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1 COVPCSI TI ON FOR FORM NG ETCHI NG STOPPER LAYER
TECHNI CAL FI ELD [0001] The present invention rel ates
to a conposition for the 5 production of a

sem conduct or device, a production process of a

sem conduct or devi ce using the conposition, and a

sem conduct

e COnot S R AN SRk AR v
conposition for formation of etching stopper |ayer

for use n of an 10 etchi ng stopper

| ayer -r?%HRﬁmeﬁ of a sem conductor device by

a [Gﬁﬁm;Cene fbehpdeS@tpimmmiﬁlnomemwetﬁ)S aOfcoanposﬂmn for the
sem conduct qr._devi ce usi t.he, conposi tion,

seni cond@f?gvcm E@ ?ﬁrﬁk?%@QHct?gl 1t 95‘?1%‘6@9’1 Bfpcess of a
BACKG?wN@rﬂEﬁndﬁcthOOabwlce re@t‘ﬂg year s compisitiéi e and a
ever-increasi nﬁgnee s, of ion i Hhsem condyct or

devi ces, SEhYCPRAUGIOE fipvice tpr{8 G‘v:é iiNg e femgosition. More
st eadi | y panticeladiynthe rpiregemt irvendiensidldtesTi 21 cbhfition for

has led t e.c ted s m c nductor evi
o et ur $Sufalich o Endg opes Be d6hiss Ip 4hS dhmation of an
enhanced eft&mgesattppw Eneedirinder pEBRAioPOWET a semlconductor
consunptl such needs t he adoatlon of

seni cond @tvbcre g’é’v@cgaﬂ?aﬁﬁ?@ﬁ OMEthBHo & JUOFYRHigN A process of a

damascenaenttbodudctost eadviek t beimgpnvast i eBAlposition, and a
sem conductor devi ceﬁgroductl on Eroces?ré%tjas been
pr oposed S€MGPRFRCIGE deviceRrodbicRE ¢isiRg the ceppmasitionn
be used BAGKSRODUNRZARA um num used in the
mat eri al,, an enhanced era

AL ARt nBP BRSO | F oPvehincroasing Teeds of

sem condmbgratdﬂvnnes@&nc@mmc&@}Id@ﬂceé 0QP3 tABetrend of the
damascene nmethod is a nF @for rmnufa turin
?ﬁ?‘ o)

sem cond(&SEN 8 S HS F_E9¢ ﬁgrr?é'o%r aﬁEﬁ'élé This

or v: as tRGdf (hnaswléd rtg By n@éu@hlcﬁgp{)rcagé‘@ éédrhlfci:olnrllu%fbr device
t on a sybstrate an i

wi g, mattuetct 80 o8 dheoRalie* iRy ¢ remand:ioneah sprhanced

vi as. Danspstmmg rmfere@danﬂar/edw:ed @wérl edns@ﬂhpnoa To meet
single d t hod and a uaI cene

accor di ngnaﬁcrfqr%zg S e adepdonP b%SPm'ﬁ%@éugw M’%PFOC'UCUOH

cl assifi peocHss tdingan Haetehe HbtHit h@ﬂem@:f@hélc@nventzonal
first method accordin of thetr

t whi ¢
via 1o T BRLEPTIULPT JoNIconpromielish pootassoRRSEPEQDFEpbOSed.

10 15 In the damascene method, since copper can be used instead of
aluminum used in the conventional wiring material, an enhanced
operating speed and reduced power consumption of the
semiconductor device can be realized.

[0003] The damascene method is a method for manufacturing a
semiconductor device which comprises forming trenches or vias
for wiring by etching or the like in an insulating film provided on
a substrate and filling a wiring material such as copper into the
trenches or vias. Damascene methods may be classified into
a single damascene method and a dual damascene method
according to the structure to be formed, or may be classified
into a trench first method and a via first method according to
which of the trench and the via is formed first. In any method,
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20 25 [0006] [0007] 30 35 since vias or trenches are
formed to a given depth by etching, an etching

stopper layer is provided for the restriction of the

depth. An exanple of pattern flormation using the

damascene nethod will be described with reference to

the accoRRAmY M oftrfgs ardSioPhiReMd A divén d]e(pftﬁ)by 8fthing,
i nsul ati ng 1 I m 101 ©'s forned on &  subsirate not

shown) s@bhetahing |stepper lay@r ingrevidadnfor ithe restriction of the
f or med o?epﬂﬁs insulating film and an insulating film

103 is ofmed so as to cover the wiring el enent 102.

Si8e4lient | yAn axaewini oy patigppeformation 15ing stheodastascene
on_the i psiihay {‘vﬂl bl g}.‘%&f’oeé Rith r e@@h%e.té“th%p%b&w\panying

105 as a connection h s then ornmed in the
et chi ng srawp@s.| ayer, for exanple, by lithography

. e . ‘] _ .
IO Ly ar I g B U A0 formed on
trench 188batrete shoowiedsish agrsiliearchi Agviirggelement 102 is

on the suPPas ST Spis A BBHL il oehdySh iR MA103 is
However , fomeedtsshasdorenverdhet wisirgt elemenk88peiSubspguently,
) | ) . ) >
5,0 ot A8ing SERURHEHH N [Tl SRR e 103
part undéFigyi hgdbdhe Apenpagingnd05i asranevmeatont dohe ds then
ia 107. i | i
Torned ; (0ied T SETcHy Bbpbl aykh Ncf WkarfiETEY [[RUGraphy
| ayer, a(Rig:inée)hmat Eurthler,sar hinswatioppayer $06 liefofmed dhereon
into the wj 1L d i
pol  shed (o h8i 2 & UEFE8r afAa (¥ 108EFe flen formed by
pl ug (dudry cdelingeffigndt () . In this aseesthepheylatingylayer 106
t chi I [ .
o i P Se EBYBES o P dssb gy RERRBI by etching
one nor e Havednargthr epgldng Iratee of tiesy ebehingrsteppemiayeords so low
R di ; . . el :
of 2 sethdoidagetTfhd Metiathg {856, 103 8n8t PAHELLE" The
i n order insulatingwayem&0Pamiy tin iitsi pgrtaindeitying the opening 105
em condy for . | e ' Lial
and 11 voleeinofef B ST e BERT Wil f 8 Ia anc
mai n nat &eingh thos foomedi isuf inegesharyetevaned. withea barrier metal

mat eri al d_i.pn; e i ro| _
oot ™ 1085 e B BREPEPIF ino I IRNheo the vi
resi st an@adt the trieash, amduthe i swface eisi gadish@datyi shemical

the ratiq,ofdfi&l" FhsnMg & fHME filig (dual damascene method).

[0006] In this example, only one etching stopper layer is used. |If
necessary, however, after the insulating layer 106 is formed,
one more etching stopper layer may be formed thereon.

[0007] Regarding an insulting material used in the production of a
semiconductor element by the damascene method, in order to
lower the permittivity of the semiconductor element, for example,
organic materials and fluorosilicate glass have hitherto been
used as a main material for constituting the element. The
material used in the etching stopper layer, however, should
have a relatively higher level of etching resistance than these
insulating materials. That is, the ratio of the rate of etching of
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3 the insulating material to the rate of etching of
the etching stopper |ayer (known as selectivity)
shoul d be | arge. Despite such demands, the above
organic materials and the |ike3do not have
satisfactory etching resistance and thus do not

id t { The
TR T il AT SN e ——
ﬁst ﬁl I |tcostopi&edeamg(slfsughfvmtagrfealbc}igi?/)fsHmcm‘:Id Hi@\lsrge Despite
itherto

et chi ng sg.[ %bgé&' g5e g %Pvgﬂ%p? ”E'Z‘tn"galrg %%@E%ﬁ'tkeldo not
or pat egtl’::a:\gkr)sagua‘glbgﬁy etEheTgefemetanbe éﬂilf%ﬁ?ﬁt‘,l:csﬁhbpb%wde a
sem condu

the whol esaéisé?é‘ﬂfy sEES s ﬁﬁsg?;gﬁdyob%]% @%‘ﬁ%'ﬁpylde films

andadtrideefiimmdach i | SINcdmen f

Seﬂnoﬁglswq 4 eq mmaoeg ;%?nscon u ?Ior& Eéev# " tride films
| over ed en,ﬁpragr ﬂgbq% used As g, walerial,tor ormatlon of etching
sem condwtbpperlﬂagéen(ént émhﬁni pacare rfoctimerithi or atent

t hod, t cess er se shq
be changdibeunt pL° aHierelibota Por GanveRGanal seatgonductor

as such ceiemhtbeaowsﬂdg L tptmnt:ttﬂmtw beulhlel @holPakRithent was
docurrentsﬁl i}panese Pat ent Lai d- OQpen Publi cati on No.
20 10235 E'@H Pat ent docunent 2: Japanese Patent

