktie prabersslubigpraanivosolyent @gmaﬁf percent of
Sem conduct or Substrate The net hod of cl eaning ’
senvaienddd2omassipenceneof ¥62dr dihgrass pereergradskihioglycerol as
invention is a nmethod of applying the cleaning
corgroanticomosive, amal $dmmassduercent S ROANMET 42t(Kdba Speciality
process of formng netal wiring 20 using tenporary

| argexnishi§) hso aeni snticoposigel |y | ayered on the
substrate, and renoving at | east one of a photoresist

film a btHd ebani®y @ohfbostoh 6r litfBJrabAY dfi the present
tenporarily fornmed on the substrate, and™ netallic

r egh fuigFoid Eéef@rfﬁp?érﬂ%vﬁ{aq %g?nac{fﬁf'é’éisi""ﬁm] d M?ﬁg:}llic residues

cl eaning”  conpositi-on con east quat er nar
S D AR B SR BERe08 B Rbrgo wsing o
buried méterial particularly in the process of forming wiring usiAng the
damaécene process. |
(B) Method of Cleaning Semiconductor Substrate
The method of cleaning semiconductor substrates according to
the present invention is a method of applying the cleaning composition“
to the semiconductor substrate in the process of forming metal wiring
using temporary laminated film that is temporarily layered on the
| substrate, and removing at least one of a photoresist film, a buried
material as the laminated film temporarily formed on the substrate, and
metallic residues after formation of the metal wiring. - The cleaning
composition contains at least quaternafy.ammoniﬁm hydroxide, a

water-soluble organic solvent, water, an anticorrosive, and potassium

17



17 WD 2004/ 113486 PCT/ JP2004/ 008951 hydroxide of 1

mass percent or less of the total anmounts of the
waoduiiimee |f the substrate includes at | east BCT/JP2004/008951

| ow-di el ectric layer having a permttivity k of |ess

than 3.2 or preferably less than 3.0, the cl eaning
"method of this invention has an advantage particularly

| N hgdadkidedfH ehanpogent driiesphufttheastsitarholntsadfithe solution.
netallic residues wthout damagi ng the substrate. A

speci fi c|meesiipdtra@etclfied Beld Wikl lektrid AR having a
having a permttivity k of less than 3.2 includés -

car i@l ' | £X0) = t i uj :
(VR Rk Bl e O PP e ah pp: [ Elfaning
mat eri al.s 1 e i de-

o efhBcar R Fijeriir Has Hifad 8hERR RERERIATY #F oRaBRg
(product n Appl.i Mat erial.s,. I nc.. Coral -
5 pelialtine e PR ioREvef M HeLuianic eiducs yqus damaging

(product nanme) by ASM Japan K. K 15 The

methS 188PEY&LRui oxane- based | ow diel ectric materi al
includes materials comrerciall % avail able with the
product AesRecific mawgriat used for thedpwrdielggtric laygr heging a
T - 39" by Tokyo GOhka Kogyo Co., Ltd. Furthernore,

t h@ermditivity ¢ 06 esguihaade- ingtedes oarbredepediexide
material includes materials conmercially avail able

w (810 6¢-basedy otethyisisesfiuiA@AeOIDST)-baR8daand " OCL T

- 32" by Tokyo Ohka Kogyo Co., Ltd. Wen the buried

10 mahgdrétydisebquitkasie (HBEY-myvend materialslg Specificatlipothe
of cleaning the sem conductor substrate according to

t hearipie eRpled GWEBLHRBA idw idfeReESE MAetial fl@ades Mack
buried material off w thout - damagi ng the | ow k

g‘g‘[ﬁég@r}oﬁ@ﬁ@ﬁ ﬁ%m’hef}{@{]k%ﬁibe M‘éité’riﬁ'b\', Hd.oO®drl ftbduct
name) by Novellus Systems, Inc., and Aurora (product name) by ASM
Japan K.K.
15 The methylsilsesquioxane-based low dielectric material includes
materials commercially available with the product names of "OCL T -
31", "OCL T - 37", and "OCL T - 39" by Tokyo Ohka Kogyo Co., Ltd.
'Furthermore, the hydroXysiIsesquioxénejbased low dielectric material
includes materials commercially available with the product names of
20 "OCDT-12"and "OCL T - 32" by Tokyo Ohka Kogyo Co., Ltd.
When the buried material is to be stripped away, by using the
method of cleaning the semiconductor substrate according to the
present invention, it is possible to clean the buried material off without

damaging the low-k material because a hydrofluoric acid dilution is not

25  used in this invention.
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18 WD 2004/ 113486 PCT/ JP2004/ 008951 A photoresist film

used in the present inventionis not limted to any
w@asoiticBar one if the photoresist filmis genkPCHIP2004/008951

used in sem conductor fabrication. "Photoresist filnf

in the specification of this invention includes a

photoresist filmused for patterning and also etched 5

resist tpaphoorésistElimiiesd imens pbséanttiaveatiohdsenbt limited to
Metal used in the present invention is not limted to

anynyRtictréén® Wethiel ph b raBisakiirhss Wratbrbny u%ed in
conduct ive layer. Mire specifically, the netal

I N ] |
an%hﬁﬂ@g?gyctog f%mgeéruegn Abho%}‘égﬁs{ilfﬁm ?béﬁéesp-@bf?ﬂcanon of this

r
spec. BRAHIEF rctudes B aRaiepesish ol R RY Ay 3ig e etched
ng _on t bstrate .as t nducti ve
5) ay%$'SF TR BOrRYaBsn e SHiG 80 CRu8l g L he
subst anc I S not ted to, a artlcul r.one if:
the. met hotetel uggHdn APy BeR R ARt s S BBiBfce 45y
15 there is provided a nethod of cleaning then1off f or
1 pgriieular omeeid theimeted isugefdoRGacorAyRING YRt hdlpre
and a showering nethod. In order to increase the
cl eancifipadiyf e metehinagdeshe progiledl, Bndsan Al alloy.  The
heating is perforned preferably for 3 to 30 minutes at

20 anoo @t &, (a¥B) evatpr ehdr(@bby aaticdfFosiveBtd e cnpanded is
Met hod of Formng Wring The nmethod of formng wring

10 aC @ee Pard trpahfsq)mbﬁﬂ@m ranyerisi Specifiedlindre present wention,
at | east one of otoresist film .a buried mteri al

as 'n%l"ﬂh'é%ﬁﬁefthb%b%‘lﬂ%h@élhiﬂgf Bﬁrtﬁadsmtaatéta)ssm@bsnduct.ve
and netallic residues after Tormati on of a met al

1 108, K3y obfqtsgno o ol ean 10, 28 compost on
pr edet er ICFhrt]-zer(flwthod of cleaning the substances is not limited to any

particular one if the method is generally performed. More specifically,

15 there is proVided a method of cleaning them off for 1 to 40 minutes
using a dip method, a paddle method, and a showering method. In
order to increase the cleaning effect, heating may be provided. If so,
heating is performed preferably for 3 to 30 minutes at 20 to 85 °‘C, more
preferably at 40 to 80 °C. |

