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1 COWGOsSI 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 assi fi peocss méingan Héﬂfﬁﬁ&eﬁbrr&bth‘ﬁﬂ h@ﬂem@:f@hélc@nventzonal
first method accordin cﬂ of thetrﬁ and t he
Via i s T SPRIGPTGULE! SByicprabislish, piocess Ras béen proposed

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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since vias or trenches are forned to a given depth by
etching, an etching stopper layer is provided for the
restriction of the depth. [0004] An exanple of

pattern formation using the d#mascene 5 nmethod will

be described with reference to the acconpanying

draw ngs s:r{c%ogé]s &Str%HEWEs e':fogme%l {Ph gsﬁ cgbii-i BE:hing,
film101 1s forned on a substrate (not suc

silicon. an wtqhum@ Hoppeniane?is @rowdadef@rothet rﬁ%rlctlon "of the
insul atigantd | m and an insulating film103 is 10

fornmed so gs ‘to cover the wiring el enent 102.
Sifee4luent | yAn axaewidi ofy patisspeformation 1&ing stheodestascene

oncthe | hBl! A bl Bhdlibed With réferBhde taMHRPEBEGHpanying

105 as a connection h t hen r med
et chi ng srawi@s.| ayer, for ~exanpl e, by I'i t hogr aphy

t:
(gfrJg%%]lt ggz é’éﬁ ST%)W‘E{H F%’l‘ uéﬁ :h%&ﬂa |ﬁ¥€?ﬂTo i§formed on a
trench 1(38batretet trent srmmbsw aarsyh@@rr,hu AgN:(lnggelement 102 is
(e)). Ing 8d Granid d hsiigf {;aﬁamgahaysa &%@natlr@ﬁaﬂmdma is
ace 0O

on the sur e asse i's renoved
However , f@ﬂmecétsawaagor@a\@rothet wiring elﬂmgntsﬂ BaperSub@y:auently,

v Ponoda g SpaHAESHLE 10 LM UG Rl i 102
part undéFigyi hdbhe Apenpaglr{g)505| gsrarmwcztmrf@dﬁas then
via 107. rdiifed M 08 Lol st8hobl Bkt BharhbIBIEY 11th83raphy

formed is necessary
| ayer, a(Rig:inéc)at Eurthler san hinsatiogpayer $06 h@ﬁommql thiereon

into the i)gachgdrl? H& ?s{ngnf a‘?]rdd? ttlté‘?] L@@%‘?? 'tﬁ?n formed by

I hed
Bloulgs( Suailry ﬁdmage{r@gnﬁt fed) alr:1 (E:?geaasel rthehnsulailagpllaefer 106
I
orL 1EIGABn Bk el Sslafly | B8 Yiohing
one nor e Hawdnargtha emnglrapeeof ey ebching rsteppemiayeors so low

[ 0007] Wﬁ'len%nggrlgﬂﬁf|ﬁé@9tlﬁ€tlﬁg%lal‘lOﬁslgdnbl?ﬁérﬂ‘c:)ved The

production o
danmascendnsdatiog layer $03deanly on ltSomn‘t urrcterb/e;ngntlnemnetryng 106

of the S?é"r&@%ﬁ{%&‘tB%o?WWé 197" TRkl WARRthie via and

mat eri al s” an torosi 1 cat
used as dremehrthast fermaid ifsoif rmnssa[wcovqedhmtblaabemer metal

The et glydl! 245Efg Maldifal®ds q%b%%??% & Hlled into the via

however, ave a re atrve
et chi ng redi dhantrenchanandhethe $wrsﬁanmt llsng)QMahedi &lys chemical

That is, nﬁ%a{n{i‘éélopdﬁshmbetcf Pl gfplﬁé ‘fahglgd%agcene 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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the Insulating material to the rate of etching of the
etching stopper |ayer (known as selectivity) should
be large. Despite such demands, the above organic
materials and the |like do not 3have satisfactory

et chi ng resistance and thus do not provide ab

tisfactQry. ivity.. Th fore, rmt
ol to 11 1e” IBRIATY Mhbterial L T8l Rta OEHOTRE b ithe' ¥rching
and sili eﬂnppet ]lciay:br flinloen fabagaﬁbnmnarmomaebe usrfk.asDespite
t I or.nat etchin sto
o exardi bal @R, oL oBonE' GORR oRhERAR and ES tike do not
2). Ther d'ia);eesaissfat:tt&yoemhe‘ry remaﬂan&er@m)mﬁu§tdb” ndP provide a

ohe i f s BR sBIRTNI  dhetdtoRe highspOanftivibe oxide fims
been rmdeamh nétrigiet ilimls lsnchvmt gllidoneogiglenhihdl i llicon Qitride films

t he whol d

e ot AEah BRI Tk BN AS Bmateial &Y Jprmation of etching

el el(rjrent (slapleent ldgenngot éiimﬁlmds p@@éﬁr}otﬂodﬂm«l@%em dhepatent
t oC r..se shou e chan nd

P omvant | ARdimEES 21 PF Trefe B8N 05, GhAVeafina Semicerructor

wi t hout ddléfnient) ﬂmwerlnﬁ’atrerﬁerdﬁﬂbmgnbf lthe) a1I€SBlement was

Pat ent Laﬁ Oﬁen Publ i cati on No 0 102359/ 2001
Pat ent d 2: Japanese Patent Lai d-Qpen

PUbBDDBAt i on N@corcﬁﬁ@l%/aﬂb@@pcﬁﬁéleﬁés dssa®adé on a method in
Japanese Pat Lai d- (RWE %\thg@ %\/@ 349151/ 2000

25 DI SCLAE AKEM PRABPIVES efticaRAYejoyEgevice is
BY THE | Wﬁbﬁéd)\b{/OGﬁBiovTthSIh@ns{trabﬁiﬁen@fst}@@pgémiconductor
| ayer, which cgn si mul t

| hi
et chi ng rR€MEPANPEEN o5 SR yst)tl\zﬂ-llﬂze I OHotMO‘{s’GVe" the

hitherto dsedncthmowprocft-ﬂs@ pet Qfeﬂeshditﬂd Qy@fclﬁ@@ged and the
permttivit sem conduct or deyi ce,

e
fevel opmefVBRUSHAGRAHEISS: BRSS! cifer SRl Saatgle used
dry et chiwithowtsiifficenes. and low permittivity, or a

e e liob b Tab RS Aeli B e MRS on o
PROBLEMS 142359/2001
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



10

15

20

25

30

35

[0010] According to the present invention, there is
provi ded a conposition for formation of etching

st opper |ayer, conprising a silicon-containing

pol ynmer, characterized in that* 5%t o 100% by nol e,
based on the total nunber of noles of silicon

