DESCRI PTI ON COVPCSI TI ON FOR SEALI NG SEM CONDUCTOR, SEM CONDUCTOR DEVI CE,
AND PROCESS FOR PRODUCI NG SEM CONDUCTOR DEVI CE Technical Field [0001] The
present invention relates to a conposition for sealing a sem conductor, a
sem conduct or device, and a prodeBSCRIFTIPMNbduci ng a sem conduct or devi ce.
Background Art [0002] In the field of sem conductor devices, in which

m ni aturization has been advancing, various materials having a porous

st ruct Ut@l\ﬁp@sﬁrlm\@ékeé%&irbﬁ@ smug’%lteg@g NDREOR $Eficed to as

"l ow-k materials") have been st or an i1 nterlayér

di el ectric | aySNIXBROGESSHGR RRODGCING SEMICOMDEIOTODEVIGEer | ayer
dielectric layer for a sem conductor such as this, there has been a
problemin that when the porosity is increased to further |ower the

di el eqbéisetPR3d ant, it becomes easier for a netal conponent, such as
copper that is enbedded as an interconnection material, to intrude into
por es [¢1014 hdhe presentagenntidn edlates o xcdaysitiohdpr seabegri sonidacdustor, 4 her eby

i ncreasin he dj el ectric constant or.causing |leak qurrents. [0003] In
contr 3% l,cgﬂ(i‘ﬁ’g%ed%lcﬁraﬂd@h‘%{fm%ﬁg%ré’r‘ﬁ‘ﬁ@fr}gcaa‘ﬁn]igor'@qoﬁ8?)‘@96503879 di scl oses a
t echniBaieeroindsAal i ng pores formed on side wall surfaces of grooves forned
by et chi using a mcellar surfactant for wet washing after the

ng, b _wet )
et chi B@’,OZE’nh*at%s fskbalsemitondpgaudsviegs andrtle ey sieticationdas been alvamiind a

. i.el i rial 1Sy , Fur ther, for
Excanpy & A AF bt § BOEME Sy Sh ok BieGE comiomt (relbisbEetg
t echniefereedto a8 SRtw-kinhdtargalsh Batrylsben phididdcistaymdtetigl dooahiptiraiéndidbctac | ow k

mat er jal havi ng, a hydrophobi c surface by applying a polyvinyl
al cohBYeHRE@FBIFIRIMA?L i ¢ pol yner to the surface of the material.

Further, fof, £xappl ﬁterl‘l@%@ﬁ@ﬁi@% PhorAPRIGALLABr &b ds HRE A bd¥g:
c}% o) :&glh n ucPor, he

2006- 352042 di scl oses a“conpositi or p Ing a sem cd
conpoas iptabdem cothawhemte poossity dnincrepsddytodurtizen doveershi diatet @intconBhsmcitosur e of
the | f\:/c%?rgeis %Qsig"rfglp ll %{E%al tcgm%(e)ne%?,l S\l/_‘lg}(lj as#3 é/optpgre thlatn i\é %Ql ic-:t?(i]ed as an interconnection
material, to intrude into pdres of the interlayer dielectric layer for a semiconductor, thereby
increasing the dielectric constant or causing leak currents.
[0003} In contrast, Japanese National Phase Publication No. 2009-503879 discloses a
technique df sealing pores formed on side wall surfaces of grooves formed by etching, by
using a micellar surfactant for wet washing after the etching, in a process for producing a
semiconductor device in which a porous low dielectric constant material is used.
Further, for example, International Publication (WQ) No. 09/012184 discloses a
technique of controlling the hydrophilicity / hydrophobicity of a low-k material having a
hydrophobic surface by applying a polyvinyl alcohol-based amphiphilic polymer to the
surface of the material.
-Further, for example, Japanese Patent Application Laid-Open (JP-A) No.
2006-352042 discloses a composition for polishing a semiconductor, the composition
containing a cationic polymer and a surfactant.
Disclosure of the Invention
Problems to be Solved by the Invention
[0004] However, according to the technique described in the Japanese National Phase
Publication No. 2009-503879, a surfactant not having a micellar structure may intrude into

pores on the side wall surfaces of grooves to increase the relative dielectric constant, or

adherence between an interlayer dielectric layer and an interconnection material may decrease
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[ 0004] However, according to the technique described in the Japanese
Nat i onal Phase Publication No. 2009-503879, a surfactant not having a

m cellar structure may intrude into pores on the side wall surfaces of

gr oov eRietto thenmicekkse the relative dielectric constant, or adherence between

an interlay i el ect | ayer _and i n ectlon terial

decr ease E:ré’“gﬁr f“l"ﬁ?r ﬁ@ée‘:hmque eSCF‘B?‘fWe‘F‘ nieroghienal u‘?léfaflﬂ’é%hni que
descr ingg ol 21 e Ui/ 1 i I ky

| ayer is easily f orrr@ %Je&?% lﬁeﬁ%ééigﬁ{egg%s et‘\#/esehedﬁ(B e po @/I ny*&l

al cohallcobabkabed apiphiphilic polyoéry meiacbwhe relbtyve dieectek abistant disylisotascor

const ant i ncrease ot the a ren e bet en an interlayer. dielectric

| ayer %g%?fm;ﬁa 8?”(?8’?1%%??% 'n&? a%ﬁm PE%@%““GCT[I% eﬂﬂtﬂm%j ect of
t he preseMe. | nvent| on is to provi de a conposition for sealing a

sem conductor, the conposition being able to forma thin resin |ayer,
suppr 4803 henpliea of the pseseat ingerdionds trppnende: 4 erapqsdioaer seatieg hayer

dielectric Laye ence Wwth res
Mt er SoRiCePRIEE meRBPeliTionbling AR Hend DL GRSV g EREBE R e
met hod redtaliy Eftdo bhRr&s Tt ARy diccuiteMiy&eand\baitsit fperiSldhtRbcd Wih
Probl ens [0006] The present inventors have nmade intensive studies and, as
a resuFPecldp 9e sYeicernecten maksiab g sepicandnetpedayieaisinadho jarae; @bdpaaithedon for
seal i ng a specific resin, thereby conpleting
the p %9 I(?:Or(lltﬁgL \%@é]n%&ﬂ{dugt%%g\h%peci fically, a first aspect of the present
i nvenM@mslﬁﬁ* Solviegpestroblemsf or seal ing a sem conductor, the composition
i ncl ufi(ﬁ%éa resin having two or pore cationjc functi onal groups, and a

r

wei ght? §& PFRSP ARy es orale%‘@ﬁfla% intepgine studiss and, a3 ggeWodiseaygredithatng
pOt as %ﬁel%’ﬂljé‘n%léh b@a@a I@?{Fﬁﬁ)ﬂ%r ?éaﬁﬁg Qtselﬁﬁehﬁ?lmto Q:fonﬂiﬂﬁn ciﬁ]:an 10
ght; and aV| une average partic i anmet er ured by a

dynarnre:slri |ﬂgﬁn¢b35mmpletmg1@;epmshﬁdnmntmmt nore than 10 nm The resin

r ef er abl t| nlc functj ona roup.equi val ent. weight of from43 to
a0, o0 SR B ST b PR SR B S S GGEaBISA at | east

one s %ﬁ&bﬁcﬂacftdroﬂﬁb %oﬂbbﬂﬁéﬂ/ RN HfeSiihadd tdoTR aRiRe @éﬁbni’d?uﬂéh&fapu p, and
nore preferably the resin is polyethyleneimne or a derivative of

pol yeeroppeaed mweeght 1100899 maleseloowdight peitomct0G0He lﬁﬂ@ﬁe,rﬂodlmwm ionis a
g T
seal i agd BavigEh ONEi¢Giveragt pafiRitaliiBetePikatiredliy 4 ﬂjﬁﬁﬁﬂl@ﬁ@fl‘[ sdhedrigt ric | ayer
F T T etiod o not more than 10 nm.
The resin preferably has a cationic functional group equivalent weight of from 43 to
430. |
Further, the cationic functional group is preferably at least one selected from a
primary amino group and a secondary amino group, and more preferably the resin is
polyethyleneimine or a derivative of polyethyleneimine.
[0007] A second aspect of the present invention is a process for i)roducing a semiconductor
device, the method including a step for applying a sealing composition, in which step the
composition for sealing a semiconductor is made to contact an interlayer dielectric layer
formed on a substrate.
The interlayer dielectric layer preferably includes porous silica and has, on the
surface thereof, residual silanol derived from the porous silica.
More preferably, the process further includes a step for forming a recessed groove

having a width of from 10 nm to 32 nm in the interlayer dielectric layer, and the step for

applying a sealing composition is a step of applying a composition for sealing a
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The interlayer dielectric |ayer preferably includes porous silica and has,
on the surface thereof, residual silanol derived fromthe porous silica.
More preferably, the process further includes a step for formng a

r eces sedhigmdoster dretw ian interlayieel tiialeofricf lnpen fdfingtnat tlee 82 autaces dfhke iddbeed ayer
dielectric layer, and the step for applying a sealing conposition is a
step AOYpl ying a conposition for sealing a sem conductor onto an

interl ' 03 ssed

ar oovd o0 e g s R e St B et o
devi canﬁeriejfandueiug:tlac WCIOBISCSHmtagtﬂ emylearlayhr@bambsdda)ﬂcapm,in thiy e@den theaysdn and a

| ayer osed this order he. resin |ayer. having .a thickness
of yf r(}?ﬁ %Vlﬁgrﬁ(:% C%eﬁg?gﬁ %P‘E}&P ﬁdméa?‘i:’é’icwdﬂﬁﬂ LSRN Daging AGAHENE unct i onal
group fmﬁloﬁawgrbwan@a/%@ﬁﬁa&%g‘e%b@&mwpw&@ht &f fr&rﬁ 91908 19 980,560, 10 O0. More

preferably, a copper barrier layer is provid between thé resin |ayer and
t he | ayeferadly, 8 opprer baiief byer J@ﬁquvhéedl eveedn the resiroka@@] and¢lxolagérrod copparhe

prese vent is possible to provide a conposition for sealing a
seni c?yﬁ?ﬁ@?ﬁﬁ ![I{‘Vﬁgn%rbrrposi tion being able to forma thin resin |ayer,

suppr ¢5609] hevcdbididistoRe Pescht RkAlior; B POSBIe tPpdvide h@Umpbitish FiYeiling
dielectric | ayer and exhibit superior adherence with respect to an

i n'a er éoamEenirionticaomuositign beiwe ablrda demr a dig resin lagemenppress g@rﬁaﬁsswn on;
Ca
an aoﬁ}r&\?ﬁe{ ﬁ?{tlgﬁﬂ%%{%?&(}&%ﬁﬁ&?ﬂrye? glgfégﬁ}cqr € eVI Ce?dub% eng/oﬁcﬁger%nce rrying

Qut the osr't1 on orsa1|n 2N ¢

The cerposhidcofo dndnte@ahédlignan:aeidlconaicoRiucte deﬁde g thelcbppsieiseNt
invention is used, for exanple, to forma resin |layer that covers pores
for rre@rn‘isl)ﬁ néeﬂm#qfﬁocﬂqﬂrgthgwlcap@cgmqew@q ayer. The conposition includes
at le two or nore cationic functional groups
and a%ﬁ%ﬁ?‘e?/{erage ecup‘ﬂ)éh{\)\%l1 ght of from 2,000 to 100, 000, and

i ncl u@@ﬂ%odﬁmpmﬂdbm@tm&ngmmmohduaﬂoran anmount based on el enment content

of not nore.tha b . vol une a era rticle dianeter of fhe
conposi tion h@&%‘ﬂ? @\/fo SHYRE A SEMGOG FCt%‘gaaCf’g%r“?%tﬁ tﬁ%?‘-’ﬁ%f‘&“ ICRERN Hpr e t han

10 nMyged, for exXIABRR, B ﬁﬁma%ﬁﬁ '1287@1' {H3f cHRA pdts RrRENICPRFHE! RferAgMi Ng the
above constitution is applied to an interlayer dielectric |ayer having a

por oudicktctnichayere, Thocempesitien inglpdenattlhast sne fype of ofsint Haeingriwerdr ayee

ut 1 g Y g RaBr T Sty Gab S oo @Y Shieftet om croopiBaf i oups 1o

the i ah@inchides seligh @il pb@sdi@y@hch Mandunk @i bised G fefcnfinoBordént df BBL Rbre
conmponent. to_the porous interlayer dielectric | ayer can be suppressed.

Fur t hé&wadO@rbsi dBe vekmeravsiage pajiste dl@mﬁ@mf hg pompesitiersinpasyzest by snal |
t hi ckp g$§gt scﬁttél'ﬁ]g%eéhgffs)not%% qﬂl?e between the interlayer
rc I'on na

dlelec an | nterconnec ‘erial forned on the interlayer
dielectric Wheﬁra mn@o&h%f@sde&hﬂ@a/ﬁmmsﬂmmeﬂnhﬁng thevdbevehsthgioges i n the
rel ati v% gl electric c tant can be suppressed. [0011] (Resin The

compo8PRIeHrO B pnierdayer i trl§éﬁ¥€éélﬁwagtadwr%éawaﬁuﬁ‘g Peiss eRigting e Bissurfasgent i on
inclu i functi onal
Q%egﬁteh% Hh?&g%f'te %P& geé Rl Wl Ekgrhfa%r W‘P”gfn (%g%aa@gﬁec

groups an rage nol ecu 100, 000.
multiple-point adsorptlon of the two or more catlomc functlonal groups to the interlayer

dielectric layer.  As a result, diffusion of a metal component to the porous interlayer
dielectric layer can be suppressed. Furthermore, since the resin layer formed from the resin
has a small thickness (e.g., 5 nm or less), the adherence between the interlayer dielectric layer
and an interconnection material formed on the interlayer dielectric layer via the resin laver is
excellent, whereby changes in the relative dielectric constant can be suppressed. '
[0011] (Resin}

The composition for sealing a semiconductor according to the present invention
includes at least one type of resin having two or more cationic functional groups and a

weight-average molecular weight of from 2,000 to 100,000,
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3 The resin includes two or nore of at |east one type of cationic
functional group, and may further include an anionic functional group or a
noni oni ¢ functional group, as necessary. Furthernore, the resin nmay

i ncl ude a r éffeatsingnalmdes td brtions & ddeasgheayEadf catibgic ffumtiohang@buy hadip, or
may have gg[randomgstruc.t ure. fornmed by pol ynerization of a nononer that
const i &Y Bthehinciude ap apienie fypchinnakeroln Ah2 romgpic Apratiopal sel. BF BeGeEIBAL | ng
uni t - StrhetiER; thG&R flaf Shdifuet e pt EOUGRIH oint of
suppressing the di ffusiagn o‘?jea rrgt a?@?gfr%onent 1Ha?ﬁxge{%@%ﬁ§§%@@?§bly has a
r andorarsup, we may daboa nedobystpotyerfrinzd by polyeferaatimnefvemnohdadr thanst i t ut es
the resin.in br anche r, without a specific repeating unit

str _uct‘i?P%?mtef %fﬁimfh%gf?&n?ﬂ%WG OHF]%{FPE%F BUSPFUnE S SHPE T Cul ar | y

LT mi t egbcafdih@Rth8 prdséntiigvetibhodh QREIdSSAHEY shgﬁztessqeg‘thé%u dif deh¥tal
charged. Exanples of the cationic functional group Tnclude an am no group
and a cqu@oepemathy restmpisfarhly havuprandomrstructoenformhedhy polytandgainndf aof

suppr in he diffusion of a netal conponent, the cationic functional

gr oup%ﬁénoﬂ% éh@q‘fﬁ%ﬁ? r ﬁgé%sfn ’(?nagg%?c}]&ﬁﬁ? VBRSPS PIGG SeRSAURE WUt ondar v
am no sgueuR:. Further, the nonionic functional group may be either a
hydrogen bond receptor group or a hydrogen bond donor group. Exanples of

t he ngﬁ@]@ﬂi d'he gatéae Factignad gppupris hefcharticularbir lomiged aprlongas i iscafubotigdal gr oup,

and a " r.t he joni.c functional group js not
parti %ﬁ(ﬁ.\tao:} ﬁ{l/t (%R%gp Qgtiyely cha e{%is ]lg)fm’{i@gsa&%ér)\% tllogﬁcaﬁmﬁt}odﬁggrtoﬂ%fm@% Pe

negat iawéhy grohpnged quitsanpl A8mohivhhgro8i OAhNE Wie, | Rk sGnddint diCl ude a

car bole iC aciﬁ 8{{&1'0’ e} sul fonic acid group, and a sulfuric acid group.

