DESCRI PTI ON  CLEANI NG COWVPCSI TI ON, METHOD OF CLEANI NG
SEM CONDUCTOR SUBSTRATE, AND 5 METHOD OF FORM NG

W RI NG ON SEM CONDUCTOR SUBSTRATE Technical Field
The present invention relates to acleaning :
conposition that 10 effectively cleans a photoresi st
film a buried material, and a netallic residue, from
a surface of a substrate. GESGRHE‘EI@Ni nventi on al so-
relates to a nethod of cleaning a sem conduct or
substrate using the cleaning conposition and a net hod
of formng wiring on a sem conductor substrate usi ng

t he cl eani ng conposi pi
Seni conduct or substrgtLgAgééégggﬁ ypﬂo ned by
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to forma wiring. The layers or the filns that are
used to formthe patterns, SUBSTRARBI e, the
photoresist film are renoved after the fil s have
performed their roles. These layers or the filns are
renoved so as not to becone an obstacle in the
sulsehnizal Rielcess. The layers or the 25 filns are
renmoved using a stripping solution. The stripping

sol uti onThe prestiniGnv¥éRlioh PelABBUD 4 efd4hiAg ctmpBERion that

or the like | n the process of wring formation.

Cogyeplilv 8RRt lewnsCo PRBEOLAIESHIRA, &Muridd hiMtbRal, and 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 Iayer_) is formed in
the dielectric layer of the éemiconductor 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
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sol uti ons have been optim zed for use according to a
target filmto be stripped and a target residue to be
cl eaned. 5 However, it has been quite conplicated to
prepare a variety of stripping solutions for each _
purpose. Furthernore, storage facilities and supply

routes for preservation and use of the solutions have

bealso usaditoa@move eepiciticsvef arstak or tinel likkdnether prddess of
dedicated facilities and O devices have needed to be

Pr aytifgFormMationt esc%ﬁveﬁh@nénprwmbbgmdr% Bf m&mpémg
t he sem conduct or becomes costlier. Therefore,

SUEbRItIIHE hab LHéeﬁFoEﬂiﬁnESdfbe'ﬂ:s%téé&%li’hg'tbk %’f@et film to be

cl eani ng power an pur pose has bee

wortAE et ARt ko e i BB BESRRH, LTSET o ng

sol ution,, Consequent | the jnventors , 15 found that a,
: Bhas heandulie pamalicatss tp BraRAreUmvariety of
g\gound as a _main conponent may be a required one
\m:‘rmgmlﬁtm@gé@a eaghtMerPosSper f pRBeFBgEe storage facilities

~ the strlpplng solution fromthe viewpoint of the

seahd SuRply soutanarn preservation and usei ofiiiie selutioasthave been

- following problens. 20 Generally, in the sem conductor
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f atequiced om respeethve casephandribeireforki then dedicated éacilities and
t hrough 02 plasnma ashing or with an am ne-based

st devigiesthave weieded thbé providd: nAsho fesiilt,f efatgication
mul tilayer interconnection using the damascene

Pr gffSESs 6h&|@§éhﬁéonﬂﬁél%rr'lﬁcdr%!s%§tﬁera| SPhén%ffSI‘é &4l stripping
to as a sacrificed is renpved w

hyé’éI‘t’.:ftno‘ﬁoﬁéﬁngcqjﬁhdédﬁ*ﬁda%”lu T4 ci&?n ﬂpg,msf ??Jd fHdt%

I S renoved ectr c Tayer's e Wri
oo et hd¥erds BegRreuiad Cal'ly i noul ates the

The inventors of the present invention worked toward the
development of such a stripping solution. Consequently, the invéntors
found that a stripping solution containing a quaternary ammonium

- compound as a main component may be a required one.

However, with regard to the properties required for the stripping
solution from the viewpoint of the semiconductof substrate, the
conventional method has following problems.

Generally, in the semiconductor fabrication process, a
photoresist film is removed through O, plasma ashing or with an
amine-based stripping solution, while in the method of fofming
muitilayer 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.



wiring layer fromanother wiring layer. This
dielectric layer is required to have a permittivity
as | ow as possible in order to prevent influence 5
thereof from being exerted on the electrical
characteristics of the wiring |layer. Anong dielectric
| ayers having a low permttivity, a particular

di el ect rirpel fikfctRgMaier 8 ithiel Wi ]
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The i.nventors eval uated the stripping solution .
cdheseal frgm heing exestest ﬁartiileaﬁ!ﬂﬁﬁgﬁl eharesteristies af the wiring
mai n conponent. - The inventors found that a | ot of

t ilager.s Aoweng dielestrio ayarsdhavingna lewtgarnyttotity, es patticular
filmand the buried material when the stripping
sdadieteciriciaye o headingraeperimitivity ksofc®iZconlbas ishécdiing a

|l ow-k material and copper (Cu) deteriorates because

t hAatnspdamnt is perfornmed for a long tinme. 20 The
inventors prepared raw materials that could becone

conponenyswaiver,Ns naldrRf (w30 hiHte AR PRAVIRGSUEP T80
al, an p)ar eof anpl es O%N

types of the sane nmateri pre

IR P LB oa RS LPAE Ay Sl
oA Bl PURBHE it St Ui e BFrstars B SEMRcS oie malerial
sy 16eriasafen of e PorRUNMISosd GRReaUSTp dae
and found that these sanples contained traces of
p@ﬂggtgqqalncharacteristic of the. wiring layer is badly affected.

The inventors evaluated the stripping solution containing the
quaternary ammonium compound as a main component. - The inventors

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

The inventors prepared Faw materials that could become
companents of the stripping solution and also some types of the same
material, and prepared samples of the stripping solution by
‘combinations of the types to evaluate str.ipping 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



10

15

20

25

hydr oxi de (KOH). Therefore, the inventors concl uded
that if traces of KOH are added to the solution, It
is possible to clean the substrates 5 quickly w thout
damagi ng the lowk material and Cu, and even the
strippability is high. The inventors studied the
existing literatures to find out the reason why the

exi foffdHd | &FiRPi THeSAVEAICTS tHaneamsivEed these
retsu tgg%\%%a? cou‘cﬁv-?a(gﬁﬁielbest aﬁount of the K()ﬁ—?yand

:"ﬂ%‘ém'pierzgs %&Jljﬁjenadlﬂfﬂ%%g éé’rgﬁ%’% BOntdinelQracdd®f potassium

or - exanp apanese Patent

Appl.i cat.i, 0 [ n P- A - 1! :
aRS s Trartrae sl ytot Copbied that if traces of
Consequent | the _inventors,realiz that, a strippi
soRGH Arovadded e theroaony tds RS sier o HleRnaEs Sepfifates
exanpl e, the inventors realized that a cleaning 15
sofutclkén withoutcdarseging the owdnmaterial ard-CHaangeeyen the
proposed in JP-A No. 2001-244228 and that a cl eaning
agstripfabiliiyniselgight ed circuits contai ni ng KOH has been
proposed i n Japanese Patent (JP) No. 2836263. :
However , The ihventdrs stoidted siod existinglliterdatsexs tonfiad@-out the
No. 20 2001-152190, the KOH is exenplified only as

ongs Ao WM B BxistONEe B KOHSH 81 sthigpiagsulution gave better
fluoride-based reduci ng agent and a hydroxi de-based

SR it qub BB tHE bastnBUAS OF IMEIEO], B4 What s the best
it 3@\?%&%2&%%@@%%{ RoH'e 8 iggﬁp%ﬁeéttu\ﬁ‘i’é@,sfort% mele,

: ! i"on “of "at east the duaternar
B mebap RS, Fnyf R e TR L 56 3861 P21, Uss.
| R aRamahor BOR058T- At SoPatent No: 51406d7 CohlSquently, the

inventors realized that a stripping solution withlthe KOH has alrea_dy
been ﬁfoposed. For example, the inventors realized that a cleaning
solution for semiconductors containing KOH has been proposed in JP-A
No. 2001-244228 and 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.
2001-152190, the KOH is exemplified only as one of candidate
components selected from a fluori.de-based reducing agent and a

“hydroxide-based reducing agent. Moreover, thg 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

least the quaternary ammonium hydroxide, solution, water, anticorrosive,
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di scl osed nor suggested. In addition, information
required for actual wuse such as conpositions for an
opti mal conbi nation containing KOH 5 as an essentia
conmponent and each anmpunt of the conpositions, is not
even suggested. Furthernore, strippability of the
burled material is not clear fromthe publication. In

DSBS R s rEeidARI B bESHGRewithou
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O'é'lﬁﬁ?@%?ﬁmrﬁmﬁstgﬂhﬁmﬁé’ iR Hﬁf’"ﬁé‘@'ﬁg'g'}ée%?%f” actual
the lowk material. Thus, the US. Patents
399698?}-'%63&91’“5&%@% f(% %PPHH]Q}&QTHQ'WEH} Gﬂf'ieﬂnli‘@ KOH
solved in the loresent invention. 15 Furthernore, with

aoegianant and eashzamauR of the@pmpasitiens, is not

and JP No. 2836263, it is inpossible to effectively

r eaven sudyegibdt orﬁsils&rrﬁoﬂens:tnppbbllltykﬂ thedaurded material is not
conmponents of a conposition are different fromthose

| Ncle2® fRo@SEVY pubhesio®n. Mreover, the JP-A No.
2001- 244228 and JP No. 2836263 do not sol ve the

probl em {py 0%3)@5%%?%9 diScloiRdincHRNU.S NPakéh & No. '3930587 |

Di scl osure o ntion It Is an object of the present

| NYRALYQN5Y Spgb?vhgﬁea)ﬁ:éﬁin%‘mgr tﬁ%’@r‘ﬂ%hb‘t F. K@Flt is more that

conta i ns at ar rOXI de

or HScHPBEr SERD IS S%'W%ZHE%?%'P%EPEF%% ”@'ﬁh?{%qamou"t
ofOf TN ifbmmaas'@a Rhofdigsist film or
the |IkgaV\t!ith0Ut degradation of the low-k material. Thus, the U.S.
Patents No. 3980587 and No. 5139607 do not solve the problem to be
- solved in the present invention. |
Furthermore, with the technology di_sclosed in the JP-A No.
2001-244228 and JP No. 2836263, it is impossible to éffectively remove
the photoresist film or the like because components of a compaosition .
are different from those in fhe present invention. | Moreovgr, the JP-A

No. 2001-244228 and JP No. 2836263 do not solve the problem td be

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

KOH as an essential combination and can singly and effectively remove



The inventors of the present invention realized, based
on 5 experinents, that the cl eaning conposition can
singly strip and renove photoresist filnms, buried
materials, and netallic residues without corrosion to
a substrate formng layer such as a | owk naterial,if

it contain at |east quaternary anmoni um hydroxi de,
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Wafd photordstst ﬁlhgat'h'erﬁﬂbuQﬂbter\iﬂt and the residue of metal from
ant | corrosr ve, and potassi um hydroxide 10 (KOH) of 1

M EGF@%%SoPlrhe' §§ﬁ1r@&n@ué@r@ulﬁﬁ&t@twﬁﬁoﬁhﬁe?radrng the low-k

i on resu cl eani ng conposition
ﬁgﬁg g to one aspect of the present invention
of at | east quaternary amoni um hydr oxi de, a

vvater solubl.e or anic vent ter.. .

anticorr lgg'iev'é' EE‘H f’%fsEFW%%N%QF'&@WW"P%%S“ on
percent, or |less of a tot al anount ?,f the 15 .sol.utio

A SxpedBRnts: Hatdhessieaning CompoRItinRGAS{Ngly strip and remove
according to another aspect of the resent i nventjon

i nphateresigtfilmadurind matanials att@rm@tsalw sesidgeg without -

sem conduct or substrate that is in the process of

f ocofrogioretala substrateufirmjng lagepsuahyasg artowak eaateriah if it
obtai ned by 20 tenporarily layering filmon the

subshtaihaat 1888t qahtathary smimoriunebydroxide,. agvatertsalable
one of a photoresist filmand a buried material as the

| amg"éﬁredscfwéﬁt veatee! ani antiderrosidepandhsotaserimaiydroxide
and a met al residue after formation of the etched

Q% T6‘I91 ?1'15@@ P%gcﬁﬁmpi%édéeef‘a tﬁtﬁlté’rhﬂﬁn@bf 'tl@é‘%folutron

ary anmon ydr oxi a wat er-sol ubl e

or gani ¢ 9 ¥ 588 8 Goan i ARG grfaceafa ng to one aspect

pot assi u S perc

iR bl e 1L GEAMENY sy

of hwrc;:qugeran\:v;tte!ryslglﬁb%(e Io?gg’m% s()cglveﬁfc’swater an anticorrosive, and
potassium hydroxide of 1 mass percent or less of a total amount of the
solution.