20 (C) Method of Forming Wiring

The method of forming wiring according to the present invention

includes removing at léast one of a photoresist filrh, a buried material
as laminated film temporarily formed on a substrate, and metallic

residues after formation of a metal wiring layer by using a cleaning

.25 composition. Specifically, the removal is performed at a predetermined
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during a process for formng the netal wring | ayer by

whooogiinyss he nmetal in an etched space formed i PCEHJIP2004/008951
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dielectric |ayer on the substrate using the |Iam nated
filmbased on a |lithography technol ogy. The cl eaning
conposition contains at |east quaternary amoni um5

hy qrot Hetime uahﬁg-asmwés% Urdofhth g e/ eidtal Mﬁn@g lajér by
anticorrosive pot assi um hydr oxi de of 1

pefb?Lﬁ ngofhel ?r?e%apfn hhetbRbAls tp%'@é%tr@e‘afm ét&‘?el%%ltrﬁ’é 'le%ﬁer on the

A specific exanple of the ne orm ng the net

W Td it rdt @Y i %héhgmf@éﬁ%%cﬁlﬂ?gggeaeqﬁg PF%%hy technology.

danmascene process i S nploy

cortr bRATREFerires g4l %5%? lqg%rt?egiiﬁ angggnium
hol es and/o enches aref in the deposited
| a?ﬂ%’rdraé'dﬁgat?{@ o 8?%‘:95?/ OFQ?'E”H@‘? ‘éﬁﬂ Waleho@n anticorrosive, and

Particul arl when the via hole and the trench are

si rﬂﬂt?%'élﬁhéwr‘%ﬁﬁé?f mw%‘;%jﬂﬁ’éﬁ‘seﬁ'@r% Ipp® cédhejtetalamennts of
dual 15 damascene process. "The etched space fornmed in

t hdhdisaleldeni ¢ | ayer on the substrate" specified in

the present invention is considered as various types

of spaced dppeifiti exprople bé tmenrett odf off formimg) the mietal wiring
and a time in which the etched space is forned.

Houeyer is thieed eincisednepaoeedf. aticihreddamalseehbeprocess is
damascene process or the dual damascene process

genghployed, Rdiohrtesiebtife rdy@rhgld%p@@ﬁé@roﬁ e %UQQﬁﬁte where the
The netal to be buried in the etched space includes

netéa}nowﬁbeaéy@ls mé@w?taafrﬁA}- fr, bﬁdfﬁ?mewrm/or

met such

T A G BRSPS
nOtIithography method. Particularly, when the via hole énd the trench are
simultaneously formed, the damascene process is called dual
damascene process.

"The etched space formed in the dielectric layer on the
substrate" épecified in the presént invention is considered as various
types of spaces depending on the method of forming wiring and a time
in which the etched space is formed. However, the etched space
according fo fhe damascene process or the dual damascene process
generally indicates the via hole and/or the trench. The metal to be
buried in the etched space includes metal such as Cu.

The conductive layer is formed with metal such as Cu, a Cu-
alloy, Al, and an Al alloy. The conductive layer with any one of the

metals is formed by an electroplating method, but the method is not
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20 WD 2004/ 113486 PCT/JP2004/008951 Iimted to any
particul ar one. A specific material used for the

wo ow4diEBect ric | ayer includes carbon doped ORCTI&P2004/008951
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(Si OC) - based, nethyl sil sesqui oxane (MSQ) - based, and
hydr oxysi | sesqui oxane (HSQ -based materials. A
| owdielectric 5 layer having a permttivity k of 3.2

or |iln@ed foSaly lefielle opecause such a layer can avoid
i nfluence from being exerted on the electric

char act epi §id Gfic phafch@l Yseddr tRY ebw-diBfectric layer includes
| ow-di electric [ayer may be forned on the conductive

| ! . _ _
ay borPBoB?daoﬁé‘éZS%C!)ﬁynagsre O-rn?%i er%rqgfﬂ%?ar%%éMSQ) based,

Fon%tpt:ve aye{. bur | o
bafF 'é}engé%{é#‘?ﬁeﬁs%?@%%@e (RN "%"%;”%%, Aoy iitfectric
boluEehavias & p ity Rigfef2 SraERS 4R frefbBbie hecausg such a

in the.lithography nethod includes a material used
f olayerrgan ayid infiyepsy feQmi being %@?e PN ee?‘@&frﬂ%n

beam 15 and this material can be used in a
conberadteriaticenef hlbe wiringdayet material is tenporarily
buried into the fornmed via hole and/or the trench.

Speci f i chkylpwadspéctiricnayeassayrhedormiedobn dheeonoyictive layer
condensation reaction is preferable to be used as the

bubi e@d aizerieplayerprovided on thbasmdudtive lalyepr eAe@iliyg
used in the nethod of 20 formng wiring according to

t hea Ap8FSHte I0THRBT bR e CtAtahPedihisudiyfBEDYC g Migher.
| east one conpound sel ected from anong conpounds

repr esenq-ﬁ% tpé/rrfé?%fl&]& |s°|"<‘.‘§rlfﬁélladc W‘itﬂ‘-‘érﬁ\ﬁbf Gic, SN BicAda, and

(iii) by the action’o aci d under e presence of
e, ‘bl g TR T | BT v
ora. a resist material used in the‘li\thlography method incllu‘des a
material used for (KrF, ArF, and F3) excimer laser or an electron beam,
énd this material can be used in a ch\}entional metHod.
A buried material is temporarily buried into the formed via hole
and/or the trench. Specifically, a spin on glass material obtained by a
condensation reaction is preferable to be used as the buried material.
The spin on glass material preferably used in the method of
forming wiring according fo the present invention is obtained by
hydrolyzing at least one compound selected from among compounds
represented by the following formulae (i), (ii), and (iii) by the action of
acid unde‘r the presence of water.
(i) Si (OR"). (OR?), (OR®)s (OR%)q

where R, R2, R®, and R* are each independently an alkyl group or a

21



21 WO 2004/ 113486 PCT/ JP2004/ 008951 phenyl group
having 1 to 4 carbon atons; a, b, ¢, and d are each an

w0 nioggensof fromO to 4, with the proviso thatPCharP2wu008951

10

of a, b, ¢, and dis 4. (ii) R5SI (OR6)e (OR7)f

(OR8)s 5 where R5 is a hydrogen atom or an al kyl group
having 1 to 4 carbon atoms; R6, R7, and R8 are each

' nﬁl@é’rﬁ?ﬂ%’%ﬁ'ﬂhé‘\ﬂng' KYd 406QBBNOAtos; PIERYE, gheWpakaghol an

I to carbon atons; e, f, and g are each an integer

of; 14 \yithQhBIABVRR thattnkbhiIm W ®fb,8, dnd d is
an'é‘%&ug?sgfsfre??ioisw% E%h (%?11)h (OR"2), 10 where R9

angd R10 are each independently a hydrogen atom or an

al kyl group having 1 to 4 carbon atons; Rl1l and R12

are each ] t n kyl group or a phenyl

gr oup hanﬁggﬁ??gggeé§fﬁ h«z%d%s; h and i are each an
integer of fromO to 2, with the' grovi so that e, su

o WRETa Y is 3 Bvgroaeh Alameeh i fidoudherRl 1 16 4%dRoon
represented by the formula (i) inclu&e

t ebfoas kBxyBi | AR R aae BAFRINEeRERARNEYAN alyharaup or a-
t et ramet hoxysi | ane, tetraethoxysil ane,

t ephapylopoupshaving, 1 to & eathonoRipmsapef, and g are each an

t et raphenyl oxysi | ane, tri met hoxynonoet hoxysil ane,

di integbowf flioat Boboy3, Withethet priosidmiyatdhensamoxys, i, ane, g is 3.
20 trim et hoxynonopr opoxysi | ane,

r nonomet HRkRERI tsit @R L)}, 4OR'?),

nmononet hoxytri phenyl oxysi | ane,

di R LR WOel dadieindependently a hydrogen atom or an alkyl
tri propoxynononet hoxysi | ane,

: Hbe ARV IR YR drBfoms IRTELRENX S B euyRiihasendently
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_ oxynortopr opoxysi l'ane, di et hoxydi propoxysi | ane,

B TR R e TR oL SRR an
are each an integer of from 0 to 2, with the proviso that the sum of h
‘and i is 2.