[ 001 3FURIressgdhRe tHRstonnf ] melyt gompengnty bsicationic funstoral srqupragrefeablat mor e
cati opd [ ' . mer having a high cation
densi t)?gﬁ(gsdég}r}‘tgferre gj%’?%tﬁ?[gh@?g%g%gﬁg#kgp@ug%%'ssi ng the diffusion of a
met al conpoRerther, tho nbeioneriendpael groop ntahde eithérariyarégendiond fadepigr gtaap

equi val ent ,.weight of the resin is preferably from43 to 430, and nore

pr ef ePéBFQ}dIPg‘ﬂﬁg QugT 8P BX&mPIe?H’{"t?’ﬁé‘P?%EJ}CrfB’éCt{%‘éI gere inclrdse pol ar

gr oupsyd@bxl giuﬁﬂ,%%%ygg@gﬁ,%aahr&@%&y@r dielectric layer decreases when
the surface 1s subjected to hydrophobization by a known process, such as a
process desEwithpsdhe anig@cdunoreabgoup iswot panioalEae limited s bagi asii is af unct i onal
groupsegui val ent i ght being in,a range of from.200.to 400.is. al so

pr ef erfua%"’i(ér.lae11 gfdlip tﬂlgﬁ‘%ﬁtbggfg%%ieb FGFREr oﬁé?mﬁllﬁﬁﬁ he afiori WRtHRal REP ¢ of ers
to a ml@am—myneamlgﬁﬁgi akul@iighdid BRsupC add PRilfurfcurt grol@l group, which
is a value (Mvn) obtained by dividing the weight-average nol ecul ar wei ght

(My) HIOTAT r akhonghythe Fesithmap be apyiyesiprasdeng st bastivocarinente catipmitifwciéen ai ned

. h : . _ | h t i oni
f unct EhEs i FRICERAPHARS: b8 TR Al Benstd o b REFRY e REMURTG o
f unct suppadssigg dupdiffasioos b hectaltchepohand, Té benmi@speelfict the caiéi® Airttional

functional group equjval ent ight is, the higher the 4
group eq Valeﬁt wglght c?g the res},r\ie 18 %referably from 43 tc? 430, and more preferably from

200 to 400.

Further, since the density of polar groups at a surface of a porous interlayer dielectric
layer decreases when the surface is subjected to hydrophobization by a known process, such
as a process described in WO 04/026765 or WO 06/025501, the cationic functional group
equivalent weight being in a range of from 200 to 400 is also preferable.

The cationic functional group equivalent weight refers to a weight-average molecular
weight per cationic functional group, which is a value (Mw/n) obtained by dividing the |
weight-average molecular weight (Mw) of a resin by the number (n) of cationic functional
groups contained in the resin corresponding to one molecule. The larger the cationic
functional equivalent weight is, the lower the density of the cationic functional group is. On

the other hand, the smaller the cationic functional group equivalent weight is, the higher the
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density of the cationic functional group is. [0014] Wen the resin
according to the present invention has a repeating unit structure
including a cationic functional group (hereinafter, also referred to as a
" specidensityudli the sitiondd fuhetional gfoa@pdéat i oni ¢ functional group may exi st at any
portion of the specific unjt structure, such as at |east a portion of the
mai n dRAIH oVhen the sesdn acgopding foghe presef dnvengien b Fepedingmilisisstutne at

| east ; [ - Of: a0z i ' -} of the

Si do- ApeiPBk aQaiHig FHEy RN B glp e BRfch AR ek AR ot REEGHEMES vo or

mor e cauctord"y thactionenahctgmaligeup hiag ekiso atanyrpotidorcat the Bpeeifounit st tire,

gr oups be the sane qr different fromeach othey. . . The cationic
funct 8Lt Blepepaien ﬁ?_@?é?% bein oE FUgEY AT §1ﬁ“’e°1iaél_%=i06%8ﬂ1 AfHee mai n
chai n ot fRG b RfioRoSRERdd Cndifhdd Bb raf’ﬁ:%é%ra}r?gﬁgﬁ Sanguedhgindi stance bet ween

t he adsorption points (e.g. residual sil of the cationic functional
groups exi sturtherowhen thersperdfie noi¢ strayee hds shect mpe datipmc fijlveioedlpadipsr , al so
referred to as a "rel.at.ive di,stance between catianic functiaqna roups")
o 1 ofi oo g alisnif Byng S REES opYited trrbeot B dereat HeaGhbet ront o
such a ki nd TRBk@fonid fulefiéhat biduph 8RtpréRrabGhineN@cdMidhi tRiehdQtif or afdSRLRAL | on
of the resin to a porous interlayer dielectric layer. [0015] In the

pr eseshaipdength plonsperifisrmng ssvgiveioithe avrageddisiatestiichiveen the adsorpgiopeoints o an
interlayer .diel G r.-the nol ecul ar weight of the. cific unit

str uct(%g'erelslgu%?le%orlg qti;}g&r%odrrﬁl FLOTEOBOURE SRR B?rg}l%‘ﬁ‘?%ﬁwrom 40 to

200. Higecitd ROEH (BErchRifgh alsofrefehed &PRG Trilativdistaiitd bidvbiEcatiehiRfandtidnal
nol ecul ar wei Pht of a npnomer that constitutes the specific unit
I

st r uc&trgs”) is from §.98 tonb2 gpeareferablieliomdhi8 forlén alka apmpedimentydf such a

adsor R VALY ANl I =Y i.c.laye he specific
uni t g ?.}rauﬁé%%)rééﬂa%l}eéfegﬁ %%Ft&& ﬁ%@e a rléjlﬁgﬁ é/%xﬁldssgl?ﬁglgggge\%%%ﬁﬁ Or%:)% i onic

f unct imeddyegdielgpsicdhydrr om 0. 08 to 1.2 and a nol ecul ar weight of from30 to

500; e .preferably a relative distance hetween the cationic
f unct f@ﬂﬂéfoé}%agsw WY%‘FH’B’. j%%mtac?tf’é‘.dB‘“&Fﬂf%ﬂs Bty wih fRsPEHEo 8 from 40 to
200. A& r&@&%irfc: 19y &R Bl &e‘f@at%?ﬁfé‘ sfpbéiﬁh' Bh sﬁ&crtﬁ&%tié‘%l%fc%ﬂ aining a

cationic functional group according to the present 1 nvention 1ncfude a
uni t  Somuit r®odard mett freferably frometdetio?0fe, The uwildcubt megightpthdepéoifid fr om

allylamne, a unit structure derived froma diallyldi nethyl niumsalt,
2 uni P PRI CtRdP RIS AT By odng 2 Sttt g SPRRIE” Wat i ved from
| ysi nggucturgni t structure derived from nethyl vinyl pyridine, and a unit

structure derived fronp-vinylpyridine. Arong them froma standpoint of
adsor babi | i Inthgprasentdayrasiont fsoran standpointgicadserbebitiet itk rdspgaito amt | east one

Fr om S BHARELHE AT b Sl BB PRl B Pt bl 2

| east thenatiodic furl¢fibhal Sréupslof fioncO.08 & N2nRGda mMElBiYaY WeibnEtioan30 togsoayp and a
unit structure_containing an anionic functjonal grou Specific

exanpf¥mere Rrprahhy ¢ r@%tiw&lﬂwecb@m%ﬁnﬁhﬁ@at@nmn@m%&r@ﬁm ofdrm OdiSoap
i ncl uglg a?dldqh&fua{} 4 éigﬁtq)fg@rnlléﬁgj dp@m vinyl al cohol, a unit structure

deri ve rom a ne-oxi a unit structure derived from
vi nyl piépl $phoife. exafplk@f thespeti€ic uni paractitecconxamnpg agaddnié Rectignia gitupuct ur e

contai ni ng an anionic.functional group incluge a unit structure derived
from m@?%@ﬁ? BffFentARygion ifide RGeS g%r}‘ieééta)m F%ﬁfewﬁw% @i c.
aci d, stpchith HedbddUedi 2By MEfihe/ @ dnft!sRIMAR Wrived %H‘F’? giggﬂ%qﬁetﬁﬁﬁl&&ﬁ{o fin deri ved

frommnethacrylic acid,”a uni't structure derive eltc acid, and a
uni t st aohuseudereidgasted from Yioytayiiding i whit §L00LSF dénivet fnplyesent uninvent i on,
when the resin includes two or .nore speci.fic unit structures, the..
Fespettiiyie St G Ly G gPecaiy Tt Gl e e sk SaHP SR Hgs: | n
any OAmoRg tharRSrddh akBAIPUAPET adSérbhALPMR FesBEQYPah RdHEOIEREK IR er t he

mol ecul ar wei ght, or the like. The two or nore specifiC unit structures
may bat leastbredelcr ymit stiveture demveddram pthgtdncipoipo by aenit siructune aladest frapol yner .

allylamine is preferable.
[0017] Further, the resin may include at least one of a unit structure containing a nonionic

functional group and a unit structure containing an anionic functional group.
5



[0020] The resin may further include at |east one type of repeating unit
structure other than the specific unit structure (hereinafter, also
referred to as a "second unit structure"”). Wien the resin contains a
second unit Speeiliceramplet bths padistructuteniontagiingla homien@fdndtivaalseognd uni t

struct.ure.may be included jn the resip as a bl ock copol r or .a random
copol yRghde é‘ylmt Struciig degveshomnin _@fCPBelt B sl dghved Bomalkgenei mi ted as
| ong axidd ahPa fni¥ SrdcnSk HEGLAH ﬁoxﬂﬂfiﬁy{ﬁﬂnﬁfd&ﬁé_a nmononer capabl e of

polynmerizing with a nmonomer that constitutes the specific unit structure.
One eX80if]e Fufthemhspesdramdmpltestof sherunst Weturescantaiming agtaniooicufusctitenal ved from
an olefin.. [0Q21] Wen the resin according to the present invention has a
i dorbrath ik ReF & al SRy e Seneshier acidon BER e SeaHel o oo
the reghylsillfrid abidan Ghie Sri@iRaleritbd RoMtacRANI A0, 8 viReGLEtLfe dBRERLAY UNi t
structure, the cationic functional grouF_may exi st at any portion of the
r esi n mgibdergee apid, pangistracipoy darbd dfont melerrdcrd, @hdaingstragtuteadesivedifrpor t | on
of the side-chain, or both of the at |least a portion of the main chain and
t he af‘ﬁ”lnglé%?mg‘ portion of the side-chain. Exanpl es of the nonomer
that gomst|i [witRPrésest ihe&itidonl WatngR redilitcamies fder @bk pebE MR kiry@ulcher eof

[ 0022] Specific exanples of the resin containing a cationic functional

gr oup tecresegtingsnesificiamitpiae e may, bhdillsrent femuprgeh piey by anyl of itles trpaer ( PEI ) ,
Jroup ; gl . . _
Dol o o AR e ol P/ B R o b SIEREL Wbl e e Thegny

pr ot opatrete gekificnmistiodyikeshiy beineludédRinRhPyddn asanBloclecopohiratas aof t hese
resins. Anong Ihem pol yet hyl eneimine (PEI) or a derivative thereof,

pol yalf#3fPahfWwe YPBAA) and the |i ke are preferable, and pol yet hyl enei mi ne
(PEI) (@208 98E LAGHRUE IRE BRudeSu Et%ngrtgé/ee(ffrr ting bHP edcrli ARRR:A! -

pol yethyl eneimne (PElI) can be produced pol'ynmerT zi ng et hyl enei m ne by
an or ¢therspegifipuott egsctuithbengolayioe rispaticond tadsal sstordnohittshractood"y.meWhzat | on

condi t,i ons. may. be apprapriately sel ected fromthose ardinari .used for
ol y e AT GO P SR e S ARG 1GaEs Fom eyt be caused,
for exgnih® malbd hemi& tnahd 3%n Adh bIBE BF Qr@frafidbnebdRhye amount of
aci d catal yst,” such as hydrochloric acid. Further, ethyleneimne may be
subj ect ed t dhasrtond vait poigiwmers nelt paoiculralydimides gpdbyeahy ieneiindtrusture

Pol yet;hyl imne according to the pr.esent .invention may be a. honopol yner
o ot SR R QForBHeS SRl OEhd B PARR b aePhieher 3 TSt capan! <
of copgicyitarizitiguir.t NORS bydngslebiheSecond GitafruétireabTanit ShectRfcakeived f or
produci ng pol yethyl eneim ne is described in, for exanple, Japanese Patent
Publ i ér&fq%h‘ﬂﬁéf?- 43-8828 and Japanese Patent Publication No. 49-33120.