A semiconductor eubstrate cleaning method (B) according to
another aspect of the present invention includes applying the cleaning
composition to a semiconductor substrate that is in the process of
forming metal wiring using a temporary laminated film obtained by
temporarily layering film on the substrate. The method also includes
removing at least one of a photoresist film and a buried material as the
Iaminated 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

organic solvent, water, an anticorrosive, and potassium hydroxide of 1



A nmethod of formng wiring according to still another
aspect of 5 the present invention includes formng an

- etched space in a dielectric |ayer on a substrate

‘using a lamnated filmtenporarily provided by a

l'i thography nethod, formng a netal wiring |ayer by

“burying nmetal in the etched space, and renopving at
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| epgdssopéradntaorieek wies total farhouahof thdsoligtbmat er i al
as the lamnated filmtenporarily formed on.the 10

substr at ?heaéanﬁcdmi@tbr SubStialy Qnﬁ?tlﬁéluﬂéf@ﬁba%ﬁ aof
the metal wiring |ayer, using a cleaning conposition.

I%v& I‘El”é’l\é%'tnb?ﬁ Q oﬁ?& brﬁntt{?{@‘ﬁ@@’ﬂ Bpfed@int: in

mng tal"wring

[’i?ylegast é‘&ﬁiﬁg}"lﬂm&ﬁﬁﬁb%ﬁgﬂﬁw %Bﬂ frfuthak F3pect of

r squbIe or gani.c

AniheBreRaTBveRHanbehiiss fmiBoEh aicRed Bragedn a diefectric.
percent or less of a total ampbunt_ of the sol ution
Thiayer eteacsuhsieaiepsting 3 iminatessl)!  tem poraly.pravided by a
the etched space is formed. And the etched space is
f oithegraphi raethadstfoeming @ eyedabwirtongdayerby burying metal in the
first dielectric |ayer and a second etched space
f ostobhd spabe, andrembvinglatdeast ohayef a photbegsishiiim and a
second etched space comunicates wth the first

et pligddsRatsrial e theé Idmirtiteldefilng pesrp orasiiyoformed on the
tenporarily filled with a material to be buried

bef pb&rhiie eﬁﬁf@ﬁﬁefélﬁ&?@smﬂ? aftet fofrARHBA. ofXhe Metal wiring
buri ed rraterla e renoved fromthe first etched

I
3855 ol SR oTh b RS e ot

mgre%eetgrr%r?é]& p0|nr\dinttli]r%estﬁct%rédp%r_:&esdof forming the metal wiring
layer. Furthermore, the cleaning composition contains'at least
quaternary ammonium hydroxide, a water-_solqble organic solvent, water,
an anticorrosive, and potassium hydroxide of 1 mass parc_ent or less of
a total amount of the solution.

The predetermined point in time may be 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 etched space. The first etched space may be temporarily
filled with a material to be buried before the second etched space is

formed.

The buried material may be removed from the first etched space
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space may be a via hole. 5 The first etched space may
be a via hole and the second etched space may be a
trench. The dielectric layer may be a lowdielectric
| ayer of which permttivity kis *3.2 or less. 10
Best Mbde for Carrying Qut the Invention The cl eaning
conposition (A) of the present invention contains at

| easing thel cletifihgrotanposiiomafier biyd s@cond, efched) space is
wat er - sol ubl e organic solvent, (a-3) water, (a-4)
Potrpsedm hydroxi de of 1 mass percent or |ess of the
total amounts of the solution, and (a-5) 15

ant 00" Vst BienB St HAPBS P rohich!arh 1 BERBRRCGtched

in detail bel ow, e used can be an

of iall ilable materials unless otherw se
sp%é?%gy%,g)gﬁ%i‘w%‘g conposition (a-1) Quaternary
ammoni u dr oxi de. 20 The quat er nary,. anmoni u

yr ox | AERETSt A0 SRACS Tay b9 @ Via a0l a1 hsisecapd etohed
of a photoresist filmused for wiring patterning,
pafRACR IMAY PR teantted resi st formed when a substrate
is etched. As the quaternary ammoni um hydr oxi de, a
conpoundThedlietatricdayey mawebea lowidiglaptriedayer of winich
(1) is preferable. 25 [NRIR2ZR3R4] + OH ... (1) 8
WpeemRlivitiRR, isFB.2 anisie4 are each either an al kyl

group or a hydroxyal kyl group having 1 to 4 carbon
atons. Specifically, the quaternary amoni um hydr oxi de
is particularly preferably at |east one conpound

SeBéE_f Rfbdd fSF @BF¥hg Out the Invention
The cleaning composition (A) of the present invention contains
at least (a-1) quaternary am’monium hydroxide, (a-2) water-soiubie
organic solvent, (a-3) water, (a-4) potassium hydroxide of 1 mass
percent or less of the totai amounts of the solution, énd (a-5)
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
The quaternary ammonium hydrdxide 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'nary ammonium hydroxide, a compound
represented .by the following general formula (1) is preferable.

[NR4R2R3R4) ¥ OH™ - (1)
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5 tetranet hyl anmoni um hydr oxi de, tetraethyl ammoni um
hydr oxi de, tetrapropyl anmoni um hydr oxi de,

t et rabut yl ammoni um hydroxi de, nethyltri propyl ammoni um
hydr oxi de, and net hyl tri butyl anmoni um hydroxi de in
terms of the availability. Furthernore, :

t et ranet hyl ammoni um hydr oxi de and/ or

tetraet hyreRPR, URNRL! @ndiR, ak8 dactpeither bl aikiyt group or a
the vi ewpoi nt of ' enhancing solubility of tenporarily

SN P 4t g 00 2

he quat ernary ammoni um

o 20 maspeptiERE BREb R diifyobfip MRk fopdrticularly

h I f the cl '
Copimerebiat et e EoRInEhelettad (R 4o0s, ange,
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for exanple, if the proportion is |es t han the | ower

| tatrame teyl ammenismiurdiiide. Wtrasthy mmaniupy fydroxide,
ability tends to be insufficient. Conversely, if the

pr tetoapriopylammonism hydroxide, dglyabutylammopiwn hysgiyoxide,
mass percent, the substrate formng layer (lowk 20
nafriethglt)ipropylammoniumdrydroaide,cam) nvathyiltriboitylenemonium
organi ¢ solvent As the water-soluble organic solvent,

anpy@fskiaarinltermeast theoavaitawsilinan Pertheetiordhe
wat er - sol ubl e organic solvent is largely divided into

gﬂg&%ﬁ%@h@mﬁg&gﬁ% g Kidé ahabb eretr aathiyfardmiorfam h.ydroxide

any” wat er organi ¢ sol vent other than

that pg@g?%@%aﬁggf] gféa Ufgﬁp%igngéﬁgeelﬁ?a’hck?ﬁ%%?&%ﬂiw 8f Yemporarily

use. m ne- wat er - s e organi c

ot TR iina iR A rictRElly SOPRAER fnathia ot fiktaminated

rmfr]ioet hanol am ne (MEA), diethanol am ne,
iim.

The quaternary ammonium hydroxide is compounded preferably
in an amount of 1 to 20 mass percent, more preferably 2 to 15 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, i.é., 1 mass percent, the overall stripping ability
tends to be insufficient. Conversely, if the proportion is more than the
upper limit, i.e., 20 mass percent, the substrate forming layer (low-k
material) is prone to corrode. |

(a-2) Water-soluble organic solvent

As the water-soluble organic solvent, any ordinarily used
compound can be used. The water-soluble organic solvent is largely
divided into an alkanolamine-based water—solublé organic solvent and

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

9
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5 triethanol am ne, 2-(2-am noethoxy) ethanol,

N, N- di netyl et hanol am ne, N, N-di etyl et hanol am ne, N,
N- di but yl et hanol am ne, N net hyl et hanol am ne,

N- et hyl et hanol am ne, N- butyl et hanol am ne,

“N-met hyl di et hanol anmi ne, nonoi sopropanol am ne,
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di i sopropanol am ne, triisopropanol am ne, and the

| i bRe ddh HEDSAECHOBR; ug@Noet hanol ani ne,
2- (2-am noet hoxy) et'hanol, and N nethyl et hanol am ne

are pref ?\saﬁ{ayaﬁ%rﬁﬁéﬁl‘i’n?fﬂ%ecﬁwé@@ﬁbémﬁlé &@%‘Pﬁc solvent, any
vvater sol Ubl € organi ¢ so

vent nmay be used el ther

E%ﬁ?&%bﬁ&?%@h‘*@ﬁg qalf PERe0 IS e gy, the
| u
iﬁ:efhpio%md y figé‘ﬁhffgﬁﬁh@nbo;ahﬁﬁﬁ%ﬁfﬁé&:ﬁl&l@ﬁﬁﬁmm-
2 .

S Ui SRanoiaInG: 2R astboxy) Edhatol, Jaiebyiethagolamine,
Nl\l-dlrretylforrramde N- et yl f or mam de, _
N, &NrMﬂB&M@hﬂd@e N, rl’dt&bubdemﬁwanune,
N, N-di etyl acet ani de; 20.l actanms, such as

N- Netrfgthy2thanotdmihe) dN- d\hyteltlyanﬁlamma)lNd:mtylethanolamme,
N- hydr oxynet hyl - 2- pyrrol i done, and

N- RyfiedhyRfiStHanblagine) mhmﬂsoﬂqxémiammaudhsapropanolamme
f 3- propi ol act one, y-butyrol actone, y-val erol actone,

5- 4HEBPAd S Ofink; &R BleAkene, and E-capr ol act one;
i mdazol 1 di nones, suc

1, 3-dine , P
1. 3-di et hﬁ{ 3:“1 g'f?:]rl Agﬁgﬁla ine CF (2-aminoethoxy) ethanol,

ii %’Bﬂh@ﬁﬁhﬁﬁ%ﬁﬁ%ﬂ'ﬂ@%%ﬁﬂ&ﬁéﬁé 7 YRR B0 ) one
ofginiie <l Weber-sBRHTR ArOHNSE 5PV Ak Gsed either

et her et hyl ene %I ycol nonoacetate, ethylene glycol
rodigialy 9y1in adiixtuest at e, et hyl ene gl ycol nonoet hyl

et her acetate,
" The water-soluble organic solvents other than the

atkanolamine-based water-soluble organic solvent include sulfoxideé,
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-dirr{etylacetamide, N-rhetylacetamide, and N,N-dietylacetamide;
lactams, such as N-methyl-2;pyrrolidone, N-ethyl-2-pyrrolidone,
N-hydrbxymethyl~'2-pyrrolidoné, and N-hydroxyethyl-2-pyrro|idone;
lactones, such as B-propiolacténe. y-butyrolactone, y-valerolactone,
S-valerolactone, y—caprolaétone, and e-caprolactone; imidazolidinones,
such as 1,3-dimethyl-2-imidazolidinone, .1,3-diethyl-2-imidazo!idinoné.