C[@Oﬂ 9] ned i m&:drﬂﬁ\gs'tb' fHe- Fﬁegéﬁt ﬂh%tmﬂ Yifdrel s tpﬁ@wded a
conp03|t|on of siliconis contained in a

di si | yl beaersition (aetfareatipnmfgtching soppendaacagrrising a

the pr es§|ﬂbohf86$ﬁélhﬂ’fq pbhﬁﬁ@r 'c‘har@ét@)’kgéqn%at 5% to 100% by
si | i con- cont ai ni material for etC|Og$sto

f or mat i ofiob, ases enithg 18tagpenbeagem %@u@ﬁ@oﬁycomamed in

curing ti sﬁf?:oﬁbébfrﬁaﬁﬁ yied ihOthe %Hﬁids‘?tfbrpfof siticon is
et chi ng st opper | ayer urt hernore, according

to t he pretanied H\/@M‘$'b&be'ﬂﬁﬂ%sﬁ@c"%?ow ded a process
[tgb’iﬁ)]' oduci nguﬂhélema%ea%ﬁgortod(fﬂéC?resé‘rﬂ”ﬁﬁbéﬁt% thRere is

eps’ of : formng an insulatin r and
st opper pw@e%n £ %h@@mwcanéammmaﬁ@@arfpr oﬁtqmeg 15»'t0pper

i nsul at | R d=AN8r opyarﬂre‘fc?‘ﬂhﬁhéﬂﬂ)%pe?rlgy&‘ kb S by curing the

el ectri cal [T‘ conductive nmateri al gr oove
hoI et hungﬁ gEEPOFiigrefar foemaﬁpn@fﬁt@pjpgrstpagerr laygr

by Cc a i o
T2t RGPS et R or i

[0013] TREOViNed At PTORRSS ifeh PrasiciRG a §@Wﬁf6§lql-|c(t)¢f device,

for the f eheh OpRe t
whi ch a %‘grrgscer?o%g s%'gg gﬁdhtg}%gﬁp Eg g]rsém%tg{pq lgy%r and an

and whi IR | HAPPBEIIAYEE |G (3 SWRBIFRIS: HegIo\dRg part of the
et chi ng Fn%%* frﬁ“?l‘é F‘dﬁf/ Qiggd'efékﬁﬂ %r?dfﬁfllnb”taq{@l)é%frlcaiiy

i nsul ati ng etchi'n
st opper c@wctr\@r W@dem@u w@Otmgr@@vq)@s|hql@ﬁhuacf@wqd.ngfherem

to the péﬁ:ﬁg{q \fﬁﬂtlé Er |stfb?g%%| gbhyh %hé tfi‘)t\)evg%&ﬁosmon

various nat can e var i varyf'ng the et

gas usedfOflfﬂffé@'%W o eteljegistoppen yethen et chi ng of
the etching stopper 30 |ayer per se is contenplated,
the sel ectivi t_'y relative to_ conventional hard mask

mat er i al EFEG&R Qf@H@Z”\é‘ﬁEN@Q'\ban be increased by
H‘L@(ﬁﬁgl y selpgdi gﬂaéet?ﬁ i d% teJ”@&rhéSéﬁ’ton for the

nay be adopted in |ch the selectivit
rel ative Qrm%tlorhﬂfean #tching st@naﬁslayafutﬁgWhmﬁ dagrascene

exanpl e, E%wdSI %esméé %ap éﬁad%ﬁéhnhas low

close to 1 ectlng I ff nt etchln
the et chPﬁgﬂétlw@péﬂdIf‘a%SehlgﬁrQWteiéhEmg remjaa@e wgdeagenditions

are si Mg GREGHef iRbRBEAg M SighifRyTe 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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rate. That is, the etching stopper |ayer forned using
the conposition according to the present invention
can be utilized as an etching stopper |ayer and, at
the sane tine, can properly 55®eet various

requi renents dependi ng upon various sem conductor

devi ce pr Jon_conditions.. BRIEFE CRI, PTI CF THE .
R NG [DOTEng tegsr dte sfinafidlsly ardest @l omme Stoning
view il leater. at iThgt aisprtbéuetching %Q)ﬁyewcﬁu‘:j%roformed using the
sem con ar Vi ce .a_danmpscene net.hod. .. s
DESCRI PTE Wq%ékéﬁﬁ%ﬁn%&ﬂ%ﬁﬁ&sﬁd%?”%ﬂ can be utilized
i nsul at i g dn ktchidg3teppemiayel ementat tHs shb@d tinsylcin peperly
film 104 etching stopper |layer 105 eni ng 106 ,

i nsul at i Hbe‘?cti | r??‘“?d’f vi@qfﬂ)é Bre %@é% MOBROROR Various
CARRY| NGséwiicditudtdlvEdiiceNbrodQ i dn lconditiory, esent

i nvention, the conposition for formation of etching

st opper | ayer conprises a silicon-containing polymer
25 havi n@RIEH BERSGRIETASN: OF MHE DRAWIING Yyl benzene

S ure-.is ructure conprising two siljcon atons .
100G AT, Fi0eh e aPREACUoRAl v Blislrado s Production
pol ymer bevtess ¢fé Seaticorsdugtor devicediehidmpasediethethod.
"silyl benzene."” [0018] The benzene ring constituting

the disilyl benzene structure 30 in the invention of

the pr esElHS@RﬂPTm;@fﬁ Rmyd EREITEFLCH#Z\RH\CDER@| ear
ar ic,hi,ng. A.preferre i silyl benzene structure is
sﬁ%]urébal'aswgﬂﬁgiwﬁ‘t ed by fornula [Cherical fornula
1] Rl R30R witihg el®méM-Si RZ R4 6 wherein RL to R4
each ind ndent |. re selected froma group
consi sti ﬁgsd?sﬂﬁ'hﬁgglgﬁ an al kyl group, preferably a
G to C3104létyhingrsiopperiayarkenyl group, preferably a
C to C418[5ker@ﬁl.
opehing

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]

voox
— iAT—S5i— (1)
R* Rr*



5 group, a cycloal kyl group, preferably a C7 or C8
cycl oal kyl group, an aryl group, preferably a C6 to
ClO aryl group, an aral kyl group, preferably a C7 to
Gi aral kyl group, an alkyl ani®ho group, preferably a
Cl to C3 al kyl am no group, and an al kyl silyl group,
preferably a G to C3 al kylsilyl group; and Ar

represents an ar group, preferably a phenyl ene
group. 100WUP FﬁyttﬁeR ?@%rﬁﬂd?lh%féfﬂﬁﬁf%ar%sﬁ&%eg from a group

preferre@o%gt,h |Qﬁ%QEF@%hﬁtéHCéIN?legf&Jrﬁtgﬁé?é#Htﬁ)&gd I3, to Cs

represented by fornula em cal Tofnul
R3 | (@ikyl gqups an asenylagreup, Rerqur@mxér%uﬁﬁzm e alkenyl