It is i : [l g‘: ng f esent
i nven{(ﬁgﬁl?f mﬁé@u alhcezltcﬁ(%ﬁe ce\tlsrtnﬁ)é) rg%t%‘? ﬁvﬁ@ﬁiﬂa@%tﬁ%@% ano g%lﬁ%g'.b?;Det ails
t her epblyamrizitenf cflantdonometahatiresditiiat drtresippl a bahilad rhaind: EithoutMaving a
2001-2123958. [0024] The thus produyced Egll yet hyl enei m ne has, a

conpl FREGHESRIAYE U1 TR HISTFIABE TEMPIY gien may cxetaiapy perticn ohiicch
ring- pReNGEL 8t MkbaRs pBHRA Gifife Iapkadid & L8608 365N bk Qﬁlefcﬂﬁi'ﬁ', & bn
straight chain, but also a partial structure In I ch ethyleneimne are

| i nkedf tho atlest agtontgon ¢fithe heid oram add the ot eag haorisar oftheiside-chaia. parti al

structure ipn which e strai ght-chai. tial stryctures are |linpked to
cach ot her DrAMuFRatBE e Bt EO S RuRIRE 1 BHbHF RikEReffe
funct janakiveiReuRs having a structure of such a kind makes the

mul tiple-point adsorption of the resin nore efficient. Further,
i nt er HOER bnSiwsifigeexamiples of kg resinrpekisening @ catempaiuinetionsd gwup eatdardiggitather nore

effective. .[0025]. ol yet hyl enei m eri,vaikve | o preferable as the
s PR RS ierRE pE R e PO e TR RO RO el i me ey i uat i ve
I S nopolpallyidithéhMmindridR (PBBA)OpdyAsylptrilise @ EPpeNNdidenat can be
produced from pol f/et hyl enei m ne Specific exanpl es thereof include a

pol yepdlymeheinyrideivired (DMEyYe. prowpaied aobyp-prdd dimilens) SR-PAHAM). apdoup

(pref . i 1o . i-N

(o LSR8 e 10, 0LBRN, BETRAEER: 4] of1 B PL B

i nt r opblgalgdamine(BAS) hadiallile 8¢ prefershleind pobrethytimeittine JPEN Pr b AbMvative

pol yet hyl enei m ne. A pol yet hyl enei m ne derivative can be produced
by anthsreef argremeefeBedi n whi ch pol yet hyl eneimine is used. Specifically,

for exanple, a polyethyl eneim ne derigvati ve can be produced by a process
descri bed in Japanese Patent Application Laid-Open No. 6-016809. [0026] In
the present invention, polyethyleneimne and a derivative thereof may be a
commerci al product. For exanple, polyethyleneimnmne and a derivative

t hereof avail able from N ppon Shokubai Co., Ltd. or BASF SE may be



[ 0027] The wei ght-average nol ecul ar weight of the resin according to the
present invention is from2,000 to 100,000, preferably from 10,000 to

80, 000 and nore preferably from 20,000 to 60, 000. For exanple, in
case ¢60233i hggenced pdsithylonciingde (PER dande preRiced by golsheriziag etytkirdgnine t he
present invention for producing. a sem conductor device havi n&l .a distance
bet we &% 2R REIBYY QG565 | nterROHRE 18R satalystamdhs pelymeazatigngondipnsmay anet er

on angj ' Gl L. = O reQXj -V i.f .the

oni gt BpfopAefy BIeElefttdh Sok@finfly BRRBKLTPRE ik BenkindhOS Mot e
si ze epeciiinmllycthe ncactiyn ey peeatsed, fohaxmmple afivhad ce2@EC e dre frisenadyiament

I nt ercQnnecti ons d.the resin, m ot, enter. recessed grooves for

enbed§ ﬁﬁlvgﬁn}we%%@é@Vﬁnwﬁ@éﬁ(ﬁpcmﬂw asid i WeReaBIngmay; e
surfa ; i ;,@é;lte - GOV amﬁgle, if the
wei ghﬁgﬂgﬁé‘%{&g‘%ﬂg{%ﬁﬁﬁ%ﬁgﬂ’aﬁ 0? h%f),regli n iir?éﬁn%el gé\ll?gthg%’g the size of
t he natwcdihg tothe phesentgpientivrymdyebesnisdrherolyhenrpftetteyleticammt gor acfopplyres on an
interl r, di.el.ectric |ayer ,and.the.resjn nol ecul.e enter the pores on
e 1 R SRR Bl s g o g FapabIq S B bR Bat g aS a e stdhsan

const aminedf ThBprddabeiol puRLclizPoBettyldhelndglis ddsttibddah, fok Beanii8 | BpdRYe not
adsorb at nultiple points. he wei ght - average nol ecul ar wei ght can

be neBatanidbbigatzondde BpPErdandsapingsnatentyPublediondvo. e 3d@dsur ement of t he
nmol ecul ar I f resin. [002 lt.1s also,preferable that the resin
nas o ort o1 e Bt 3B mNeRlnikinie 280 1 Bsttiearilylol) vei ght

or hi gbercrudy ethiiendigsndoldaiasd foi mongtanbiaglihe/ O AhHe6Rtdnde fShkdiat ur e.
The term "does not substantially forma mcellar structure"” refers to that

t he r&gapesgdatenhdprhieiion katbkOpeasNond-Hgsfes- conditions, such as in an

aque Ot@??ﬁ g’?‘ﬁlﬂhﬁg {o‘&%@& Hg:gﬁ&ﬁﬁ&ﬁ'eriﬁine'\m a’(:{)h%)lii:ie(? &E’Lhc?lﬂg ?ﬁéglhcﬁné Rot TP Ur €

the c mcefle co tration. en resin has su
char az patiabdtiuctire i which ringsipenédythylehamimgara linkédlorasls othbr immhe thsmentl evel
ase .in the.dielectric constant

(e.g. 5 nmor Jess) can be forned,. and jncr
of an® FRBNICHEr g‘tb‘%"’éﬁoe"’_cli’ﬁqlél g | ‘ﬂvﬁ%eﬁ@vﬁ&@wx}%w lokppiocgckathery ¢ her
adher @ReEmb 6 MeRAcKAG (HuBLEL b2 Slrtisl Bheld Gy il fle sBAEnABNiNp&TGONNECct i on

material can be effectively inproved. [0029] Further,” the resin according
t o t heiryshwesart linkediotdack oiter prastessdinkingp olisewhy resrecontasingawiiorgc a

wei ght - aver age nol ecul ar ight. of from 2,000 to 100,000 and a cationic
Finct MBS AE A e Aratifdier i S FOT S berguial P adngpBob b r abl y
pol y efebivil e icidienthaFhiEer dinehdioh tekRieA gt 1EBIng 6idkad thwehaiioRbrfir om 10, 000
to 80,000 and a cationic functional group equival ent weight of from 200 to

400. swEng aver mex effacve.ni s enbodi nent, diffusion of a metal conponent to
an | n@ﬁggﬁg‘g E)gwelﬁx fe%%{rﬁiﬁeld ‘I?a{éc}ilvgi%/ al?oepl%f%?%lg 3 r?zsglg g%%%&n?%%o' hE€ lpye’sen"%nd

adher riayer ric layer w an

i nt erigoamet i dhe palyethyfdneithivie deri¥ativt Remotipapicaleeld. linhiQR8]loddhes icrnt ent  of
the resin in the conposition for sealing a sem conductor according to the
pr es efMBPd Hhat e bepredecssHrem pglysthyieneiming.e gSposHir sxgmplssdhgreed inglpde

cont enbo 0fmlRACHAR dor{TBN QY Gk hn AR i 'y from
0.02 t ’ 8 ]Sﬂ’%%ly we(:ﬂegr t b epcgn{ggn? of]J ’?ﬁe r es}?ﬁrdlll\ﬁ (g{]éfger%@kg%gl:ﬁgﬁgﬁ for
seal i Hicabcestomenatumtavyl @ogeims polytthylehanpne aadt pohyethyldnoiminaerdentiaej ust ed
accor di gﬂg{ %8 t he area and tl?n%gﬁor e densél t?ﬁv] gf a surface on which a resin
| ayerPrRARDY Mtogheag acresmlinkable shypsoeh gha hydroxyl groupinto

polyethyleneimine.

A polyethyleneimine derivative can be produced by an ordinary method in which
polyethyleneimine is used. Specifically, for example, a polyethyleneimine derivative can be
produced by a process described in Japanese Patent Application Laid-Open No. 6-016809.

[0026] In the present invention, polyethyleneimine and a derivative thereof may be a
commercial product. For example, polyethyleneimine and a derivative thereof available
from Nippon Shokubai Co., Ltd. or BASF SE may be appropriately selected and used.

[0027] The weight-average molecular weight of the resin according to the present invention
7



[ 0031] (Ot her conponents) The contents of sodi um and potassiumin
the conposition for sealing a sem conductor according to the present
invention are 10 ppb by weight or |less, respectively, based on el enent
cont ens frolm2,068 ® 1M000oprcéamlsly dfons d8L0 MM IJ0(IoindsBore PreaadBdrda 2000 by

wei ght, b s%ﬂ on el enment content, |eak current may occur. [0032] As
necesstal@zo he conposition for sealing a sem conductor according to the
present i nven kQfnpBYinicBs! ddRi as&:lnYIfc'ﬁ{ti’on'fB'r s%gﬂaaéé%wn&ﬁa&m%@édr&ﬁn here
is no particular restriction on the 'solvent used In the present I nvent i on,
i nsof dhe pestrtenwotiorfir phalwyeresustondiiies dweshavire a distancealmdwbardley f or ns

icelles. I f th I t inc¢clude wat f bly ultr.
wnt or Yo BeReaRe<iont O SN0 a8t chan Poe o G e AP LB TC R he
presenjr abgmﬁﬁat@ls} 2 fdrh, aFHR vaéig&g@@}agte nﬂfletﬁlﬂalr%%iiéﬂt by tlféfrpéiﬁtisg%rgﬁemhﬁ@l l'es,

water or a mixtufe of water and a water-sol ubl'® organic sofvent is
pr ef erl&810p0htbe gize @f te resis glay deteredteraBa] thedistdnee betaleeh thegtdjacher e is no

parti ¢ r.restriction on the boilin oint of the solvent, it is

Pe et o Ronb &t 14 B2 18 bR pPerd iR o Rles IR B e, ¢ e

boi | i ngtepohidctioh nidt@ias Hev@nt wheieh¥ pdtksloh KilS siirfRESaf the grdRbs SEAABI B 2
washing step or a drying step is provided after a step of contacting a

conposhtficetly spvered| | Mgamwlyboni (cba sigtaborverpgenmaleclat weightefthelrasingst r i ¢

| ayer | ' {0 ' il | described | ater,
t he sglg\ﬁ/)g‘g%gggghigeﬁér Q%gé‘gﬁ%{ﬁﬁ %f\}vﬁggé r?ipnelga ﬁ?%ﬁ@%e‘é“élﬁmveﬁ?ghaﬁ}e I O?Rgﬁf‘ ation
pr opemhynohtetlner ididetdalieer aideheadsin moleayle nay enttd theSpodes di ha Mtb¥aylefrpai r ed
and deleﬁlm nation of the conpositjon for sealing fromthe interlayer

di el edigieetrig Lyes thergbygrersarngidg diglegsria ponstank eliBe &yejayer ficlesBipdaxiti i on f or
seal i mgﬂﬁelsgfgirggﬁ%ghg{a&gﬁp&%ﬁggfe%othgg present invention may contain a
suc

cation such as a cesiumion, to an extent that the advantages of the
present i nvéhe weightaecragt mokoplaowiemhtcarBye meastimidrbyrgGRC @pparatas of cesi um or

the lik the resin in the co ition for seali.ng a sem conduct or can
spread"” ?rgy_b‘ﬁerdfeéfﬂieﬁn?ﬁ‘éﬁmﬁﬁwﬁéﬁm@%’lm&eﬁ ef ¢ ©Mayer. [0035] Further,
the coom®si tii9htsh gfeféﬁlﬁb g tie RS a9 A HAEED MiBA LYol ralion i RRSENT
invention preferably does not contain a conpound that causes corrosion or

di ssomedivgmobt % heweigheet higher, off bk eesin deesinat/abstaminlly fopeeirhicelldrl y, f or

exanpl if ot i N ,COo nent of .especial.ly, an_ interl aye ielectric
xoar Sl | e B aSOTRE Ao $RECh HicolaP iR i AS Ty SalhF B e
conpodash it férfemidekes intlet REmEA APASitbA BuckGB O h Agheb@s IBBIURT ASEHNL | nvention

may cause dissolution of the interl aélgr dielectric layer to danmage the
i nsul EMRSFAPCober i 8 not pessdly tomenpsge g srifigalimmiecfeegogeenpatigne| Bdenithe

const N i : 1 cording to
he pram e R A A i Pn e B B A e B850 1 ng
poi nt nfor2dBcarbd feased, pnéireteHst yh the AElanid assianDsf Grihierlapamiiledsc t hat do

not deconpose en heated up. taq, 250C. The term "conpgounds that do
not dE@Sﬂ%&é@ %@%V%%]{P@H?Sﬁ%-t ﬁr'gg‘@@adk%?‘&eé’eﬁfee(SIFPp’é‘EF‘ﬁBé’eW%@Uéhange in
wei ghtayaf éxﬁraﬂﬁieﬁ%nﬁ@dtﬁﬁ%ﬁ%lﬁﬁn%é@@e&ﬂ%ﬁﬂnﬁar&eﬁf ogen atrmosphere for 1

hour, Wth respect to the weight neasured at 25C, is |less than 50% [0037]
The vBI0Zht Bwtheaghe pamtdccording tarthe present aisientich Isyprefedphamilgethylgidimine

scatteri.ng nethod of the, c ositiop.for | i sem conduct or .accordi ng
Lo 1 hEee SR Avnes BRIcFar Yot bropes @08 g 36 Seminunayarl ge
parti glofp AL @REER wa¥seTIfond 93 A3 R ARE LRAE Bretdrhbly pBRRAS cnkMiRE having a
interconnection material may decrease or diffusion’of "a netal corr%onent to
an i nwexshkyesraghi mpleeuln weighiefrfromy 0080 td 80,608 ks eationic Boppmes gedp

equivalent weight of from 200 to 400. 'When the resin is this embodiment, diffusion of a

metal component to an interlayer dielectric layer may be suppressed more effectively, and

adherence of an interlayer dielectric layer with respect to an interconnection material may be

further improved.