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

10



5 di ethylene glycol, diethylene glycol nonoacetate,

di et hyl ene gl ycol nononethyl ether, diethylene glyco
nonoet hyl et her, diethylene glycol nonobutyl ether,
propyl ene glycol, propylene glycol nononethyl ether,
di propyl ene gl ycol nononethyl ether, glycerol,

1, 2-butyl ene glycol, 1,3-butylene glycol, and

2, dehvatives ehgreafpsuchanpetieyleneeyiybel, ethglenighicoher
al one or in conbination with one another.

SpewirdriatHyl ethe MsthyRirRd g[yfﬂdlenﬁﬁbéﬂﬂtl dtheftethyhaie glycol
one sel ected from anong dinethyl sul foxi de, dinmethyi

dl ethy eng' gﬁ{/b?oIeﬂmnob@k?ggmr{dgdgﬂg%@m%tpgfbns% llbecioé
[‘@ii;"rﬂ‘oq-laéﬁ@\f(at.z‘lgﬂ.'é&gqf?ggééﬁalbeIfc@gb.gé g@re pre era%Feﬂgblaé‘cetate
cotiEETIerBaleRl. dlethypap el m“”%fg?ﬁﬂbet thﬁe@*%ﬁée&m'

for exanple, if the on is |les

| {monom b ether. ik Be aiveet Manpatanketis. B@t‘wi“ene glycol |
insufficient. Conversely, if the proportlon IS nor

t hawonohartybether) pmmylennalgggbtnrmler@gimthngnpmﬁihyl ether,
IS prone to corrode. The water-sol uble organic solvent

- megipibepyleme glymhunmmetrm)dsanamgmces@l ubRebudylens glycol,
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sol vent and any water-soluble organic sol vent other

t hiy3-bleflenbQypEsy, and 2|3bptybaeagiyeol.t ocCosepdient may be used
wat er - sol ubl e organi ¢ solvent other than the 25

al kpper ﬁiﬂr{k?op?ﬁ’%n%lﬁah&n' w.thm@gﬁmml y. In this
case, -corrosion to low-k material can be
e SUBRISE ng A Syt e o st
i amdid Bt SulpsRis, aatikintdeRldhone) U°! ©
' N-methyl-2-pyrrolidone, and diethylene glycol monobutyl ether.

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 tends to be insufficieqt.
Conversely, if the proportion is more than the upper limit, the substrate
forming layer is prone 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
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5 ot her water-sol uble organic solvent nay be used as a
conpounded solvent. By using the conpounded. sol vent,
it is further possible to inprove the stripping
ability of the photoresist filmand netallic
resi dues. When the conpounded sol vent is used, the
al kanol am ne-based 10 water-sol ubl e organi c sol vent
i stheolgywinohaderiabéan did furtmensuppoassed s dompafdd witts the case
percent, nore preferably 2 to 40 nass percent, of.the
t oivhkere dhoulkanofaniine-bhsediwaterasgladid oeganic solvent is used
Furthernore, an anmount of water-soluble organic-
sadjugnt. other than the al kanol am ne- based
wat er -'sol ubl e organic solvent is determ ned as the
remai nd f dat
*Fhelatkfotkmnind eﬁgg{m@g’;@@ﬁpg¢a@@t§e@9?gt and any

wat er - s I'e organi c so
[ f 10 80

o RSBl Bl FvaHP IRy Bo diad Bk cifiFaynded
h I f th I [ 0sition. If t
orsPbFonBY I 0548 GAMECRAABE STPAbGt B iiher bpssible to
the proportion is |less than the lower limt (10 nass
pémfgrﬁw,ther shipping abilityrofaihe-Phrtenasistddmigad metailic

to be degraded. Conversely, if the proportion is nore

t He/iduRS.upper linit (80 mass percent), the various
types of nmetal such as Cu renmining on the substrate

are pron&hen the conpowtledhsdlvelPdtiaamadnthgdlkandamine-based

(KOH) 12 An anount of KOH to be conpounded is

pivedieratiuble GPGEnicERIIvENt isdcohRIBundsY préfeesBiyaRl an amount of
0.001 to 0.3 mass percent, of the total amounts of

t Hete 5eaRiake FSHEBAE MbPE préferdtiid fo aarrh'asyé 'p%rlrb%!gt, §f the total

preferred to be conpounded in an” anount of
MBtRolR{<L 6P the cleaning composition. Furthermore, an amount of

water-soluble organic solvent other than the alkanolamine-based
water-soluble organic solvent is determined as the remainder of the
total compounded amou_nt of the water-soluble olrganic solvent.

(a-3) Water

Water is compounded preferably in an amount of 10 to 80 mass

percent, more preferably by 15 to 75 mass percent, of tﬁe total amounts
of th.e cleaning composition. If the proportion is beyond this range, for
example, if the proportion is less than the lower fimit (10 mass percent),
removal performance on the residues tends to be degraded.
Con\rersely, if the prap_ortion is more than thé upper limit {80 mass
-pefcent), the various types of metal such as Cu remaining on the
substrate are prone to corrode.

(a-4) Potassium hydroxide (KOH)

12
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5 By adding a trace anDunt of KOH, it is possible to
increase an etching rate of a buried material used in
t he danascene process, which makes it possible to

“increase an etching selectivity between the buried

material and the lowk material as a substrate

formng material. That is, the addition of the KOH

al | ows thue aroeuatiofrii(drital be compapeded iy prefarably 10mass
wi t hout damaging the lowk material. On the other

haefcent or heskGridre prefierableXce6$itocd B miass péveenppof the total
limt, the substrate formng layer is prone to

ceinadats of T clédhingscomposivmf f Fak K@I—Fﬁhﬁaﬂﬂ:dlbﬁy
soI ubility of .the buried material used in t

?’F&Féi‘?@& tBrtS'-@%?n;?&&cf@d w aﬁ”%ect eéq%?frdmpt% 8" mass percent.

I Corrosive east one se om ano

e N T Y —

L T e
5 and R6 are each i ndependent | dr ogen ato
S TSl B0 7 CTansenat Alch g ﬁ?éc@w%mwyw%}ouﬁ%matenar

10 carbon atons, a carboxyl group, an am no rouE

hpddothe loyv-kumaterigyaa® guéahat%fqmm mategabup] hat is, the
sul fonyl al kyl group, or a sulfo group; Qis a hydrogen
atdditien lof dhe X0 Hyabows theshibried tmatatialrtours speedilytrednoved
hydr ocarbon group of | to 10 carbon atons (the

hydttamar demagimny phéiywhaneatenial amCie tho other hafteif the KOH is

bond in the structure), an aryl group, or the group

added excessively than the upper limit, the substrate forming layer is
prone to corrode. |

TI'_ue 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 compounlds and mercapto group containing

compounds is used. The benzotriazole-based compounds include the

ones represented by the following general formula (2).

“)‘< N
(0
.. (2)

Where Rs and Rg are each independently a hydrogen atom, 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
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‘5 represented by the follow ng general fornmula (3).

R8 R7-N~ Where R7 represents an al kyl group of 1 to 6
carbon atons; and R8 and RO each independently
represent a hydrogen atom a hydroxyl group, or a
hydr oxyal kyl group or an al koxyal kyl group of 1 to 6
carbon 10 atons. In the definition of the groups Q

Roraiil gréup at h@if@enalial gréapmor a $d@ifo groape is achydrogen
the present I nvention, each of the hydrocarbon groups

Mays . éma&ireﬁgr %Fod}y,dé QudSHAed 6L'DnSubstituteli pfdraicarbon
n group,

hydrocar b may be saturated or unsaturated,

:Eﬂsgr@&%gfgﬁoif%ai{)ﬁﬁhﬁgkrfﬂ?&?g@%&%ﬁbgﬁ%’%‘iﬂﬁﬂa"e o
geaieidd Beiithar' 53k ook 8 HficttoP\at HEyl gidye, ¥ the group
chobilnd BAFRTARR S i 1

I ndependent |y sgl ect a hydroxyal kyl group or an 20

al koxyal kyl gr6up.of 1 to 6 carbon atons. In the
gener al FDT‘fT%'a(Z), Q preferably forns a

wat er - sol ubl e oup. More specifically, a hydrogen.. (3)
atom an alkyl group of 1 to 3 <carbon atons (i.e

methyl gWihere RS rgbresents, amadpgligroupusf 1 de 6 sefhap@toms; and
group), a hydroxyal kyl group of 1 to 3 carbon atons,

angl, 3l R, Badh It Elendertle roprdsentiahygrqgeri atomd.a hydroxyl
Specific éxanples of the benzotri azol e-based.

SO Ao ol oyl graup of 1 o6 cabon
1‘£Fot£¥.' benzotri azol e, 1-am nobenzotri azol e,

In the definition of the groups Q, Rs, and Rg in the general
formula (2) as specified in the present invention,. each of the
hydrocarbon groups may be an aromatic hydrocarbon group or an
aliphatic hydrocarbon group, may be saturated or unsaturated, and may
be a straight chain or a branched chain. Ex'amples of a substituted
hydrocart;én group inciude hydroxyalkyl groups anci alkoxyaikyl groups.