Lg0006pen Pupkctortingly, I‘dOpro;i@é’é]P 51‘13@%&&&\&'\%% dsie Wehéthod in
3: Japanese ent Lai, en i cation . ] .
349151/ 2080¢ Eshﬁ M&U@;o&ff ﬁefﬁ\nﬁemcmésemd%ce is
BE SC]_VEHb\Bé’réFd-IEb]( NifapHdViRG [ ‘ﬂﬁ)@%trﬁbme i t}@é che ﬁﬂcond uctor

h K
iy ot chi g et aleic RRHmER, Ay i ey FiSRoHaheEver, the

30 hi t hergrodbetton kpeygassanser ige oslsuldt bd oméngéw and the
permttivit e..sem conduct or deyi ce,

devel opn&?ﬁstt'ﬁﬂaletWﬂaHﬁt'o’gt BEYESS Bfers ?ﬂj‘qﬂt tpe used
dry et chiwithowtsiifficenes. and low permittivity, or a

Poee el et TabaRaSE Aele B e MRS on o
PROBLEMS 14236042306 [0011] 10
Patent document 2: Japanese Patent Laid-Open Publication No.
15285/2003
Patent document 3: Japanese Patent Laid-Open Publication No.
348151/2000

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0008] Thus, any etching stopper layer, which can simultaneously
realize high dry etching resistance and low permittivity, has not
hitherto been known, and, in order to lower the permittivity of
the whole semiconductor device, the development of an etching
stopper layer having high dry etching resistance and low
permittivity, or a composition for the formation of the etching
stopper layer has been desired.

MEANS FOR SOLVING THE PROBLEMS
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[0012] 15 20 [0013] 25 [0014] 30 35 According to the
present invention, there is provided a conposition

for formation of etchlng stopper |ayer, conprising a
sil i con-cont ai ni ng pol ymer, characterized in that 5%
to 100% by nole, based on the total nunber of noles

qbo3d) i con cAREGRUNRA thNthd frﬁe.f;éht GAVetfsH, atHdredis provided a
pol ymer in the conposition, of silicon is contai ned

in a di sFPYPRERREN rsfPF'Eiéi'QF‘é)f ﬁ@ht’?@e’ﬁmp&’@ééﬂtﬁrnﬁofftpr'smg a

the pr es§|ﬂbohf86$ﬁélhﬂ’fq pbhﬁﬁ@r 'c‘har@ét@)’kgéqn%at 5% to 100% by
silicon-containing ma st op

eri'al for etchi
f or mat i ofiobg. kases enithy t§’f@ipfbéT‘bP'éS’fsang‘?%@u@E@OBycomamed in
curing t sﬁ*&%\‘\ec&r%ﬁﬁﬁgtbcﬂpnfe‘?rmf f?fe'@bhﬂibs‘?tfor?t Smsﬂi%on is

stopper [ayer. Furthernore, according to the present
i nvent i ofoNtaNadin a d'ﬁMWW%SEH@@é@,s for produci ng

]f[gr%Q'i'LCO”dUCFQFthQﬁV'a%%ordlﬁ ”%' %é‘g ?é%h t‘?ﬁ§erﬂfon there is

g an insulati nP and stop
| ayer onPEPVédRsEt Patl C@Wlﬁg”}ﬂarmaﬁf@'héﬂl ﬁ&thﬁﬂl $gepper

| ayer byfo?ﬁ%éti%hCBlr% AKing/ Ho'p"ﬁ;%r"ﬂ]ﬁyﬁrl %gé 'bX/ curmg the

conductive material I nto a“groove or

wher ei n ab@%pﬁg\mmfonfay@atlpa crf@tﬁl@agtﬁioemr h’ger he

conpo r e
AE012] PO BTy She i ORRS, e i

provi desPEpVidrfhodi Prefessorfor h@rowmﬁataoﬁemcwuctor device,
et ching één%gﬂgfn aner t*e%swgfs\;b:%:ﬂﬁ”?ﬁcﬁi%%lat% hagerdRfd an

the like ar i cab
permtti etchwgarﬁiomgr Hagﬁr oFm/ @t &Wstgetees*emcaﬁe@ padepf the

condi ti Oﬂ,%uﬁjtm ||%88F| Byerdry ngré ngaﬁd | mllﬁﬁcrﬂr{‘gelectrlcaiiy

For the et usi ng
COﬁ'pOSI t¢@?ﬂu<3ibf@omtﬂ@alt @tﬁlﬁagm@@ﬁf hcﬂl@) hus darmedewherein

sel ect Véltcwr{gg g[dp\é? 1hfer 6fdrigs @'tﬁe%\}%ecomposmon

vari ed var the etching gas in etching
Speci f i céxrlfyrmmm o edehing Sé@pmwre!a@ech. ng stopper

| ayer per se is conten‘pl ated, the selectivity relative
to conventional hard mask materials such as Si2 and

Si N can EEFEQchpé:ajs'b@ INVBNJpEN y sel ecting the
ei@%ﬁ]g gas.y Efé@dtvﬂ% tich {)ﬁ'%b%snaé’ &ﬁnﬁgglﬂ?ﬁd for the

|chthe sel ct|V|tyr at | to a mter
t he i nsufamatipn &fean atehingxataniper layer to which a damascene

methy! fhhﬁﬁﬁsa' PhRNGheCalkeP Care® NAI5HIRG LTS OSRd! WhichY has low
permtttlwty and has high dry etching resistance under conditions
for interlayer insulating film etching.

[0014] For the etching stopper layer formed using the composition
according to the present invention, the selectivity relative to
various materials can be varied by varying the etching gas used
in etching. Specifically, when etching of the etching stopper
layer per se is contemplated, the selectivity relative fo
conventional hard mask materials such as SiO, and SiN can be
increased by properly selecting the etching gas. Alternatively,
a method may be adopted in which the selectivity relative to a
material  for  the insulating  layer, for  example,
methylsilsesquioxane, can be rendered close to 1 by selecting a

different etching gas and the etching stopper layer and the
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di fferent etching gas and the etching stopper |ayer
and the 5 5 [0015] 10 [0016] 15 20 [0017] 25 [0018] 30
insulating |ayer are sinmultaneously etched at the same
etching rate. That is, the etkhing stopper |ayer
formed using the conposition according to the present

and, ot THATRURE 4T oreE i e g HiEed AR s Srching

requi reneates d@pahdispghepetchiagi etoppese dyed nfbrericar usrng the
Ot oo BRI S oL Bizoa

i || ustr ateisnan atghingstopmer lagepaeds avtha saena dag]uziroproperly
device b atdamascene net hod SCRI TI . OF REFERE
CHARACTERE St 0 VAT RS at ISy TSR 02 @l eNBRP  various

103 i nsulsamiogndudtor dlé4rcetmb|dugt:en@pnertrdreyer 105
opening 106 insulating film 107 via 108 trench
structure (1) represented by formula [Chem cal
formul a BRIEF RESORIPTIGN OF THE DRAWINEG4 BEST MODE

R GO AL Fiantdr & GRopoiet DALy Dh B Fagngra pgpduction

st opper aycwsso@ﬁwseaﬂsoradwctbr devicediy aidimMasdne/ ARfthod.
havi ng a disiiyl benzene ring. The disilyl benzene
structure is a structure conprising two silicon atons

at t ached DES@RIRTIGN OF REEERBNCEAC HARKCTERS
PROYTE RBY'iRGubihg ik ucture is

102 wiring element

103 insulating film

104 etching stopper layer

105 opening

106 insulating film

107 via

108 trench

BEST MODE FOR CARRYING OUT THE INVENTION

[0017] in the present invention, the composition for formation of
etching stopper layer comprises a silicon-containing polymer
having a disilylbenzene ring. The disilylbenzene structure is a
structure comprising two silicon atoms attached to a benzene
structure. A compound or polymer having this structure is
sometimes called “silylbenzene.”