[0030] The content of the resin in the composition for sealing a semiconductor according to

the present invention is not particularly limited, and for example, the content of the resin may
g _



The vol une average particle dianmeter used in the present invention is
nmeasured by a dynam c light scattering nethod (a nmethod in which tenporal
fluctuations of scattering |ight nmeasured by a dynamc |ight scattering
met hodbealren A4l tpAed%blyy weight praferablyrfedna0i0drio e Yedy weigltr  The comtaati d¢fi ons
of , faor exanpl t he nunber of. accunul ati on of 70 and the nupber  of

Cepet 10 BATOR 6 coiboriodger Holing S BPREoRON G A B et R ghtion

El ect rgaf 6Sadie C‘j[ed bdcbrding {0003 8lea THE tHeSI0R '('iélﬂﬁ%f %Pk Ea'ﬁl?ac%}b%_rvﬁﬂlﬂr Q?crsir# %&&

di anet er excéeds 10 nni" in the present invention specifically re s toa

case iiptolbd Himad &et ths comaediign.an aver age particle diameter of 10 nm or

| ar ger re rmed in the conposition, or a case in which polishing grains
of a n[é?gli} ééﬁabeécgﬁnp?%e@t i ke are contained in the conposition, which

pol i shing gridienton@h® of s&Humhd poldssiinnig tkoRRSostitdatiof RL%: A Nt er connecti ons
(chem cal mechani cal polishing). ) In case mcelles having a large

di anetsepiendugter spserding totibe pispd sivenBen figrl Owhibyreeightoe hiss.onshectivaly, f or
exanpl e Sitl r i ‘a sem,conduct or. _ac di to the
pr eserlljt(r?l seld\rllg\}leﬂ?lﬁlglﬁ Cﬁg{ég{s)'edfnf%rge %%ggﬁ%%{r?g&g(@e aélélrp&??éflwl ed‘@?ﬁ‘ﬁ@ﬁ’lﬂ) i ch

t he divedightasddaingeneithone, dokrtrentBicomnactions is 32 nmor less, the
resin _in the conposition for sealing a sem conductor may not sufficiently

ent er [P02]; dsassesgayr he eurestioniasseriingg semicosdustebrnsartingte thepesend

t her ei; r: i : -t Vi - .

suffi éiﬂg ﬁ?p's nglg\;lgc:hé @ %%‘8%@1 19%%%%%?2&%59%% ?ﬁ(l:e,tjﬁg %%Or estri a(:r? ?%trﬁagor? The pH
of t hehecsohprms nsdddn thicopresoma invagticn, fenta andiecbbentleeargdhagsiyaditdoevepties ent

i nvention. ver, froma standpoint. of adsorbability of the resin with
r especfst f)“cg%\éﬁlﬁtfr@’fnil%’%cghﬁ' elﬁé‘@ff%?is qfé}s}‘éﬁ’oi‘vetnﬁ chﬂei@t§KW&r§HVylth over
than Gheer), 508286kl G10M BloaRt sbiRend MicBrds AU GlcofbIe! & IHel fredeY@bentlor ther, in

case the resin contains a cationic functional group as a polar group, the
pH of fitohea siangpedittaf @n abidity seiinmg rmicsles, veted oct orixtuse ivedterandlay in a pH

range_i n whj t he .cationi.c_functional group,is in a state 10 of a
cat ?oﬁv.a“‘ﬁv?‘%h’%r%%fg%%“ S?IV?IHéS Brgﬁeﬁ%@i‘/g%lﬁec??fra *g’évil“f'ng a sem conductor is
Wi t hi pod3B] S FhaRgealthddsPihelkd @ hoPartidigar r&&ididhdnithe bbilthe hbRY 8 thdisEhvemt i C

| ayer may becone nore efficient due to a static interaction between the
i nt er Fdyareferpldy 2d 07 er legpy and more preferadsila0°q @den] Whenitboboibing poiot pbi nt  of
the i I ic . r.efer 0,.an jpsoelectric point of a
corrpoumr??okvﬁéffsggh@{' ?ﬁ%{agge’tlﬁég{en aglﬂ?%%e‘%asgllnglslée tF iac‘ﬁ?"%%é?e.g IFFBHQV%?QW e, if
t he cafigaumneb bhaintaeang hicbhpesitibh foriseal gl Bgeaticatidaboe Withan lidy@iyck s por ous
sili cg, the jisoelectric point is around pH 2 _(125@. ) The pH range in
whi chdtelfsticaygsceordmegde itesreseyt Bypntian, which wilhedeseribeddater. dhe sobvest s t o
that  thenddnRfvel BEI0GAERYS I tnd & 5 | infeflafi@t _hi gher
t han the pKb o? t 8 rg%?n acont a(ii n%%@é’%?%#?aéﬁ?%‘%ﬂg#ﬁ%?{g@% . For .
exanpteleciric loperas hétesigreBeantly ompaired argl deddrioaiion dfithe toropasitiay fot piling
pol yal.l yl am ne, the. pKb.is from8 tao .9, and in case it is
pol ye%‘ﬁ%‘ttgﬁérfqﬁ“i’[&ﬁ’é,rsF énﬁ%ﬂyqrsca‘f‘_ pAYRded 11, In other words, .
accor (jong] t 8s hBRsRhPIROLorh PR BP seliRg a@&n@om&&@o&%ﬁ&‘aﬁigﬁb(ﬂ%ﬁl@geﬁeal I ng
a sem conductor may be selected as appropriate according to the type of
t he cwpaiimmdmeheentaiorsialionseh asa depmay loaytersuch @l exdentiteat ltlxyeivasagestdfe t ype
of thg resin.. For.exanple, the pHis,preferably from2 to 11 re
or of oPBYSy ey BHFIoR 37 Hot Compeinps Y FanRBihg A satioiol fesmp Ay Thede s
or di gk i ¥8e cdrftAllon(fBF QBEES a kahicBh@G6H B8 sHIRRA GRATHGERMIFEVIrGR)
The process for producing a sem conductor device according to the present
i nventt@lpypdiglepitied®®s f or produci ng a sem conduct or devi ce havi ng an
i nter lg;l'! §| i - rat the process Jncluding a step
f or at)ogﬁr]' ng aeg’gfé‘% %@%ﬁ%o@??ﬁ%gﬁg?ﬁsg |0§ u‘it%reacg%r PRI sealing a
seni coreniingirefectabifpdecstnot Camtiiaatconliuhd tiek bares cottosloddr dissoludye bi thand
ot her_steps as necessary. ) )

interlayer dielectric layer. ~More specifically, for example, if the main component of

especially an interlayer dielectric layer is an inorganic compound such as silica, inclusion of a

fluorine compound or the like in the composition according to the present invention may

cause dissolution of the interlayer dielectric layer to damage the insulation property, thereby
9



The interlayer dielectric layer used in the present invention it not
particularly limted as long as it is fornmed of a |ow dielectric constant
mat erial and has a porous structure. However, the interlayer dielectric

| ayer iperedsargaibt yelgiovit diclestrip@pouantsi | i ca and has residual silanol derived

fromt orQus sili.ca gn the surface thereof. By the interactioon of the
est addidy T Sommprion i slfehient i PbARO 5 HyDC PEREHIRGANOR. ¢ he
resi n,préfetaBlycon®iR oft céBBokiRiS hivihg abeiiRb iR oF 9@6”@0%[‘%@?&% 1?%('&;5 on

the interlayer dielectric |layer are covered by the resin. [0042 ous
si | i ca& less, or onlyncantppupdethehdo netulenempese varep Heated upfto pE0°6us silica conmonly

d f | l, dielectric l.ayer of sem conduct.or . devi ce may be
proeRbebopd AR R LR A S A i R R
an oxicgmpbanisiehdss chap@imeRBo kRS HiOHSREhiRA D bdCZiduer & fltforf 9ani zati on

i

of an inorgani c conpound and an organi c conpound iynthe5|zed
hy dr oaHeespagteyor b howy, withirespeet teéic weighiameastfedat 3A1C, imless than 50%.

' | ' ' d ibed in. WD 91/ 11390;
o o I0ER! hE L BRAR QR LA Ao GORE AR by SRR e Bt dlind a5

sur f agfalfid ofake caspdsithedior Bealiat dsemicb8@ctoVv@cordido (hs préfbat ifention is
Supr anmol ecul ar Sci ence, 1998, vol. 5, (p. 247, et%%%. Anong, t hem
por oud 0811 pidgsspr i sassdhe YOIHMS axeiagoRItiEls sigmstensxsendsilAgmp edberencsi Witk a,

o VSRS LROLGORLAL i BEAS s S AEEOTRONIN AFREELAT ., o0
si | i canterlayer dielBoericclapqrasayt ncoibe bofficpndpanpprgsspar ous silica that nay be used
R T R G N R
0B AP gh el 0 (g s g I i s o
measured by a dynamic light scattering method are analyzed by a photon correlation method
under the conditions of, for example, the number of accumulation of 70 and the number of
repetition of 1) at 23-26°C using ELSZ-2 (manufactured by Otsuka Electronics Co., Ltd.).
[0038] The term "the volume average particle diameter exceeds 10 nm" in the present
invention specifically refers to a case in which micelles (having an average particle diameter
of 10 nm or larger) are formed in the composition, or a case in which polishing grains of a
metal oxide or the like are contained in the composition, which polishing grains are used for
polishing copper that forms interconnections {chemical mechanical polishing).
In case micelles having a large diameter are formed in the composition for sealing a
semiconductor, for example, when the composition for sealing a semiconductor according to
the present invention is used for producing a semiconductor device in which the distance
between the adjacent interconnections is 32 nm or less, the resin in the composition for
sealing a semiconductor may not sufficiently enter the recessed grooves for embedding an
interconnection material therein, and pores at the side surfaces of the grooves may not be
sufficiently covered.
{0039] There is no particular restriction on the pH of the composition for sealing a
semiconductor according to the present invention. However, from a standpoint of
adsorbability of the resin with respect to an interlayer dielectric layer, the pH is preferably not
lower than the isoelectric point of the interlayer diclectric layer. Further, in case the resin
contains ei cationic functional group as a polar group, the pH of the composition for sealing a

semiconductor is preferably in a pH range in which the cationic functional group is in a state
10



(1)

of a cation. When the pH of the composition for sealing a semiconductor is within this range,
adsorption of the resin to the interlayer dielectric layer may become more efficient due to a
static interaction between the interlayer dielectric layer and the resin.

[0040] The isoelectric point of the interlayer dielectric layer refers to an isoelectric point of a
compound that constitutes the interlayer dielectric layer. For example, if the compound that
constitutes the interlayer dielectric layer is porous silica, the isoelectric point is around pH 2
(25°C).

The pH range in which the cationic functional group is in a state of a cation refers to
that the pH of the composition for sealing a semiconductor is not higher than the pKy, of the
resin containing cationic functional groups. For example, in case the resin containing
cationic functional groups is polyallylamine, the pKy is from 8 to 9, and in case it is
polyethyleneimine, the pKy is from 7 to 11.

In other words, according to the present invention, the pH of the composition for
sealing a semiconductor may be selected as appropriate according to the type of the
compound that constitutes an interlayer dielectric layer and the type of the resin. For
example, the pH is preferably from 2 to 11, more preferably from 7 to 11.

The pH (25°C) 1s measured with a pH meter for ordinary use.

[0041] (Process for producing semiconductor device)

The process for producing a semiconductor device according to the present invention
is a process for producing a semiconductor device having an interlayer dielectric Jayer on a
substrate, the process including a step for applying a sealing composition in which the
composition for sealing a semiconductor is made to contact the interlayer dielectric layer, and
other steps as necessary.

The mnterlayer dielectric layer used in the present invention it not particularly limited
as long as it is formed of a low dielectric constant material and has a porous structure.
However, the interlayer dielectric layer preferably contains porous silica and has residual
silanol derived from the porous silica on the surface thereof. By the interaction of the
residual silanol with the cationic functional groups contained in the resin, a thin layer of the
resin is formed in such a manner that pores on the interlayer dielectric layer are covered by
the resin.
f0042] (Porous silica)

In the present invention, any kind of porous silica commonly used for an interlayer
dielectric layer of a semiconductor device may be used without particular restriction.
Examples of the porous silica include an oxide having uniform mesopores produced by

utilizing self-organization of an inorganic compound and an organic compound synthesized
11



[0045] In the formula (1), each of RA and RB i ndependently represents a
hydr ogen atom a phenyl group, a -CaH2a-Fi group, a -(CH2)b(CF2)0CF3
group, or a -CdH2d.1 group, but RA and RB are not sinultaneously hydrogen
at ons hydrothermaﬂ’g: using aRiicaepl askenturicenhgl ﬂldnmaﬁlcalllyaﬂosleﬂ rhka resigindti con at om

and an o omto.f i c,siloxane structure, ach of. RC and
A R S PRI S AR RN A ity PR e Y N

gr oup alighxykifaie ﬁl@%%ﬁﬁ%t%s%l?cn&ﬁ iR Nafdt | 1996] vcgrmr{ A or ais an
i nt eger fron11 to 6, bis an integer fromO0 to 4, ¢ |s an integer fromoO

to 10 Slmramolewlarr&cege% 19P8nad. 3. 4pLA47aerd)n is an integer of 3 or greater.

[ 0046] By usin ositi.on for arin orous. silica of the.above
brbod! rmont - A bS8 Potcts wlh EPult R 4 SinERuRtcer pieb it SRR a hi h
nmechariiae c&hﬁ&ﬂﬁn&oﬁﬁﬂm@sp@éﬂ@%ﬂ@ﬁhne compound @cERNREdiHbIGW S i9r Preparing
porous silica used in the present invention may further include a sol vent
such aﬁeﬂﬁwbﬂﬂﬁd an organic solvent, a catalyst, or the like, as

neces h ositio in the present invention contains,
as co ntO%K?EUIﬂﬁnaﬁgf 5§m5$§§§g% of an al koxysi | ane conpound (except
an all coxysmhaﬂ@m OSTRe ol ﬁ@aﬁﬁg peuasilida tiat ABE uSRNRINNSresNP RSHRsh DY

t he fornulaégﬁ %_ A hy dro ysi s product is obtalned fromthe al koxysil ane
conpodidu 8 éqinoly(s;@)growt ﬁ%n plkgxysdapespmpaingdéh @éwéatlywrodw ofa

e o G S A R P s N A S T e S

inorgahhmnphhymganekdnxwgaﬂ%ﬁyaﬂQKmesmiane conpound fornms an inorganic
ponnT by pol ycondensation at a site of a silanol group formed by

hydr ol @%ﬁi of an al koxy group (an al koxy group bonded to a silicon aton).
Ther ef or g; alkoxysi | ane conpound preferably includes two or nore

al koxy grou in nol ecul e in order to obtain conponent (A) as a dense
inorgani ¢ p¢lyner} In this case, two or nore al koxy groups may be bonded
to onﬁ%n-J_Lspn-@- 0Further, the al koxysil ane conpound may be a conpound
i ncluding tyw or re units in which one silicon atomis bonded to one

al koxy groué@ [ 0P48] The al koxysil ane conpound as nentioned above is
pref er abljy | eajtpy one sel ddfed from the group consisting of a conpound
expressed by thefollow ng forgu i), a conpound expressed by the

f ol | U441 f br tha fermyuly 51)aﬁ@ah9f Borﬁpd@ndn@mﬁ@@%]@demys@lﬁéi yskogeniatemsar mul a
(i )pht[fn(}%lgclup, 4 (R group, a -(CH,)p(CF,).CF3 group, or a -C4Hag.r group, but R* and R®

are not simultaneously hydrogen atoms;

R and RP represent a single bond that links a silicon atom and an oxygen atom to
form a cyclic siloxane structure, or each of R® and R” independently represents a hydrogen
atom, a phenyl group, a -C,Ha,+1 group, a -(CHa)u(CF2)CY4 group, or a -C4Haz4q group; and

a is an integer from 1 to 6, b is an integer from 0 to 4, c is an integer from 0 to 10, d
1s an integer from 2 to 4, and n is an integer of' 3 or greater.