Examples of the compound represented by the formula (i)
include tetraalkoxysilanes and oligomers thereof, such as
teframethoxysilane, tetraethoxysilane, tetrapropoxysilane,
tetrabutoxysilane, tetraphenyloxysilane, trimethoxymonoethoxysilane,
dirnethoxydiethoxysiiane, triethoxymonomethoxysilane,
trimethoxymonopropoxysiIane, rnonomethoxytributoxysilane,
monomethoxytriphenyloxysilane, dimethoxydipropoxysilane,
tripropoxymonomethoxysilane, trimethoxymonobutoxysilane,
dimethoxydibutoxysilane, triethoxymonopropoxysilane,
diethoxydipropoxysilane, tributoxymonopropoxysilane,

dimethoxymonoethoxy monobutoxysilane, diethoxymonomethoxy

22
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nonobut oxysi | ane, di et hoxynonopr opoxy

woremehui4exysi | ane, di propoxynonomet hoxy PCT/JP2004/008951
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nonoet hoxysi | ane, di propoxynononet hoxy
nonobut oxysi | ane, di pr opoxynonoet hoxy
nonobut oxysi | ane, di but oxynononet hoxy 5

I nomees hwoxgsilame, di but oxynonoet hoxy
nonopr opoxysi | ane, and nononet hoxynonoet hoxy

pr @P&ﬁb&gﬁwmwéky&ﬂ@nob‘ﬂ@)@stlﬁﬁé?dipﬁ@ﬁbﬁ mdsomethoxy

tetranet hoxysi | ane, " tetraet hoxysil ane, or oligomners

t h%&%eth%wsm%:a@%so@%? _ ;rT?éthQ&ytrHSnSBUPﬁ@%ﬂane,

represented by t or hu I 10 i nclude

tr AT ATEngk sToReREEREne BB oxy

O SRS aEL R Rl ARG o oRIRBY HESHTRLBRY¥ e &

S: %ﬁ%g@%ﬁgﬁﬁg%ﬂ rlarﬁ)g)%xymonobutoxysilane. Among these’

di phenyl oxynonopr opoxysi | ane, 15 . )
nelcﬁ@a@@m%sﬁgﬁr@m%xygﬁ@pe, tetraethoxysilane, or oligomers thereof
nonopr opoxydi met hoxysi | ane, ‘
nmoRopupteradiest hoxysi | ane, nonobut oxydi net hoxysi | ane,

nono phenyl oxydi et hoxysi | ane, methyl trinethoxysil ane,

met hyl  Endamt plesysfi thaneo mpeuhyl repre pe njeoklyy thadermula (ii)

et hyl trinethoxysilane, ethyl tripropoxysilane, ethyl

t r iiméladel teinysthoansilaims opidthbxysitdrieg Xyipropoweysilad@,
propyl triethoxysilane, propyl triphenyl oxysil ane,

butidpheR{IBRYEMANSE] HRAGthoxpHioHodthbRysiexysi | ane, butyl
tripropoxysilane, butyl triphenyl oxysilane, nethyl

ggg@%@%ﬁ@ﬁﬁﬂ#ﬁ?ﬁoxy ngﬁ§3dﬁg?£%§wnononuﬂhoxysnane,

g%ﬁg@g@ﬁ@{@%g{s#l%ﬂ% di*ﬁ#ete%‘\quymonomethoxysilane,

ggEﬁﬁﬁ%ﬂ@ﬁ%ghﬁ%ﬁﬁgﬁ%ﬁbﬁﬁﬁg%éﬂBBQX%o%§nununnopoxysHane,
methoxyethoxypropoxysilane, monopropoxydimethoxysilane,
monopropoxydiethoxysilane, monobutoxydimethoxysilane,
monophenyloxydiethoxysilane, methyl "crim‘ethoxysilane, methyl
tﬁethoxysnane,rnethyltﬁpropoxysnane,ethylnhnethoxysﬂane,
ethyl tripropoxysilane, ethyl triphenyloxysilane, propyl trimethoxysilane,
propyl triethoxysilane, propyl triphenyloxysilane, butyl trimethoxysilane,
butyl triethoxysilane, butyl tripropoxysiléne, butyl triphenyloxysilane, -
methyl monomethoxydiethoxysilane, ethyl monomethoxydiethoxysilane,
propyl monomethoxydiethoxysilane, butyl monomethoxydiethoxysilane,
methyl monomethoxydipropoxysilane, methyl |

monomethoxydiphenyloxysilane,

23
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nmononet hoxydi pr opoxysi | ane, et hyl
woremaret4Boxydi phenyl oxysi | ane,  propyl PCT/JP2004/008951

nonomnet hoxydi propoxysi | ane, propyl

nononet hoxydi phenyl oxysi | ane, 5 butyl

nononet hoxydi pr opoxysi | ane, butyl

o e et proodyanane, Beiyl

met hoxyet hoxypr opoxysi | ane, propyl

et RO S IRXY IR Sk e, bUtYI’

nmet hoxyet hoxypropoxXysil ane, nethyl

no XY IR d 7 t il ane, et hyl

o B b, BB ™, Gy

nmononet h hut oxysi | ane, and butyl

no 6%%?%%@%%&@3§%ﬂﬁﬁ§xﬂ§ﬁb Ut oxysi | ane. Anobng t hese
nds, tri met | ane _and, triethoxysilane are

5 g?g@&fgw%qme,tjm?wqcﬁ)ﬁ@o&ysgﬁgﬁpPéliylof t he conpound

represented by the 15 fornmula (iii) include

di RASERGEIPNHPNRNEPRGSHANG ane, di propoxysi | ane,
di phenyl oxysi | ane, , net hoxyet hoxysi | ane,
neledRylpmetoRxys thexspronayisHRPBh BFPYxysi | ane,

et hoxypr opoxysi | ane, et hoxyphenyl oxysilane, nethyl
di metthoxysthloxypropexysilaneet hoxyet hoxysi | ane, net hyl
di et hoxysi |l ane, nethyl 20 nethoxypropoxysil ane,

mebhiyll nvethooyepiiexyp roppsysilsames, mettgllmonomethoxymonoethoxy
di pr opoxysi | ane, ethyl methoxypropoxysilane, et hyl