5 R4 are ag {@@6'5‘%90!0‘%\%9@?8113 6}e)fere?ﬂg ahe; be d@%@l@alkyl group,

sel ectedfroma group consi stin dr ogen,

C3 al kyl angryligroup, rmpfﬁj@hlsaa&nt%C@laﬁyég&uw %@r@myi group,

group, a@%@r&é{ yt @ G:f?’té”C Hafip o OénAﬁFRS}%rﬁliﬂl% group,

silicon-contai ni'ng g? ners si | azane | ymers

si i oxazaméelsspblied 1h¥§3vpng'=‘|by|éi'@ﬂ039rﬁéﬁzéﬁ€ a and&ﬂyé group,

are pref C C

ol yror T by SR, AT FoLbr AR HAELEHLy an ary
10 nononer \BiPep, RraferedlAphenydens ohitrene structure in

ymer gt VR

Si ??co -contlg'l Eﬁyé%@tﬁg} prggg'ugat %ﬁ%@ngﬁ?]ferred d|3|lylbenzene

pol yrer i ?@'U&tlﬁﬁné@é‘wcﬁé’\ﬂ (g reptrsantod parfpemela

structu "Eéjém s are preferably nononers

represe ted ?orrru a (la) or nore preferably

MONOMer s repreEente Rby fornmula (1la): 30 [Chemi cal

fornula 3] gt (lag® X-Si7-Ar-Si-X Rz R4 R5 R6
—si Sh— (I1)
R? RY
R” R®
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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RL R3 X-S1 SI1 X (lla) RZ R4 R7 R8 wherein RL to R8
are as defined in fornmula (11); and X's, which may be
the sane or different, represent a hal ogen atomor a
hydr oxyl group. 5 [0022] Such Wononers incl ude

1, 4-bi s(di met hyl chlorosilyl) benzene,

1, 4-bi s( hydr di net byl chl orosi | yl ) benzene, and

1, 4-bi s(di et ylchlor silyl)benzene. [0023] Wen the

si li con- coptghnixg—ppl-yger used i n{I&¢ present

I nvention is gynthesnzed, two or nore nonomers

descri bed 1MR4above Rﬁy be m xed for polynerization.

[ 0024] The nononer may be produced by any desired

met hod. Specifically,_the nonomer may be produced,
for exanpl e, bﬂR%AQ RGignard reaction between a
dihalogenataﬂlsi ang’ andkan aromatic Gignard
reagent, or [I5 dechr bonyl at i reacti on between
a di acyl Arops TpegmK and a.@ﬁ%%?ogenated
silane. [002¢ d@np ition according to the
present inventio i Rdi spensably contains the above
silicon-contai fing pdtyner having a disilyl benzene
structure. Wen the etching stopper 20 layer is forned

using th 0gJ1t] ORs ording tag th resent. , .
i nvent i o?‘,’ﬁ‘:‘i‘qg&o det:o Foaq%%‘pé%\ﬁngWﬁg 'Br%&&@%gm’i #9d gf's, which
thebet chinmay st d;mes:anheamrdiﬁererﬂe,rebrésemrﬁ drdlo@én atom or a
carbon i I_].j con-contai ning polyner is

prefer abﬁybﬁfﬁﬂﬁr#ﬂét is, the etching selectivity

re[DEfZE]/e to Smchnorrgangme?ateﬂnalhjdesem ,un%ia(cﬁﬁadmyl@hlorosilyl)
mask suc i 2 ¢ e, further. i ncreased |

i ncr easi n)ge%z[eﬁg ' conﬁgfﬂ'smydig’r%%ﬂ]qtﬁylfzﬁl@” omWI)benzena and
si | i con- cloAttas(diethyfobllgmosilyl) Bentdne end,h t he presence

of romat | r.at her than. an aliphatic .8,

naB33Er bon it W8 6O TonblrRne rBhRer tsae imane present
pr esepce :n'feMImhhéaybyrgjhhesize& two eorprrﬁéwl rmednomers described
Specific e ...SLkicop-containin ol ymer

pref er ab?%?‘%’}fsﬁqu ba?r %efcfgor Fb‘?']m‘&f'z—sﬁPEi ning structure

i rf0@2d] ti on Thet mondinser yiaye beeproduceid bot ame . deBived method.
cont ent

Cpon pr o R Feeifer hebHs ipicace 5L e chinale. by

(A) a Grignard reaction between a dihalogenated silane and an

aromatic Grignard reagent, 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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stopper |ayer and etching conditions. In general,
however, the carbon content is preferably not |ess

t han 30% by wei ght, nore pref$rably not | ess than 55%
by weight. 10 [0026] Further, The silicon-containing
pol ynmer used in the present invention may al so be

f or med bmgdsomb@ncomurpatasmtm HithorAOVRR NBYedeRed.  The

havi ng a di si l nzene structure wth ather
I'n pa?t. AIBSENCTRER BN xﬂ&{e%rlsmqr%er%ierred Specifically, the

di silyl b%"l?cﬁﬂﬁcéﬁtfa%ﬂhﬁfepbﬂ/m@ﬁs ﬂﬂewaw 0 werm 1&romatic
honmopol yneri zati on ol’ynmerjz

. a n of a
for |indrAYPIINRtaIRiE SIS s %H) HeR| to. then disilbenzene

case, a RehiBe, h%@gcén&@ﬁ'%ffa%bﬁidh dess@fcAly varies, for

pol ymeri zati on can be forned ymeri zin
bi f unct i SHAMRIE, HPPNURAIOPESTRS r%'@waﬁ@ fvth@rpqn%@%p?ated etching

nonomer fb@d;b;!i’&' R @k%ﬂ&é&ﬁﬂ@ﬁ@néﬁfo‘h@t ung- geﬂé‘?al however the
bi functi onal 20 Or trifunctional nononer

desired &@EbRD cpgﬁergsls,nref%rabbbmmsszmn@&/q hyt"fﬁéght more

mononer hawielabfy Miokby hhenTENe byskeigptur e and does
not sacrifice the ef Pr esent i nventi on.

sg8e26] ¢ exahprtesr. owesﬁbﬁomﬂmg pelyierr used in the present
hal ogenatiggeftidramgsy HHEH 7S foRReY! 5* IM@réD%bhmﬁatuaﬁ of the

di phenyl di chl orosilane, nethyltrichl orosilane, and
met hyl hy ARSEC HIBISEET daying [a)oizszqy!tm@zene stricture with other

si | i con- GRGhEBrNY PA! Yﬂﬁhcul%?d WRehhengr eﬁ:@ﬁbmer having a

i nvention has a disilylbenzene structure, and
amount ofdisihdbengeng yi sitHskie stipuctlgpe sIHJSQWd b@ undergo

| arger t hgym nt Il %bA
160% by moron oY EFTFAERAT e RBEARR o o tgfoner o

the t of all"kiigthe 8POVDManames s eﬁ%‘ﬁ'\@ant a.the'vacaaaxe a Relymer
si | i con- GRRYY Bl P tBRRHehFed BPpSWMéﬂo‘P}r‘can be formed by

according to "~ the present ihvention, 't con should
be cont aicRE@IYMEtiFHAY @.bé,iumlaeﬁ!z@ﬁénmrmema& gqnemgfewith the

si | con- Gash@hBF HaWRRY Yé“i‘ﬂ3|lﬁ§e£9&?t§]strﬂé?ur%u”bﬁ{e bifunctional

aver age nol ecul ar weight of ilicon- contalnlng
pol ymer &sdtiENdi@nieh rmqura@hmﬁf bﬁoﬁf‘}Qdeﬁ'é@‘érQﬂen@O aras itis

the pres 0 f 0 h
oly MBME{\‘EI‘e r\ﬁié? ﬁ!égs‘??ﬁﬁé]h‘rflnogabﬁ@z 4 %!”snyibenzene