[0046] By using a composition for preparing porous silica of the above embodiment, porous
silica having both a low dielectric constant and a high mechanical strength can be prepared.

The composition for preparing porous silica used in the present invention may further
include a solvent such as water or an organic solvent, a catalyst, or the like, as necessary.
[0047] The composition used in the present invention contains, as component (A), a
hydrolysis product of an alkoxysilane compound (except an alkoxysilane compound described
as a siloxane compound expressed by the formula (1)). A hydrolysis product is obtained
from the alkoxysilane compound (component (A)) by hydrolysis (and polycondensation).

The hydrolysis product is a component that constitutes a main skeletal structure of a
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In the fornmula, RL may be the sane or different fromeach other, and each
represents a -Ca.112. +1 group or a phenyl group; and a is an integer of
from1l to 6. [0050] R2.Si(0123)4,"(ii) In the formula, R2

r epr eg@ndus materl 2 de bbtagicdamd paefplablyyd dgisoiprgamie péliidpe ( CF2) bCF3 group, a
hydr ogen atgmk%@( %%mprlne ato In case x is 2 or less, the two or nore
of R3 may b XX SFOIBP‘P‘FE# HES £ HioreaRiPAYREr by pliccadersatiopilesent s a

- CaH2 I IS, an
|t cgap e P Sl b Ap IR by AR of B BRobP STl IR b BondRdd a2
from Glltoonzaton{l)JOH’_l:l]ereRAy,(twam@ _ysﬁiané\efﬁnp(mﬁ);ﬂe&ﬁﬁ}( inciujles two or méme t he
forrru!éiﬁgm% and z ma betheg rZIE .different fromeach other, and are

i nt eg EOMHRS 17 B mRleqrle 10,050 39 ORigR RRanERdanes & ASRRCIPUIREHE PPIGIRFeach

ot her [p ﬂﬁﬁjcisﬁptﬂﬁﬁ&'?ﬁor@ atléeRl lofRiph ngfy%é%onaed){bedﬂélsﬂﬂzroﬁléﬂ)ma FurfHeR)ikd CF2) bCF3
group, a hydrogen atomor afluorine atom R6 and R6 nay be the€ sane or

di f  erdierysilaomeenpurst hey be anempepdeselnting twCakgwré-gnityrio whidr ore glemy |

group; t ege from1t06 b is an integer fromO to 10; c is an
i nt egé‘FODHSﬁ?ﬁng 4@3 Af‘% ilquéfgé% Poxygen atom a -(CH2)d- group or a phenyl ene
group;jo@sg dhé %lk@ﬂyslﬂlah@@(ﬁﬁﬂédrﬂrﬂs Indniofed $KRE 2] proReMIY hideX BAPsEStQf an

al koxysi | ane conmpound in the present invention include a quaternary

al koxy&mt Baroun emsiging ek earendvod yapicased byttet fodlewtiefpsinblar(®; a compound
tet t
al ko TOSE Loy N OG0t PR S bR Reted oo Mot Bkl 1 ame,

triisdgippopoxyfluorosilane, and tribut oxyfl uorosil ane; [0053] a

fluorine-cont aini ng al koxysil ane, such as CF3(CF2) 3CH2CH2Si ( OCH3) 3,
CF3( CEIMEH ARSI OcH3) @), * CF3( CF2) 2C1- 12CH2Si ( OCH3) 3,

(0r9) 2r D) ere o8 () B S OF SRR RS PRTED Ao oty

CF{ OBl oL PGB B) 3 GFa( E9) Tecohn) rpea12S: ( o) 3,

|
@3(%@%@% )2, CF3(CF2)5012CH2Si 043(00113)2
CF3(CF2) 7
PRI SR e S e S SRR SR c12)1<§1*“8a£
( CF3) 2ORpGFRyEOEICHDIS) oCRITUOGHS pRm. cﬁaowm i) @lless2(DR28H CHBIBOHBR

Gra( | el B Su5E) %@%%%r@ & %@%%é%@%%(%%*é%&%m) >

CF3( Chedlip GrizGrdificp &G RI03) 3; a FRa(i 1 febiAGH S, bR EdbkBfroM o 10; and
CF3(CF2) QCHZCl 128| (OCH2CH3) 3; [0054] a tertiary al koxyal kyl si | ane, such

as_tr¥f Hemslegrtion Gipl4ane, tr| et hoxynet hyl sil ane, trinethoxyethyl sil ane,
triet t y hane, haxypr | sil ane, and triethoxypropyl sil ane;
[OOSSW){fe?t”l(gir'{ 3§%x %ne?ﬁéuch as trinet hoxyphenyl sil ane,

tri et hoxyphlinié Sorhaie y ahd Izﬂﬁyhlﬁb(&ie Birae opbeteydns idoAneich atldr, and are integers

triet oxychl orgph | sil an ater .i ry al koxyphenet hyl sil ane, such as
trime r?eﬁ%taﬁg r% .n‘ilaémt G PG ?li gﬁ@ﬁéﬁw@maa EPIeSgRI5EICaBl2e 1

| t hyl
di ot E%%%* RSy Efil S CRBCINER “gr DRI (kB0 Bronf) R and
, 2- bR (rtay |bﬁﬂwmmesurldyﬁ“©remtrf&nn cach (ﬁhd:n a(tcl rapaﬁsbtﬁmyﬂﬁ%h)@bﬂl}ﬁm& phenyl
, 2- bi s(di net hyl net fI th t hyl et h | yl)eth
- PP R BRI TN ) e FehE Sonies S B U HTR .S 4 Ris o
, 6- birS{elioaR bibwh ra&t@n;g?{ﬁ%buﬁ dPLERAG Iend oPoud); Sl MRl g&ﬁmﬁaltbs@ ) hexane,

, 4- bls(trlnethox Si | { enzene, 1,3-bis(trinmethoxysilyebenzene,
, 4- bi09OZ} i %zehtfmam eploé Az elkoxysilade to1Bpdirsi(in thepraseny giveytiondedndne .

quaternary alkoxysilane, such as tetramethoxysilane, tetracthoxysilane, tetraisopropoxysilane,

RPRRRRR

and tetrabutoxysilane; a tertiary alkoxyfluorosilane, such as trimethoxyfluorosilane,
triethoxyfluorosilane, triisopropoxyfluorosilane, and tributoxyf{luorosilane;

[0053] a fluorine-containing alkoxysilane, such as CF3(CF,);CH,CILSi(OCH;);,
CF3(CF,)sCH,CH,Si(OCH3)3, CF3(CF);CH2CH;Si(OCHj3)3, CF3(CF2)eCH;CH2Si(OCH3)s,

(CF1)2CF(CF2)4CH2CH»Si{OCHz3)s, (CF3)CF(CF»)s CH2CH,Si(OCHz s,
13



[ 0058] According to the present invention, one or nore kinds selected from
t he above al koxysi | ane conpounds can be used. [0059] The conposition for
preparing porous silica used in the present invention includes at |east
one t \{P&E:)ECF((B)):8Th¢thBiQEiHs );pCbdUekly)OH,@Hs$i OKARE, conpound expressed by

comporiehenCesaa et HECHEbr i kaRE T HEEHSBPERLLYY o cycric

siIoxqng“gqugEgg?g??gﬁggg@Hggg@fﬁ@?§¥?§f%%%%?gﬂﬁggg??ne conpound

expressed by t [1owi ng fornu ) In the formula (2),
each &IF:68)4;ORLAICIRIQCTRY, CEN@T18CH,CH,SiCH3(OCHs),,

. CETCRTEH I PRTERTS NPT R SR 1 5 U0

are nQ@F@&@E{b@n@%@%&mg@@&%ﬁﬁ@?}iwmzﬁ’s@fﬂ{z@ﬁz@f@mc};}gjz,rru| t aneousl y

hydr ogen atons, a 2 an are not sinul taneously hydrogen atons; a

i s an Ut CH(GhSICHE OS Hae, C8 @R (& GIbR O @CH:)s is an int eger

f j i : . ' i nteger from
0'to SRR ACEICHM: @R RN, 5,
I es pe (G, B CTBOUL SIOMHNE8L;); [ OPRCF,)[pEATHjSi((axiaygiigs of the cyclic
si | oxane conpound i ncl ude )

tris( fr,%@@%%b%@%@}ﬁybr eee Inf - ) € H LS (O hs 813)3;

(rioh : Tyl e 1o { ot . 1

1 3 5 L b TR Gl KR G LRIV KA, HARR  Mene,
1, 2, 3tdm&hoxjedxdsitinbythiethok pithylsildoe xt@mesthoxypropylsilane, and

1,3,5 7-tetraetgy1-2,4,6,8-tetranethy|cyclotetrasionane,
,2,3bFWW€WHV§W'}@P%-triethylcyclotrisionane,

g[(YOSESFt b ABLDRICKGh I A S iPAARethoxyphenylsilane, triethoxyphenylsilane,

, (-tetraethyl cyclotetrasil oxane,
Sirim¢tbonyapherptcoylsilates tndigicthoxgcidorophehypelabgratetiiancy cl opent asi | oxane.
In th resent.inyention, one or re kinds of fhe above cyc]ic sil oxane
g:orrpoglllfg ctyls %d?ucﬁﬁﬁ%ém{:ﬁ%@, ¢ ?tgylgf,? % & %Pﬁ?}?@ﬁ%&#g%si | oxane
i s paJgose}| akdcwndirghrokeslkyldRAR3tuchhe GREMESIdiheRyfsAinddh&PAr i Ng por ous
silica used in the present invention includés at reast one kind of (O a
sur f aéiethexydimethylsilane;

[0057] a bis-alkoxysilane, such as 1,2-bis(trimethoxysilyl)ethane,

1
1, 3,
1, 3,
1, 3,

1,2-bis(triethoxysilyl)ethane, 1,2-bis(dimethylmethoxysilyl)ethane,
1,2-bis(dimethylethoxysilyl)ethane, 1,6-bis(trimethoxysilyl)hexane,
1,6-bis(triethoxysilyl)hexane, 1,6-bis(dimethylmethoxysilyl)hexane,
1,6-bis(dimethylethoxysilyl}hexane, 1,4-bis(trimethoxysilyl)benzene,
1,3-bis(trimethoxysilyl)benzene, 1,4—ins(triethoxysilyl)benzene, and
1,3-bis(triethoxysilyl)benzene.

[0058] According to the present invention, one or more kinds selected from the above
alkoxysilane compounds can be used.

[0059] The composition for preparing porous silica used in the present invention includes at
least one type of (B) a hydrolysis product of a siloxane compound expressed by the above
formula (1). According to the present invention, the siloxane compound expressed by the
above formula (1} is preferably a cyclic siloxane compound, and more preferably a cyclic
siloxane compound expressed by the following formula (2).

[0060]

[— (SIRBR%0),(SIR''R"0), (SIR'?R"%0), J (2)
14



Al t hough there is no particular restriction on the surfactant, for
exanpl e, a surfactant having a nol ecul ar weight of from 200 to 5,000 is
preferable. In case the nol ecular weight is | ow, pores may not be forned
sufficiently and the di el ectric constant of porous si Iica may not be

and t REOGC e Ge (gt Tt Rl Roprar o s RodadGRnTau raromat s ed.
Pref eng ch%eﬁéﬁ)ﬁ?'r?%ehﬁ(‘glrw atbqﬂ‘glgr&m ag(@wjg(épg)qcnf;groﬁp%féﬂ] cg}@ Conpound

havi ng | on rouF hydrophilic gr@ Iong chain
al kyl @muru uf R @deliem‘abbgmmn tatdoyﬂy@wdwgemamng adeé4a1@aaobon atons, and

nore pref.erabl al kyl [oun aV| 1312 to 18 carbon anples of
The o UEhERD BB aiflt 0 2 S id B s §0 st Pt ke ARG S oo,
a nit askesdrdtia 1@ by&irs%mhtegé% 0apd, @iscariRREM fréth QUP 10264 FRBAY t hem a
guat ernary ammoni um salt or a hydroxyl group is preferable.

Speci fiptegdrifipm Ao 41 kyl anmmoni um salt represented by the follomﬁng formul a

C 1% Pl N G fedtes 5P S WA 3T I pegr OBO e 8, s sy omG o8 1,

the f(i)éslijilddtﬂ/e(w}mdaﬁ[,ﬁnﬁms nteger from0O to 2, b is an |nteger fromO to 4,
is an |nteger from8 to 24, mis an |nteger fromO to 12, L is an
|ntegé9‘%ﬂo§P%nﬁ63¥Wmﬂ§HH”@FPﬁﬁﬁé§@ﬁ¥§‘ﬁﬂﬂyﬂmb¥WH@C|on a hal i de i on,

HSO4 - D0 dL are

Wit hin t&r 2321%%\3?&? ﬂ%’eﬁéﬁg ; P's @1'3% %rgv{e}ﬁll@%) Icﬁzalt(\)/l?lﬁﬂg%a?i@appr opriate
si z ?hoananiaélylcgrphmjraSMeme,b}yB,é lmﬂgmhihgbmﬁgif;?tbmtplﬂem?yetmlﬁtamlsxa?é{ ﬁ iently
in urin se reaction after e formation o e pores,
and a?a£§4$éh€ ﬁ@%ﬂ%ﬁ??gamﬁ@%ctlon can be easily caused. [0067] (I1)
Conpoynds ﬁ@éﬂd&&y@'4¥@kk&&a§ﬁk@hﬁh‘§m@&e§£ﬁ%ﬁ£ﬂg e Exanpl es of the

pol yal kyl’ene oxi'de structure 1nclude a polyethyl ene oxide structure, a
pol ypil @p¥irestley] a4, brériethyloyelotrisiloxanp ol §1567t tetrrmt thy logolotetrasidixase.r uct ure, and a

pol ybutyl ene oxi de ructure, ecifi xanmpl es of .the conpound
havi nE%ag z"é%ﬁﬁwgﬁlygﬁ’i t@ﬁ’iﬁ(ﬂf@ng’tlrﬁrét Tieaa ﬁa}? ‘gél %HasénP%g?e »@fpound, such as a
pol yoymeahyihereclppdntaxvRiRPYy| ene bl ock copolyner a polyoxyethylene

pol yoxybut yl ene bl ock copol ynmer; a polyox etg%lene ol yoxypr opyl ene al kyl

et her, a polnibs pesseiflieveatigniane cemiee kinds @l the £ Kijpxane campgindshenyl
oL " 00, R0 BT 1COTP BB ARG, 5 S
pol ye[diygBnThs comhpdsitionffat piepatngdp@stiesilicussdibiticgpicstad ihyerdiohdn@edelat a
propykgaem%kﬁ&ﬁ&x£g%g¥ﬁgggﬂ ester, and a sucrose fatty acid ester
Although there is no particular restriction on the surfactant, for example, a surfactant
having a molecular weight of from 200 to 5,000 is preferable. In case the miolecular weight
is low, pores may not be formed sufficiently and the dielectric constant of porous silica may
not be lowered; and in case the molecular weight is high, pores may be too large and the
mechanical strength of the obtained porous silica may be lowered.
Preferable examples include the following surfactants.
[0064] (1) Compound having long-chain alkyl group and hydrophilic group
The long-chain alkyl group is preferably an alkyl group having 8 to 24 carbon atoms,
and more preferably an alkyl group having 12 to 18 carbon atoms. Examples of the
hydrophilic group include a quaternary ammonium salt, an amino group, a nitroso group, a
hydroxyl group, and a carboxyl group, and among them a quaternary ammonium salt or a
hydroxyl group is preferable. |