In the general formula (2), Q is particularly preferable to be a
group represented by the formula (3). In the formula ('3), as Rg and Ro,
it is preferable to independently select a hydroxyalkyl group or an
alkoxyalkyl group.of 1 to 6 carbon atoms.

| In the general formula (2), Q preferably forms a water-soluble
group. More specifically, a hydrogen atom, an alkyl group of 1 t0.3
carbon atoms (i.e., methyl group, ethyl group, propyl group, or isopropyl

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

14
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5 1-phenyl benzotri azole, 1- hydroxynethylbenzotrlazole
1- benzotri azol e- net hyl carboxyl at e,
5-benzotri azol e-carboxylic acid,

1- net hoxybenzotri azole, 1 - (2,2-dihydroxyethy|)
benzotri azole, I - (2, 3- dlhydroxypropyl)

benzotri azol e, and products of "I RGAMET" series

rb@besrd partidiiady gresamklt y Cheni cal's such as 10
my b [b( -neth%sﬁn? H-benzotriazol -1-yl) nethyl]

i i no} @élh@"&famﬁe%szof {hé b@zﬁz}ﬁ?ﬁ@i’éle'—b%?d co?%punds

benzot ri azol I m no} bl set han

.Lc|(f&e“6éh¥6§§ﬂa£§13bSW?ITb%ﬂbeﬁﬁxi &hyl] i m no}

bi-set hane

bﬁeé° hoffitiarolt iAo iable o RiniocEirizburiazole,
1 di hydr oxypr enzotri azole, 2,2 {1

(4 ﬁgﬁﬁylh Zalfazolsy ri- Egsrgnymw)y henﬁsnr}azqieno}

bi set hanol , and 2, 2 (5-net hyl -

Hibbapgetriazale-meihy| qaéényvﬂatenﬁannmtssetznmmmbexyhc acid,

The benzotriazol e conpounds may be used either

i leimatboaybgnzotriazole o (Ra2idinyd aixyBikylydrereutiagobsy pl -

cont ai ni ng conpound has preferably such a structure

t (213-ditipdtosypromyipbenaothazdslen ate protilctg fIPRGAMET" series

present in either a-position or (3-position on the

C MK IEd Frori ObalSpeeidlite cmw&%mw
Specifically, preferred exanples of such a conpound

' QC udﬂ)b-‘rﬁéﬂ@)lyﬁﬂb@nzo?ﬁaéaygﬂ! AR AOANRIIMGS BiBthanol,

ypr opyl mer capt an,

é%??ﬁﬁf%&ﬁ%%v&“‘ﬁ) o R PBll watrano
& LhEET @quﬂ?w%rart%’w S-Wamethlishiiay tisefane, and

pref.erabla/ in an afou
2,2" - {{ (4-methyl-1H- benzotrlazol -1-yl} methyl] imino} bispropane.

. Among these compounds, it is particularly preferable to use 1 -

(2,3-dihydroxypropyl) benzotriazole, 2,2’ -

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

2,2' - { [ (5-methyl-1H-benzotriazol-1-yl) methyl] imino} bisethanol, etc.
The benzotriazole compounds may be used 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 group. Specifically, preferred examples of such a compound
include 1-thioglycerol,

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

15




5 0.1 to 10 mass percent, nore preferably 0.2 to 8
mass percent, of.the total anmounts of the cleaning
conposition. If the proportion is beyond this range,
for exanple, if the proportion is less than the | ower
limt, Al and Cu are prone to corrode. Conversely,
even if the anticorrosive is C added nore than the

upper(2-hyd foxythyiiaio) i-2uh wd roxyipecpylmercagitand2rgercaptopropinic
10 the added anount is not recognized. Furthernore, a

SUAERIC %r&PBLMEr@éiﬁﬁb_réﬁirﬂc Gci@n ﬂﬁﬁ‘bﬁg {Res€ OMRANSE I cerol is
can be added as required. As such a surface-active

ag&&%d with! p%?ﬁéé(l'a?’b?e?ér%ﬁ%%‘. -based surface-active

agent “usual'l'y ‘'used 'for.the cleaning conposition is
preferab sed. nt _ of t e
P or ef estyRtiearodiRgl e Co Boo e Birel il in 4 Snount of
percent. The nost preferable co sition of the

5 &1 &dnihOCBASERAPERL. BaRE REPLErIY 012 19 MASS PeRGagy of the
of quaternary ammonium hydroxide, 2 to 85 mass ,
peictahamsuntaafthegileanis egamesideny e bk the prerertion is beyond
mass 20 percent of water, 0.01 to 0.1 nmass percent of
KGhis aadge, fonexanpiadf the preporioen imigssothansthe jower limit, Al
the total amounts of the cleaning conposition. Mre

s paed G« alré \prohbaonecarsodae Qomesisiely revemigitheiargiadrrosive is
Q : ‘5 mass percent of tetraethyl anmoni um hydroxi de as -

OURd @& dFhdre EHETP thel tppd gt d8ny arEEDr-etfeot ¢orré €90Rding to
as the renmai nder of the 25 total anpbunt of the

10 V¥ 38butl o IRt ARldiibeg30 mss percent of 2

am noet hoxy 30 mass percent of

vat er, OFQ%hEFlﬁég@,eé% aceQ-facﬁgé"ae&’ergtn%ﬁa%s’qjgsha‘ﬁmﬁ%

1-t hi ogl ycero an anticorrosrve; " _
PELRBbR EEF AERHR S DRnRDL A HyEP S ERRR A agen,
Coar}?%%iettyi(lgpneca 23 3}~nge8fsurface~active'agent usually used for.the
cleaning composition is preferably used.
15 An amount of the agent to be added is preferably in a range of
'Iess than 0.5 mass percent.’

(ﬁ 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-soluble organic solvent, 15 to 70 mass

20 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 tetraethg.(iammonium hydroxide as quatérnary

ammonium hydroxide, N-methyl-2-pyrrolidone as the remainder of the

25 total amount of the water-soluble organic solvent, 30 mass percent of 2
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5 10 mass percent of tetramethyl ammoni um hydroxi de as
guat ernary ammoni um hydr oxi de, N net hyl -2-pyrrolidone
as the remainder of the total anount of the

wat er - sol ubl e organi c sol vent, 40 nmass percent of
water, 0.02 mass percent of KOH, 1.5 mass percent of
1-thioglycerol as an anticorrosive, and 1.0 nass

per{ZaminbetRESANEthaNof CBO andpe pierbehy of WatehadDCaingaks percent
al so as an anticorrosive. The cleaning conposition for

| igfrROHPhYS Mfasshserdet DTL1-thidyaidren assan adtidbriodive, and 1.0
renmovi ng a photoresist filmand netallic residues

WiRBsé pdréeRRbf ?R@'Aﬁ!gﬁoﬁmm? %ﬁilﬁ@wgﬁ‘@rﬁﬁ%ﬁ)@lso as an

formed 'using a buried materia y In

0051 BB 1580 Shfnd RO consisting o
LT O A AR T T —

met hod Qf applying the cleaning conposition to the

s @M EaHue Egdg%'gh Brangtiyk-Rpyrelidere s e ramginder of the
nmetal wWri n? 20 using tenporary lamnated filmthat is

t deisd A oy pt phjlee aerter-soheblesaiganiatselventd 40massnpetaent of

| east one of a photoresist film a buried material as

t heatesn® Q2 prads percestpefriGOH,y1 .Gomasd mercent of 1-thioglyceroi as
substrate, and netallic residues after formation of

t la¢ antiedrroshie)Gnd hE0 ol paece MOBPIRGAIMET UM @ibE Speciality
at | east quaternary ammoni um hydroxi de, .a 25

WM ISP hBPaSHH SniebMBBIve WAt er, an
anti corrosive, and potassium 17. hydroxi de of | mass

e Con T FSPIFG coipboNEh REHSGiln] P urerbsan
R 1 BaBATRE S BBy ey g resiaues
' WHEN 3%a ket AT6Rmetor BArench pattem'iS onned Using a
buried material particularly in the process of forming wiring using the
damascene 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 quaternary ammonium hydroxide, a

water-soluble organic solvent, water, an anticorrosive, and potassium
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5 cleaning of the photoresist filmand netallic

resi dues without damaging the substrate. A specific
mat erial used for the lowdielectric |ayer having a
permttivity k of less than 3.2 includes carbon doped
oxi de (Si OC)-based, nethylsilsesqui oxane (MSQ -based,

~and 10 hydroxysil sesqui oxane (HSQ) -based nmateri al s.
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Spieydrioixide lof 1 tiess perdEnt gidped afthdetotalsathduins of the solution.
dielectric material includes Black D anmond (product

name) be"Eﬁé'dtﬁﬂstM?tbeihbﬂhfes bf‘l-‘east@ldw dl@fél‘iﬂétiaﬂer having a

nams) by Novellus Systens, and Aurora (prod
6L S.Yﬁﬁﬁ”q%ﬁ"%%ﬁggg?;éé@ﬁ A u—

or OEH@?& of TR ih8nlior HEE 5 Sbvan@ed baRigushy Tn'dHging
! elefines To%@%%@%a@éﬂe@aﬁ&. rep i 95 wihout damaging

%erlal |ncludes material s connerC|aIIy avallable

the sykstrateduct names of 20 "OCD T - 12" and "OCL T

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

mat er i alAispecfibmateria peadafwayheﬂgwudned@ctrimdayeeﬁwmQ a
of cleaning the sem conductor substrate according to

t permittesnk afessthan,3.Rtinchidesssatblon dopetamddehe
buried material off wi thout danmaging the |owk

NEBEDCYtbdesdhunetisyBilSe odliorahe @esd)based oands not

25 used in this invention. 18 A photoresist filmused

el g () Boset pibAas | Spaiiegly e

AT o) SRR Al A A

plﬁéﬂ{oq‘?d fﬁrofddcmnlﬁ'ﬁg) B9 [9 'i\)i‘ét‘%%a‘?é‘ dIn 2 S&o P roduct
name) by Noveilus Systems, Inc., and Aurora (product name) by ASM
Japan K.K.

The methylsilsesquioxane-based low dielectric mater_ial 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 hydroxysilsesquioxane-based low dielectric material
inpludes materials commercially available with the product names of
"OCD T -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

used in this invention.
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5 resist that is forned when the substrate is etched.
Metal used in the present invention is not limted to
any particular one if the netal is used for a
conductive layer. More specifically, the netal
includes Cu, a Cu alloy, A, and an Al alloy. The
anount of (a-3). water and (a-5) anticorrosive to be

conpound %Ho?oﬁ&si@f BRANESEd fh B PPOSERY inveativangenatslimited to
specified’in the present invention, and therefore the

) R AR oy e

corro nmet hod of ¢l eani hg t he

substances i.s pot .ljmteda : {RCiLAl b ki ati is
t e qtar g%?{é?%ﬂ’éf pe?ﬁg?én%g}a%ﬂweq@pﬁgi | caIFlIE)?,hon of thi
15 there i s provide nmet.h of cl '

T nvention iRGRiss 8 Ao araTiat MbHuted B BRbRHl i sfo stched
and a showering nethod. In aqrder, to in rgase t he

cl resistripasis é@tmed@amendhﬁaiuhféfﬁiﬁdﬁ%g? tf so,

heating is performed preferably for 3 to 30 m nufes at

20 to 85Metahused iptheprasept ventianispotiimied tg any

Met hod of Forming Wring The nmethod of form ng wring

acsaribulgr baetinthe nestahtis usedrior encondactive fayerm\Mate
at | east one of a photoresist film a buried materi al

asg é&?ieap?,dtrfé histhEimdid6s I0u,f@Cwdlloy, Al, arbanalkalioy. The
and netallic residues after formati on of a netal

Y, - ' sy eté@mpounded i
Spée%rigg%fﬁ%’@r#g%ﬁﬁna spahfigoRoshTR Bt cempounded is

renoval 1's perfornmed at a

P gﬁdﬁet eréﬁﬁgle%% tah%rQﬂilﬁke ir?ggé ﬁgﬂé@ﬂﬁdﬁn%ﬁcﬁ%é‘m{inventior?,-

g urying the neta
in an .etched ace rmed .in il e ' ;
a5 ioentide 1635l g o) HoC it aPiE tne orucive
l'i thography technol ogy. The cleaning conposition '
colaygiris ngt qaseededuat er nary amoni um

The method of cleaning the substances is not limited to any
particular one if the method is generally performed. More specifically,
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.