10 di HEHBHABXPSIlANE, ethPl AOHoMEIRIXYMXYSothioxy rmonpiltoxysilane,
nmet hoxyet hoxysi | ane, propyl ethoxypropoxysi |l ane,

of WﬂyA%SF‘EWﬁbkﬂ%mB'ﬁw mdtidaex starsd | e, 25

‘ i met hoxysi lane, butyl” net hoxyethoxysil ane,
bup ¥ty HhEhEMEIRbkFABnoethoxy monobutoxysilane. Among these

cbmpounds, trimethoxysilane a'}1d triethoxysilane are preferable.
Furthermore, examples‘of the compound represented’by the
15 | formula (iii) include dimethoxys‘ilane, diethoxysilane, dipropoxysilane,
diphenyloxysilane, methoxyethoxysilane, methoxypropoxysilane,
methoxyphenyloxysilane, ethoxypropoxysilane, ethoxyphenyloxysilane,
methyl dimethoxysilane,
rnethy|rnethoxyethoxys“ane,rnethylcﬁethoxysnane,rnethyl
20 methoxypropoxysilane, methyl methoxyphenyloxysilane, ethyl
dipropoxysilane, ethyl methoxypropoxysilane, ethyl diphenyloxysilane,
propyl dimethoxysilane, propyl methoxyethoxysilane,
propylethoxypropoxysﬂane,propylcﬁethoxys“ane,propyl
| diphenyloxysilane,

25  butyl dimethoxysilane, butyl methoxyethoxysilane, butyl diethoxysilane,

24
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et hoxypr opoxysi |l ane, butyl dipropoxysilane, butyl

woredohglBenyl oxysi | ane, di net hyl di net hoxysi | aPeT/JP2004/008951
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di met hyl net hoxyet hoxysi | ane, di et hyl
di et hoxysi | ane, di nethyl di phenyl oxysilane, dinethyl 5
g;hox%proppxysilane, di met hyl di propoxysil ane, diethyl
| RN RKYSH ABB oxy Sl S B UtTEH RSB BR PFPXYS .

ky? )JI%XE Y uE ﬁg.ﬁ gyl wE

giet det propoxysi | ane, di pro
! ' «gi,propyl di et hoxysil ane, di propyl
d”ﬁ%@ﬂaﬁﬁébggﬁgﬁg?hgdibutyl di met hoxysi | ane, di butyl

L e e T
AR e L

met hyl ‘propyl di net hoxysil ane, nethyl propyl - .

di @EhiexyPES PRSIl ames ﬁiw%t@dtﬂi)npf%ﬁ I@)E‘)%s iﬁ%‘i‘i‘éﬂ' diragtfaxysilane,
butyl diethoxysilane, nethyl butyl dipropoxysilane, .
medieyhylenrihoxtmergpydirnesdiptng diethadypseeeyysitee, dipropyl
di met hoxysi | ane, ethyl propyl nethoxyethoxysilane,

di ginostploxydilame hdipyepylatiethaiysilemgl, dipropyl diphenyloxysilane,
met hoxyet-hoxysi | ane, propyl butyl di methoxysil ane,

pr @ipyity Ioditryd thaixgs ineney,sdibatd  dietHoxygilane, dibutyl dipropoxysilane,
nmet hoxypr opoxysi | ane, and butyl ethoxypropoxysil ane.

! Aﬂib”u@yltﬂh@ﬁ%%ﬁm&gm@b@ysi@ﬂ@tm@midtﬁ ediméBoxysilane, methyl -
an

di ‘e} ho%l){)ji | ane, nmet hyl di met hoxysi | ane are
pr ER{eH ae (| hyl
ma§ (Ie se gc):(? ?@%ﬁy’ US@%‘S%@fylrggﬁiog)gg?gill:urt’hg%rtrfgyrqee,ﬁhglng/

AU, ST e 1, SO
na[r%lﬁglf)priorpyﬁ tdgr%réthgxycs?l%%%r,] 3550 blopSu iRl Siadefethyl
butyldhnethox?snane,rnethylbutyldiéﬂ1oxysﬂane,rnethylbutyl
chropoxysHane,rnethylethylethoxyprépoxysﬂane,ethylpropyl
dimethoxysilane, ethyl propyl methoxyethoxysilane, dipropyl
dnnethoxysﬂane,cﬂpropylrnethoxyethoxys“ane,bropylbuty
dimethoxysilane, propyl butyl diethoxysilane, dibutyl
methoxypropoxysilane, and
butyl ethoxypropoxysilane. 'Among these compounds, dimethoxysilane,
diethoxysilane, and methyldimethoxysilane‘ére preferable.
The compounds of the formulae (i) to (iii) may be selectively
used as required.
Furthermore, any highly absorbing substancé may be
.compounded if necessary. The abéorbing substance has a substituted

group that can be condensed with the spin on glass material in its
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Therefore, the substance is not limted to any

w@asosilicBar one if the substance has a hi gh abGDIRROMH08951
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power of light in a wavel ength region having
phot osensitive characteristics of a photosensitive
conponent in a photoresist material, and can prevent

st anqichgreravendra?o Al uaeds Ubsthhe8tis hef lliesited td aem gdréicular one
substrate and irregul ar reflection caused by

d
di i @lLOFSstan cbayH a?ﬂgﬁ%sﬂbfr@cﬁo : rtc{ﬁig?#gﬁtaf@beelength

Specific exanples o he substance inclu

Su'ré@ﬁ)‘ﬁ' RAVRY SPoReURditivA clp%'arﬁé’ﬁg‘ﬁ&oﬂﬁé Bsensitive
conp a

und, “an~ant hracene- based conpound, a

napht al ene-.hase [ e :

o b Aok DRI B, BRbEGe T Brf v S Bhting wave
preferred, ones are_a  bisphenyl sulfone-based conpoun .

B n@"aUERS BRI st Tl S Shp SVATR AL QBT retjggotion
hydr oxyl groups, an anthracene-based c ound havi ng e
at cpessd mhé!f%r@nsfeyn lgv@lpn éh%/sé'rr%rﬁﬁdiggﬂ;{}‘aﬁﬂ??trﬁ%up,SpeC'f'C
an ant hr acene-based conpound havi ng carboxyl group
an@xampigdraixdie subsianog inelbdeaa sappnBahasrd sagwpund, a
conmpound substituted by at | east one carboxyl group
andveszolpyeénoxe-based gonpaunyd ,ean ahthiasene-based compound, and

bi sphenyl sul f one-based conpound i ncl ude

bi %(ha?h@ieﬁéﬂj‘ade)d sernbones, suetituted by a hydroxy group and/or a
bi s( pol yhydr oxyphenyl ) sul fones. Specific exanpl es of

t NR@ehERPMPGIGS | Paitiedearly préfdibsl oxgphaayd) 20
sul fone,” bi s(3, 5-di net hyw?i-hydroxyphenyl) sul f one,

E: ??%pﬁerylﬁggégéyp eny{:%n‘r?ﬂu]‘:ngiﬂgﬁd a benzophenone-based

, A di ' | .

o Yooy YA SPGB Mo SOIRAN B80S antracene-based

B: 2 2’ fgp@ﬁ‘ﬂﬁ@@%ﬂg%%“&%ﬁ%ﬁ@' group and/or hydroxyalkyl group,

E: }(régg?mg'p%%&gé%&@gﬁ l %%%Sﬁgspib%g(?érboxyl group and/or hydroxyl:

group, and a naphthalene-based compound substituted by at ‘Ieast one
carboxyl group and/or hydroxyl group.