Specifically, an alkyl ammonium salt represented by the following formula (x) is

preferable as the surfactant.
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[0068] In the present invention, one or nore kinds selected fromthe above
surfactants can be used. [0069] (D) El enent having el ectronegativity of
2.5 or less The conposition according to the present invention

cont ai[fig6Ht d Harst(NQﬁHﬁgmfdi;)@)fa((HB))bI\%ﬁlebzﬂﬁm}lXm\{)i ng dmmailetH)ronegativity
of 2.5 or les enent used | t.he present
Chventi on hastsCERERD: éf%lawge&%moem e%@h@f%é%ﬂ@qt@ BilyfRy of the

COMPORERber(ffim Wid D4 thes &Pﬁﬁ&%@?%m(@bo 1% hqg %P}ﬁt@géi"ﬁﬂﬁl' N S endxdr ophobi ci ty

and the fechanical strength of the finally obtai ned porous naterial.
[0070]remb$elnt&ﬂj1rydtr¢wdejemaa halidsfion,HiI SO € fof e monkaslentrrogarbesrioe| arified, it is

h t te f t It of
P erov NP6 bt Peaed L farpaiR P e or bR Ao Cy g Ehe el enent
(D), \Hawhgtax abﬂ%pﬁ@t@@%%ﬁﬁ bé Brmied, @ﬁ&é@ﬁia&e@géﬂa@m SERPR@Henéifte MOT €

efficiently to forma dense inorganic polymer. [ 071] In order to achieve
t he a@@ﬁ“@le@ﬂﬁ’e@the poresi diripg 2igay phase geasgion aper the farmatien of the petasnantka (D) i s
an el %ngpetd X w&gza{a\ rever .S b bon](él, n%%s%ate wWith respect to an elenent in
t he corrp05|pt|yonr11 R s ot rder to create such a suitable

inter @mexpn(H}amoﬁbmn{avb@@d[@u@lawm&gstﬁmahect ronegativity different
fromthat of Si, O or Cis preferable. Mre 16 S eC|f|caIIé, an el enent

havi ng an eEéélpp]@ﬁé@@@lWiWﬂWXI‘iWC@f‘BIWWPéﬂ?O y§thylgae STgReERat i vity
f o, th
07 0" L REGARL AR Sle AALENTOIEAOR BR SUSELFRIRATLEM ok RYES Lhen

eI errenmdlaattuagrean el ect ronegatl vity lower than 1 8, which is the

el ectronegat.ivity of Si further pr ef er [0072] In this connection,
the netal %’ ‘%e@a}ﬁ?%ﬁ#éﬁe FOTPHEAE masangailfx lene 9xg er%wsr%al%eﬁave a

propee&pérectmﬁamatgdaga% Blyexidnd1Be PO &leitibok B £y kind of
PEbFr SnliPf ROV OHprAFle ok B fnlc

stress, especially an e C stre 1 ed. t he net al
el enepolyosyatbsdcnermﬂlyctwbhmeéﬂqmcppohymeo;fa p[dyoxyetjpaiemqabyfoaﬁrepylen@ ot her

e YO, SRS Al Sl h”

el enepihcEMdrRbRPBuAS® sBcHA IRly SBleflyl @le@iRRtol fhtty Mid lesté‘la&ﬁ@l BxRIgAbdcv e
i nfl uence on the perfornance of "a sSem conductor, which is not dési rabl e.

[ 007 3porbisawe{aty acidester, agtedyathilena seabital dattioacid asieren sprhlé@afaﬁv @cidréstenence on a
som CONMYEL oLl PRy EIBIRLE, ATRIBLEL BuCLEER(s such as Al 2n.  Sn and Pb,

have een u i d semcon evice and the use of such

el enepi®8i sinnbt pth%éﬁthﬁwnﬁbh,}bﬂeldﬁhﬁ(ﬁd kindk 08€dtd frb thé ev@rtsufBltants can _
preferably a |l arge el enment having an ion radius of 1.6 A or greater, which
i s haP8Ui%d- move even upon application of a certain degree of stress to a

POY OURdeh} "RD) Element M REyrghBEuhEPOLs (Rl o preferadly a heavy el ement

havi ng an” at am ¢ wei ght specifically, an elenment having an
at omi ¢ nunb€he afmfibitom dcgiders toltlaspiefdnt thveotidrhernsding 41 1¢st oradkiod of (¥
peri O%‘} gleltn%ltl)tl I?awng an electronegativity of 2.5 or less (element (D)).

The element (D) used in the present invention has an effect of, for example,
increasing the reactivity of the component (A) with the component (B), thereby enhancing the
hydrophobicity and the mechanical strength of the finally obtained porous material.

[0070] Although the details of this effect have not been clarified, it is presumed that an
active site for reaction is created as a result of removing an organic functional group from the
component (B) by the element (ID), whereby the component (B) is bonded to the component
{A) more efficiently to form a dense inorganic polizmer.

[0071] In order to achieve the above effect, it is believed to be important that the element
(D) is an element having a reversible bonding state with respect to an element in the

composition, such as Si, O or C. In order to create such a suitable interaction, an element

having a Pauling's electronegativity different from that of Si, O or C is preferable. More
16



[ 0075] Exanples of the elenment (D) that satisfy the above conditions and
are useable in the present invention include B, A, P, Zn, Ga, Ce, As, Se,
In, Sn, Sb, Te, Rb, Cs, Ba, La, H, Ta, W Re, GCs, Ir, Pt, Au, Hg, Tl, Pb,
Bi , PapecMicallynah tlamtintdnoeingsn eRicabacglih gy ievatthdrehsiwiankeisshenment sel ect ed

| ant hanoi.ds, Po, Se,

fromthe group consisting of. Cs, Ba, H,. P, Pb, Bi,
Te, A§,Pecﬁg‘}e Sy énl.S_wng@Ll&r & FmEREh VIS ?feﬁ@pe%@l%l@mrﬁﬁ%%ﬁect ed
from Wcﬁfs%@el@&ﬂﬁfeéﬁthﬂg’ Ac, $SmoRprefetubidfand Iﬁ‘ﬁleWeﬁﬂqavlixgﬁmano' ds. Only

one of such el enents w suffice to exist 1n the conposition according to
t he pekstntegativigntdven than00¥,6Yhidhis thetlhddorfegativitytafddLis furthet hefehlloent (D)

IS no ticylarl limted, and either a t hod of introducing the
ei e 0 h) L forbectigh. I zaseflHertimt SR BUEH g PR ARHI ASRUEiong ¢ he
el enefhvd Pbro?@ﬁ?_@?éﬁi@tﬁ@ abld &QﬂzkorEhgﬁ@térm@efpﬁfah%/Md%f shESt Edpbiu@p On a
conpound containing the elenent (D), and exanpl es thereof include a

ni t r age elvoirsoitness, isappbigd.ddFwthep dhmaictabplemeniin oerptitead ito baveampoparty, ofaret a

basi c_conmpoun n t her _kno ounds cant ai ni ng.,.the el.ement. (D) are
o 5o BETTREl oY o fer SR i IGCRH RS RO BoRhidnin) Bsedif T Shicklh be

I Nt r ogg@AhY baroub efeeria® RN GHch 49 idnditorARdr dbvige. el IEMRNerhéMt cbfitained
preferably introduced as a m xture of the conpound and an organi ¢ sol vent

such s aimgl eskd clemeph atgill qayse heggative enflispgsost the parfersrange ebar i ng por ous
silica, . the. pr L hyention preferably contains (E) a hydrolysis
pr odugﬁrﬂlggg%icgfr’s‘lgﬁlfﬁIsg%ﬁ;@atgﬁdrr\ag’yeéxpr essed by the following formula (3). By

i ncl ufhorg] tHbeecﬁmeumgllmiﬁhe t]liﬁtdb@)l@h&bjsgh}n}tgzaﬂéfiﬁﬂhﬁah n&¢ 6B géhicohdddeg, por ous
silica are ipproved and the stqorage stability of the conposition is

i npr otapé&xa@eg@pph@mwmms preh asiAsy Znopysend ?/lh hayealfesdybpen yss in dach of
R14 t { I r - -a.nhenyl group, a

- @Hzgqnﬁ%g%dr%ﬁgggggggﬁ & %(1&3%?%?%Eg%ggﬁg%ggggﬁﬁg@élﬁ%@t%eger froml to 6;
b is H97#htdgelerhen(DPistpefdrably a hrgnelemewderinkranivradiusd;1.Adr Xreater,
represents an .oxygen atomor a.>NR2 group,. wherein R2 represen a

i o BITTs BiFdp HbE eRPDERSH PHGAon it b ARrer ok 84S 4 F 8O M3, [ 008 1)
Speci fic expihe@ShOblehiRft @:lh)ss paelerSIIRGEREy ERRERSHRthe didiRicabayva Jror nul a

(3) include hexanethyl disil'azane, hexaethyl disilazane, ]
hexaph&he mprsi bpezdivelly rackertriiihving iah ejcamie nubgned Ipydrdiigicr olessificd tand

e AR T BT s e above il comounds. can

hexanm@oly| dEgdrhslsasehe sleficaf @)abit&atisfy the above conditions and are useable in the
present invention include B, Al, P, Zn, Ga, Ge, As, Se, In, Sn, Sb, Te, Rb, Cs, Ba, La, Hf, Ta,
W, Re, Os, Ir, Pt, Au, Hg, Tl, Pb, Bi, Po, At, and lanthanoids. Preferable is at least one
element selected from the group consisting of Cs, Ba, lanthanoids, Hf, P, Pb, Bi, Po, Se, Te,
As, Rb, Aland Sn. More preferable is at least one element selected from the group
consisting of Cs, Ba, La, Hf, Ta, W and lanthanoids. Only one of such elements will suffice
to exist in the composition according to the present invention.
[0076] The method for introducing the element (D) is not particularly limited, and either a
method of introducing the element (D) as it is or a method of introducing a compound
containing the element (D) is applicable.
[0077] There is no particular restriction on a compound containing the element (D), and
examples thereof include a nitrate compound, an oxide compound, an organometallic
compound, and a basic compound. Any other known compounds containing the element (D)
are also applicable to the present invention.

The element (D) can be introduced via these compounds.  In that case, the element

(D) 1s preferably introduced as a mixture of the compound and an organic solvent such as an
17



Further, the disilyl conpound expressed by the formula (3) may be used
together with a further silyl conpound. Exanples of the silyl conpound
ot her than the disilyl conpound expressed by the fornmula (3) include
tri metdiydbsi.l yl chloride, triethylsilyl chloride, trinmethylsilyl

di met ine, trimethylsilyl diethylamne, and trinethylsilyl .

di phe%@ﬂ %é’.fthff@ﬁ@ﬁﬂ%%‘@ﬁ{f‘é‘rﬂf%@ﬂé 8&0&%&110?8%'93% P%S%ﬁ‘ﬁ%%m

i nventy : : |, €4 o i hi | :

P e P B B b Ty

subj edbimmga(he Sonipdsding dins cayppoundo the Hydatphbbiedy aehthe stracith opdripogoushe

heat - t r,eat ed. conposi t.ion | ayer . ultraviol et..rays. There is no
part i SHIC4AT¢ I@%Qrg?%fqngﬁﬁ%ﬁo'?}é% S@bﬁg}ff’ ,COQHBSIB%%W?VFHH eof include

gl ass,jpgugrtz, a silicon wafer, stainless steel and plastic. The shape of
t he substrate is al,so not rticularly limted, and the substrate nmay have
a plate shape, a Sé cer $@dpe, or the like. [0083] The nethod for applying
the conposition ofnto the jsubstrate is not particularly limted, and

exanpl es t heg'®af_gnclyidecqny pghdi nary nethods such as” a spin coating

met hod, a castingjnet hod,l and a di ppi ng nmet hod. For exanple, in case of a
spin coating nethpdf a Félﬂastrate i_(g)pl aced on a spinner and a coating

solution is dropped on the substrate a4t a rotating speed of from 100 to
10,000 rpm By performng the application, a precursor nmaterial

co 1Ji4.0 ayer ich.is_assilisca,sol . containing the co nent (A,
e Caishoe itesThyin LG o8 R R R undoREY PLfReE o eRB A ned on
t he syhsiylatsup 20841,,.TbRuplid NEtL HARYSIE, kfip! akeh ihesUBbRA1t6E; b a heat
treatnment in the next step. The heating tenperature at the heat treatnent
i s prehértegiryrom Biw 40c senigegsr from 0 to 18}1@dt>ér€mresn@tatantorié%ﬁnr%@m'0r gent i oned
her ei bers to,both,a _heat 1reat LI t e > Ln, order
Lo remdic By Speh o riahent ORaRRRL K76 bt Skt BlopBrty Safu L

(1 ow temper@sure heat treatnent) and a heat treatnment carried out at 200C
or higher in order to renpve a _surfactant that has been added to form

por es LB Lhayresiiie semples ofdhe digdyl comnonngd RXpressse Pahsraboke M@ nent ) .
Si nce; r i L NER akeiaidi S -t ecursor materi al
i m*redlngc?ue(%y&g%ltngtrh §{?ib]s‘é apf)a;)]irl TSt gﬁi,lgl?‘tza%éﬁ%ir%g%m%lgg?%rermve such

vol at hbencahylddotseyexasthyidisigxaet amd howpharypbsikkeme et ortmeatareist .
The tepperature at the | owtenperature heat treatnent, is from.80 to 200C,
A pobREanHS T TH ommouEdS Cr8 B Uogh e RE ST HIEILOR T APSIBARHHN i s
range copipbiids! BexaRRRQNBHIokadd S hrderaBlk. Or gani ¢ sol vent or water can be
removed W t hout causing problefs such as bul ging or del am nati ng of the
conposi t i onFimlesrthe disilyloconzpivad lespressed by Cheforinplat(@) why banvsed togetbent t he

| owt enperature.heat treatnment wll .he enpugh, and.it .,is preferably from1l
o 60 A EEESHRE Rmh B, r FhmPles of B RECe Bho B P o) REFHT or ¢ e

| apse cothpdurfdeddppdsted hybe Fornulh@) indade®iddethylsilyl chloif€ ifeth$lsitd dhddridecul ar
restriction on a nethod for heati n([; a silica sol, and any known net hods

for hedmethglsdylsbmethylamyse. ddesthedsily] dots]janes.and aimpigilsilEhgiphariaengeat