700, nore pre er
vi ewpoi nistreict U"ﬁalarﬂ‘i’éldﬂﬁg fqt| seeofiee nthepreffastt pésth@ncpresent
i s preferapiitidiot nBpecifithakahleS00s dRER gr;o%{cﬁﬁé@ Yinclude

not nore than 10,000, fromthe 5 vi ewpol nt
mai nt ai nihpgenatednposilanes i nsuchi scasi t yphemgichlorosilane,

sui tabl e dihediadiehidt8silane, 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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[0029] Preferably not |ess than 10% by nole, nore
preferably not |ess than 30% by nole, of the nononers
constituting the silicon-containing polymer is
accounted for by the nonomer 18 having a

di silyl benzene structure, although the content al so

varies de rei. h
venti ondcqtay, 85 38e BRENEE Bdenfor 15 HeESRBly ot less than
conposi ti 600, memmfmgbryanobleﬁs thtame 10007 froem tise point of
the type f re§,-.C N j he ,
sili cgg c'g'n @?Wﬁg f Pc#éﬁ hd U@JOP%(S% ARfel? PreferaRfyenot more
requi r eneti@zs 310@0@& ménaeprefetm)lyamtpmreltbann‘HyOOO from the
cort 2 NERRLTE of i 70, WOE RUBo BRI BEAAEP romce
formati orﬁwfal:decfm hgndlmmper | ayer accordldng to the

r inve Jv nt _and 20 ot her
D2 es " P te Ry 060 el T8 BY mdR: méisBielsfanly not
conposi t i lessatior BOTG bq Nrtﬂeprca‘selm n'mmen’éeren constltutlng the
general ly,

ol | n_addi ti
Solymar SHCEARBR AR ok fither Mo aansdfid) (priPE B honomer
or di sperls@vmgea disdyl@em&zbyae;strusttge{c %&tﬂ'@@g@smdﬂléontent also
sol vent . 5 sel ecte r
hydr ocar b Eesog%:ﬁgﬁé&ngc Oy BECHTHTN to gﬁ% qrﬁgep{ Kwention, the
Preferr eobczmpomgrhtsneonﬂam&ceme ther o@mbeeﬁlggi yth@I m;xmg ratio of
m)nomsth e ate, ,c exa an
[ 0033] i éﬂﬁ‘&?%ﬁ& Al %&rg%ﬂ?o gio ’E%reﬁfsngf’”st'tu“"g the
st opper | silyemn- cautm)mnringgx(g)pl;n;mrc;:‘t"Feagaletslecte i nventi on may

ot he

f t
0BT ee ™! h R " e o PoRYEn G E SR T o e cspligfied,  the
t et r aet hooorspositien may; mﬁbwwlp@ga}e&n@fmé\e t{uahethc-f} above
0034] U itio or formation o
Eet chi ]ng ppocpgﬁq%gﬁna@&%% cg%lﬁyg? i Bpf'ﬂ’%‘ ﬁ'r esent
i 0881} on i s Ther ednmntltlmnf@equmdtwnl Dfcetvrind e@toppea layer

of et oni el Rl MG #reSen hRttion. meneSonial ou selaat and

i s coat ecbthat addltives&n rRiditiorato the hbevé ipbeymend the 10
or a, heatin

CBPRRE ' S adRer iesadeitnl MadHote R, B e ohisanty Thiention

250 to S@A(Eeraﬂ)y eboatainbya 3ohvdm IASQﬂZdltlahdtd tee m&engolymer
0 mn

mne Headt Ao HvBIRG, Sansge DaBpnBo UYL ARetlya b Mishese the

forrrul at iabovef pbheneroﬂ@caléct@ﬂ asdttifesdlyppt. oThehgolymer is

silicon- C%rl]é&eg Hem A8 Matic hydrocarbons, aliphatic hydrocarbons
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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[0035] In the cured silicon-containing materi al
prepared by heating the above conposition, in
general, the polymer structuri before curing remains
substantial |l y unchanged. Acco aingly, 5% to 10 100% by
nol e, based on the total nunber of noles of silicon

cont ai nedobfinghie Kauted &hld BN prABIG H BOhERIRS Ioabn ofln this
siliconis <contained in the disilylbenzene struct

This si ICR&6n-EENEANNGg tRERErAtIre| is aw\%n%r@iér%@dt%yWO“C

hi gh dry peéfehbpy 35{?% QB@mGeaﬂHth%aQﬁ{dee' |‘s§'déher!aﬂy 10 to
particul ar, the speC| germttlwtéﬂg ovver t ha

Phat of 86k oy apésTotaRY 139 ton BOGmh ngeagpg san it!wemay vary

in the pgepenaldg Gﬁ@ﬁ%e%rrﬁﬂ%tlbﬁ M%V@H\Moﬁﬂbn@f@the type
than 3.5, partlcu a .2 and thus greatl

cont ri buréshe §il @Onr%fd{F@t"l'%% mq’ﬂfﬁ@ﬁfn ttivity of
ZU(‘J@ snduct ofy, %Vb@r%‘éi sﬂ@&ﬁ%‘?ﬁﬁmng‘ H%t@r‘iéﬂ%r@%a?éd)%)q{eatmg

yer "accor di ng gresent Invéntion |s
rrat crial ngbors %7190%1 efuin sgnafalet%pﬁbrmroﬁwture before

layer 'ncuﬁﬁp'I Fé?ﬂQH%t %bQ%\Htl‘éﬁ? lﬁ edTheAccordlngfy, 5% to
conposi tion for formation of etc layer

accor di nd 0080 tye e s based rﬂ/?aﬁh?dﬁt smﬂl@gél‘ fccﬁr"T‘O'eS of silicon
f or mat i ogoRfaing4 GRI the é&r%‘lp%flic’oﬁ)l@dnt!aﬁlaﬁ? %ﬁme%mdaf:tsﬁrcon is

devi ce production 25 process, partl cu damascene _
met hod. PABtaiBedi cdAducther ddisi &B’%’r@ﬂ@ctlﬁtﬁu‘ﬁiﬂfﬁess This

using t hgjjeemasithirtiy rﬁaferfa@ng%ﬂa?gct%fnfzéa%v 'P:@gah dry etching

stopper |ayer conprises the st
i nsul at i FRSIPIRNEE And dﬁWetRﬁWHﬁ'VéWoppBT H’%l’)“ékf an the specific

subst r at ﬁerﬂhﬁtm*f%wg |B@GF tAhnt{AGt 'df%bﬁér?élg 1SBEIn *?He etohing

dry etching t orma groove or
an’ el ect SiQREarjayehithe paor agt(ebpst 8) ane fﬁrg@@r@kbweo more

or hol e. yidh BB Sp&ichlark e, 8eitoC§'Z“§nd ?ﬁ@é’ ?éat!@éf@ﬁtrib%t%s to a

formed using the conposi'tion or mat |
st opper regugtion oupermittivitniof sereiwendustorpiedees, Therefore,

steps ot s eié}ﬁﬁg ts‘i.‘@pﬁ‘éreil% ef ac@érc{)ﬁ{; "fb'iﬁetp?ss@ﬁtclmléﬁtlon is a

stopper Ia er ﬁ e carrle usi %T[rfq
conbi nat mﬁieeﬁl dhat dsnvemt iuseul ﬁﬁt Rbdetching stopper layer in