(C) Method of Forming Wiring

The method of forming wiring according to the present invention
includes removing at least one of a photoresist film, 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

composition. Specifically, the removal is performed at a predetermined
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5 hydroxi de, a water-soluble organic solvent, water

an anticorrosive, and potassium hydroxide of 1 nmass
percent or less of the total amounts of- the sol ution.
A specific exanple of the nethod of form ng the netal
wiring L) layer is the damascene process. If the
damascene process is 10 enployed, a lowdielectric

| gyodnt irs titegp dsiringda protBss FOP $61MAIrRY Mﬂ@hfbthhﬂnrmg Iayer by

conductive layer is forned via a barrier |ayer,

Vibur§i ¢ he e in Bhcoehey 5‘1{)503% gdiin E]ﬁ]ﬁgaigﬁﬂf’csléféjr on the

| ayer using the ordinary hogra

Par r I h

s?%S?*éééo%%‘ra“?éﬂﬁéﬂﬁaﬁ@f' é%%%%e“ 5&3@@@%@ tBshaplogy.
Eﬁagﬁ scene rocess " The j f ace forned in

Rl Sltidp cantaing g derst quateipary ?@H“PH'U“‘
511 present in entl L&:HI s consi dered as various
ydpaxide. qepatai-ngluie qrgania selvent. water, ap ﬂntlpﬁgoswe and

and a tinme in which the etched space is forned.

HEWEFEFIUM hydepxiHedof: sba@@sgoea@eafar teps of thetotal amounts of

damascene process or the dual damascene process

g¥tesalujonndi cates the via hole and/or the trench.

The netal to be buried in the etched space includes

net al  sucbpasificlexdingie of tive trhethddwe fornsin Wﬁlé&blﬂlrmg

nmetal such as Cu, a Cu alloy, A, and an :

Theyerdeduet damasesne ProkcBsany |pBige dantdiscaridp F@%@édssué S
net

formed by an el ectropl ating nmethod, but the

n@h]plageb' E‘Igﬁﬂdkﬂe 'é‘i"lglaég:{ Eﬁﬁ oft tﬁBes‘th{étf(?te where the‘

mat eri al used for t d| el ay_er inc
C%@ﬂgﬁzgzwaﬁd BB R

nﬁ'teﬁ s “dre ormecFI {heecheposned layer using the ordinary

lithography method. Particularly, when the via hole and the trench are
simultaneously formed, the damascene process is called dual
damascene process.

"The etched space formed in the dielectric layer on the
substrate” specified in the present 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 to the 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 conductivé layer with any one of the

metals is formed by an electroplating method, but the method is not

20




5 layer having a permttivity k of 3.2 or less is

pref erabl e because such a |ayer can avoid influence
frombeing exerted on the electric characteristics of
the wiring layer. The lowdielectric |layer may be
formed on the conductive layer or on a barrier |ayer

- provided on the conductive layer. A burning 10

t affAfedite’ &nplpdrheula@weriliel ectric layer is usually 350
C or higher.” "The barrier layer is formed with any of

Si G Si Ny %&é&’fic?ﬁa%&l’éj_usﬁ&\kor_—rﬂ\% (oA i €l kY Py ST cRedes
formed in Detween the dielectric |ayers. A resi'st

k] abBEq JlpeRiC pEaE a5l RALet IR MEQ)-based,
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an_electron beam .15 an i terial be d.i :
o T RayigEanA TR by R e, A 3R didTectric
tenmporarily buried_ into the forned via hoJe nd/ or

t Hayer &aving gorermithiyity 0§3%PE?%$§ i BE%HeﬁﬁP@r gQFause such a
obtai ned by a condensation reaction is preferable to
bdayeedansavoid infiveagerfzeny baing exertedi on dhe glaslsic

mat erial preferably used in the nmethod of 20 form ng

Wi ¢h avg cteristics of the wihiagplageéent i nvention i s obtained

by hydrolyzing at | east one conpound selected from

anmong comRaysdsdigiepirisiayeednay behforimdd oni thee conductive layer
formulae: (i), (ii), and (iii) by the action of acid

ungebntd)pabfies providd € on the) cdhdliéIRld faydi2)A burning
(OR3)c (OR4)d 5 where Rl, R2, R3, and R4 are each

Lg@%&g@%&}pgé bt bV diel QiR Byghis ?.%g%g?gyéo 8C08HPh

_ arbon atons; a, : are eachi an
7" 9%, Fho e 1hors b BEP AU ) SO Ye, and

(CES&Q The barrier layer may be formed in between the dielectric layers.

gher.

A resist material used in the lithography method includes a
material used for (KrF, ArF, and F2) excimer laser or an electron beam,
and this material can be used in a conventional metﬁod.

A buried material is temporarily buried into the formed via hole
and/or the trench. Specificaliy, a spin on glass materiai 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 io 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 under the presence of water.

(i) Si(OR")a (OR?%), (OR?); (OR*)q

where R', R2, R%, and R* are each independently an alkyl group or a
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5 where R5 is a hydrogen atom or an al kyl group having
1to 4 carbon atons; R6, R7, and R are each

i ndependently an al kyl group or a phenyl group having
1 to 3 carbon atons; e, f, and g are each an integer

of fromO to 3, with the proviso that the sumof e, f,
and g is 3. (iii) ROR1I0SI (OR11)h (OR12)i 10 where R9

anshdy- cuEREDing YaBendapboy =3 £ dNdO4
alr‘g';/l ﬂg@gupﬂahav’i nd]g 1to 4 car bogﬁﬁor’rsgj;e'rbéﬁ and rl%laga{:h an

arigt&geNot ﬂ%‘ﬁf’%{‘gﬁgt Wthbﬂ‘fb gtég)‘r{%p%ggﬁx {suﬂ'l B, ¢, and d is

group” havi ng car bon are each’an
in&eger of fromO to 2, with the proviso that the sum
of ' 'h and i is 2. 15 Exanples of the conpound

- represent, .t for }aéé' I ncl ude
tetraal k@iﬁ%a‘ﬁﬂ?)&r{&{%m %)s t hereof, such as

Ctetr aphena/l
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tet ranet hoxysil ane, tetraethoxysil ane, .
t svhars Rpdsya hydregen aiemapuepxaisy| darrup having 1 to 4 carbon

o;ysi I ane, t ri met hoxynonoet hoxysi | ane,
diatamsidkidRat apd \R1 aemeachrindepexgdentiyran abikyl groapeor a

20 tri met hoxynmonopr opoxysi | ane,
r rpgverTE tgroxipt havingok ¥sid eabon atoms; e, f, and g are each an
nmononet hoxyt ri phenyl oxysi | ane,

diinesdueroirorP Dy, Withehe proviso that the sum of e, f, and g is 3.
tri propoxynononet hoxysi | ane,

trimet hqnnorﬁmmgiqmﬁphag@qﬂﬁi met hoxydi but oxysi | ane,
tri et hoxyrmonopr opoxysi [lane, ‘di et hoxydi propoxysi | ane, :

SRR RRLSIA ek AU S RHIBBRRAEHY or an aky

AL BS ARG L SRABHOEREY o™ SR Kebh HReependenty

g:ag'n: %@&ﬁ%ﬂgﬁ%;ﬁ%ﬁgﬁ@%ﬁ@ﬁ&% 3 carbon atoms; h and |

dia?gteoaxcyhngp]oimaéggrng from 0 to 2, with the proviso that the sum of h
andiis 2.

Examples oflthe compound represented by the formula (i)
include tetraalkoxysilanes and oligomers thereof, such as
tetramethoxysilane, tetraethoxysilane, tetrapropoxysilane,
tetrabutoxysilane, tetraphenyloxysilane, trimethoxymonoethoxysilane,
dirnethoxydiethoxysilane, triethoxymonomethoxysilane,
trimethoxymonopropoxysiiane, rnonomethoxytributoxysilane,
monomethoxytriphenyloxysilane, dimethoxydipropoxysilane,
tripropoxymonﬁmethoxysilane, trimethoxymonobutoxysilane,
dimethoxydibutoxysilane, triethoxymonopropoxysilane,
diethoxydipropoxysilane, tributoxymonopropoxysilane,

dimethoxymonoethoxy monobutoxysilane, diethoxymonomethoxy

22




O

10

15

20

25

5 rnonoet hoxysi | ane, di but oxynonoet hoxy

nmonopr opoxysi | ane, and nononet hoxynonoet hoxy

pr opoxynonobut oxysi | ane. Anong t hese conpounds,

t et ramet hoxysi | ane, tetraethoxysilane, or oligoners
thereof are preferable. Exanples of the conpound
represented by the formula (ii) 10 include

t reRbboxysydiie, triethoxysilane, tripropoxysilane,
tri phenyl oxysi |l ane, di net hoxynonoet hoxysil ane,

" . . .
d;ugrteWﬁgﬁg@f%ﬂ@r@utékp&ﬂaﬁéywwskpmwdmaﬂ?oxy

g!rﬁ ﬁB)ék i I%%@%Q@%)éﬁﬁf&nomethoxy monobutoxyéilane.

i'phenyl"oXynonoet ho _

ggﬁﬁg%ﬁgﬁﬁg 103 Sx qsr'gnlrngT}EXysﬂaSne, dibutoxymonomethoxy
nonopr opoxydi et hoxysi | ane, : .

S RBPPE BRI BN o) B ORI ORB AR AN RIOREXY SR RRCaNd

monophenyl oxydi et hoxysi | ane, methyl trimethoxysil ane,
mevapemathpsymenpsthaxe prapekymanabitespsijane.andmong these
et hyl trimethoxysilane, ethyl tripropoxysilane, ethyl

t diophpoyhdsytEttametheoysiiane, tetraeiioconsiilaneg , or digomers thereof
propyl triethoxysilane, propyl triphenyl oxysilane,
buirgl preféraglBoxysi | ane, butyl triethoxysilane, butyl
tri propoxysilane, butyl triphenyl oxysilane, nmethyl

nononet IERafpRIOK I LaRfhodidYbpresented by the formula (ii)
nononet hoxydi et hoxysi | ane, propyl

MRRATRE I EIHRLGSI¥AL! W@bho@cﬁ%yhgﬁ tripropoxysilans,

mononet hoxydi et hoxysr | ane,

T e e
%ﬂ%ﬁg{x&%%rﬁw&%@ girig?cg;?%:lfyd'wpomethoxysilane,
monomnet hoxydi propoxysi | ane, pro '

.
ERRPRY RSBV EilgRe) gi@eny%xymonomethoxysiIane,

_diphenyloxymonoethoxysilane, diphenyloxymonopropoxysilane,
methoxyethoxypropoxysilane, monopropoxydimethoxysilane,
monopropoxydiethoxysilane, monobutoxydimethoxysilane,
monophenyloxydiethoxysilane, methy! trimethoxysilane, methyi
triethoxysilane, methyl tripropoxysilane, ethyl trimethoxysilane,

ethy! tripropoxysilane, ethYl triphenyloxysilane, propyl trimethoxysiiane,
propyl triethoxysilane, propyl triphenyloxysilane, butyl trimethoxysilane,
butyl triethoxysilane, butyl tripropoxysi!éne, butyl triphenyldxysilane,
methyl monomethoxydiethoxysilane, ethy! monomethoxydiethoxysilane,
propyl monomethoxydiethoxysilane, butyl monomethoxydiethoxysilane,
methyl monomethoxydipropoxysilane, methyl

monomethoxydiphenyloxysilane,
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5 butyl nononet hoxydi propoxysil ane, butyl
nmononet hoxydi phenyl oxysi | ane, = net hyl

nmet hoxyet hoxypr opoxysi | ane, propyl

nmet hoxyet hoxypr opoxysi | ane, butyl’

nmet hoxyet hoxypr opoxysi | ane, net hyl

nononet hoxynonoet hoxy 10 nonobut oxysil ane, et hyl

MetieyieinamamBni/dmso poxyeahex xthiane,  propy!