. - . L i gh- Cth
hi gheloiRL ThEBRASEFGeleqric sper i uledFeid b FIRSLELURGUATY, [rERigE, - N

sur f agpining tidoveessitiondbspepaiinOp@on siiteentd Aatbsm@e to et a comphgtion

sem conductor processing, the tenperature is preferably 400C or |ess, and
nor e BweR epkigttipeiboeompositiadayendn dihgattrsagmencand crposing thehsaleedtsty, t he

t empefah HsEq S 120995 REavitighgts, or 300C or higher is preferable. The

hi gh-tengeratur heat treatnent nay be conducted by a known net hod w t hout
particul ar iThatis od paticdar msthiefdn og thet subsiphe med esamplesathereof v ele glasxygen,
hydr ogen, ang. air. _However, en the.treatnent is conducted jin

sem cB¥lTe fSHicR a\@éf‘gs%tﬁgl,essastﬁ%ﬁn@& o S’f‘?%@ﬁ%? he §15Larr@ﬁ€éf> AsAnPlst ¢ he

inter gﬂ‘ﬁ@@lﬁfﬂr BhifeRSARILBO CfshRC RAPEayd US4 safe Rl Rhpddr the like.

i nt erconnections. The term "non-oxi dative atnosphere” refers to an
at nrospH@3¢ The mieihod forapplpiyg the conpoenionaniccthe eubsiratg 1Hadd pagicularly

(hig hii}n?te ,e a{n telflcgtr%p eg teretoﬁf?r?cthgfenatr?y cl)raingroy B sulcﬁ 354 spin coating method, a
- casting method, and a dipping method. For example, in case of a spin coating method, a
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[ 0086] Fromthe viewpoints as above, the heat treatnent in the present
invention is particularly preferably conducted by perform ng a heat
treatment at from80C to 200C, and then perform ng a heat treatnent at

f r om 30BGratois4MMied on pBPBREr cicoscdiing sélatidhi dpspgedioh thastdstratoat a tdtating

i nportant to expose t he heat-treat d conpositjon |ayer to uItraV| ol et rays
in or deped of frgp AP i PRt BY BT (ﬁaw& e APPRRATATE EEYSY BYFdHant and a

hi gh &F@[gy] fin i t he
ultr a\?l@ ol et tt?@elg?%%glaﬂnlgl @%afs’ég t%?]o%itng c%n%?ltl%ﬁg@lg cah]%ﬁenégj?)’
exanpltes surfsetane (@l aad ghdelahent (DN .av iobtagtedromythe subspatef erably from 10 nmto
400 i ngd. not e, pr.ef er ahl. om 150. nm,to 250 nm U trayi ol et rays of a
wavel il g b .cgnwaﬁaén&zfeﬂsse Figsh 19 ;agat freatgiept indfe AEXUSEPdT ssoci at e
a functi 0”a|Th9'119ért91 téﬂ%@uﬁé Ly tﬁ@ﬁeaﬁ%ﬁﬁ‘n&éﬁﬁv\;}ﬁeﬁﬂiﬁﬁﬂﬂ&ﬂtsd@hooTﬂﬂe intensity
of ultraviolet rays is preferably from1 50 mMWcn?, and nore
preferably flhomers: gdtcn@tment? Memivmadtheren nefersite bothfal hgenicasmemtesatriade f or

di ssoci at.i.o .unc nal grou r the like,,and ultravi Jays with
o bt gruraitRiun e g @l Brnult ebmPyrsohaier At o Bregbisplies oty

ul t r avg@drlow-t ngf&é%ﬁl'e%aﬂ tPeaRh&itPARPA Medt HeRAmkat ERridDOE at DOOI NG higeeler abl y
from 150 to 350 and particularly preferably from 200 to 350C. The

t enperzday raerqnyavg ﬁ@ﬂlefﬂetblwhﬁﬂ@h beg ed freforageresdry wan ef thermakgdegrodationn

ter ms\gﬁ) tt e erat%?oﬁ; a@l{re{ﬂm@gé a functional group froma silicon atom by
ultra gﬁl? PYAL At SR the reaction between the dissociation site of

the functi oBalce@hoHRAnRNMII RSO wiet is aBbdrbelighhé blet:esmsmmen@laihim&hdtag
restriction on the time for ultraviolet irradiation, it is preferably
wi t hi AftetheppRlicalion. ibis drefeiablerta seniova sush yoletlesopmonsnts by cwnemg 8ft &n
econo T re during the ultraviolet irradiation is
pref e@ﬁltéﬁﬁﬁ%uer%%ggp%@g&om 0.01 kPa to 101.3 kPa. The ultraviol et

i rradi atl onThs tepiipet eu@ial ;hedawrtemq’lemutre hmtarealm’[ent)mfttﬁh BUeo 200fGsphkre. |f

oxygen ts dur i aviplet irradiati ozone |s ener at ed by
Che uPrHiek Ia|fetmr19@§) %'b{é Exh PSRt 4t WL this rgeorlatle) i ca are

oxi di %&ﬁ &%t§§i'1%h %?R&'&tgaﬁlh%ﬁr@ﬁt driwdi&dAa & rer@vrbﬁesﬂimrt Eé’usm[gtdarbﬁ[eﬁﬁ eferred
to control t he oxygen concentration to be 10 ppmor |ess 89] There is

no pasmhca;sltal&gm@elt ddélghinetingof the nemposjtm‘nolayclohleao tam@ heatimgnp Ok tmiowtef or
sealing a sem ¢ ctrac ording to the .pr,esent tlonvvl h .t he

s PR s IR R o Betud Rl S R, ANE RS Srerclbny bl o
exanpkee0 mitlit@ing tH@& Iﬁﬁz%a)ebé]:orde‘ StrefiRlydo dier the. 1288 oF 4 Listaid tisy ayi ng

nmet hod (see e.g. Schlenoff, et al., Langnuir, 16(26), 9968, 2000, or
| zqui &rrdbe treatmgnt.  Langmuir, 21(16), 7558, 2005), and a spin coating

et o (seesfeds efyokynck P el Bnl SAndihoa g i)™

Accor diefipds Sorcheptige £8d chobe pd@seti ng a sem conduct or devi ce accordi ng to
t he present invention, a resin layer formed fromthe resin can be forned

as a t#08a] f Nexb ehlahﬁémipﬁ&aewh%fﬂeamnéb%wéuqt%er by using the conposition
f | h
or seal i ngpALs ﬁghc@ﬂl?tb‘@%g% zﬁ?&?ﬁﬁq‘(f'gaé H%]J(tﬂr tﬁgi n:%?]greég”tﬁé%h% #qf the

resin layer 1sn nm t o nm for
exanptesausndegpadiion aﬁh purffactant 0. Howievert corideting a k)ﬁﬂﬁéln]l thixt aaychicongr ih thea

process for. producing a sem conductor COI’dI to t he ent
i nven?‘?nolﬁonquﬁg’r(%?f‘ﬁogg? - iRsremperalEg iy W@géa\%é%%?@g rﬂl‘eﬁeé’Fq‘g‘ias Ycont ai ns

a reshiphap a t Ufp, b feom 43 to
S (o L S S 7

di el ed390°Coorlhagher js prbferabié. belihediighnteanrezatyes hieat twdatroént vy bjmandmtod byunct i onal
group,is in t at.e of ation. The of t osition.is nor

ot of kb P gny bRl oS Bpnd P Brding e A Roper aitdkengy

cont agtyded, KyHrSocnOBRPAL t I RE, WIRR! thd GeAmeRik cORAREUAA s¥hicBnddifor

i nterlayer electrlc | ayer, the resin is adsorbed to the i nterlayer

di el epmeasmgayennnﬁyeeneaﬁmpﬁnlerﬂus@referred lest ﬁrnmtfrrsmeetamﬂeelsq@mwmcmset he
interl a er

ayer, .and t H 1, e..c
Funot P one 08 o LuineRbRieidits, By BEgaRnE Al fgers 06
atmosphere in which the oxygen concentration during baking (high-temperature heat
treatment) is 50 ppm or less.
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[ 0092] The concentration of the resin contained in the conposition for
sealing a sem conductor, which is used in the step for applying a sealing
conposition according to the present invention, is preferably | ess than

t he criDo8ajalFromcied Viewpointentabaid, die ekt tré@meriSinnhe prosdnbalvestiges the resin
can be app‘ied 0 t% an intequgayer dielectric layer as a thin film(for

exanp/Particylary preferablgeondyeted By Refgrming p heglirqaaen abliemA9"¢ te2¥heaid t he
diele i ﬁ)ﬁ . ] It is preferred that the

pr ocegééﬂf%érrﬁg@%{ UC|erellgﬁgadsﬁgrrlrllsegoné]u%‘tﬁggi tg[g\@i@g according to the present

i nvent[DERY]f Wcthreling tochaipresena irsertporf, afr is irnpattang teeexpeseths ddatgraatde havi ng a
wi dt h of fr.omilo nmuéo 32l nmin tge interlayer di elgﬁlri_c Ig%/er, and the
step FBMPRHRPYIANE" 1@ WERIPRGRFOIMAIEFT P SRR & PAross aRieral hapng alay fislachs
COMPOLHAdiAN ah@h hPEANEIENRaBEFhSRNCEQM ML JF ARRatIOESIdiRNR Todihg! ectric

| ayer at |east at side surfaces of the recessed groove. According to
thi s afboiiledraaimediegdudsthe follvgvinncorttionst er | ayer di el ectric |ayer that
constitutes the side surfaces of_. the recessed ogye.forned in e

Chterl ayer Bbrebine. R WyEie oty EIRRS Byt aof him R4l Gn.

i Nt er GAMARES preFerMY Goindt 50 SmesbseigRd Ulth{iBlet RGS 658 XaG8IOME withid fhisi on of
a metal conponent in the interconnection material into the interlayer

di el eangeexeragearey: it issuligppt ésdisspciate a funciipeal gequp fremh deilison fatise 81 thef  t he

reces r I S 25 f orned i all et pengdicular to a
pl ane%(?%ggﬁe?lg@ar ?fhl éﬁtelﬁsgtyt lféﬁtgd&g(??trrgysgg ﬂr%%g%{ nelalsrfﬂe%g o{r%' #ch)r mng a

r eces seW/g’oauEmbaVprafradlyvreints @W £mdm 20 niwWiche, SRcdiinfReidie thaas kayer
dielectri¢ |ayer may. be conducted according to the conditions for a

pr oce§sseckt MR Tuprinnat aup.oF the ¥ and gltavieksiras vithca bisherdpieasty For

exanp I a degj.r patd u}f@zn,- £ Ok tnhg a hard
mask an e?’%‘ﬁ@?%@é@?ﬁ? @% anellq‘lr?ttglgp ayergfl e ectl(g:acl}r?gl%gl} gﬁ)ﬁ%}%{a@:ﬂ et chi ng
t he i fiver 1(Gpet008L cughérrprefetahiefromdSOnd 360 G, and petipatd e prefaibly Hen2200

phot or esj st.. 095] Further, _as .a method for contacting the conposifion

f or s&fiﬂﬁﬁ- 2 TBE FASTRIVE O PR B HES PRSP @I tRPrOVEdyelems of he
side girfiacsatidf of PRNEEGES gﬁﬁpcf{]&m%ﬂican%%pbgnglmfommacﬁatm[ d 11 met hod

and a spin coating nethod, "'which are described above, may be used.
| n t heeapli@slatveemihe dissoriaticn sigsi thegfupctégnab groap dng a nigarsil.e pAltbgughehdrar t her

provi ded after contacting,the sition for.seal.ing.a .sem.conductor with
Phe'| Rrgiaydforgranase e BeiorBERkind duabfios los BrdeNe Wifgeets Tor

pr odugiif@eR nRREHRARE G ithitl €Y hRutes: GOURWEE dhQ@cbifnibhgsent THMRELRN My
include a step that is ordinarily conducted, such as a step for formng an
i nt er é@ieelbe nEravidetispdiatien istnsgfefably npplapenef (zom 841kl te dAbadiPai othe as
neces . . Loe [ rm I DL.Eer CO| i conduct ed
nder Toagisit ool § pRegRRbly Rl 6 A LRMEERABGHERD TGy

i nt er existedatingthe vitravédlad iadiatidth) orehd adenaratd biyttes Lingvivhi kod, Wheraby

el ect O(Jﬁyti % plating nethod, the filmis FI anarized bé§GVP. Subsequent |y,
a cap%f Brhobiggrours BawEpssHcare Stifad andihepmount thereotisredieed. as

necesgahkquéhtiof ¢ SRRKrell fo EHTEth td}‘grg&?@o Rkt i [ ucture can
be for rreséq%y ?g{oe I ng et hoe ‘g{)ove epr ess.nA se%ngglr?%i&g?é@ O&Z%/Slrsce accordi ng
to t hE0RYsEmdre ismogprtrii@ntarirssttittirs @ba aietted. for contacting a composition for

sealing a semiconductor according to the present invention with the interlayer dielectric layer,
and an ordinary method can be applied. For example, a dipping method (see e.g. U.S. Patent
No. 5,208,111}, a spraying method (see e.g. Schlenoff, ef al., Langmuir, 16(26), 9968, 2000,
or Izquierdo, et al., Langmuir, 21(16), 7558, 2005), and a spin coating method (see e.g. Lee,
ef al., Langmuir, 19(18), 7592, 2003, or J. Polymer Science, part B, polymer physics, 42,
3654, 2004) can be used.

[0090] According to a process for producing a semiconductor device according to the
present invention, a resin layer formed from the resin can be formed as a thin film on the

interlayer dielectric layer by using the composition for sealing a semiconductor containing the
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[0097] Further, in the process for producing a sem conductor device
according to the present invention, a step for formng a barrier film
(copper barrier film may be further provided after the step for applying
a sealresig cOimpibdikinessrof aindrepmni la)jrer isondt ipertsuiaplyfliomitddo bt in §oan0.3 nm to 5 nm,

i nterconnection. B foé]?i?g 3 arrlgr film diffusion of a netal conponent
to thgof??"tag}ﬂl%)?@ﬁipgqf%rﬁ R Yy AW be suppressed nore effectively.