producti gamldondli@§Edevieksd sem conductor device

according to_the present invention is characterized
by0@3d step Bhef@ﬁmi!pﬁgltm docHprgatien oppestchinge stepparg layer
a conmpos itk N il 0 NghP

navi ng. a B 5T pondfe cPrebent invERliaf P, BB for RociiRipn of
for forngtGhong o$t0@p@h||ﬁge§t|6p|§eﬁelna9@ﬂdu@t@ﬁrﬁ$\§§% production

coating hRseadove papfifaahli o f Ofakfis®BhEON Rbthod. 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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etchi ng stopper |ayer onto a surface of a substrate or
an insulating layer or the |ike provided on the
substrate and curing the coating. 10 [0039] The
conposition for formation of éfichi ng stopper |ayer may
be coated by any nmethod, for exanple, spin coating,

dip coati r.¢CUrt Al k0g. [N i: | S
preferr e(jj.?g[:834of #hé@g@m&grqegggaet é‘?r%gh{'ﬂgt‘?e the present
subst r at enventidn necewacterizeak &y the r«tepvef éorosiag an etching

sol vent 1S th eat or curi he bakin

is carri }38%@- at E}eipenplzgrigéuregof %ﬁ’&f&?g‘ﬁﬁg t °YBgEng  a

f or aboutsilicarecgniaimng géyrien havipgna sk yblod nvzemte strvetore.
King #§.C ' Okt ., Lng conditions for

mrepﬁg?are tgge 2@%&9@3 ros@?@%i@ﬁi b‘gﬂ é\%h{qu F&Pmr layer

Thus, theompitsery caadingertheapboveorcoethassiiony fdre fo2fation of

composi ti far t of chi st opper. | aye

accor di néﬁ@'gkgt ﬁgoq%{%s!eér}{bri ﬁ\?gi#o%ﬂé%?? r@ﬁlai Strate or an

excel | entinglslptieg dhyergor theslike pmoeidaddon dhe substrate and curing

permttiy : exanpl e, the etching stopper |ayer
has dry \éfe%ﬁoﬁgﬂéési stance favorably conparable wth

si[0D39h %i tér'll'he m@ﬂtionﬁpofbrﬂmtim*edf eﬁ;hamg ethme(;rgayer may
stopper 23 c?é’t?ﬁ B)P L Z'ﬁ%hl gr oz,r% Fur t el chefaL ding. v
the permttivity, ekt PB "BH'S 7R{M £RAMNY, Gip~coating,
speci fi c opeuniain coatigg.of Spirecoatingid prefatredsi | i con
Nirkk i s abput s. the s (fic rmttiyvit
of[b{)ll@e et ch?ﬁé Cs(]?"a%%gﬁaﬁg‘ipea&egoorrﬁéghﬁs?%gﬁfﬂé is'if neessary
con”pozi t bakefldo rfeonoredt ieanesofsobtestiiarg &t &mgehebﬁetelfor curing.
accordin 0 resent. i,nyention js 30 qut .3
dem)nstrg-th%nggpﬁ]éf"fhcgar}é%hwg %t%p‘ﬁé@pqrﬁﬁ&e PE3hayt 100 to
Iusi ng thQSGOg}fosiatbiou;h 1ftur5fm'rmdepemdi¢n? b @ity s@tmnl fer Even
ayer a RLEsSeN aventiqgn. can realize
2 meh | S0 ba8nTe ool Winhe oS ZndBiArdek Furngare the
et chi ng iagmog?th@edgs{:mé }ab‘iﬁoepar atitye Synt helsi s
_ % Srdle ajls | n];c% Sliger peaption yessel .o
i nstalll ed wi thTH a" %t h& 9 atF PR kdBIMEH gusing  the
E;errper at c:pmpofsiti-o&dﬁna‘srmﬁti?ﬂemﬂ atoiedwg))gtqbgetrﬂliayer)m?prding to
y pyrigine , en. placed in the reaction .
vessel . %ﬁe Péegsé%t%ltoﬂp'%%@%q wa8 n'& Zeun‘?’fqe"&r’%/ dry' €lohing
pzri d: nereséstaheel andoir?ﬂaglerm'gﬁweyigtsu-'r?mg. ekaefsiaf title, etching
phenyl tr | g)..was
gr adual | étsgbgéggy%aaﬁ h(ﬁgt %tghrlﬂg?e‘?’é ably; camparable
confi r mwightsiton métricenoesilconf okide usedtdsoan 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
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vessel reached a constant tenperature, 400 nl of
hydrous pyridine containing 4.5 g of distilled water
was gradually added over a pg%iod of about 30 mn. At
that tinme, a tenperature rise I0 was observed. After
the conpletion of the reaction, when the reaction

m xture repkited aypdqﬂe’ca&bgened DemMms/irkfitg e(4002 nwas then
gas was bl own, i .nt ure. [,00441

ti
Phe conplPRGah 18;thenEsactiof VBRSeh nd NeweReEAn Hesoel was held

Waz sti f ftmﬂll foey Bielivie e88ched @néol\i\ﬁént keRpbidtups edThereafter,
under

pre elnanl here to giv
U80 i oPEnEhreSidh ieh SR 21 PRTB oL it orhebelly added
m) was agdfestidrimg.his filtrate, and the solvent was
r v undef, t he educe ess to iv 63 f a ,
CaPPAEE ol y e ek g RTINS aBhet e OV e PRS0 feaction
thi s pol y@BscMasabREG Us edo:bsfzaﬁ?@eﬁmbrm&ef Uoul rhp ckfehydrous
900. 20 The wei ght. avera 33 ml%ﬁ [ el ht was 2600.
Thi s pol PHEEN,AGNIARAGGr & 6,pfehSNIfed Water Was aredually added
absor pti @venial pémed ladou® 30NHiHr OAptwmurﬁbsarté%eaéture rise
wavenunber 3366 cnt 1; lg%@r rption attributable to CH

e

in a benXeoPsRyefhs fReegomtrletieny oh dhedeagtisinwhen the
3000 cm leadthsor Ghix@liredt réadndable b?eé’éteﬁhrr%cﬁ' t¥fperature,

observed at wavenunber around 1020 cm1l:; and

absor pt | GNEPDI 988 é{‘{ﬁseb WSt PRN G ERAGH L PN @t

vwqgesgber  AfternHe 14Aption B@QH@]reEHﬁbﬁelhe trB8ction mixture
resul ts of 298| - NVR anaggsn S usi ng

t et r amet MASiFHAFRY SeanaRPHt sy '?’hé’t”da wagnhenofiltered under
PhSi N3 i presdlurebfey Mi@ﬁ')g%tn at:?ﬂoéﬁ}mre%fql%‘?'%%l 5’h§'fi‘N¥Qe

oBeBeSEy of %%ﬁl%f{eg@% Po%ﬁnlilvga@ﬁgﬂeeftom firate, and

obser vedtfg¢ soR@nt Qvas%brﬁ@%d M@?hh@rr@mjééw pf@ﬁﬂré%o‘ﬁlve 63
FT-1R and 29Si - NVR, this corrparat|ve oly

i dent i fi 8°%@ SPUADUWBRY siThexpaher auew& moé%cuiawwgght of

on its nghig pfdl?r‘rfér W&’Q%é@éu:’ed SF@CQQd was found to be 900.
- (PhSi I\% and - Si XB) - it was
that thi 3 NGOVt a«eaa@e moleﬁatarnwshavwﬂsszﬁw beﬁBé%EOlymer

struct ur gasle48liredy By IFeRiR. BEranplresdit Sé(ﬁgd”fﬁﬁbﬁ Ahutable to

carried out in the saie manner as in ngaratlv
9

Synt hesi N‘EQ&W evas ofgeEYfid aharavemsIMierg3366 o™ absorption
phenyl tr iaglibotsie! a9e d-PhSinO 3) baRerd®- fing (Was observed at