Examples of the bisphenylsulfone-based compAound include
bis(hydroxyphenyl) sulfones, and bis(polyhydroxy'phenyl) sulfones.
Specific examples of these compounds include bis(4—hydroxyphenyl)
sulfone, bis(3,5-dimethyl-4-hydroxyphenyl) su!fone,
bis(2,3-dihydroxyphenyl) sulfone, bis(2,4-dihydroxyphenyl) sulfone,
bis(2,4-dihydroxy-6-methyl phenyl) sulfone,
bis(5-chloro-2,4-dihydroxyphenyl) sulfone, bis(2,5-dihydroxyphenyi)
sulfone, bis(3,4-dihydroxyphenyl) sulfone, bis(3,5-dihydroxyphenyl)

sulfone, bis(2,3,4-trinydroxyphenyl) sulfone,
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bi s(2, 3, 4-trihydroxy-6-nethyl phenyl) sulfone,

whe@ih13Bé or o- 2, 3, 4-tri hydr oxyphenyl ) sul f one, PCT/JP2004/008951
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bi s(2,4,6-trihydroxyphenyl) sulfone, and
bi s(5-chl oro- 2, 3-di hydr oxyphenyl ) sul fone. Specific
exanpl es of the benzophenone-based conpound include 5
2, 6rs32fwdtt@mae@zmh@mnﬂ .phenyl) sulfone,

t r'i hydroxybenzophenone,

2 éjs(é (fhIoFc?—tZr@Wﬁf%@%?&l@@ﬁ)ﬂﬁ‘%ﬂﬁone bis(2,4,6-trihydroxyphenyl)

tetrahydr benzophenone
2! y e .
gugghgu%géyﬁ oxy *g,n%g nylbsulfone. Specific

ﬁﬁ%ﬁ%%@%ﬁ%%&%@ww
B R S BRa e dhE DL BV BRRaR Eeharey

| east. one hydroxyl group, or hydroxyal kyl- group

i néh2idbéd -tetanyd oy PEHZPRRRBCBRt ed by the.formula (4)
expl ai ned bel ow. Specific exanples of the conpound

i n@l2ids 6 HtetyanydrpaybenzeBhenobenydr oxyant hr acene,

ant hr acene- 9- car boxylic acid, 1,2-dihydroxyanthracene,
1, Z;Zﬂcﬂimdowyy—gfmaitlhxmmtmnzmm@@m,

1, 5- di hydr oxyant hr acene,

1, 2-@Hdhygd roxy-4-neathacoypantzbpherone,

9, 10- di hydr oxyant hracene, 20

1, 2; 2 dinguesyy-9; £adibtetianybeagepieenone,
1,2 3- trlhydroxyanthracene

1, 2 g 03L h d
R oo

% % grmeé'ﬁ(e?r%' rfsa%f%?w‘g{]ogé)@gé Iﬁ?(@]@rr%t hyl ant hr acene,
0- hvdroxys p{ﬁ'ran@rg; g@ggﬁ;pﬁa&%@. BALBE AR AGEng at east

9- hydrox

% %%edh)rl] r%rx?/)l()épgttjg%lr h%/r(]itrcr)]{(?glﬁ?/legroup includes a compound

represented by the formula (4) explained below. Specific examples of
the compound include 1-hydr§xyanthracene,9-hydroxyanthracene,
anthracene-9-carboxylic acid, 1,2-dihydroxyanthracene,
1,2-dHﬁydroxy-9-carboxyanthracene,1,5-dH1ydroxyanihracene,
1,5-dihydroxy-9-carboxyanthracene, 9,10-dihydroxyanthracene,
1,2-dihydroxy-9-carboxyanthracene, 1,2,3-trihydroxyanthracene,
1,2,3,4—tetrahydroxyanthracene, 1,2,3,4,5,6-hexahydroxyanthracene,
1,2,3,4,5,6,7,8-octahydroxyanthracene, 1-hydroxymethylanthracene,
9-hydroxyméthylanthracene, 9-hydroxyethylanthracene, |
9-hydroxyhexylanthraéene, 9-hydroxyoctylanthracene, and

9,10-dihydroxymethylanthracene.
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27 WD 2004/ 113486 PCT/JP2004/008951 (COOH)s eke
[(CH2)gOH r (OH), ... (4) \Were p represents an

wo paoegexsof fromO to 8, g represents an i nt eRET/Jr004/008951
froml to 10, r represents an integer of fromOto 6,
S represents an integer of O or 1, with the proviso
that p, g, and r_are not 5 0 at the sane tine.

, Speci fic exa Q" of the napht hal ene- based conpound

i ncl ude 2-napht hol, 1-napht hal ene
et hanol , apht hal eng et hanol, 1, 3- napht hal ene di ol ,
napht hal e . i c acid,

napht hal eng= 2 r hox
napht hal ene- | [,(Cz?f-‘ﬂlgbar boxylic acid, 10 ... (4)

EEBEE Egi ﬂ@‘?% g%bﬁ%{;@ﬁr} @tgggeg’of from 0 to 8, q represents an
al ene- - ' |
naiHetzr andionatli i B3ptesorls nisiRBone! fiom oo s

absor bi ng ,substance tp be co ded is | range of
10 reBress g g tEerehp, ofibratpriapdransp thal g.dagnd r are not
wei ght percent, in the concentration of solid portion’

5of O akthgpsamelmen gl ass material on an Si 02 basis.
The "predeterm ned point in time", according to the .
present Speodfic esampleswiitba ﬁaﬁ\tBBM"hgségrﬁ%‘%PWBﬁ include
shoul d be used is not particularly restricted if it
i s lanaphthaleBuiamgihbh T-eaphthalee epttbieoogs?-staphthalengnethanol,
metallic residues fromthe substrate in the process of
f orin3 rtaptthvlgriendidlshaghthzte denasa o yicoaeds .
However, the tine is preferably set to a tine after

t he\ RS- PACRIrbSxYIRE BRM, NEhthialehd-5 4sdieartdedicaacid,
after formation of the trench", "after formation of

10! Nafifthaletfdd2, Rl ok Fi0 ¥eld, HagHiRakAHd-2%-dicar®okylic acid,

'haphthalene-z,7—dicarboxy|ic acid, and naphthalene-1-acetic acid.

The amount of the highly absorbing substance to be
compounded is in a range of 10 to' 50 weight percent, more preferably
15 to 40 weight per(;,ent, in the concentratibn of solid portion of the spin

15  on glass material on an SiO; basis.

The "predetermined point in time", according to the present
invention, at which the cleaning composition should be used is not
particularly restricted if it is a tim’e required to remove fh,e" photoresist
film and metallic residues from the substrate in the process of forming

20 Wiring using the damascene process. However, the time is preferably
set to a time after the etched space is formed. ‘The time is specified as
"after formation of the trench", "after formation of the via", and "after

removal of the barrier layer".
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28 WD 2004/ 113486 PCT/JP2004/008951 The "after

formation of the trench" is nore clearly specified as
w@2@uagasé n whi ch generally, a form ng processPOT/JR004/008951

inter-layer dielectric Ilayer conprised of at least a

| ow-di electric layer on a lower wiring layer forned

on a sem conductor substrate is perforned, then a

phot or esiTte Zaftayformatidroofrétk oreniche is mere- tleyely specified as a

dielectric layer, the photoresist |layer is subjected

t 0 aye en wissRgBHeradpda ifsrilvebrResbst 6F &0NiMer-layer dielectric
phot oresi st pattern, etching Is perforned on the