[0018] The benzene ring constituting the disilylbenzene structure
in the invention of the present application may be part of a
binuclear aromatic ring. A preferred disilylbenzene structure is
structure (l) represented by formula

[Chemical formula 1]
R R>
— i ar—gi— (1)

| l
R? r?



sonetines called "silyl benzene.” The benzene ring
constituting the disilylbenzene structure in the

i nvention of the present application nmay be part of a

bi nucl ear aromatic ring. A preferred disilyl benzene
structure is 6 wherein RL to R4 each independently are

sel ected froma group consisting of hydrogen, an

al kyl group, preferably C3 al kyl group

al kenyl AYREBIN BY dodRa sﬁ9h an@p@@dqatlsaakeeﬁyieCQE@,fr@un@ a group

a cycl oaldgykistihguss h@@?égeérabbu ak97g%up¢8p.<‘éfé+ém§/kevlc1 to Cs
gr oup, an aryl “grou referably

group, arliad a@neyp, g@"(‘)u%lﬁenﬂr Gf%‘#%bpgﬁfﬁfﬂ?ﬁyt% @M_o Ca4 alkenyl
5 aral kyl %rrgu,p awc@aM@ﬁbuﬁ gf&aﬁably@q am@' dycﬂ’oéﬁkyl group,

to C3 al am no-group & 3{ oup,

pref er ab|ay1 @rytmrwp @“eéﬁrﬁiphsm% togoupFy aﬁ@uwan aralkyl group,

represen yl 0+¢gr p

group. 1 m%@a@lg tahed7 tgsgwto a|r§\r/ I {;'%Qllpyaénnogmwarﬁm% group,

preferr e@rqfeéablw %&Hz&h@s aékylamlma @rpgpstand@tma&ydqbd group,

represen I

[ eprese tp‘?é’fe%{blfy%'m ® Eg?a?@; @H %rggg%gg%%ro f f]les%rgts?%n aryl

10 vvherel n mom mf%ﬁa@hag rhEmyhee QﬁOl#FbrmJI a (1); and R5
| p

gdr og]z aslglﬁﬁ)%‘ileééﬁ’(‘;lrﬁ/eggir%gu é?ﬂéﬂesﬁty(\;%‘fgrr{@‘d dlSlIylbenzene

Cl to C3SHURBNEJS sHiustiye (AHdear@prtt@d bgFoamile group

Anmong ti@héh’iéeﬂ%rrﬁgm Q] ni ng polyners, silazane

pol ymer or siloxazape polymers having a

di silyl benzeneRstrucRure are preferred. The above

si | i con- conR&i nNng_pol yrRBr may be produced by

ol yneri zin 3j redl monomer i.ch can form a
POty ms% Si— M?ﬁ

15 wherein R" to R* are as defined in formula (1); and R® to R® are
selected from a group consisting of hydrogen, a C1 to C; alkyl
group, a halogen atom, a C4 to C3 alkoxide group, and a C4 to
C3 amino group.

[0020] Among the silicon-containing polymers, silazane polymers

20 or siloxazane polymers having a disilylbenzene structure are
preferred.

[0021] The above silicon-containing polymer may be produced by

polymerizing any desired monomer which can form a
disilylbenzene structure in the polymer structure. An example

25 of a silicon-containing polymer production method is to
polymerize a monomer having a disilylbenzene structure.
Such monomers are preferably monomers represented by
formula (la) or more preferably monomers represented by
formula (lla):

30 [Chemical formula 3]
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di silyl benzene structure in the polyner structure. An
exanple of a silicon-containing polyner production
nmethod is to polynerize a nononer having a

di silyl benzene structure. Such nononers are
preferably nononmers represented by formula (la) or
nore preferahly nonopgers represented by formula
(Ira): [dm%fm forfmula 3] 7 RL R3 X-S| i-Ar-Si X
R2 R4 (la)xék 'a;AMieLX R to R8 Gfa)as defined in
formul a (II);i@nd X' $, which may be the sanme or

di fferent, rébresentRé hal ogen atom or a hydroxyl
group. 5 [0022] Such nononers include

1, 4-bi s(di met hylchl orosilyl) benzene,

1, 4- bi s(hydr ox |netH&?chlorosiIyI)benzene, and

1, 4- bi s(di etmyl chlardsi Iyt ) benzene. [0023] Wen the
si |l i con-cont hi ni Rl yner used igsﬁﬁe pr esent

i nvent i orXT§ IsyR¢ s81i1t%0 or 3 hononer s

descri bed abyyve =y§ge m xed for polynerization.

[ 0024] The noner mayg produced by any desired

met hod. Speci fRcal | Y% the nmononer may be produced,
for exanple, by (A) a Gignard reaction between a

reagent. ierguT ROSRE Hrerd BIRROR EnuF Gl apdets which
a diacyl neaypros the saomgpaundiffenshta rdpredergematatdgen atom or a
si | ane. i[,_lg@g?i%xlgﬂguﬁonpo& tion according to the

pr esent ndi spensably contains the above
si[002ah- cont &uchng mpohymmrs hducludea di ghbigldigmtryenlorosilyl)

(

structur th t,chj.ng,_stopper, 20, ] ayer .i,s formed
R BT R o o R A S
i nvent i orl,,4ibis@iethyldhdorioslylObenzdree.pr ocessabi l ity of
t hi ng 0 r l.ayer per .se, the content, of
PRERT TR ARG TSRt R, bl 1§80 M the present
prlefer abligvéntgin i$haynthesizcae tva?Cdm' ngo@lrﬁotzlbmﬁwddescribed
relative 40 iLnQroani c terial us in a 25 har
mask suc@bgﬁgpeg%ggﬁ%%d P%rqq{gmei”ﬁ@ﬁgﬂsed by
[ r[lﬁf)EA]si ng The mmbe}iér n‘fabeebprdeCetdhgy any desired method.
si | i con-cant ai ni olyner. To this epd, the presepc
of o SRR e er Mal B oot PG BXSMBIE, by
hydr ocar §Ah agGmig}maa? rebetiom betweeh Eﬂ?‘l@géﬁﬂedm%ne and an
presence . n oup is nore preferred.
Speci f i Czﬁ%g\%tlﬁ%ngna% ree%en?, or

(B) a decarbonylation reaction between a diacyl aromatic

compound and a dihalogenated silane.

[0025] The composition according to the present invention
indispensably contains the above silicon-containing polymer
having a disilylbenzene structure. When the etching stopper
layer is formed using the composition according to the present
invention, in order to improve the processability of the etching
stopper layer per se, the content of carbon in the
silicon-containing polymer is preferably high. That is, the
etching selectivity relative to an inorganic material used in a
hard mask such as SiO, can be further increased by increasing
the content of carbon in the silicon-containing polymer. To this
end, the presence of an aromatic group rather than an aliphatic
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silicon-containing polyner preferably has an aromatic
group-containing structure in addition to the

di silyl benzene 5 structure. content of carbon
specifically varies, for exaﬂfl upon properties
required of the contenpl ated etchlng st opper | ayer

and et chitnyaroeation ogtbup! Nageties amorfume efs, Méﬁ?erred The

carbon cont ent |s prefer nat | ess than 30%

wei ght, rRSEEENeH of & Ripe thggpupé§§ngl}9aﬂr 8uedy \ﬁﬂeﬁmca”y’ the
10 [ 0026]silfdr-b6htaining S'pbiy?ﬁé‘r C QiFefdrablg m&syﬁeén usg@matic

in the present invenfion may al so fornme
a conbi n&PHR-NtaIRNg awgu%nwdbcﬁgqp ntp athe dlSl\ylbenzene

di si |yl bepgeagesSt I Urhe!l BoMidt %Wh@érbdfpn%@é:ﬂcélry varies, for
particul ar, when the nononer having di si

structur eenamlsss'ppnkmoyer%esm%wg%d P§ the cor%emp[ated etching

honopol yfé%;bé’é\‘!a@@r aﬁ‘n@eeﬂ@ﬂiﬁ@”f%héﬁﬁin%n 9%k g%d@?ﬁlorfﬁfwever the
for Ilinking the above nononer is effective,

t hi
case, a FOYHRRCONERNL 'ﬁgorﬁf%ré‘b?%ﬂﬁﬁl%?rsytr@é‘g:ﬁ‘éc’é QY welght more

pol yner i Zp@éfé?ﬁb%ﬁbth@sﬂﬁ@i@@S% by%@@'hit’m?“ zing a
bi functional _or “trifunctional nbnomer with the

ndRBABI havi FYrtaesi ther silipansentaistnag eelineer ysed in the present
bi funct i gR@éntish Phay rdI§eNsd ORRED "B U 'Eilbolﬁﬁ)aﬁﬁﬂon of the

desired one so far as it is polynerizable wt
nononer [RRAVEg MENAMEET ﬁ%&&@]éﬂis'&’%'&%@n% %H{Pt'éi'@eé""th other

not Sac“rﬁéﬁ@mbhe ef!ﬁecﬁar%uf:afﬂe %%ﬁe%e | MBRBHIMN-having a
Specific exan'p es of such nononers 1 ncl ude

hal ogenatdigilyl_enzane sgiHChEephdfy tIepEhl Jkeli | ate, undergo
25 di phemynihsd) }/er?r%'alt;éﬂe tHB?tﬁmgh’{éerﬁln%hosdﬂ @Nemon8hfér for

met hyl hy drodlch or05|lane
si li con- &I@Ktrw ngbpe yirnonekets etieetive. prlastbis case, a polymer