1, 4- bi s(di met hyl chl or osi | ylg benzeng were used as

starti ngWavenumber around” 3000 cm absorption attrlbutable 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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materials. As a result, about 63 g of a highly viscous

pol ymer 1 was obtained. [0049] The nol ecul ar wei ght

of this polynmer 1 was neasured. As 10 a result, the

nunber average nol ecul ar wei g3 was 1500, and the

wei ght average nol ecul ar wei ght was 4000. [0050] FT-IR

of this pglvy result, in

addi tion r:Péc))t Pﬁ;seo% #@@r@g@%ﬁeﬁgt&ﬁ@@ﬁ&pm ynmer A prepared

i n[0 i Exanpl e 1, absorption

attributable :adj,ace aydr 0 ene rin .

was observed gﬁéﬁ%ﬂ%@%‘ﬁs C'E:%rr*?é{&’ gﬁgqu}%%e%erﬂéy(ﬁ%% as In

of this benmpasativergdSynthdeisi fea@ampleom except that 105.75 g of

1, 4- bi s(di LLyl) th i s,
PHEIRAAIBASSHe V! ) RBREFEE) 1MBhal S g g of

di sil yl benzene structure. Thi's Tes obs
show t hat1,41big{dimsthly nblongsib)mrasinkey | Weemzareedvass  starting

intr Oduc‘%ﬂ?{%}iéfs.!ooy%@rregﬁt 1ab5@fé?%%éﬂy§ﬁ&%%o&s polymer

the conten Sili1con rn the
st ruct ur €l was @nedred.nol e based on the total nunber

R i ¢ Dy ... [0051
ofgeRSes, oL, Sl GOERS AR SRR phlibboures. o
i nst al | ech vieswf,nthe tumbepsaarage rﬁSieﬂmmrbweEgba?was 1500, and

. i nqe i 4 0]

01 2009, g Pl BTl ALy g Fofo
di[PR8AYI di chFdriftidf aives pOPDSF A 3Yas %%awreﬂf. As a result, in
: e o o .
Toarti o o) R AbClbRAS HinrfBd PO bivBhr A mirrpred in
m of xylempavativet ISymthesis oBuample m,oabberpfm?sr:]taitmi’mutable to
. I t e
! eacti on Sacert FudtBgbfi't A eab ERBHIY WRS Pseriled arpund 780
of the salnifi oMheeadjaeent hydeoigere rafi thésl beha_eg_erﬂhgrie, derived
i Xxed ' , t i di ne .
o, M xed U 08 SIS ROR TR L oy . o
pyri di ne disibdbenzenedtruetlirent dhiseesidmcof obssrsgien stiow that
. i . | i n the
"t roduet P ADTREICTb b PRERRNe 3 EiadtBRARIS polymer
hal osihl a_rie wi Eurtvert ein tmnlhynrdra]ge, thcontgnsquefigibgg in the
e r €ss
Lo 20 MSEIDEeR RIS wah % K Rled2etpRche tota

conposed nofmivert afrmated ofpsiticdn centesed ompobtael 11 he

r ion A igfred for one hr.. Thereafter,
[ ﬁegﬁj]gr %&%@th orosilane remaining 5 _
unr eact ed, ahh®rainimas réadtionduessk] ahstalledt within 2aNhepinostatic

ngn3?he%gmbaé?%égereb?aac%td BY dRSiogel®s Aol of 47 g of
phenyltrichlorosilane (PhSiCls), 56 g of diphenyldichlorosilane
(Ph2SiClp), 3.8 g of methyldichlorosilane (MeSiHCI,), 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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i ntroduction of ammonia, the formation of white
precipitate of ammonium chl oride was observed. After
the conpletion of the reactlgg dry nitrogen was

bl own to renbve ammoni a renai hi'ng 10 unreacted, and
sol vent di splacement was then carried out under

n: trogen the mts:uma! tempgsratucrQsF tgeaies@el waerakathiccl2o@as After
cl ear

ot ocul anaaNBREUEHOR G fis e el UGt APRRPSRIG ob Jer and

FT- 1R of molldyrrEEWaE wapmesuﬂ'@drea%loﬁ mib@unfee\‘&falststlrred for one

around wdiPend RoLreaSs R hraer 1EI0E:F3Rt lGToRlas emaining

to Si-H Weaabeeramdoaraawa@ |211@Q|u©6tﬂat albary ot 2MVmin for 30
attri butabl e to Sis

d d 11
Sbsor pti Tnat BRAouE EAHOR. IS, HESs GBS WEon the

obser ved introdusticiD @9 @rﬁ\nonlabﬂ@é Fbraati?l oft Whitbupﬁé@uﬁtate of
to Si-O was observ 1060 to 1100 c

absor pt i &AL ‘Br' e s aPservied- h)fﬁed"gté'ﬁ gempletion of the

benzene rrea@omaﬁthwgmdwaé bIGRn @t rémdve BRINYGRE rkmaining
t he content of ene

he di sil yl ben
1 ruct ur SRiEECERyADY Sy iSEtacsTantavas Brel caiaskput under
of ol es nittogén ipresswentaighad 100 §afyps gm?ér TWehicBSwas clear
content of ﬁgrﬁ n |n ol ymer 2 was 55% by wei ght.

{0053] S@Rd $e 3 Pol ymer 3 having a
dije0§3] benzenﬁesﬁmm5éuraa/e\nage GRSy m HtNot PG 6)&16&92 thus

Synt h Ex that 6
of ot hy PEHIERN S AR WAL S pal e W@ﬁa@éasuredg As a

phenyl tr lréémoreﬁﬁdrpn@n @ﬂuﬂnb@nmgw rdHcgrbgpcwaé a8bSerVed around
con | n

pol ymer 3, the con
eI b Blavenuratar, aombe Se shSomIGRy Aiinutahleetp o5i-H was
thle t ot agbsgmwh aa?uﬁ?l EfG@fcmT“lmmﬂﬁﬁaaﬂﬁﬁb“utabfé to Si-Ph
pol yner 3. e content o
by ~wei gias @BSEVEHAOUNY iﬁiﬁ]cnm 9&%@0%@%@@@{%@ C-H
in a xyl ane séhz@rﬁ@ ring ¥atSob$seedt Holindespoo cm™’ absorpnon
concentragC % a}g %?I n coated onto a_silicon
subst r at @HPHLEARE G %‘(}4 iWas ahuRe Atoh060 Hat 11)@%@5"
under cgbdbtptmsaaﬁbmm&ona a8t Wodr dd?#ﬁof brﬁéniéhe ring
the air under cong ﬁ@& 4 400C/ 30 m n, g g
properti pas pbggryes; gt Cilis ot RPWYERE Wb ee%ﬂtﬁﬁfé’ silicon
usi ng anlreltﬁél@’sdwﬂerﬁiér% satiRture'wad FPNBSE aile BddEHon the
anlnterla}gF rLuIalo filmwas etched.
total 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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Gas Gl conprising CAF8/ N2/ Ar at a mixing ratio of
5/10/100, which is a nodel gas in the case where
processing is stopped at the etching stopper |ayer,
was used as the gas. The totall310 gas flow was 150
SCCM The eval uation was carried out using an etching