nonomet hoxynonoet hoxy nonobut oxysiTane, and butyl

Wﬁ@ﬁﬁﬂp@@ﬁbﬂg@i Ilrg,q:,kéut oxysi | ane. Anong these

conpounds, tTineth ane 'and triethoxysilane are

L
AR RobRsAT o o 2P e

t hogxypr opoxysi | ane, net hoxyphenyl oxysi | ane,

5 gBHgaJéBBB OXYAPropoxysiBRenPUMYsi | ane, et hyl
di met hoxysi | ane, net hyl net hoxyet hoxysil ane, net hyl
diMQrHyRe mw@phﬁﬁvlwwsﬂaoenet hoxypr opoxysi | ane,
nethgl nmet hoxyphenyl oxysi | ane, ethyl di propoxysil ane,
emethyhatatbrypetiimoypsopaxyesilandyprapydhenyl oxysi | ane,
propyl di nmet hoxysil ane, propyl nethoxyethoxysil ane,
pmeEilibxpethosypropoxysilarpee, propyl di et hoxysil ane,
propyl di phenyl oxysilane, 25 butyl dinmethoxysil ane,

b il rBEHERYERA BRI ilaRut anlieng mﬁ,
butt;/yI et hoxyprop%siqogﬁgf!agﬁf wegiiygropox@?!ll a erPo%ﬂ)ethoxy

10 %bﬂobdlﬁk?%ﬂﬂlﬁ%ﬁ%%ﬁ%+@rﬂ%thgk@tb o'etho)f% monobutoxysilane,

di met hoxysi I ane, net hox XYSI

B hon BB lohBahos TEARNLuELBRRENLORKE ! 2ne:

butyl monomethoxymonoethoxy monobutoxysilane. Among these
-

£
A

compounds, trimethoxysilane a'hd triethoxysilane are preferable.
Furthermore, examples of the compound represented by the

15  formula (iii) include dimethoxysilane, diethoxysilane, dipropoxysilane,

diphenyloxysilane, methoxyethoxysilane, methoxypropoxysilane,
( ‘ methoxyphenyloxysilane, ethoxypropoxysilane, ethoxyphenyloxysilane,

methyl dimethoxysilane,
methyl methoxyethoxysilane, methyi diethoxysilane, methyl

20 methoxypropoxysilane, methyl methoxyphenyloxysiiane, ethyl
dipropbxysilane, ethyl methoxypropoxysilane, ethyl diphenyloxysilane,
propyl dimethoxysilane, propyl methoxyethoxysilane,
propylethoxypropoxysﬂane,propyldkﬂhoxysﬂane,propyl
diphenyloxysilane,

25 butyl dimethoxysilane, butyi methoxyethoxysilane, butyi diethoxysilane,
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5 et hoxypr opoxysil ane, dinethyl dipropoxysilane,

di et hyl di net hoxysilane, diethyl

nmet hoxypr opoxysi | ane, diethyl dethoxypropoxysil ane,
di propyl di met hoxysil ane, di propyl diethoxysil ane,
di propyl di phenyl oxysilane, dibutyl dinethoxysil ane,
di butyl diethoxysilane, dibutyl dipropoxysilane,

di BHiyY|etﬁ6k?9?@ﬂﬁ)@%¥i|awé¥fﬂdtﬁm@i,prﬁpbhyﬁlmélybutyl

di met'hoxysiTane, nethyl 10 ethyl diethoxysil ane,

e @thlgﬁ LWiRRRxYsi | ane, net hyl et hyl
dip eh% oxy%l‘l%é el, met hyl propyl dimet hoxysil ane,

o A R) At ARG Ay T sy etidhysiian, gimetoy!

2? ﬁ@?ﬁg@%f %ﬁ%tﬁggpﬁet'g%bﬁﬁﬁ%%e’df’%?W(ﬂys| | ane,

et hyl propyl nmethoxyethoxysi/l ane, dipropyl,, _— .

di FhoxRyaPPaYSIane pi RV SimoReYRUapE; rigtby! girggghoxysilane,
butyl di nmet hoxysilane, propyl butyl diethoxysilane, '
di diethyl medbasygienaxysianeadiethyhdigthoyxypropoxysilane, dipropyl
et hoxypr opoxysi | ane. Anong t hese conpounds, _ )

di diet éthvoxyisilane, dip@pyl diethoxysliane, diprepy! diphenyloxysilane,
met hyl di met hoxysi | ane are preferable. The conpounds of

t h@ibidyingineethioxysiianéj dibutyhdidthoxgsibane vdibutyldipdopexysilane,
required. Furthernore, any highly absorbi ng substance

MeYibyl metRBRYPRESYloky SRS SATathylT8thyafiidthogysilane, methyl
sublst a¥1ce hasﬁgﬁsub%tiyut ed 25 g)r,oup ytElhat can {)e Y

o0 . , y oA 28yl
CoRIERSAEAR RN, FRPRUSHARBIABS AYdiRInd bl iny
ZB i&?'%r"{i gul al. e if the substance has a high

of light in a wavelength region

S T S RSt A D i fnapyalpap, methy
angut%?rgﬁ%%?I\/gg;sifa}naer:dring%ﬁa t;/uetyl diethoxysilane, methyl butyl

dipropoxysilane, methyl ethyl ethoxypropoxysilane, ethyl propyl

dimethoxysilane, ethyl propyl methoxyethoxysilane, dipropyl

dimethoxysilane, dipropyl methoxyethoxysilane, ﬁropyl butyi

dimethoxysilane, propyl butyl diethoxysilane, dibutyl

methoxypropoxysilane, and

butyl ethoxypropoxysilane. Among these compounds, dimethoxysilane,

diethoxysilane, and methy!dimethoxysilane ére preferable.

The compounds of the formulae (i) to (iii) may be selectively
used as required.

Furthermore, any highly absorbing substance may be

compounded if necessary. The absorbing substance has a substituted

" group that can be condensed with the spin on glass material in its
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5 produced by light reflected fromthe substrate and
irregular-reflection caused by difference in |evel on
the surface of the substrate. Specific exanples of

t he substance include a sul fone-based conpound, a
benzophenone- based conpound, an ant hracene-based
conpound, and a naphtal ene-based conpound substituted

bystiaudii f.0XY h@Féfdve 2t 8ubatditce & RBXYimiBEPWP any particular one
Particularly preferred ones are a .

b'rﬁﬂféEQMbﬂdﬁdénﬁaQ%sﬁg;rFQBES#mﬁ PWwar of f light in a wavelength

benzophenone- based ound ha i'ng at

af PR hafl @Jﬁ%r%’f’%?é %@eaiﬁa&%fs‘?ﬂcﬁdﬁpﬁ@iﬁl%gé‘#ﬁ@%

an_ant hr acene- b d ca car box

> aPthongnt s Phajorsel maﬁﬁaai 28 ERP BT &'B%;aa@mg wave
ound substituted by at |east one carboxy q

ap%@pcg?&yowmt @qﬂgﬂed(frtwramﬂ aybsgirate,and u'regu ar reﬂectron

bi sphenyl sul f one-based conpound i ncl ude

beaurgdrtik diffenepice isulevehes thensurface of the substrate. Specific

bi s( pol yhydr oxyphenyl) sul fones. Specific exanpl es of

t examplesafuhdssubstande ibch(de byslifongbased)copound, a

sul fone, bis(3,5-dinethyl-4-hydroxyphenyl) sul fone,

bbeh2ophdnbye-baysd composndf aneanthracene-based compound, and

bi s( 2, 4- di hydr oxyphenyl sulfone

blas Zp Htalls Ay Ha¥ed Soffplotird Q@Sé‘ﬁﬁﬂteélﬂ 8"Mydroxy group and/or a

bi s(5-chl oro- 2, 4-di hydr oxyphenyl) “one,
b
b%::g%%m@ %r%g: ggﬁgyﬁl g?f.' Jr?@& 'ones are a

bl w%ﬂéwgﬁg%%ﬁémﬁ'niﬁ%ﬁg%:f)enzgphenone-based
B@{“P‘Hﬂdo}'“ h ﬁi(qvarq(iﬁ tgiﬂl}ﬁﬁ&ﬁ%ﬁg%%@thracene based

bi s 4, 6-trihydroxyphenyl sul fone,
paan dohavmgsaarqgaama,iauemr dakpod/osgudroxyalkyl group,

exanpl es of the benzophenone-based conpound i ncl ude
an anthracene-based compound having carboxyl group and/or hydroxyl

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

Examples of the bisphenyisuifone-based cornp.ound include
bis(hydroxyphenyl) suifones, and bis(poiyhydroxyphenyl) sulfones.
Specific examples of these compounds include bis(4-hydroxyphenyt)
sulfone, bis(3,5-dimethyl-4-hydroxyphenyl!) sulfone,
bis(2,3-dihydroxyphenyl) sulfone, bis(2,4-dihydroxyphenyl) sulfone,
bis(2,4-dihydroxy-6-methy! phenyl) sulfone,
bis{5-chloro-2,4-dihydroxyphenyl) suifone, bis(2,5—dihydroxyphenylj
sulfone, bis(3,4-dihydroxyphenyl) sulfone, bis(3,5-dihydroxyphenyl)

sulfone, bis{2,3,4-trihydroxypheny!) sulfone,
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I hydr oxybenzophenone,

ri hydr oxybenzophenone,

4' -t etrahydr oxybenzophenone,

, 6' -tetrahydroxybenzophenone,

i hydr oxy- 4- met hoxybenzophenone,

i hydr oxy- 4- met hoxybenzophenone, 10

,B¥s (213hydrihyyl ral 4 B-mietiey Inohig hpl) zapfergne,
4-dinethy|anino 2' ,4' -di hydr oxybenzophenone, and

4-Kis M@43nh@dr@k%%ﬁ%b}@ﬂ?cﬁfé“%9(@4 8- tnhydroxyphenyl)
Furthermore, the anthracene- based corrpound haV| ng

| SRHlonS S BUEHIoRe 2B ARG Y s R Spgifc
AL Ao ReE b SRS a1 R
s AN OSSR A e SRS hsRer

5-di hydr oxyant hr acene,
T B2t GRS R RS AR PR e,
9, 10-di hydr oxyant hr acene, 20
1.2:255 1/ detajiydroxyisnaerhenerene,
1, 2, 3-tri hydroxyant hracene,
1,223dmytrox§uwmeihpaybBnaophenone,
(j : 1, 2, 3, 4,5, 6-hexahydroxyant hrace n a,
) © 126aiyBréxyiasmeth ayhikmopineioaee N a,
1- hydr oxynet hyl ant hr acene, 9- hydr oxynet hyl ant hr acene,

10 9ﬂwzdﬂmwbhyl4antarrﬁémyb%ﬁwﬂ@ﬂ6r@<yl ant hracene,

9- hydroxyoctylanthracene

A RHlEAA NGRS ldyd c?@?ﬂsfg'r?&‘%%aéﬂr %écwg:nLo
FUMTT At e

Furthermore, the anthracene-based compound having at least

d
t

2
3,
, 2,4,
, 2

2'

6-
s

4
5
d

4-
4
di

one hydroxyl group or hydroxyalkyl group includes a compound

15 represented by the formula (4) explained below. Specific examples of
the compound include 1-hydroxyanthracene, 9-hydroxyanthracene,

( anthracene-9-carboxylic acid, 1,2-dihydroxyanthracene,

1,2-dihydroxy-9-carboxyanthracene, 1,5-dihydroxyanthracene,
1,5-dihydroxy-9-carboxyanthracene, 9,10-dihydroxyanthracene,

20 1,2-dihydroxy-9-carboxyanthracene, 1,2,3-trihydroxyanthracene,
1 .2,3,4~tetrahydroxyanthrac.ene, 1,2,3,4,5,6-hexahydroxyanthracens,
1.2,3.4,5.6,7,8-octal_1ydroxyanthracene, 1-hydroxymethylanthracene,
9-hydroxymethylanthracene, Q-hydroxyethylanthracene,
Q—hydroxyhexyianthradene, 9-hydroxyoctylanthracene, and

25 9,10-dihydroxymethylanthracene.
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represents an. integer of 0 or 1, wth the proviso
that p, g, and r are not 5 0 at the sane tine.