I nventi omayasy & é%it%?éddbﬂ?ﬂéﬁf@e of bHﬁﬁﬁ{ér?zat%dcéﬁ‘Be formed by

amount of the disilylbenzehe structure shoul d
| ar ger t $QROlYNaENEAYaAtiinctioge! gpddfunciianal! mcs%m%r with the

100% by RbSomBF ﬂaﬁﬁﬁ@'é’ d?QK?IBQn?@n/é Rr a2, bﬁft—?%l%ctlonal

the total nunber of ndbles of silicon contained In
si | i con- @sAtiBNAtiegabsgmer mambecampdgwe@mne S0 far as it is

accor di ol fefiZapler SRART thiv HbhORer Chading caN ddigibehzene
0L

be contained in th di sil benzene structudre int

si | i con- GHRCHIGi r?gj‘qocﬂ%ﬁﬁern0t3§a[30ﬁ2%] theneeffrtn ef the present
average HR&RIYAS V‘ngmlco%x&h‘gﬂle? TCQF?)ISZEHOF’HJHIQ& include

pol ynmer contained in the co tron 5
15[ 00301 hedeganated [oggglpeg5 such as phényltrichlorosilane,

diphenyldichlorosilane, methyltrichlorosilane, and
methylhydrodichlorosilane.

[0027] The silicon-containing polymer used in the present
invention has a disilylbenzene structure, and the amount of the
disilylbenzene structure should be larger than a given amount.
Specifically, 5% to 100% by mole, preferably 20% to 60% by
mole, based on the total number of moles of silicon contained in
the silicon-containing polymer in the composition according to
the present invention, of silicon should be contained in the
disilylbenzene structure in the silicon-containing polymer.

[0028] The number average molecular weight of the
silicon-containing polymer contained in the composition
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[0033] 30 [0034] 35 according to the present invention
is preferably not | ess than 700, nore preferably not

| ess than 1000, fromthe viewpoint of nmaintaining
filmformng properties and is9preferably not nore

t han 100, 000, nore preferably not nore than 10, 000,

fromthe I ' ' i.ni . C ositiaon,in
2 Vi scos PO (b, EREhF PV T SRR BPLY 26ty Bss than
not | ess TGANMOeocrpferably, nabtesspthemed QD0yY froot thé edewpoint of
L oo iAo et e TROSPERBAT B bRBeg not moro
nonorer  thawi hG0 H08i, shond pesfeeatsly staturiovs ¢hanl 10000h from the
the presenb"Peifot BeifEnaes Bin.omabeiiaft hetSfasty range
t he conposiitakde fot hendiing.ng ratio of the conponents,
211002 ot ETRreTaBRLROR Y G 0 heBuisedle. more preferably not
requi rengess tran s30%sbyedoleheof thapesinontgrsnepnstituting the
cont 20 SSHTEPTL0B, ghied € BB GBSy 12" Reomer
f or mat i onhafingt ahdisiykieozpae siyeture actitiolighg the ¢didtent also
present |er&t| h coBt ain.a sol ven anpolre Othnrvention, the
addi tives 2ddP P AN G BPe e SHYTI D & YR PreshR
conposi t i @mpegentsi ogniainddén pthes enitnpositiom, i he mixing ratio of
ol yror . R BRRPBRERE Bifdctr Ruftodinatd et copsiifing the
or di spersikcarireontdiovg palyyeer is selected as this
PoESBL: bons VPP DRt ¢ akpiPockaikemenR BRe | stistied.  the
Pr ef er r eccaamposijibaneay odargain, aﬁrpxmyhmeggh%rcctraﬂ the above
nononet hy r efatg,. cl ohexane and the I|ike.
The conp s(flﬁlngﬁ hﬁgtht‘ %lﬁﬁﬂ{yﬁ%ﬂn%ﬁn%ﬁfw@éestopper | ayer
acl@68dj ng t o Thiee cpmexmsition nffbeEtdrgmtmy of f et&ﬁr@%sﬁb)bper layer
contain _of .addi tjves, Such additives inc]ude
crossl i nla(ﬁ%? 'é@n&’s?he SRR 1S 'Opem‘aé'ef’ﬂala}%iq SRkvent and
t et ra netdthayadtidivesanddditeo ‘fﬁ tkthe dbove Ipegtrh@ngl, t he
c jtion r. formati.on of etching , st er |ayer . ,
a&@@sg ng totr?'ﬁe SEREHIOP N\ AFRATAIRY sty BFFEF‘%? Invention
consequergdnerally mrma'ns?ll siobventsinl '?d@iltioﬁoni thenigbdve polymer.
ormation o t

LAl & SER) L o5 o8 ah S i BERBteerse the

base mat eitiove polyrher lis keslected blbetii® sslgéhng The polymer is

heat ed Orée?ecngi Hlo%t earanaitlrt]: %yHPoactaingng,V%rlllbhgﬂctn;l(grocarbons
and the like. Preferred are xylene, toluene, propylene glycol
monomethy! ether acetate, cyclohexane and the like.

[0033] The composition for formation of etching stopper layer
according to the present invention may if necessary contain
other additives. Such additives include crosslinking agents,
specifically tetraethoxysiiane, tetramethoxysilane and the like.

10034] Upon heating, the composition for formation of etching
stopper layer according to the present invention is cured and
consequently is converted to a silicon-containing material
suitable for formation of etching stopper layer. In general, the
composition is coated onto a base material or the like, and the
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case, the heating tenperature is generally 250 to
500"C, preferably 350 to 450"C, and the heating tine
is generally 10 to 60 mn, igferably 30 to 50 mn.
Heati ng conditions may vary 5-Hependi ng upon the
formul ati on of the conposition and the type of the

si | con- ¢patingNsNeeaRASR 2 hbPRRRE dMir Ben&atimd oven. In this
silicon-contarning naterial pre&%red by heatin

above cofp88i t6n heatinge ferperatuse pﬁalgewaﬁwﬂé{)um 500°C,

before  guéfengherso 'ﬂ§4§gb@t éﬂH'tﬁb'Wed{ﬂ@ﬁi%@eig generaIIY 10 to
Accordi n%ly 5%to 10 0% based on the

nunber o®OnBIRSPHE e"s"}hiy @@nto %Qnﬁ“iﬂ neldeating ironditiqns may vary

silicon- %ﬁbﬁumgﬂg Hﬁttﬁé'f@}mul%ftloﬁ'éf' tﬁ@rbdrﬁpoﬁﬂﬂhadd??%e type
in the disilyl enzene structure. This

silicon- @Bm%ﬁﬂicﬁg ¢Ritaining m%anﬁﬁf acterized by high
drﬁo@S}Ch' ng Ir{ﬁﬁa' éﬁr%@cﬁl|§6‘:‘i‘-do‘?|%|ﬁﬁ1"d7h{attd§/ﬂélilgﬂrephfbd bK heating

rticular, the specific 15 permttivit
t hat of &R @.bpalescqraeasutfﬁnt Hegeneralnghe spbpprr strustere before

in the pbbﬂhgaféméﬁﬂo%b%n%%ﬂg' |§nan %ul yAE@érdeF? 5% to

than 3.5 articul arl é gr eat |
cont ri butl@8% byamaleghasedron hedetalt pumbey oéfmoles of silicon

sem condyghRind@VihCc®e cURRS 8fiRoP-coltamiRg Q'Héféglfﬁt 8PRficon is

| ayer according to the resent Invention is a
nat eri al CPAtRINGd vdPy uker ul didlylrenzess ngS%W@tHb%r This

layer i nsﬂ%%@&ﬁﬂ#ﬁﬁ?’rmgfé\fb@% cHaQQ@t@hz@Beby hl%/h dry etching

COﬁ'pOSItIOﬂ for formation of etC|n StO
accor di néesistanee mnskdaw ineranttivity. |s¥msré@rtlpbs&ar the specific

f or mat | OBeAhtioRe I 6wt R thERA mb @fé%eggnw;wﬁé Qtching

devi ce productioh 2 rocess, particu scene
met hod. ﬂ@pegéﬁvwﬁu her prioGati (@bOpt &aa@@tdu isrggnesally sot more

usi ng t hehHPBRDSIrtieDiarfy0s. Bfﬁ‘:rw ér‘?@ tI"Pu? g?@ﬂﬁngontrlbutes to a
st opper |ayer conprises the steps o
i nsul ati ,@3 iy Iramrm*ttléttzmfr@e@mﬁﬁeptqra«}@rlcgﬁ alherefore,