appar at usy (feeimiNEy %%%%ntr%ﬁ%f:ﬁ% W@%gsﬁx e & silicon

Inc.) under condltl ons of press MPEr at ur

20C, ant esihstaie pui heooogtingfdmbivees bakpdtorﬂb‘ﬂ)h‘m plate under
[ 0055] F%or@ﬁﬁ@n@ﬁf pl%@"@?é rﬁlrlagﬂdp\%)érﬁen qfrergi KEHE %ir under
a xyl ene SO

sol uti on sendigpns Oofdéloéﬁl?/SQ\mnin tfiéryce%mg; pvegsertiesesf the film

under congljti c%lﬂéln% HAPLR4 eL%uﬁ :aWdr@hgkcmrh-gﬂg case, in

films thus obtal ne Were eva
properti e& damaseensametineshnan Iateriayepohylniatloﬂ fllhﬂmﬁﬁ] etched.

Further, @%&*@Hsb%ﬁﬁ%@ogﬁ? INDRE St n% hilind §5fb! §F 1for100,
used in awhilcbws;mrnmdehgras yn ithe e:dsaywherm*pmbﬁssmm\g is stopped
{40 ) 0t 5084 Sioder L8l bt L BHE Bl © R ot
(herei nafga@rﬂmwfms aa0tscaes.” T'Eme&a@?at)on wesearried out using
DLV, 000 7, RaiErabEaAlug (RABELNEIRE0802 bRl o
as descrUlbé&iCalbam g undedsxinditiens easﬁujressumr ¢0aRasbemperature
17, 7o e, Gl TS e
et[0ABRY condFor wasch %IppfmneEﬂclandgpmlahmrS@,l Bkéwidet, vy xylene
(om0t OB B KB A% s o W sTRlefrds. ac
1190 3. 9 the Swlatiogi was Vfired (WRIR cdnditidedhion #008CE30 (eiacty form
o APy v e BRI A Bloldeia e, ecning
wi th t he prepefties ihndhetdaand/B@rindmas _yppoi@rknen‘fAt he
Lﬂg‘bﬁﬁ mstti#Mt}ﬁehnh%rth%ﬁ&eécﬂf‘lgl(gﬁé OthehbinBrdP O¥SefrBd to as
‘MSQ’) was provided as an 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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according to the present invention have a

significantly low dry 5 etching rate and excellent dry
etching resistance. In partic#gar, the etching rate
ratio of the MsQ filmto the Tiimformed from pol yner

2, i.e., selectivity, reaches 9.2. [0060] On the other
h40059) he seCeeaiparison of ti%e Neaolds TeOth&Sifilis plapahedrfeom the

typi cal terial,s used .as.the etching,,st r..layer
10 are 6 BOSRPOIVEETS WIS Ferys Toraing MSG Tl pical of the
appar ent |¢vwgiermiftieity ainsemagen dhailationl eilire & hosvsp tiostutiesl films
by a damascen thod using.the conmposition for
for mat | 0B CEPTUPE HPNGeSPERERT INusRion Mavs: aisignifigapiy low dry
pr eseg_t ie‘tk:’rﬁﬁtgiriefe ahb%%ﬁbhﬂﬂtrfbm?ﬁ@g réﬁ}tﬁfné:e. In particular,
accordin 0 e present. i nventi [ )
S on ny Tt RchgobiAiE g’ Bt 5% e fiim o e il Jarmed from
| ow per mpb‘){mélt 2, i.?e.mgsglléca@roﬁy, imHe?tg.Qn fil {r;o‘ such as

excel L.ent . e specifi.c per i Vi .
VTE060} o1 Bl BilteTohandy 11 Seleetial ebsband TEDs-sio,
perm tti wWHiyh szret?‘picfdﬂ materialedudedmspiHey @ethiRdg st@pper layer
neasur ed an% %oun o be 3. respectivel

0 and 9, .
20t he. oPRER AR, 3 EnaoShesiMaTE  pbhst i fiybigpRaTer] fpat. when
pr ep_a[ ?d ab?e@tf%r;dri{ﬁ:tt?q ldiem:ieCm b?@dl!i(%bﬁi tb%hé damascet;ne method
perm | VI e I maccordadl n (0] e [ese
vt i osing JacomRpsinc fomdaralian o cetding aaper layer
: nventi Olacgbhﬁ?@etbniﬁé iptriﬁk?.«npﬁmﬁ?ﬁioﬁ, ?tpbntgtcﬁm@pmapper layer
ayer can e ..Io red, a 1S, . e e ecti ve, .
oy 1t aepording Fo Hie PEsAN: vensBIOUAS chigh gy elching
:C_O}Nerelgl. réuiamEpice 2ah@0GRE ele€fivily NEcIBGAPCRSi Q6wOhermnittivity
il mof po m

| yimer 2, il of Si N a fil of

e o otalaver (isuhtanfine siieh as SR rcaint;
Exeopile 1, eRe@Ripeciiid petmithvidy af tHafRaCRIMMaEHBe polymer 1
Si N 30_ and Si 02 were used .as.a hard m s_k a_n% as
whi ch i s@Rd W@d%Peaﬁg REIMIEMAY P B"Pet'@ﬁ. fﬁ@mue %ﬁ@b@o'ymer 2
Izgy% f,lOWé&té méasu:(déﬁFsh@%a\ﬁgr ﬁa’ia@ B3P lra?utdi plen respectiﬁfely. On

S se a as. e resu S fe as S
S bl e Sy, TR Peanifla germinbty SE SN RIEPBTEGpY CVD
dry etchiqng, pidipgtihg @hat (K& Héirinit@vRy fdrthet §if Becording to the

t I 1) 17 I t chi t
?agggte: 0 2 %m;iﬁg%ﬁgﬁég VEIrg Q%{mr’fhus? ace rcrfi%geto 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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SiN 420 TEGS-Si Q2 590 [0064] Under the above gas
conditions, the etching rate of the film formed form
polymer 2 is significantly different fromthe etching
5 rate of SiNor Si2, and thd7%electivity is
satisfactory. That is, the filmfornmed using the
conposi tion according to the present i nvention can be

sel ectively renoved-usi-ng—SiN or S as_a ard mask.
Exanpl e 3 10 [ 006BlyRier etchl ng B 5 e?gr € of a film
of polymer 2 and-gn MVEO v\l --4 --! dd-in the
sane nmanner as | =‘». 5% 1, excep 4 Yat gas &3
conpri si ng CAF8/ N2=B2/ {Oat a mXi ng o i o of