Speci fic exanpl es of the naphthal ene-based conpound

i nclude 1-naphthol, 2-naphthol, 1-naphthal ene

et hanol , 2-napht hal ene et hanol, 1, 3-naphthal ene diol,
naphthalene 1- 86k oxylic acid,

napht hal ene- 2- gar oxyllc aci d,

napht hal eqe 8 boxylic aC|d 10

napht hal qi carboxylic acid,

napht hal 6,40 capboxyl i c acid,

napht hal ene- o~ éﬂca‘bpxyl|c acid, and naphthalene-l
_acetic acid-hé ampunt of the hi ghl y absorbing -
subst an%hb?e?) eﬁ&EQH&P‘ ﬂ |hge?é‘r Eh%grgﬁot%{/\gﬁgr{tp%rggents an

wei ght percen re prefera

p h entration,of so i on _of
CHETRr of o §1 330 e bhBRiT annleder SR oo,

redet erm ned point .in tine cording to
D %B%erﬁe“tﬁrﬂfbmtgaﬁf of £ Qhit cW',frh&%lpéﬁWWgth@bﬁpébﬁﬂfbﬁ are not
goul% be used is not particularly restricted if it

%ﬁam@q"ﬂeed to renove the" photoresist film

and metal lic residues fromthe substrate in the
pr ocess Spredifie exagples wiithegnaghtiglehe-bhmers coempound include
process. However, the tine is preferably set to a
t il rrea pif thel , Zhﬁam‘ﬁhbem-npm&hal‘erfsaeﬂ’fﬁholmmépﬁ\maléne ethanol,
specified as "after formation of the trench", "after

f dy3vatphith sienehdio, @aphmmeneﬂ%rbéﬁﬂwabndof the
barrier layer". 28 The "after formation of the trench"

l ﬁaﬁﬁfrfaléhéaﬂcérﬁ@ﬂﬂidc hefd, %@th%ié\%a | 'ti”d*@%'rﬁgxyhc acid,

generally, a form ng process an int'er-

EbSF e PAorSRI Sﬁeﬁg}%tbﬁﬂe&%%y%-ﬂwamac acid,
e B A8 /TS0 BB e Drpinigher fypbetic acid.

d|eIect c | aye e photoresist |ayer |
ﬂle amgunf o Iq\e ighly absorbing %ubstance {o be

compounded is in a range of 10 to 50 weight percent, more preferably
15 to 40 weight percent, in the concentration of solid portion of the spin
on glass material on an SiO; basis.

The "predetermined point in time", according to the present
invention, at which the cieaning composition shouid be used is not
particulariy restricted if it is a time required to remove thé photoresist
film and metallic residues from the substrate in the process of forming
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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subjected to pattern exposure and i s devel oped to form
a photoresist pattern, etching is perforned on the
substrate using the photoresist pattern as a mask,

and then the photoresist | ayer is renoved. The "after
formation of the via" is nore clearly specified as a
10 stage in which a lowdielectric layer, a barrier

| ayer, ﬁ?a'a'?Féfr|f%Fﬁ1'a‘?i6n of ﬁt@?ﬁbh&ﬁ" fig |n%|%” &Iearly specified as a
sequenti a | 'ayered on the |ower wiring |ayer, a

AU e 0 05 5t e e
o R RB A BB YRS g 1B yerwirn over

| ayers using the 15 photoresi st pattern as ,a
vi armdeoemﬁm'eawﬁat% substratel 15,09 OWPF’n&‘?%ﬁePﬁPEOFSS'St
fornmed, and then the photoresist |ayer is renoy

wdayerinfermed amtheliniprdayesdisleckicolayes, the mmfetsnﬁi layer is

trench and the via hole are sequentially fornmed, there
arsubjectexhbe patterhaaxpasura andés devetoped ty farmal phptoresist
formed after formation of the trench 20. and a case

whedtee irf) eetehing s perfoemeebonafthersustratel wsingf theheheioxesist
hole. |t does not matter which of the trench and the

Vi gath@rfat S fridd), driti tRsh thé&phnetdsist Riyerlis aekioveinl e

and/ or trench pattern is etched, the resist filmis

subj ect eﬁhé“aﬁ%‘?'fﬁﬂ‘nhﬁ@ﬁtdﬁ% vig® qg‘rﬁ@ﬁe Elﬁwsﬁécﬁifed as a

malntalnlngt aracteristics of the lowk 'materi al
bR RAA BRE B agLR grgoctr

urmwe”i‘ﬁwﬁé i seepsuT R yrEed elb e[;ovx%wiryﬁ‘?ﬁ%ter- a

according to the present vention al |l ows the hi

priftatosesist !)%Yﬂfmst%éﬂ‘e‘j&?ﬂﬂ P réflechen: prayentingf H‘%

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

f iphaioresish layemisssubjectas ke petieraexpasurerandisdevelaped to

Ofform a photoresist pattern, etching is performed on the !ayers using the
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 sequentially formed, there are two cases,
that is, a case where the via hole is formed after formation of the trehch
and a case where the trench 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 desirabie not

to depend on the ashing treatment because the ashing process
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the trench or the via hole is forned using the
ordinary lithography nethod. After the formation, the
silicon oxide film (buried material) remaining inside
either the trench on the |ower side or the via hole
and remaining in the lower l[ayer of the resist
pattern was cl eaned off using 10 the cl eaning

CRERREGb Qﬂeflew-k h‘ﬁaie‘rtaﬂOﬁhaﬁhfér@forbftﬁlsphﬁlﬁéﬁ is bemg under

inventTon. The renoval through cleaning is perforned

f
atudy, pdhelehileg fie %"e An8edmpidsiiior decaldhBibthe
t he net d
RIS fﬁf@éﬁ@?fﬁ%l*éw@ (hECas b BaTs 8 BE arditted.
cl ean d b d t .
compos| Eitip ﬁﬁa“’ﬁia%?ﬁare 85 iamadatha inside of the
An anti corr03| ve was obtai ned by conpoun '
t fewaed aneis filled wittsavatqrial ia é@&un%n@néghe other one of
manuf actured by G ba Speciality Chenicals) as
béime dtanicty or dhbada trolais Feumedsising e ordinany Idhography
2. The obtai ned anticorrosive was added to whol e

expethiote nt Aftee tlaefbraatiod, thepiican oxidextiml(baried material)
amount of 2.5 mass percent of the total anmounts of the

S e mdiRihg (ARTIE 'efthalr Ithe aren difbinethealgw &rssider 6r theedid hole and
t he sarrpl es 25 unless otherw se specified. It is

n?éﬁ\%rﬁgg HTE%::I sl 'i“o? tR8 r"e%ﬁétaﬁ‘étlﬂéﬁlrﬁ%%%!éﬁhed off using

hydr oXi nts t et rapr opyl ammoni um

Y %%"gﬁﬁﬁfﬂ%ﬁﬁ'@sen ® (o abhy Y e et thvention.
E§S£ %! $hie A oRb PR R5BkErg LEbRATHEIS PR U8 minutes

nonoet hanol am ne, DGA re resents 2 - noet hoxy)
eBh2R0l0 8ar*E uRtng F'&)Pé@’é‘ﬁf% ap e \ack (rAdUP RPHISA. and

Mor eover, DMSO represents
showenng method, but the method is not limited to these methods.

EXAMPLES
Preparation of cleaning composition:

A cleaning composition was prepared based on the composition
and compounded amounts shown in Table 1. An anticorrosive was
obtained by compounding thioglycerol with IRGAMET 42 (product name
manufactured by Ciba Speciality Chemicals) as a benzotriazole-based
anticorrosive by a ratio of 3: 2. The obtained anticorrosive was added
to whole experimental examples and corﬁparative examples in an
amount of 2.5 mass percent of the totai amounts of the solution.

Commercially available samples were used for the samples

unless otherwise specified. It is noted that TEAH represents
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di met hyl sul foxi de, NWMP represents

N- et hyl - 2-pyrrol i done, and DM represents di net hyl

i mdazolidinone. 31 ~C a > o tn Ewa_vw Oarwna.a CO a
0o ZOZCOOzozz 0 0z Ca) Ei We X co O ~o000000 O
bo - co OObooooNot o-Ca) a) alLNCDw co E
000000000 0O O NMt O2t MMMV MILn M+ N

tetrasthylammonium hydroxide, TPAH represents tetrapropylammonium
- hydroxide, MTBAH represents methyltributylammonium hydroxide,
TBAH represents tetrabutylammonium hydroxide, and TMAH represents
tetramethylammonium hydroxide. Furthermore, MEA represents
monoethanolamine, DGA represents 2 - (2-aminoethoxy) ethanol, and
MMA represents N-methylethanolamine. Moreover, DMSO represents
dimethyl sulfoxide, NMP represents N-methyl-2-pyrrolidone, and DMI

represents dimethyl imidazolidinone.
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- aaao-- ma mta ato - EEE E E E E E aE aE -E -E mx
X Qcox xxx0xoxo0oxo0ox WWWWWWWWO WO
WO WO WEXAMPLES 1 to 8 A" barrier layer as a first
| ayer and a lowdielectric |ayer as a second | ayer
(dielectric layer was CVD deposited with dielectric
value in the range of 2.9-3.2.) were forned on a
sEAMRIEShete®8a Cu | ayer was 5 fornmed. A photoresi st
pattern was formed by the Iithography nethod on the

second lrapafriePRfldrhes aufst '@Leﬁt rouagf]di{?ﬁgefé%tﬂg 14)6r as a |

phot oresi st pattern as a ma

S 8 e U P B3 iy ot et
SRSB4 avor was

photoresi st paftern was newmy formed by the

|F‘Ef|% 'apa\/pﬁ%{q{sa',ﬂd%ﬂﬁer@t‘l’;’ﬁﬁrf@’w bk the ditbageaphhmethod
substrate using the pattern as a mask to forma