substrat ghe bﬁfmf-{ %@ogﬁ’@éﬁiagfer ta'&%oid?ﬁgltﬁttr@%rééé’ r|n*9¥nt|cén is a

dry etchin forma groove or
an el ect M ar!ay fbahdacveve usgiitle @BaRN] ﬁt@imgesf@p@@r/elayer in

or hole. séﬁuééﬁcﬁx&éﬁBevkE@ etching stopper layer is
fornmed using_the conposition for formation of etching

s{@p¥dr | ayefhe [ oomppsition: ek fproatieni eh eiebives stopper layer
steps ot Q@éomﬁg H“%hét@%s%fnt ;%%E%H‘ {39 u%BS BSrCRoMation of

st opper | ayer ried out
conbi nat Btﬁhl@g aﬁppgbnkayﬁfu@na S@mlﬁ@ﬂ@UthhedGVice production

product i gRodeksSl 0QaRoiaH)O3%. [ A9fRschiel O0dhct®  The

semiconductor device production process using the composition
for formation of etching stopper layer comprises the steps of:
forming an insulating layer and an etching stopper layer on a
substrate; removing part of the insulating layer by dry etching to
form a groove or a hole; and filling an electrically conductive
material into the groove or hole. In this case, the etching
stopper layer is formed using the compaosition for formation of
etching stopper layer.

f0037] In this production process, steps other than the step of
forming the etching stopper layer may be carried out by using a
combination of any conventional methods. The production
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25 30 [0042] 35 process of a sem conductor device
according to the present invention is characterized
by the step of forming an etching stopper |ayer using
a conposition containing a s#ilicon-containing polyner
havi ng a disilyl benzene structure. The nethod for

format i °23r8£e§§ ol Egsélﬁwgcgbqﬁuclt&y %revic%?%ébgﬁﬁﬂ;%a%g Yoresent

t he above conposition ormation 0O
st opper liayentigntis charactexizedobyatheulstep avfe fanmiag an etching

i nsul ati r he | . provi t.he substrate

and curi nr%c_’b@%e cgjgt?ﬁ.ng.u#ﬁg co‘?rpogci%t%’gﬁs'bgﬁ fo??fg?m'ﬁg a
of et chi reicnoppriainiagerolymgr hawingoaésilybyerarenenstrbctdre.

f npl e, [ i n j in .curtain

ngPlgé . Spi Iﬁgogp:éﬁg&q s%ﬁr gff)grrn%gg. e %%hﬂl%l tSF er layer
coat ed orfofprieess ulsstingt éhies abbvaeccesramdgxtfiorh)amqﬂbmation of
renove e sql v [ e te r. CUri

The baki rcTRo; Sy Bifer, Bntd'tE JEMEE o Sslite or an
100 to 239datingraydoot the tibe Pravidedeme tité sgbsfrate thd curing
sol vent . tiwgen baking is carried out, heating

conditions for ‘caring are the sanme as those descri bed
alj9089] Thus, Theecenpdsitign foofpreraticayef efahime dtefperdayer may

1. COMBRSLEAE AP 5ol IRGHORr LY A ERRREG, pipsoatine
excel | entorduytaén chating. ré@irst:aati?g ?ﬂréfewted. or | ayer

t ot e I L
DIREE ' Y Lo RTHL D P B e sy
silicon haketlde mmaeve iexoasosiotienisadl &sthen deatedifor curing.
the’ ber mI{E Skl i cHbl alhét o, et Bhat @65t 100 to
speci fi c 2pbeFr@ifot |ab|oiuy lofo Shaircdependingnabon thé isebrent. Even

o e S od s B BRub BeRES chbBRTe e e
conposi t samef as thiasedesonbedbevehi ng st gppersl ayer

GTBHE 7o ML cBleifd g aBtpelvRay dprifgRneteing  the
usi ng t heompopibioint farrfofmatiborofaéiching stapgpsTi lages taeppading to
| ayer Gor

e T BB GrRYTRE AT B Rel ) toing

et chi ng stgipece | apdr lowoppemitivine SyFdrhessnpgisanplee etching

I oo e et A eSS Pt bifBoratie

was 12 5with silicon nitride or silicon oxide used as an etching stopper
layer in the prior art. Further, regarding the permittivity, it
should be noted that the specific permittivity of the conventional
silicon nitride is about 8, whereas the specific permittivity of the
etching stopper layer formed using the composition for formation
of etching stopper layer according to the present invention is
about 3, demonstrating that the etching stopper layer formed
using the composition for formation of etching stopper layer
according to the present invention can realize a much lower
permittivity than the conventional etching stopper layer.

[0042] Comparative Synthesis Example 1

The air in a 1-liter reaction vessel installed within a
thermostatic chamber kept at a temperature of -5°C was



10

15

20

25

30

35

[0043] 10 [0044] 15 [0045] 20 25 [0046] 30 [0047] 35
and -(PhSiB)-. Further, it was found that this

pol ymer A did replaced by dry ﬁitrogen. Dry pyridine
(400 M) was then placed in tRe reaction vessel. The
reacti on vessel was held wuntil dry pyridine reached a

const ant rg m@edabt‘rdr TMﬂbgéﬁterDrygl{yndme (400 mi) was then

h [tri osilane (PhSId 3
Pl | PIatbdn ther redation Vhesel\eiie Bpduion seesehinas held

that the wpeintdeptpyriding heaciess ta @dihstéﬁﬁﬁ@hpéﬁsﬂgl‘@d Fhereafter,

Cont i ni ACRYBTIGNBYOIANG (PBSIal 4109 %f%zaaagrayuauy added

added owgth stimiig.od of about 30 mn At that tine,

t ture |se s observed. Aft t he conpl
L TOBRE T onc: Next afiER Saimisdsinasntie orte oatiibg. geaction

predet er B8 tr@aaﬁé@talr@onstamrqewp@amréﬂmdd OWN dfMhQdrous
thereactlo m xt ure e .Co etion of the

e e S b g SO Sah el OF L8 ctly added
T ogen SerEEpONGd of Rt 90 wiii=! Al BRARHE Ca tBiberature rise
nrtrogen a e

Xy eng (mpggow%) ﬁ(i%r %&emﬁl%ﬂ%@t e|reagtian, a%@n the
the sol veghctims ranaed vesitHed he I pred@d iR UtmpRrature,

gi ve 63 of a solid polyne The nunber average
mol ecul ara%i}\@PBFFI ga% W"‘I*’n'P'ﬁ"ﬁbW?ré’Pe veactRmalse by Grc

andoyas foungfke tﬁé &ﬂﬂpletfﬂheof\@hé%a@ﬁ% agee W@b@ﬁo’h Q’ﬁlxture
wei ght™ was 260 was measur ed by

0.
As a resiias siiest aprogba¥E rAsuthibiand vasnd &Po@j‘bte\?\%% under

obser ved ppé syméqn@hﬁfog%?ﬁgtmﬁdh%rahécgwé 780 rglr of a flltrate
Z ve

ble_to G
glmgr ZP&E%M'%@E*&HWO%M ﬁva%ﬁdasﬂrtpbm%ultéate and
t 0 S' - Otifé sehen@vedy Maflodéd %ﬂ%ﬂlﬂﬁ@?éd@ééﬂlﬁﬁeéﬁﬁg to give 63

cml; and absorptl on attributable to Si-Ph
obser ved 90T a8PlH RARIEMerar SDRNUMbEF ane@gepmql%ﬁar Weight of

resul ts @hisZ8sH mdVivad dhe/Sd i edShP BRC and was found to be 900.
tetranet hyl sil ane standard show that a sig

PhSi N3 i 4 heoweldhl éyesage gno sﬁﬁiarafv@ug@hava%%@ﬁ%s. Nbis pelymer
observedwfs mé@slifed by FT-IR. As a result, absorption attributable to

NH group was observed at wavenumber 3366 cm’™; absorption
attributable to C-H in a benzene ring was observed at
wavenumber around 3000 cm™; absorption attributable to
Si-O-Si was observed at wavenumber around 1020 cm™; and
absorption attributable to Si-Ph was observed at wavenumber
around 1400 cm™.

[0046] Further, the results of ?°Si-NMR analysis using a
tetramethylsilane standard show that a signal of PhSiN; is
observed at -31 ppm, a signal of PhSiN,O is observed at -40 to
-50 ppm, a signal of PhSIiNO; is observed at -55 to -65 ppm,
and a signal of PhSiO; is observed at -70 to -80 ppm.