Suhé%/élaésmlﬂﬁisrégj oMat R Y RYW-SeleBfid Riyerah a8 IBReF wiring layer
and then the photoresist |layer is renoved. The "after

f orfg%leerbrpgvéé}ﬁhc‘ﬂg@;hcitér QBP&rQ{ee%r;})é(rféﬂﬁ%f El'?éjn ?Zeﬁ’otoresist

10 stage In owdielectric Tayer, a barr

I a I nting.: fi . .
5 aaist FfrheEbbEs Bl RYSY SReBc Ayl protpresist tayer is
phot or.esi st, | ayer is fornmed on.the reflection ,

br SHBIERRG o PAoThExP oA aY: S davEjered 1o SOl acpagtoresist
to pattern exposure and is developed to forma )
phdf%FeerQb @Cmgﬂtlérﬁﬁrﬂé’m‘h‘i M) ﬁ\f’se PR ReYSHg thggphotoresist

| ayers using the 15 photoresist pattern as a mask, a

vi dattare avarmaskadnddhentthetplotosmsipt layeriiagemopad. i s
formed, and then the photoresist layer is renoved. As.

wel | knowirhe l'aftehforcnatiordafrilse sied iprrooss slaarlywbpetificdeas a
trench and the via hole are sequentially forned, there

10ar esthge inasesh a idwidielectrdc (g, whisareier Hayen, andoa eeflection
formed after formation of the trench 20 and a case

whegreveRng fRRcArd Sefaenedlipidwiretics gt e eower witieg Vayer, a
hole. |t does not natter ich of the trench and the

Vi &b Fedist Ei'yreﬁis FfiBE -on (ﬁfﬁ!’éﬁéﬁ’éd%n Bféﬁntmq’fiﬁn,hMee

and/or trench’pattern is et the resist filmis
R O S0 na SR b opea o
It ﬁ J'gfrﬁg%ef)hrgg%lg% op%ﬂ&ezrgs:ﬂ?ﬁ@%%figgoe{r orlnrfgd %Shhfhréglayers using the
15 photoresist pattern as a mask, a via hole communicating with the lower
wiring layer is forme'd, and then the photoresist layer is removed.

As well known, in the dual damascene process in which the
trench and the via hole are sequentialiy formed, there are two cases,
that is, a case where the via hole is formed after formation of the trehch

20 . and a case where the irench is formed after formation of the via hole.
It does not matter which of the trench and the via hole is first formed.
Generally, after a via‘ hole and/or trench pattern is etched, the
- resist film is subjected to ashing treatment. From the viewpoint of
maintaining the characteristics of the low-k material, it is desirable not

25 to depend on the ashing treatment because the ashing process
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29 WO 2004/ 113486 PCT/ JP2004/ 008951 damages the | owk

material, and therefore this matter is bei ng under
warady134Bowever, using the cl eani ng conpositi oPCT/JP2004/008951

according to the present invention allows the ashing

process to be omtted. Either of the trench and the

via hole is forned, the inside of the 5 forned one is

fi ldzafages hhe mwtlemalerﬂam &ed e iefdre 8116 mhbepidipeimnander
of the trench or the via hole is fornmed using the

or 4jtfiayy Hoviadranihg i BRGn MY t8JdtibATd 0rahg {dithe

silicon oxide fllm(burled material) remaining inside

el (15 eh iR it 1l dMtfing TBEc 0L 16 e yiribe! ©

remaining rnt t he resi st

Conposi ¢ Y“%’W W%dtf%?ﬂ%ﬂd’ fie Vgt AfiecisBRlrER, the inside of the
5'f orfOA 't3§ e R fileddntEa b %3139%‘? HefEy bl SirErgne of

ddl e hod and ring,meth but
hghﬁé PE %t‘”al" |hﬁ’|‘% &ijrmchaw th8 '”aifsﬂﬂmgraphy

EXAMPLES Preparation of cleaning conposition;
cl daaiheg. cofiiesithe dermatiopy @'}?a$'géoﬁd§@@e dim ﬂfémed material)
conposition and conpounded anounts shown in Table 1.
An remaiomg inside eif@er tbettednaidobythedapeusida@r the via hole and
t hi ogl ycerol with | RGAMET 42 (product name 20
manmefreihingeih the Gviber IGyecicdlthe yeSist paddra)was ckeaned off using
benzotri azol e-based anticorrosive by a ratio of 3 :

102. thBe|odhRigheempdsitis farsthedlithograsihedf the prbséert invention.
experinmental exanples and conparative exanples in an

anmount OfTr?e Pe B9 ﬂ%%%ﬂthGEnHEfmt @éﬁbrrﬁ@@%?sl f?f4€) hginutes

glutlon Commercially avail abl € sanpl es were used for
tnofatZz?ﬁé ?%TI:I?AE' RS ofd Ila%%%ddf’& nvdtRokLl b&ddid ndthod, and

showering method, but the method is not limited to these methods.

15 ~EXAMPLES
Preparation of cleaning composition:

A cleaning composition was prepared based on the composition
and compounded amounts shown in Table 1. An anticorrosive waYs
obtained by compounding thioglycerol with IRGAMET 42 (product name

20 manufactured by Ciba Speqiality Chemicals) as a benzotriazole-based
anticorrosive by a ratio of 3 : 2. The obtained anticorrosive was added
to whole experimental examples and comparative examples in an
amount of 2.5-mass percent of the total amounts of the solution.

Commercially available samples were used for the samples

25 unless otherwise specified. It is noted that TEAH represents
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WD 2004/ 113486 PCT/JP2004/ 008951 tetraethyl anmoni um

hydr oxi de, TPAH represents tetrapropyl ammoni um
whyenoxisee, MIBAH represents nethyltri butyl anmpei/ae004/008951

hydr oxi de, TBAH represents tetrabutyl amoni um

hydr oxi de, and TMAH represents tetranethyl anmoni um

hydr oxi de. Furthernore, MEA represents 5

mw%@m%mmdﬁmﬂ%mm&sems{ Pepre6éndiateaptopyydmmonium
et hanol and MVA represents N nethyl et hanol am ne.

Byﬂlde%@ We%?@é‘éﬁts ﬂbf'ﬂlﬂ%utﬂérﬁﬁ?@rﬁ@m NMoxide,

rep esents y 2-pyrrolidone, and represents

gﬁfﬂéd‘éh%@ i[éfjrb?gm?nﬁomgn?m/ﬁ &)@%@8%88 TMAH represents
2222 222 2 2 Z
emetanmongyr iR | v tiefors '@E&;Ee%e?f&ts
5 Eor%ooon%oect)r?a\lnolamge DGA represents 2 - (2-aminoethoxy) ethanol, and
MMA represents N—methylethanolarhine. Moreover, DMSO represents

dimethyl sulfoxide, NMP represents N-methyl-2-pyrrolidone, and DMI

represents dimethyl imidazolidinone.
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~,N;-,MIt a) a) a) a) a) a) a) a) a) a) a) a)

WW@IZ{@@) c Qma. co a- cu o_ EEEEEEEEQ. PEX/IE2004008951

mmca cawwmco Eca Eca ECOECOa) x X X X X X
XX 0xo0oxo0xo0ox MWWwWWWOV OMONOWV co i- 32 WO
2004/ 113486 PCT/ JP2004/ 008951 EXAMPLES 1 to 8 A,
baEXAMHMIayS8r1 &s8a first layer and a lowdielectric

| ayer as a second |ayer (dielectric |ayer was CVD

deposi t ech Watfiedisgleecls & Giryalayeriand &hewrdiegsctait layer as a
2.9-3.2.) were fornmed on a substrate where a Cu | ayer

W%ﬁ%&&ggﬁgg né&e"l’@(ﬁh%rlﬁ b8 (vaRAE /ey Be%&té@rvﬁﬁﬁj dietfifc value in

Suﬁgé&ﬂ[wﬁ m@t%l@eﬁ I'?g @E?rﬁgf%ﬁfﬁb WHEH %r@u El‘éyer was

he second layer, and the

5 sufunhin: °°WW@J§3? St ebnio ek M —

10

15

20

25

hor e S5raRs Rusls Arbhect ubSiEattnliar Pt BBt g Tof shotoresist
lslutwhﬁo ggﬂh%grrﬁtggkﬁhrq?gjh Q“?%Cogllg-r(]jge q{g‘fr feorrtrcger?l]a %8 408 hole

that communicates with the barrier layer.