t PRABR. sasandhipvean angribecsehstaateewaseetched usingathe photoresist
formed on the surface of the resist |ayer due to

ePatteny agamaeas b threugh the ve-dieldctiic Jage iy thaie hevia hole
renmoved by the cleaning conposition, Si-based netallic

rfet e prunicates witbrthishisatrivr layent eri al was renoved

t hrough etching was deposited Iin the sidewall of the

trench Babheqnenﬁpgatdﬁn%#b%&s ARiteFihplo b%%‘cﬁif’g  he

inside the via ho is substrate was di ppe

lrRaRLHELIGRPS iHbﬁByﬁEﬂWéﬁbgﬁ\%d{iﬂQBee \{Arbx% g!q ﬁﬂ{e’t%i s

R AN e
cﬁ’ﬁ?ﬁ?e etc#e?le Fesiat vﬂﬁefog'{h i p%i@?é.ﬁ'} é‘fa pmetnod, and

%tbﬂﬁf’ge gvaréeﬁgll'fb'rr%eﬁ:legr'l (?HS Ss’ubasrt]Flatte-huesing the pattern 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 and
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
materiail 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.etaliic residues, and the
strippability of the buried materiai, 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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strippability of the buried material, and further on
how t he solution was corrosive to the lowk material,
t hrough observation using a scanning 25 el ectron

m croscope (SEM. The results of the observation are
shown 33 in Table 2. Furthernore, the substrate was
etched to renove the barrier layer fromthe
Sypghbdé @, Then, in the same manner as expl ai ned
above, the substrate was di pped in the cleaning

conposi i fih QYR 'tﬂe%Jt?Q'ré’telwggret%h@drftﬁt F‘qi'nﬁb? qg}g%amer

and was rinsed wt ra pure wate

BT g B BoRBlongn Thbre mgﬁ%hrﬁsf’rﬁa%ﬁﬁ%mmw{éed

ults.of the bservati on vvn jn Table 2. The
- Bbgves the Svﬁét@ﬁw% ga3h Ingiarniag aampasiiion ghown in

able2 nthetable reference sign S indicates

t Wﬁbieahf@rgﬁemmlet%atﬁﬁu‘@e@nn\ms ripseg withuutra pure vater.
substrate and Cu were not corroded at all. In the

t Ablthis tieee evadeations werespedoomidron dove thee siohgtiomevas
same evaluation as S, but indicates that slight

soofracive to ghntwsughsobservatidrosigly tHe SEMMWaT Horesults of the
possi bility of bringing about an actual device :

f absereatidrb afalsH@V it Fableeper ence sign B indicates
that the photoresist remained on the substrate or the
substr atizs pESLIEY ofRME JHErPEE0ns 3teDbbiTindd a¥ shdwnFhFable 2.
In the table, reference sign S indicates that a target to be stripped was
fully removed or the substrate and Cu were not corroded at all. In the
table, reference sign A is used for representing the same evaluation as
S, but indicates that slight surface roughness was seen although there
was no possibility of bringing about an actual device failure.

‘Furthermore, reference sign B indicates that the photoresist remained

on the substrate or the substrate and Cu were corroded.
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U u) Eco co<cncncoxnco mQQ 46 OaN w mV O0- O
OL '"C U)G cncncncncncn Qecnto men-mN CVS
LOMf-W.-.~M> NO 0O mMNNO ENENENE a-
anon-- m wam- Co - EEEEEEEE aE aE aE aE mm
mmmmmmEmE mE mE mmwwwwwwwwOowowowow | n
exanples 1, 2, 5, 6, and 8, sufficient results were

obt ai nedh fexamples 1 he, 5! 6Mand 8, Eﬁﬁlﬁ%ﬁﬁré’sulf’s watd dhtained for
the results were slightiy'inferior to the other

CHER BRI Y A S BB iy oo
T A0l BN ol aHTa oo, pgsed was

of the .Si-based netallic residue, the strippability
fech%r"ﬁﬁf’r ed material, the protection

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 protection
effect of the low-k material against corrosion, and the ;.)rotectioln effect
of Cu against corrosion were obtained.

In comparative example 1, the amount of KOH exceeded the
upper limit, and therefore the low-k material was corroded. Oﬁ the
other hand, no KOH was cc;ntained in comparative example 3, and
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 comparative example 2, a small amount of water was
contained, 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 insufficient. Further,
the strippability of the Si-based metallic residue was slightly below the

sufficient level.
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10 effect of the lowk material. against corrosion,

and the protection effect of Cu against corrosion

were obtained. In conparative exanple 1, the anmount of
KOH exceeded the upper limt, and therefore the | owk
material was corroded. On the other hand, no KOH was
contained in conparative exanple 3, and 15 therefore

t he st riAltredugh tlye dnvetor haiscbeentdascribeshwithorespect to a
insufficient, and the strippability of the Si-based

nmepatificenfisodinenteord cohiplytdahavliear didlbsumithe appended
level. In conparative exanple 2, a small anmount of

. " . . '
of s Bfe nER R BELs RAMALBUESRE foltRe cBhpliBsags eribodying
Sk t?ﬁﬁﬁﬁicfmf@né 5 Prﬁgérﬂ‘éﬁv\@eéfnét%‘&‘?ohmﬂ dy?8Ecul fb one
conparative exanple 4, no quaternary amoni um

hydroxi de contajned,._and.therefore the .. .
CRIRLYina"BRPRIIERITY el WithiRCTHE, RgSic faching herein set
shéjgpability of the buried material were found

i fRS ficient. Further, the strippability of the

Si -based netallic residue was slightly below the 25
sufficient level. 36 Al though the invention has been
described with respect to a specific enbodinment for a
conpl ete and cl ear disclosure, the appended clains

are not to be thus Iimted but are to be construed as
enbodying all nodifications and alternative

constructions that may occur to one 5 skilled in the

art which fairly fall within the basic teaching herein

set forth. 37 CLAIMS 1. A cleaning conposition
conpri si ng:
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quat er nary ammoni um hydroxi de; a water-sol uble
organic solvent; 5 water; an at |east one sel ected
from anong benzotri azol e-based conpounds and nercapto
group contai ni ng conpounds; and potassi um hydroxi de
of 0.001 to 1 nmass percent of a total anmount of the
solution. 10 2. The cl eaning conposition according to
claim1, wherein the quater GuAMM®TONi UM hydroxide is
a conmpound represented by the follow ng genera

forinul a (Al¢lednihy BomwhdditioRtomprising: 15 where R,
R2, R3, and R4 are each either gf @r@al kyl group and a

hydr oxyalgtidtefatyPamridm! nydrdkigdy bon atoms. 3. The

cl eani ng conposition accordihg to claim1, wherein the

quat er nar, DR i.de t | east one conpound

sel ect ed g‘ﬂ%@%ﬁ*“?ﬁ%#gw@‘tcrﬁgéﬂﬁ anmoni um hydr oxi de,

t et raet hyl oni um hydr oxi de, tetrapropyl anmoni um
5hydroxi dé‘,’aqggtt)rabutyl amoni um hydr oxi de,

met hyl tri propy!l apmoni um hydr oxi de, and .
ot hyl t r PRLEICASTONE selRglac o amena benzetiiagaledpased
cl eani ng a, sem conductor substrate conprising: 38
apFPYIRRHNCS pRd IMRECARIRISUP epntainingLcampoundseantat
is being processed to forma netal wiring using a
t enpor ar potasgive bydraxide ofit.60hdd bmassperceritiof a total
| ayering filmon the substrate; and renoving at | east
onamgurdt gfhtiteoselsition. fi |l m and a buried materi al
10
2. The cleaning composition according to claim 1, wherein the
quaternary ammonium hydroxide is a compound represented by the
following general formuta {1):
[NR{R2R3R4] * OH~ e (1)
15  where R4, Rz, R3, and R, 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 tetramethylammonium hydroxide, tetraethylammonium
hydroxide, tetrapropylammonium hydroxide, tetraButyIammonium
hydroxide, methyltripropylammonium hydroxide, and

methyltributylammonium hydroxide.

25 4, A method of cleaning a semiconductor substrate comprising:
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5 as the lam nated filmon the substrate, and a
nmetallic residue after formation of the netal wring,
wherei n the cl eaning conposition conprises quaternary
amoni um hydr oxi de; a water-sol ubl e organi c sol vent;
10 water; an at |east one selected from anong
benzotri azol e- based conpounds and nercapto group

cont ai ni Epplgingre ¢rekmingnsbrmpbsitivinutd thelsobstdatethat is being
0.001 to 1 mass percent of a 15 total amount of the

solptbtegsed to TOEMNEHERE! A4Geg dishty botePhForard laMhaRId ilm

Ithe substra.t e incl u.des. at I east a | ow-dielectric

e Blablec by SarRiahl et haind o febbup Fste B,

Cayer on emeng ¥ epst e B BRoRABRR SnfrflyE BEHBUmaterial
| TR BroBLRY R o s s B0 A FGRTR repiqy ater
etched ..s a%e' and rempvi ng at |east one of a

phg‘?HPQEPBtO thermata] Wirehi ed material 25 as the

| am nated filmon the substrate, and a netallic
resi due dheseindhe gleaningrcappesidioneeemprisesng | ayer,
using a cl eaning conposition, wherein the renoving is
performed at aquaterraryramonivimbydroxider in a
process of formng the metal wiring |ayer, wherein the
cl eani ng conpog water-solubple ®eganic solvent;
water,;
an at least one selected from among
benzotriazole-based compounds and mercapto group containing
compounds; and
potassium hydroxide of 0.001 to 1 mass percent of a
total amount of the solution.
5. The method according to claim 4, wherein the substrate includes
at least a low-dielectric layer of which permittivity k is 3.2 or less.
6. A method of forming wiring on a semiconductor substrate
comprising:
forming an etched space in a dielectric 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

as the laminated film on the substrate, and a metallic residue after
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5 quat ernary anmoni um hydroxi de; a water-sol ubl e
organi c solvent; water; an at |east one selected from
anong benzotri azol e-based conpounds and nercapto
group containing 10 conpounds; and potassium

hydr oxi de of 0.001 to 1 mass percent of a total

anount of the solution. 7. The nethod according to

cl Fommationhst Giemidhal Wirestplaygr 0ethg a@leaning émmdsmcm
tinme after the etched space is forned. 15 8.

metyRerélf AAE FetoviAgGs HaRdrmad at @ ;‘S‘réd&eﬁhﬁieﬁfbbirﬁ in time in a

| ayer consists of a first dielectric layer and

SeSged i (W St ey e for e
dhelectr) aé-@s/a.tg@ibﬁ@nm&%@%ﬁﬂo;fcéﬁ@%@seezssLzezt e

t 20 hed
5ot T o Hilerten pbmantm byAtorHe T o e i h

a material to be burled before the second et ched

space i s forned watergeluhle ryganicselyent to cl ai m 8,
wherein the buried material is 25 renpved fromthe
first etched spd¥@t®rusi ng the cl eaning conposition 40

an at least one selected from among
benzotriazole-based compounds and mercapto group containing
10 compounds; and
potassium hydroxide of 0.001 to 1 mass percent of a
total amount of the solution.
7. The method according to claim 6, wherein the predetermined
point in time is a timer 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 dielectric layer and a second etched space formed in the
second dielectric layer so that the second etched space communicates
20 with the first etched 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 using the cleaning compaosition

40