[0047] From the results of FT-IR and ?°Si-NMR, this comparative
polymer A was identified to be a phenyisiloxazane polymer
having on its main chain -(PhSiN3)-, -(PhSiNzO)-, -(PhSiNO;)-,
and -(PhSiOs)-. Further, it was found that this polymer A did
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-50 ppm a signal of PhSINO2 is observed at -55 to -65
ppm and a signal of PhSi O3 is observed at -70 to -80
ppm Fromthe results of FT-IR and 29Si -NVR, this
conparative polymer A was idéd@ified to be a
phenyl si | oxazane polynmer having on its main chain

- (PhSi N3) 0t hé\%@d\gﬂﬂ?eénz‘é'f%gi% 13 not have a

di silyl benzene struc nthesis Exanple 1
Sy i sSvpthesky Exantpbil i n the same manner as in

of 5 Sﬁéﬁ; SIS o uimb s Brfed B IR e, "Rt et as in
1, 4- bi s( deaBpayaiive cBwihesgls) kExmzmie derexcepédthats 105.75 g of
starting L}ﬁ{ricﬂ:l&osﬁﬁnﬁ‘ reZF—‘lnE OUt ﬁgogg]oégrae g of

hi ghl y VISCO
mol ecul ar M!gﬁmhylhhbrpﬁlwmwmsw&mswm As  starting

1500, " andnetsldls, TS FoRIEC 266,08 54 81t VisgdB8 potymer

4000. [oOb®jasFabteRest. this pol yner 1 was neasured. As

i d
DB o ThEglecar el A Rhis WV ORL S, WBE iflppwed. s
1, absor @ iresuljt thei butrwrea\tenagé rad)eaniéant wiejghtogas 18600, and

adacent ocragE R ERRRl ¥ohAla B8 b€ Mhip, og

frf@ﬁﬁ@] 4- bi s Fdriffetafiythésh padprsiel y1 )\fhﬂ]masuretlat As ,a aesult, in

0 11\ R S o SO0y TR KoblHhrea

i ntroducé&bmpatatpm ﬁmﬂheﬁlexﬁmaeft abaomlcynmttrmutable to

St uct ur SR IydsaOn & 4 BBogEhR'rind, Y5 E¥eryaaspund 780

of ol es o' si Wheoad}acenalhyddogen 01] tmsemehzeh@Oﬁﬂﬁ] is derived

Thetarted G boanatbi o BT adhat 1. 2

r epl aced disilylipgnzene egeoturA sdlhig resultsf ofidbgenfation show that

Srgﬂ}éln;{ F%Lﬁi’é@%%ﬁp cl‘lgpo%(l%%pég%%%s troduced into polymer

met hyl di dhl orfogithemein MeSyhi@r2)1, &mal W@ntobf smcon in the

1, 4- bi s( rasilyl)benz i ssol v

m  of Qﬁg}ﬁ}éﬁ‘%s&{ gﬁ%‘FL%Fo@%éeang W?Le B 8A A the total
vessel . Neumbertdfenatm ot siticah cbath'aedtﬁrmpelwﬁelt he

r kon . o -5C. \When the tenperature
oﬁeﬁﬁy)s ?ﬁgéts predeterm ned tenperature,

a m xed sol uthersir o rp ot oof vesdedrinatatledywitdinne, thermostatic

byt ai ne chambet i uaRiathd by o uFogsh | dh Sollidl o547 o of

a rate ofphabgliticlBorodifanien (PBSiClp), t $6 3y adsdiphepyiditierosilane

nal ost | aferp e d PLOREhEtABrodiaritaiich)., and 50 g

of 1,4-bis(dimethyichlorosilyl)benzene dissolved in 1000 ml of

xylene was then introduced into the reaction vessel. Next, the
internal temperature of the reaction vessel was set to -5°C.
When the temperature of the solution reached a predetermined
temperature, a mixed solution, composed of water and pyridine,
prepared by dissolving 13 g of water in 1000 mi of pyridine, was
introduced into the reaction vessel at a rate of about 30 mi/min.
In this case, upon the introduction of the mixed solution, a
reaction of halosilane with water took place, and, consequently,
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14 the internal tenperatuer of the vessel was raised

to -2"C. After the introduction of the m xed sol ution
conposed of water and pyridi ?g was conpl eted, the
reaction mxture was stirred for one hr.. Thereafter,

in order to fully react chlorosilane remaining 5

unr eact edhe émeormalatenaseratigrasithedsedlsehwiagtraigyd QNIZ°D. n After

for 30 in,. and the reaction m xtuyre was stirrged

Uhon- ¢ he e infBEuERSR ST, i St RopiRasdsbof water and

XPII te PLWMM?“?SQEW?@?@J 1 GHctivhdaixas @ES%’{N@H for one
er co etion o eaction, dry.nitrogen .-

nas bl owle o TRerseBetdhonrder, ity T8ash osiats remaining

a_nfl sol vemredéted| acewenta v?gorrnh@mfu@aﬂ:réteai r@tzet ofJ_BNﬁ/rmin for 30

ni trogen pressur,e to give,. . ol yner ic S

cl earg afdi™hi GRAy R‘?&%&@&F'Opod%ﬁﬁ?u'ﬁﬁewﬁéwb%w era&ﬁ%n the

ol ecul alintnéd @dtiordfof pahwitia 2 thd Usrmatibai afedhivaspbditate of

FT-1R of pol yner 2 s nmeasured. As 3&%5 result, .

absor pti GITRPPIB UGS Woapb3s - wlelibe: smbletion of the

around vagsttisH)edry3ahdgent was ASWA DI reaVel afné Bl remaining

to Si-H was ob ervgd ?\géﬁn Zé'%g cm,1; aglsor tion

at t ri but Aea¢igdspNBFo BRECEmEN RS e garried qut under

absor pti otrégén ippus@lnleetd give HOO0I § of PEPARITE2 MIfIBhWRas clear

observed ar %a 3000 cm 1: absorption 20 attributable

to Si-0 whY E8Lr YISAOUS- 1060 to 1100 cm 1; and

aljeosPL i on aThéimMuhbBl & viepagd m@%&him%@ﬁnopboﬁ/mer 2 thus
benzene rin

[ was o rve 780 ¢m 1. In polynmer 1
The- cont Shilppt3ias S3R0! IR Glindivis aendnbacured. As a
S]tc r Uclt ur ¢e?¥ﬂ$,_e|&$%rbﬁoma|tﬂ¢i_b@@%@é t@rNT-E@oubeé\éToﬁﬂéggd around
of noles of silicon ain n pol ymer, 2. e )
content SRVERUGRET r?'%gﬁl ﬂﬂeﬁ leﬁﬁg)t%%aévﬁ’\%@gﬁt to Si-H was
5'00'5?1| S!bbtsbﬁ.%cﬁtaﬁéait‘fm 21680 P@hSﬁETHéths%rbﬁMﬂa n@ttﬂlt)utable to Si-Ph
i silylbenzeng structure synthesi zed in the s
manner a¥asORSRIVE s@@%@gﬁ%}%cﬂ] ; %Qwﬁflom%ﬁrnwagﬂegto C-H
01;] rrelt thy!iﬁ ﬁx: 5bh@¢f@irir@w§\eg§bs@@éldidmt#ﬁad3@®? Iont: ?bsorption
phenyl tri or qsi | ane,, i phenyl di chl orosilane, In _
pol yner §?t”byi?&ﬁ@otﬁ’t gﬁ'@d’f’a’%iqrhs@éﬁeq’ @t 260 to 1700 cm™’; and
di si |yl bapgensic bttfibutdblvas ZPabdht RYdrBRjeh BASESeR ene ring
the total nunber of rm}&c? of ; si H cop contaijned in .
pol yner WasToRSeIYRH Al C84r-boll PA yggﬁryheﬁhegcq\;&tgnggé/élllcon
by wei giH thS%isikaehLere b&@%ﬂjre%hyrmr%ﬁogwmolé%men the
in a xyl ?ne solvent fo ar 15 5 10 ILOOSS;_ 15 |
otal number of moles of silicon contained in polymer 2. The
content of carbon in polymer 2 was 55% by weight.
[0053] Synthesis Example 3

Polymer 3 having a disilylbenzene structure was

synthesized in the same manner as in Synthesis Exampile 2,
except that 66.3 g of methyltrichlorosilane was used instead of
phenyitrichlorosilane and diphenyldichlorosilane. In polymer 3,
the content of silicon in the disilylbenzene structure was 28.5%
by mole based on the total number of moles of silicon contained
in polymer 3. The content of carbon in polymer 3 was 25% by
weight.
Example 1