5/ 10/ 10/ 200, whi€n a—hodel—ga He case where an

MSQ filmand an etching stopper | ayer are

Si [lﬂ?@bugmeouslu/ndgrqﬁg eé% \f‘!@ﬁdHE %Ogéj Eﬁnﬂg?a T0€the film

results were as shown in

Tabl e 3 DeymedcdRrmgeelyBies 2 i9e§|g(ﬂ€fdﬁﬂ:ntb4 @lfﬁferermtrfroenmaetchmg
of inter 'n@l’@bf@ﬁl%ﬁ@i@!‘ é‘md & g:eagvytyg%%tfé@agbbg} That is,

Pol ymer Etching rate trons
MBQ 2730 thgdf'[romedméf%m cpaasitions menordiag totheepresent

the abovengastion bhio e ey t
film formgd rl%m 0 y?re%as&l H Ite‘li]gbet ch"léangg ?\Sfa{[\leﬁgf&oz as @
the MSQ fhﬂ"ﬁfaﬁek& mlar to each other and thus can
be si nul tppgn ?% y processed. 25 [0066] In general, it
at ,

is difficult whil e the selectlwtel bet ween the
etl0APAY st opBuY atahieg piaperties ME@ fikypeof pelymard2rand an MSQ

cl ose t‘hlﬂﬂ v@eﬂ% §9é éd" gyge?té’ﬁﬁg ﬁgﬁn i CAL ngy Example 1,

st opper | ayer Is ren Iarg
from t hi @mephthatu gas GSaQ;papeanng @Héa/Ntllﬁh//ababagnmrcgwano of

for fornmey/kon @host %56?9@5%8%’ g%lé% t{%ocﬁgé%ﬁér@gan MSQ

to the present Invention IS exce

[ 0069] Fcfﬂme%mhaafetpblryg@pp@eamqmrwmm@tanaoﬁslyrmmssed
formed ORyas 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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a substrate in the same manner as in Exanple 1. For
conparison, an Si2 filmand an SINfilm (P-SiN were
provi ded. 5 [0070] For these ﬁrl | ms, the etching rate
was nmeasured in the same nanfdr as in Exanpl e 1,
except that the follow ng gas was used. G4: gas

havi ng a%ﬁ{)MAr m xing ratio of 20/20/100 GG gas

hayi N2/A i Xi.ng ratio of 5/10/.100
[ﬁéb%] [ Tabl Oa]eaf» T@%y%ﬁi 8nd gl W?péeaéfm}a‘(\’@ﬁufﬁ&md on
gas G4 Gb subisthtd80 the0 sabhdl Afdhnd408s Rel E!R@ﬁh % 890 For

Conmar i SRR SR At S| Qe T AN AT il TRy B wers provided.

cq obwq 15 cset%s@furﬁé%byemm Fatiivids h‘h%swé@”lﬁ%e same
for yne havi n rbon conterb;~I of 25%

wei ghe. SHBAMRBImES: HE EXaTiREod matkopednabdng idliowing gas was
havi ng a Jgegh carbon content exhibits an etching rate
closer to,that of the fi while the selectivity
bet ween tFf& 93% ﬁvmaréfgd*'\#q/%dm@g ratiou Rl 200/ &Py
filmis Imr%wﬁavmgoa qﬁmmyAawa 19‘@1@1’&3 $Br10pREf a

g gas an

S the use a pol ymer havi ng
%hbggjcé ontent can render the etching rate
S|gn|f|cantWybk@4ger than that of Si 2 commonly used

UUTO

Aot-e—in t he

as a hard mesk:—25+NBUSTRIHAE-A/PRELEARNH-TY-16673] The

present | nveTMnQ)ﬂfﬁm be -
formati on ofg 9SSt opps F
producti on Ogii\i sem conduct or %b Theayg
silicon-contpyRiqg 3mmterial fogppfor mat i 0510@8 et chi ng

st opper | ayepoiygidi® t he conposi tsoon 30 acggp@ing to
the pr esent—@\ﬂw—mﬂx&ﬁmng
properties le{ﬂ ‘ f)%'ln Y vi ty as an etching stopper
layer. 19 CLAIM5S 1. A conposition for formation of
éﬁ@h@? StOp ﬁhp@rﬁq Qggﬂgﬁg%ﬁgrfg[‘)fﬁoll;ﬂ%gp ZC%gtvﬁ{gmangarbon
content of 55% by weight with the results for polymer 3 having a
carbon content of 25% by weight show that the film formed from

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.



si | oxazane pol yner, wherein 5%to 100% by nol e, based
on the total nunber of noles of silicon contained in
the silicon-containing polymer in the conposition, of
silicon is contained in a disilylbenzene structure. 2.
The conposition for formation of etching stopper |ayer
according to claim1l1, wherein said silicon-containing
pol ymer has been produced by polynerizing a conpound
havi ng a disilyl benzene stryucture and an aromatic
group-cont ai ni ng conpound. 37 A silicon-containing
material for formation of etching stopper |ayer,
conprising a d|S|Ibeenzqn@ spgucture formed by curing
a silicon-containing polyner mhereln 5% to 100% by

1. Ml &, ARG 9R f&p?ortrr%t?dn BHERSInGS tJB)deersla?fe S' | i con

cont a| ned 1n the silicon-containing nmater

co,%bhlsrr@n d SilfIH-8bRRGnING Bolhed | Whianzege %tnsy&ﬁéﬂ €rolymer or
. A sem conductor device conprising, as an etching

S|I§)I&félﬁ@r do®yREr, dhevkld 69NtEA0DN By NEhol&t BEsAd ohOthe total number
formati on of etching stopper |ayer according to claim

of 3mofes Afpriitess Eortapiadiuiti Ngthe ssiMtepvduwtiidingeyblgeer in the
conprising the steps of: formng an insulating |ayer

co@apdsiivnetbf lsilivg rsisogpeatainayan s0disilyhdretenat structuesrovi ng
part of the insulating |ayer by dry etching; and

2. fil Mhegcampesibdonrfioc &b inyaticonfiatehive stew e @lyer naecaading to
groove or hole thus forned, wherein said etching

clagmoppeheredy pid silicepneantainieamiohgner Basmpbeen ipspaduced by
conprising a silicon-containin pol ymer, which is

polymelizine ap‘%ﬂ’?P@F"6rhaé’i’]Q)ﬁaﬁhsn'é(ﬂrﬁﬂzfﬁ@rsn\i\ﬁé’f%laﬁd@)ﬂ peomatic
100% by nol e, based on the total nunber of noles of

9rayn-FeRRIvBAL SPREUNE  t he sili con- containing pol ymer,

OF S LHGOR doh S SR L& ARk h P AER S IS4 Byer,
comprising a disilylbenzene structure formed by curing a silicon-containing
polymer wherein 5% to 100% by mole, based on the total number of moles of
silicon contained in the silicon-containing material, of silicon is contained in a
disilylbenzene structure.

4, A semiconductor device comprising, as an etching stopper layer, a
silicon-containing material for formation of etching stopper layer according to
claim 3. |

5. A process for producing a semiconductor device, comprising the steps of:
forming an insulating layer and an etching 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, which is silazane polynrter or siloxazane 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.