Subsequently, a spin on glass material to be buried
(manufactured by Honeywell) was buried inside the via hole, a
photoresist pattern was newILy formed by the lithography met‘hod, and
etching was performed on the substrate using the péttern as a mask to
form a trench. During this process, an etched resist was formed on the
surface of the resist layer due to etching damage by etching gas an d
was hard to be removed by the cleaning composition, Si-based metallic
residue produced when the low-k material was removed through etching

was deposited in the sidewall of the trench pattern, and the buried

" material remained inside the via hole.

This substrate was dipped in the cleaning composition shown in
Table 1 for 5 minutes at 60 °C, and was rinsed with ‘DI water. At this
time, evaluations were performed on the strippability of the etched
resist, the strippability of the Si-based m‘etallic residues, and the
strippability of the buried material, and further on how the solution was
corrosive to the low-k material, through observation using a scanning

electron microscope (SEM). The results of the observation are shown
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forma trench. During this process, an etched resist
was formed on the surface of the resist |ayer due to
wer@hiingsdamage by etching gas and 15 was har dP€DJIER804/008951

renmoved by the cl eaning conposition, Si-based netallic
resi due produced when the lowk material was renoved

t hrough etching was deposited in the sidewall of the
trénclabpatd.ern, and the buried material renmained

inside the via hole. This substrate was di pped in the

cl eani ng RO drieQNhs e tidle was Fadhad lo temove the barrier
mnutes at 60 C, and was rinsed with DI water. At this

ti rm%ereffrawmé qNpsiate p¢héﬁr W%@%ah’f@nﬁdﬁd&@@bkp@fned
of the etched resist, the strippabil ity of the

S g nﬁiﬂg&@g%féasﬁ%%ﬁ LSRRy o i
Sopaaart B 2.0hg s SLafG: né@é%saa?f%wﬂﬁﬂgg%eage water.
CimeteRtl e

~Furthernore, the substrate was etched to

barGareqsive é9e€§u fhromahmebsemyation esingnbe, Séﬁ/‘mhihgaﬁéu'ts of the

manner as expl ai ned above, the substrate was di pped

i n ahseryatianiaig stemyodi TAble 2hown in 5 Table 1 for 5

mnutes at 60 C, and was rinsed with ultra pure water.

At this Thegesaitalafidheaixsergatoperdreratddined aswhavwn in Table 2.

solution was corrosive to Cu through observation
10usilnghthabfENefditeg ceesight S indichbes tloditsz tafatdo e stripped was

shown in Table 2. The results of the observations are

obtrailpedmasyeshomthd Budephee and G0 wéret het tavbeed at all. In the

reference sign S indicates that a target to be

St rthBREGefd®nc %Uédbﬁ A%TB‘!‘:SQ feF réBﬁasﬁ#ﬁﬁFgrﬂfeesé‘ﬁl@ &kluation as

were not corro In the table,” reference

S But fdicads hat §ﬁ§ﬁ€§§ﬂ5b@%h@ﬁné@%é‘é’@ééﬁtdl%@] there

was no possibility of bringing about an actual device failure.
15 Furthermore, reference sign B indicates that the photoresi_st remained

on the substrate or the substrate and Cu were corroded.
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S, but indicates that slight surface roughness was

seen al though there was no possibility of bringing
wa@bouti13e6 act ual device failure. 15 Further nor BCT/JP2004/008951

reference sign B indicates that the photoresist

remai ned on the substrate or the substrate and Cu

were corroded. 34 WD 2004/113486 PCT/JP2004/ 008951 c
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0 U Q. |saxamples 1, 2, 5, 6, and 8, sufficient results were obtained for

10

15

20

25

all the items. In Examples 3, 4, and 7, the results were slightly inferior
to the other examples, but no particular problem to be posed was

recognized.

COMPARATIVE EXAMPLES 1 to 4

In the same manner as \the examples, the results of the
strippability of the etched resist, the strippability of the Si-based
metallic residue, the strippability of the buried material, the p‘rotection
gffect of the low-k material against corrosion, and the protection effect
of Cu ajainst corrosion were obtaihed.

In comparative example 1, the amount of KOH exceeded the
upper limit, and therefore the low-k material was corroded. On the
other hand, no KOH was coﬁtained in corﬁparative example 3, and
ftherefore the strippability of the buried material was foun‘d insufficient,
and the strippability of the Si-based metallic residue was slightly below
a sufficient level. -

In comparative example 2, a small amount of water was
contaihed, and therefore the strippability of the etched resist and the
strippability of the Si-based metallic residue were found insufficient.

In comparative example 4, no quaternary ammonium hydroxide
was contained, and therefore the strippability of the etched resist and
the strippability of the buried material were found ins’ufficient. Further,
the strippability of the Si-based metallic residue was slightly below the

éufficient level.
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5, 6, and 8, sufficient results were obtained for al

the itenms. In Exanples 3, 4, and 7, the results were

slightly inferior to the other exanples, but no

par ti cul afiHe efpl @18 mea%oaq%ﬂ b¥RS dEKGAHY #A%h reézpect to a
CONPARATIVE MPLES 1 to 4 In the same nmanner as th

ot gﬁglaﬁﬁ:’ eﬁ%%drnf\%glt? r 8fc Stngﬁletétarn'd%ﬁ@%'r ldé Bgﬂré hee appended

resist, rlp ity of t

metal.lic_residue \ RS
i ot RRCHE becBEisJhhlB8 A lrbgbe KaReBiley s pmbocying
r|a 1nst.corro ion, and the ection effect o
angﬁgtcaéwo%niﬁ?kﬁmf’ Y eansbitphsBAb el Pueu’
amount_ of KOH exceeded the
511 ARIO LN aHATOIE Ty [ T8 s odea TR Rsgin set
On the 'other hand, no KOH was contained in
cofpdhat i ve exanple 3, and 15 therefore the
strippability of the buried material was found
insufficient, and the strippability of the Si-based
metallic residue was slightly below a sufficient
level. In conparative exanple 2, a small anmount of
wat er was contained, and therefore the strippability
of the etched resist and the 20 strippability of the
Si -based netallic residue were found insufficient. In
conparative exanple 4, no quaternary ambni um
hydr oxi de was contai ned, and therefore the
strippability of the etched resist and