[0054] Polymer A was adjusted in a xylene solvent to a
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[0056] 20 25 [0057] [0058] 30 predeterm ned
concentration and was spin coated onto a silicon
substrate. The coating fil mwas baked on a hot plate
under conditions of 150C/ 3 mik% and was then fired in
the air under conditions of 400C/30 mn. Dry etching

roperti Kl aht al ; .
lsing. an Beosky et dBncERBLBN A& Fag Glif @eei i a siticon
an i nt er | suhstratesuiThei oeafing rfilwasvast bakdd oGas hat plate under

conpri si j X rati fe 0,_.
\/\hirTEh i sn%ﬁ@@é%g?qoﬁq/%e%cégggmg%etﬂgﬁo%'gésdéﬁéﬁ? alr under
st opped canditiens ot Hi0OGCLIGppier  |IRryeetchivgg puseertias ofhthe film
as. The f T al yat,i.on .
\%as carritbgggdubttag’%?jngbp%lvﬁ\@@ c‘%t?ér}]gl'éa gr”a?@g%{rm ﬁhfs case, In
NE- N5000, 2 gamgscener eétivyd, an\iagridye:.ihsulatien film was etched.

conditio fapr .10 \ a . 20C..

ant enna B%S%f@s b ik P VIRE B2 Jafond Teip etaportoo,

of pol ynmewhithdade podgetega jn lth& esiseewherex precessing is stopped

solutioné{{aﬁ n 0 L Q S spin

coat ed, and ﬂﬁ%@%&%ﬁ{%ﬂ@%ﬂ g’g%uhgé(# ag‘oﬁ%f &%ns Td}e total

400C 30 rgas tlowfveasil 58 M. Theefavalmatidruwastdaarieddut using

wer e eval yat [ rey) [ he, sane

manner - act nethlH abasEy' (1Aoa8f ARNeFRe, Jubitfiaided by

( her ei nafllevACelre.) echdies eonditiomof pressyreotDoed, tsmperature

exanpl e o | al ' ermtiLyj

[ P{t@gré}s]?ygz;o @2%E§é¢%ﬁ:@ﬁ$dgm asriqoﬁfg%no#')yﬁ ?égw

( af t er Foefemohedf polymset Ji Bhyl polgnfir02, fkediseeda xylene

from ! elemaidiPiss’ iraRerdNIhE AREAE ol flof (BE Jofn Bated, and

" TECS- Si ZF‘?‘ Were 'provi aed as )?8[1"@ a Yps P s an

mat Ieri ?I th_ercﬂiegewehifhrgd widgypeonditiges ofldORSY 20 mirr]] to form

eval uat ed, R e L QVE. e :

results \%epgn'as?gﬁom S{Tﬁﬂ[%aé?%%ﬁ&i%féfgbé{gaq'i?%f‘a&re&f etching

Eval uat i m?pert@aswndhewmrge mammr_ta’asem) pgﬂyim/er A.Et _

p ivity e . i yner Et chin

PP sV R PRAERR) REPARGE P o o

Pol yner 18E)")2whs| gnowiderb B39aR example of a material used in a
low-permittivity interlayer insulation film, and silicon nitride
(hereinafter referred to as “SiN") and SiO; produced from
tetraethoxysilane (hereinafter referred to as “TEOS-Si0y")
were provided as an example of a material for the etching
stopper layer and were evaluated in the same manner as
described above.

[0057] The results were as shown in Table 1.
[0058] [Tabie 1]

Table 1 Evaluation of dry etching properties

(Low permittivity film etching conditions)
Etching rate Selectivity*

Polymer (angstroms/min)

Polymer A 5000 0.9

Polymer 1 650 7.2

Polymer 2 510 9.2

MSQ 4670 -

SiN 750 6.2

TEOS-Si0; 1190 3.9
*Selectivity = (MSQ film etching rate)/(each film etching rate)
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M5Q4670- Si N7506. 2 TECS-Si O211903.9 *Sel ectivity =

(MSQ filmetching rate)/(each filmetching rate) 16

[ 0059] Conparison of the resu“is for the filns

prepared fromthe 5 [0060] 1015 [0061] 20 25 [0062]

30 [0063] 35 above polyners with the results for the
MpaD58] m t ypCoaiparfsonhef thewepaktsifot ithé tiymsnprespaageérfrom the

orcacnt | PRGURLIITRLS S b R T % GG bRicdor
et chi ng lekerntitiokgeintenayslr ingilahomdilreshohantieat te films
Phe el Euie BSeRLSnBhh S Haveld ABSeR) Sw ary
regC?gséS %é@win@?aﬁ_@nﬁtémntbaﬂ_dry lbhﬁwiﬁglr_@@iltstaﬁcteydqh garticular,
an - Ol . | ar.e |1 C erila u as
the etohih detpicratrdtp offas dsthhh 18gthe M Bined from
respect h Y)@Ewmerg bat.el, %_eledti\ﬁitg, mfagﬁfe%r@.zg hat, when a
S ucto VI C | S r ce a. da cene .
P60 e cchpoia Plher bBNdo iR seRe BT et R diEIS-SiO:
layer aq@nchliaie typiddiempiarsdlnt usaty et ﬂ@etéfﬂﬁgeétﬁﬁlbﬁg layer
T oR ey B8 57 A 5k r eyl o TRRC B pBigiarght S, when
rel ative at gefrRRICIDI Hevideyis pRé@IdarY 8 i?rwha@ém method
per it &1 FRINE SRS CRRMPRRICTo e loTaIRTb Ty Riching stpgper layer
t he specigktérdigg not tHe/igrgsemt imeertidn ther BRsthihd Wtopper layer
pol ymer 2 were asured and found to be 3.0 and 3 9, .
espect | REPGIAIRY 1@ pihet RERSARLndVaNHONS oS ¢ high dFy etching
?ﬁr{n : L i Yééi#ta_i?{cte_Si Ah@r Qlff?é{ ﬁéblfbatli\ﬁMD rélég_&e it?diltﬁﬂrtﬂ)étgnittivity
a e.perm | VI L or . e Ilm rarn (0] e
present  IHEHAYPBinSUAtan fimsauchrsdMSELetisiento ¢ he

PESETt | NVENé ispcifidpelaittivity ofithy fifn fdrmmerf BB Bolymer 1

per m T 11 Gtyinr SppgneRRTEBHALY BF MeuBliceraed em porymer 2

permtti y udt C

| ower ed. wex@Mk&sdred and found to be 3.0 and 2.9, respectively. On
the other hand, the specific permittivity of SiN prepared by CVD
is 8, indicating that the permittivity of the film according to the
present invention is very low. Thus, according to the present
invention, the permittivity of the etching stopper layer can be
lowered, that is, the effective permittivity of the semiconductor
device can be lowered.
Example 2

[0062] Dry etching properties of a film of polymer 2, a film of SiN
and a film of TEOS-SiO; were evaluated in the same manner as
in Example 1, except that, in a dual damascene method, SiN
and SiO, were used as a hard mask, and gas G2 which is a
model gas for stopping etching in these layers, that is,
C4Fs/O2/Ar (mixing ratio = 20/20/100) was used as gas. The
results were as shown in Table 2.
[0063] [Table 2]
Table 2 Evaluation of dry etching properties
(Conditions for etching stopper layer removal)
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Dry etching properties of a filmof polyner 2, a film
of SIN and a filmof TEGCS-Si Q2 were evaluated in the
same manner as in Exanple 1, except that, in a dual
damascene nmethod, SiN and Si @2 were used as a hard
mask, and gas & which is a nodel gas for stopping
etching in these layers, that is, C4F8/ 02/ Ar (m xing

ratio = 2 012 Oli—O—O)—Vvas_uWresults

were as shown in FF@lehferz [ Tabl e 2{¢ [#€2 Eval uati on

of dry etching p I

st opper | ayer renpya I-Nng rate

(angstrons/ m n) X TEOCS-Si 2 590

[ 0064] Under the—ab e—et chi ng

rate of the filmb5 10[0065] 15[0066] "formed form

p 0106&? 2 'S%cﬁ?'tﬁb%\)&%&é EBﬁEﬁi‘%Sf f%f&?ﬁn&?&@ 8Bthe film

rate of SiN or Si02, and e selectivit
sati sf actfofpedrram palymeri is Blgrwfmﬁntbfddnﬁfgmrgt from the etching

conposi t i@k %?‘S?N%PS@P é@fl\spé %%Eélgléntgr\‘é%'gtﬁ JSﬁg bfhat is,

selectlvely rempved usin

Exanpl e 3herfjinefarmied Uﬁﬂtﬂoﬂ?& cespsrsition amonfmgdwherpresent
2 and an |N@Q1t|<§r‘1 'dé‘n""ﬁées&\é {lVé\g é&‘%s?ﬁ@%sﬂlaﬁp%loz as a
as in Exanp 1, excep resin

CAF8/ N2/ dmrArmaﬁ a mxi ng ratio of 5/ 10/ 10/ 200 whi ch

is a nodetyfas ;é? the case where an MsQ film and an

et ching stopper l[ayer are sinmultaneously processed,
wd9068kd as Dy ejeRingTRpesties wof aviifra efspelowar 2 mnd an MSQ
Tabl e 3. fIIEnTQ\Fhlr% élra-ﬂ‘%tt’éc? iR, [‘Ké/ {%frﬁ@' Ririlef &S "ne?xlample 1,
(Condi ti ons renmova interlayer 1 nsul

and dry GéQC@ﬁI Hgatfgawmmrynﬂmnet@xﬁaﬁgz/m&r at a mixing ratio of

(angst r ongyh 511y 20 OWATER i a2meleMiAsZihche?lase where an MSQ

film and an etching stopper layer are simultaneously processed,

was used as the gas. The results were as shown in Table 3.
[0066] [Table 3]
Table 3 Dry etching properties
(Conditions for removal of interlayer insulation film and
dry etching film)

Etching rate

Polymer (angstroms/min)
Polymer 2 2550
MSQ 2730
[0067] The above results show that, under the above gas

conditions, the etching rate of the film formed from polymer 2
and the etching rate of the MSQ film are similar to each other
and thus can be simultaneously processed.

[0068] In general, it is difficult that, while the selectivity between
the etching stopper layer and the MSQ layer is rendered close
to 1, the selectivity between the etching stopper ayer and SiN
or Si0O; is rendered large. Also from this point, it is apparent
that the composition for formation of etching stopper layer
according to the present invention is excellent.
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[0067] The above results show that, under the above
gas conditions, the etching rate of the filmforned
frompolynmer 2 and the etchi o} rate of the MSQ film
are simlar to each other t hus can be

si mul t aneously processed. 25 [0068] In general, it is
di fficul tExdmaple #hil e the sel ecti vi ty between the

st opper | ayer adth WS yerlsrndere
ol BOESY, o' P Roh saghiatsadly %0@9 786 SeedHiMhyas formed on
ftoppte:] |eﬁysﬁjbs?faie?id\| ther s‘énﬁ)at rrﬁarfr@ﬂdarseﬂwlakamptlé\l $0  For
romthis poin [ ppar en osition
for for maAneRArGEO %t%él@ gﬁ‘aﬁﬁé’ran Iag’ya@rfﬁ bwgrq,@rowded
goolﬂe] pr esefpr 'trﬁwsﬁlfllrﬁél the @téﬁﬁ{d @nb wé@n@é@s‘ﬂ?é@ i the same
[ 0069] For each of was

L Fhas a9, I Ampiend SreBok Ihah asTallpwing sas was
Exanpl e Lselfor conparison, an SiQ2 filmand an Si N

film(P e provi 0070] For thesefllms

t he etchl%%‘b* gas EEW@Q ﬁ‘n;j’i'gtﬂ/@@ “{"n”"ﬂ‘l’égﬁ%%o f RRMAH10Qs’

i n Exanpl@s:lgashaep é@HBIM@AF%kmy Ffli 005/ s ed.

% iﬁ Ei%h!)ngaCH 02/ Ar mxing ratio of 20/20/100
008 lgftla caHs/ N2/ Ar mixing ratio of 5/10/100

10 [0071] [Tableeq 4] Tabl e 4 T Type of etch| ng gas e of

filmypHAG CP48007606
Pol yner 2503kyq® thlltm angs

of the resutgs ; a8 -.
content of {Ke g resu 3@§: pol ymer

3 having a cagRmerepntent of 2ghpby wei ghipghow t hat

the filmforpgdnidram pol yner 2gpaving a 949 car bon
content exnj of
the SiN fi Imi'tmﬁ?s{q&}r‘?'ﬂé]@'é\gect ivity between the film
formed from poI ymer 2 and the SiQ2 fi I mis increased,

2 nstra that t use o abI e.etchin

oA00EAR": Lo ol pbfysapsilis Tad Bofingh Lhanii’a carbon
cont ent a:anterr&nxfe%%ftgf welghtivigh tiaé eeﬁjlwﬂofrlmﬂyrhby?; having a

| ar ger thaﬂ'&ﬁg? %fpt %° HF\I&EI 432 th5t tRe HiCrormed from

mask. 25°F
polymer 2 having a high carbon content exhibits an etching rate

closer to that of the SiN film, while the selectivity between the
film formed from polymer 2 and the SiO; film is increased,
demonstrating that the use of a suitable etching gas and the use
of a polymer having a high carbon content can render the
etching rate significantly larger than that of SiO; commonly used
as a hard mask.

INDUSTRIAL APPLICABILITY

[0073] The present invention may be utilized, for example, in the
formation of an etching stopper layer in the production of
semiconductor devices. The silicon-containing material for
formation of etching stopper layer using the composition
according to the present invention can realize excelient etching
properties and low permittivity as an etching stopper layer.



[0073] The present invention may be utilized, for
exanple, in the formation of an etching stopper |ayer
in the production of sem conductor devices. The
silicon-containing material fd@® formation of etching
stopper | ayer using the conposition 30 according to
the present invention can reglj excel |l ent etching
properties and |l ow permttivity as an etching stopper
| ayer. 19 CLAIMS [1] A conposition for formation of

et gRi ng st opper g C ri.Sig .

siticon- congg\l ncldnrgygélflgnne?&Pvﬁzhe%?'ﬁ%%ft 69“1'65% b%t;opper layer,
nol e, IsQsHYivNg tehesiltavnacomaitieg pélymelrewhefresi BPedo 100% by
cont ai [ €. S - contai ni r.in the . . .
con‘pos?‘?@gh.?ag%as?rﬁith%ﬁtg:ﬂasi r?%@ﬁ{egidr?]grgef%é’g? silicon contained in
di si | yltivengiiaen-sontaininge .pdiphelhia toepoesmpbeitionor of silicon is
formati L chi ng. I according to claim

1, Mer‘:gﬁ%aqé%‘?f’j’?gi‘?‘?%@hgﬁgﬁé%ﬁﬁﬁé—"ﬁm ymer has been
pri@uced by pbleyeempasitiora foonfosmadiomadfngtening stopper layer

di silyl t e : o) ' -
ar oup. GSSORTHS 181 SMEh 1 wRBFYIRS A8 ST Gcontgipinenpalymer has
mat er i #eehor pfaduned orbyof pefyrherigingst @ppeompoerd  having a
conpri g .Syl e ucture roed b -~
cur ng e friene Y SBERARRC 3R, el “airdnEl Sdroug-containing
100% bgomglogind. based on the total nunber of noles of
Sijshcon cont @i ' . Sili -cantaj ni.n terial .
off?’!i Vicon i B E%ﬁ%éar?ﬁéﬁﬁ'm @8@?&% g8hzEfenation " of " etching
st r uct etapper4layars esnyunisingt ar didlylbemzeoepstrsichge dsrmed by
an etchj ) r i.l.icon-containi.ng
mac or i STAg BRSRsscf¥Bing Bolimar Hagth BPLGa100% by mole,
accor dbaged corelthent@al homberpobaasiesf of giliamnucontaiaed in the
sem copget.c Vi e, ising the steps of: . . ,
form ngﬁ'gﬁh%"sngﬁ’ﬁﬁg m%gegféf‘anod}ang@'?e [ ngS s(iocg‘ﬁ?)'@?d n a
| ayer disilg!bmmzeneateictumrovi ng part of the insulating
I r by dr .0g: d,fi.llin n.electrically.
cjﬁguct ive rrét%%rﬁ%PﬂlgHPgoqadé\ﬁ?E%&?gn@’?S'ﬁgl gstmgtcﬂmg stopper
f or nedlayehea ailicsacontinihgnyatdrizpfer foayation of etchingdstopper
by curj i cQnprising a
sili colr‘#-qygg%tcggﬁ?ﬁé tg’ﬁg%}%gr, wherein 5%to 100% by
mdbg, based An prosesst afornuptoshucing ol eseroicoatdlcten device,
cont ai sl con. ainin | yoer, . of .
11 coRerEnBte e blers oY, TRl S AT iy S e an etohing
stopper layer on a substrate; removing part of the insulating layer
by dry etching; and filling an electrically conductive material into a
groove or hole thus formed, wherein said etching stopper layer is
formed by curing a composition comprising a silicon-containing
polymer, wherein 5% to 100% by mole, based on the total number
of moles of silicon contained in the silicon-containing polymer, of
silicon is contained in a disilylbenzene structure.