{O one
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the strippability of the buried material were found

insufficient. Further, the strip.pability of the
w@Reobaskes metal | ic residue was slightly bel ow PeIEIP2A84/008951

sufficient level. 36 WO 2004/113486 PCT/JP2004/ 008951

Al t hough the invention has been described with respect

to a specific enbodinent for a conplete and cl ear

di scl osure, the appended clgipgM®B e not to be thus

limted but are to be construed as enbodying all

nodi fications and al ternative constructions that my

occur to one 5 skilled in the art which fairly fall

w thin the i | Shbrisay: forth. 37 WO
2084/ 1134 %l%%éﬁ%ggmégg%gsf FBC]:rﬂAI 5 1. A cleaning
conpositi I.S1.0Q: . /. anmoni um
hydr oxi dg?'gégﬁ'%tajb%&%@@%@g%%c sol vent; water;
an anti corroiérve' %Ed Eé)t assi ym he(droxi de of 1 mass
5percent GrWREYSSYHDLE PLYATICHAYAYE of the solution. 10
2. The cl eani ng conposition according to claim]l,
wher ei n W?éer,quat ernary ammoni um hydroxide is a
conpound represented by the follow ng general fornula
(1): [NRERFBE@qrrosige; and. (1) 15 where R1, R2, R3,
and R4 are each either of .an al kyl group and a
potassium hydroxide of 1 mass percent or less of a total amount
of the solution.
10
2. The cleaning composition according to claim 1, wherein the
quaternary ammonium hydroxide is a compound represented by the
following general formula (1):
[INR4R2R3R4] * OH™ (1)
15 where R4, Ry, Rs, and Ry are each either of an alkyl group and a

" hydroxyalkyl group having 1 to 4 carbon atoms.

3. The cleaning composition according to claim 1, wherein the ’
quaternary ammonium hydroxide is at least one compound selected

20 from among tetramethylammoniumAhydroxide, tetraethylammonium
hydroxide, tetrapropylammonium hydroxide, tetrabutylammonium
hydroxide, methyltripropylammonium hydroxide, and

methyltributylammonium hydroxide.

25 4. A method of cleaning a semiconductor substrate comprising:
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hydr oxyal kyl group having 1 to 4 carbon atons. 3. The

cl eani ng conposition according to claim1, wherein the
W@ aHALIA8 Yy ammoni um hydroxi de is at | east onePCDIPROWIEHSIST

selected 20 from anong tetranethyl anmoni um hydr oxi de,

t et raet hyl ammoni um hydr oxi de, tetrapropyl ammoni um

hydr oxi de, tetrabutyl amoni um hydroxi de,

met hyl tri Wb BN ek soditlen tanfle substrate that is being
met hyltria%mel gmmni um ydro%@de 25 4. A nethod of

cl j ] r
v it R S

C°'@géih%giog)é?é’mb'a?aﬁwqﬁgéﬂhg fﬁlﬁfbn tﬁebﬁj rdtbOSGgsed

tal enporary am hat ed

o, SR B A1 0 g s

fiIm bur i a thelamn

o o Pl SRS A by B i <A bl Sl
of the metal wring, wherein the cleaning conposition
cohpFmatien of JE?éF'ﬁg?r | WigiRgoni um hydr oxi de; a
wat er - sol ubl e organic solvent; 10 water; an
ant i cor r ygiarein el ClRRMNBE QM PYSition QrMBFiSes mass
percent or less of a total anount of the solution.
'15 5. The net leatema@oy dinooniumml aydnoxjdevher ei n t he
substrate includes at least a |lowdielectric |ayer of
whi ch pernittiw watdr-$sluBlopganiessolvént; A met hod of
formng wiring on a sem conductor substrate

10 Conpri si ng: water;
an anticorrosive; and

potassium hydroxide of 1 mass percent or less of a total

amount of the solution.

15 b, The method according to claim 4, wherein the substrate includés

at least a(low-diélectric layer of which permittivity k is 3.2 or less.

6. A method of forming wiring on a semiconductor substrate
comprising:
20 forming an etched space in a dieléctric layer on the substrate

using a laminated film temporarily provided by a lithography process;
forming a metal wiring layer by burying metal in the etched
space; and
removing at least one of a photoresist film and a buried material

25 as the laminated film on the substrate, and a metallic residue after
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20 form ng an etched space in a dielectric layer on
the substrate wusing a lamnated filmtenporarily
w@e@niltles by a |ithography process; form ng aPOEIRA004/008951
wiring layer by burying netal in the etched space;
and-renoving at |east one of a photoresist filmand a
buried material 25 as the lam nated filmon the
-subfetrmaition ehtheamsaiavirireg (Badrdueiref hasle@9ingRomposition,
2004/ 113486 PCT/ JP2004/ 008951 formation of the netal
W f\}vﬁéréiﬁ}’[ﬂé,r_e%\ﬂﬁg% Pt G RPeEddtefminatIBHRItIn time in a
the renoving is perforned at a predeterm ned point in
ti j ' tal wiring |ayer,
ey S L L Iy ori ses 5
quat er nar ' Lde: a. - | e organic
sol vent; ‘Mggfeg}r??hgn@lg%ﬁ{n%érx?@gio\%'etmagém%glcﬁé%ssi um
hydroxi de of 1 mass _percent or. |ess of . total 10
amount of the s%'aiferrg?{y qu%ﬁﬁgﬁoﬁaﬁor ding to
claim6, wherein the pr termned point intimeis a
Cime after tho SENGHSCpiE Grgant: melfenls 5 The
net hod according to claim®6, wherein the dielectric
| ayer consistWatera first dielectric layer and a
second dielectric layer, the etched space is forned
with a first etahedtispeesiviesranstl in the first
dielectric layer and a second etched space fornmed in
the second di giadessium hygeoxise athhtmade psemantdrdesbarf a total
space conmmuni cates 20. with the first etched space,
10andambant of ¢ite ebdltash.space is tenporarily filled with
a material to be

(9]

7. The method according to claim 6, wherein the predeterminedt

point in time is a time after the etched space is formed.

15 8. The method according to claim 6, wherein the dielectric layer
consists of a first dielectric layer and a second dielectric layer,
the etched space is formed with a first etched space formed in
the first diel.ectric layer and a second etched space formed in the
second dieléctric layer so that the second etched space communicates
20-  with the first etéhed space, and
the first ‘etched space is temporarily filled with a material to be

buried before the second etched space is formed'.

9. The method according to claim 8, wherein the buried material is

25 removed from the first etched space usi’ng the cleaning composition
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buried before the second etched space is forned. 9.
The met hod according to claim8, wherein the buried

woredoeniaBe i s 25 renoved fromthe first etchedPEparR2804/008951

10

usi ng the cl eani ng conposition 40 WD 2004/ 113486
PCT/ JP2004/ 008951 after the second etched space is
formed. 10. The nethod according to claim8, wherein

t heaffer the £660VRd eS61REE sphBeds F6GAEH. and the second
etched space is a via hole. 5 11. The nmethod accordi ng

to claim8, wherein the first etched space is a via
hol e and the second etched space is a trench. 12. The

metfpd. acﬁ%mé&ﬁgaoaﬁéﬁgm to, ?ﬁeé,nwbgg%i?lgﬁeeﬁrtsﬁieﬁched space

layer is ! ayer’ o
pen gy {r'eyn'chyar{(d tie éégoﬁ)crj eltglg’ng’d sAblc\ce is a via hole.

11. The method according to claim 8, wherein the first etched space

is a via hole and the second etched space is a trench.

12. The method according to claim 6, wherein the dielectric layer is

a low-dielectric layer of which permittivity k is 3.2 or less.
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