The stge9]0TA kOIS PprBadss 'f&rpr(f)ddcmg%&nﬁu@mﬁﬁ%y 86 MRdREin IO Y

process conditions. For exanple, a barrier fil a titanium conpound,
such aseseit ianéngionniht coulppsition fortsealing| aﬂmmmuctndpreﬁaydﬂy asnthias b aksim

it d ft th t
For st pEagotoue HTge D S ieet Fahar Bractind PRatkngn o wot's ° o
pr ef enghbehidhk %dae@nﬂaﬁdiht%ftﬁé ﬂnferlfasfarﬂlaeétﬁeu@ley @m&mmeha@dn a8
(Sem conduct or devi ce) he sem conductor device according to the

pres en’fhlﬂh‘&bé getiame fmstional EtQ]thlﬁl frea stnte\,qﬁ achtien. pdﬂmﬂﬁ phitherchupesitioh &l ectric

Y or 00l PRE AP B 380 g SRRl AR PRt 2" TR iR 48 £ o 65

nm t 0 cbmPoRiaHE (F QBd1RIgNSsethiE@Bluttoh avth Tige inVRlaQér d’@éﬁm@@é ieQRherekingt i onal
groups and a weight - avera]ge mol ecul ar wei ght of from ,000 to 100, 000. By

provi afspgbed todhg Wtqflily’éfrdlé pigilaien groge eldisientlys speci f i ed above between an
interlayer gygl s%%ltgéﬂxﬁ LPoﬁ}f%‘ffﬂ?egﬂtg@g%ér%e%&ﬁ RSEL LA ’Jﬁ%f‘ gé in &ﬁ%ﬂ fence of

| eak current can resse e cr rcu
str UCTcatlicBn@fun3ﬁormﬂrgmnp|1€ﬂﬁa carloarselny afeasateadritedpeodar mances can be
achi eye resent invention, it |s preferable to further

i ncl uﬁé&&] c&Bﬁé@nosaﬁrﬁerﬂt §EPINGOREHREAR P composkion oisadngR of a tant al um
conmpoyidi. o RBlEERni-RSs ﬁeauﬂ tﬂeas¥ fof 1%*3@ al AR CQMIRS R cmfﬁg&@ﬂ%

cont ai ni ng copper. m conductor device according t
pr eseptesemveveniion, is arefd:reblprlcnd mhmdhb yriaenl ondillvaopcangtiho obthe pesidudinng a

sem cgn ucto devi ce. 009 The .cont ent f t he discl psute Japanese
Pt en IRARET PaTSUHCRe SOHST ta08 i PURa i By vy TRUFLOTat o0 by
ref er ggfple, 5 nm or 1) prEfPIbl £ ALhORSessPaEM indRALd in3hd FRRctrRNGnisAh cal
standards nentioned in this specification are herein i ncor por ated by

refer bﬁé@m@wche sane extent as |f each i ndi vi dual publicati on, patent

f d indi
i oSEaT T il s S EY ol RES o BlustorBBon Rl

f ol | opteRgnt idRatiph AFiRE idclMRRkisRP fud ﬁohnﬁx% di@é&ﬁé&@do@lﬁeﬁu@@@idth eflrbyn Wi th
reference to the Exanples, hut the present invention is not limted to the

Exanpll@&m tpi3e man Hphe érﬁ@%am drplachia lgperssadh e step dorrpphdngo pgslingt i ve Exanpl es
are ag,hPddieibis alsBhddt cdfleik FXI I RAPNIBIRAAT A semiconductor with the

interlayer dielectric layer at least at side surfaces of the recessed groove.

According to this embodiment, pores existing on the interlayer dielectric layer that
constitutes the side surfaces of the recessed groove formed in the interlayer dielectric layer
can be effectively covered, and when an interconnection material is embedded in the recessed
groove, diffusion of a metal component in the interconnection material into the interlayer
dielectric layer can be suppressed.

The term "side surfaces” of the recessed groove refers to surfaces formed
substantially perpendicular to a plane that is parallel to the substrate.

[0094] The step for forming a recessed groove having a width of from 10 nm to 32 nm in the
interlayer dielectric layer may be conducted according to the conditions for a process
commonly conducted for producing a semiconductor device. For example, a groove having
a desired pattern can be formed by forming a hard mask and a photoresist on an interlayer

dielectric layer, and then etching the interlayer dielectric layer according to the pattern of the
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Tetraet hoxysil ane (el ectronics grade, manufactured by Yamanaka

Sem conductor Co., Ltd., Si(0C2H5)4) [0102] (B) siloxane conpound
expressed by formula (1) 1,3,5,7-tetranmethyl cyclotetrasil oxane (cyclic
si | oxghetoremipound, el ectroni cs grade, manufactured by Tri Chem cal

Labor jes, |Inc., Si 0)4) .[0103 C)..surfact ant . .

Pl y oty Tufitiods  Shar ot hisribg hEoatrioAifan e or v @ aEFRElaF ity

Si- gma-ahligheiSibr dieletric @}&1&% UCHBGRAL2O D ihe fHces0d yRGvEN cﬁ{nﬁiﬁ% Hetl R, a

el ectronics and denetallized with an ion exchange resin to 10 ppb or Iess.

[ 0104 ]spxa@ingehethredhand a spin coigg meth¢Coyhi¢harg desasibadmabier atag bageesbus sol uti on
manuf act ured by Waka Pure Chem.cal |ndustri.es, Ltd. ci al e,

CoNGB) - [ 0105{P T Peatifigon g s sieh o EUEHER sigp i e SRR Drondlil act ur e

by Si aifer Al the ddenpositiosHe) @3lin28 YerPidbhduct vith #b Sitéddyat HRRLtric[ 0106]

Wat er Pure water denetallized to have a resistance value of 18 MC2
or hi dast..aspeAETY-Or gani ¢ sol vent Et hanol (el ectronics grade, manufactured

by M%@Od:‘d]'r %hgﬂ?orpegsaﬁor f)l%gHéﬁlé ia%ﬁmiclokﬁluctor device according to the present invention

may include a step that is ordinarily conducted, such as a step for forming an interconnection,
after the step for applying a sealing composition, as necessary.

The step for forming an interconnection may be conducted under known process
conditions. For example, after forming copper interconnections a metallic CVD method, a
sputtering method or an electrolytie plating method, the film is planarized by CMP.
Subsequently, a capping film is formed on the surface of the film. Further, as necesoary, a
hard mask is formed thereon, and a multilayer structure can be formed by repeating the above
process. A semiconductor device according to the present invention is thus obtained.

[0097] TFurther, in the process for producing a semiconductor device according to the present
invention, a step for forming a barrier film (copper barrier {ilm) may be further provided after
the step for applying a sealing composition and prior to the step for forming an
interconnection. By forming a barrier film, diffusion of a metal component to the interlayer
dielectric layer can be suppressed more effectively.

The step for forming a barrier film can be conducted under ordinary process
conditions. For example, a barrier film of a titanium compound, such as titanium nitride, or
a tantalum compound, such as tantalum nitride, can be formed by a vapor deposition (CVD)
method after the step for applying a sealing composition. In the present invention, it is
preferable to form a barrier film from a tantalum compound.

[0098] (Semiconductor device)

The semiconductor device according to the present invention has a structure in which
a porous interlayer dielectric layer, a resin layer and a copper layer are positioned in tlﬁs order,
and a further layer as necessa:fy. The resin layer has a thickness of from 0.3 nm to 5 nm and
contains a resin having two or more cationic functional groups and a weight-average
molecular weight of from 2,000 to 100,000. By providing a resin layer containing a resin as
specified above between an interlayer dielectric layer and an interconnection material,
occurrence of leak current can be suppressed even when the circuit has a minute structure of

32 nm or less, whereby favorable performances can be achieved.
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C2115014) 1- propyl al cohol (electronics grade, manufactured by
Kanto Chem cal Co., Ltd., CH3CH2CH2COH) 2-butyl al cohol (electronics
grade, manufactured by Kanto Chem cal Co., Ltd., CH3(C2H5)CHOH) [0108]
Silylation dgeémtpresent inverdticd, B,i5pleédritldond fuylheyiatlotiet casper baaie 14yet ect r oni cs
gr ade, nuf actured by Tri Chem cal Laboratories Inc., (CH3Si (H)O0)4)

[ 0109]® rglaa@éw%ﬁOIBP0§9ﬂé>éart%?lu%qqu&ﬁ between thayesgy laggnanddheng

stirri 1 haxysi e and 70.9 g of ethanol at room
iBQGrcofnétti9n ‘Pﬁatér%ﬁ %&%JF’% %:ka@In

tenperature, 80 nL o ric acid were added and stirred at 50C
for 1 how Réetsemzosdlcitrdemicdiasstmigrig tiz(hréegt inferpminyan pe phydueet? i)
stearyl ..ether |n éﬁ? of ethanol  was dropped and m xed. After m xing, the
i xt urRESRER Tasthod Bkprafocipget SERICAdRSI dEViERe obt ai ned sof uti on vas

concenbog et QoRlnhidhe EBTHRESY IibahedisRth RpSESHER N 2000-nEms ALt er t he

concentration, a solution of 1-propyl alcohol and 2-butyl alcohol m xed at
a r at iheretr erttirglybycorpdrated byasfceaded, t hereby obtaining 1,885 g of a

precursor sqgl.ution...[011 Preparation of .c osi t.ion f.or preparing

Por ous o1 |1 Qg PubiBaridnodn R AR, 0B 1c8 B SRRt PRl GhehaBEY 1o 300 ¢
of t hepgif€dtioh Afe 5@t inddRpdtiiel by rdRrdate M6 S4thé attbiis Wasich uddAdual Then, 1.7
g of 1,3,5,7-tetranet hyl cyclotetrasil oxane were added and stirred at 25C

for 1 PHbugatiopaiestpprlisetiphiondechnicahgiesiard wes fnseifisalbpand indivedwabys sili ca.
The a%?d‘i'@étec?%olﬂ;’i_ﬁcoﬁ-%%rﬁfeﬁ.tb@%ﬁ%}&.cycl otetrasil oxane added in the above
b DYy Wi

process was h™respect to tetraethoxysilane. [0111]
( For mixmpledf interl ayer dielectric |ayer) 1 0 nm of the
conposition for preparing porous silica were drg(i)ped onto a_surface of a

si |1 cOMORAr & thedpldpwing, tha pesenidavengen val ba dessobed mers sseifisallswithnds to
heat {EBU loARELLAmBIE (b I SRR EncoH1E B} e d B9 RElImab) Sfiked [0 @
subs equepbhontsatsed nOBe fliomamples rind thceSompireti ealf tampled dre anfifllewswas heated to

ui ¢ r A EAT A5 TohE GBRRoMTST 14 mw cne under a preseure of | Pa for 10
1Eni Imr{r; ?31 t hﬁ&ﬁ@%o%‘il%@(%ﬁ%ﬁieh @}a%l'é,l ﬁ&ﬁﬁifa&hﬁeﬁ%tﬂ’dn%nhﬁé/gém{cgﬁﬂ% &.lica
Ltd., Si(OC,Hs)4)
[0102] (B) siloxane compound expressed by formula (1)
1,3,5,7-tetramethylcyclotetrasiloxane (cyclic siloxane compound, electronics grade,
manufactured by Tri Chemical Laboratories Inc., (CH3Si(H)O)4)
[0103] (C) surfactant
Polyoxyethylene(20) stearyl ether (trade name: Brij78, manufactured by
Sigma-Aldrich, Inc., C13H3/{CH,CH0),0OH), dissolved in ethanol for electronics and
demetallized with an ion exchange resin to 10 ppb or less.
[0104] (D) element
Cesium (Cs) in a cesium nitrate aqueous solution (manufactured by Wako Pure
Chemical Industries, Ltd., special grade, CsNOj3).
[0105] Disilyl compound
Hexamethyldisiloxane (manufactured by Sigma-Aldrich, Inc., ((CH3);381),0) purified
by distillation).
[0106] Water
Pure water demetallized to have a resistance value of 18 MQ or higher.
[0107] Organic solvent

Ethanol (electronics grade, manufactured by Wako Pure Chemical Industries, Ltd.,
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The density of the obtained interlayer dielectric |ayer was 0.887 g/cn8B.
The relative dielectric constant k and the el astic nodulus E of the
obtained interlayer dielectric |ayer were 2.0 and 6. 60 GPa, respectively.
[ 0112]c,ikeHdensity was neasured according to an ordinary nethod using an
XRD appar at us (TPR—I n- Pl ane, manufactured by Ri u Cor poratr 2 wi th an
X-ray power 1sppy Lyalgohpk (elsetrgpics grade, %@Wﬁ%“éfﬁ@b&?ﬂ@ﬁ (- id5418 A in
a scamy of fromO to 1.5. The relatlve dlelectrlc const ant
was rreas3ur e?'gﬁ;tccc}r ding to an ordinary method using a nercury probe

appar at us ( 33MillAJohuh@bsctranicap s phangactiiet ba KaatcaChameichlu®o.ditdy, of 30% at
25C, and at _a fre%uency of 1 Hz. The el astic nodul us was neasured
accor&}hﬁcz%)(éﬁclﬂ di nary met hod usi ng a nanoi ndent ator (Triboscope,

manuf e skdon Corp.) with an indentation depth of not nore than
1/ 10- ‘t%ﬁ §9%1F%{n%%{&ckness [0113] (Exanple 1) A

pol yet hyl enéi3pi,recteusiylsy datbtudsilorart (CREoniosgrada atanubdiunyd BASH SE,

wei ght - ave nol ecul ar i ght: 25,6000, 250 ng/ 100 ni, pH 10.52,

cati offit€ Wﬂ%ﬁ?%ﬁ%leﬁbﬁuﬁggqgﬁ%g? ht wei ght: 309) was made to contact the
i nt er ey @@bﬁgﬁéﬂ&ﬂrwgorgghgbﬂﬁd in the above process (hereinafter,

al so referred as " using a conmmercially avail abl e spraying bottle

( Al R- BOY, nﬂm@fanmgeud lst}m@gﬁlo Rpofictadik)xysilane andr7A pol ethatedel osol ut i on
contact tine: n drstanc deto
cont alfMRHFEUS g@ @X’étggraf’lg‘w&y et?sarngﬁpgreg Erfiq grtwaLﬁ%Vl n 35 of'tl e by
a spr aylufign mebcrleﬁg(z@cmg agﬁoryéxy@mmetnerm bleal EBeVAlB0 g diRs@61 wapr ayi ng

di stance: 10 cm . After drylng air blow n%sqta resin | ayer was formed on

the i Atanpedged mixes o dfter mikingethe nnrm whB§lE 8P&afard hgurs.  The
t f o d 55% f
o hodPlirsATPBh WS ARA AR IO %ﬁ“%ﬁer%ﬁeﬁgﬁédéﬁ R uf O o1 o ng

eval ualfiedthe concentrafibe, sl eionusddpropyltaiehaband?- bﬁ@telsshom,ﬁxed itraaptic of wat er

MII|- wat er, manuf act ur ed by MIlipore, resistance: 18 MIl-cm (25C) or
| ess) | ?rm olpme s ed %ﬂwrehyfobé%maétéo%ggr% RECHRERTspAution. The cont act

o er @AOT@E%EP*?%M%E@%“‘&E R PRI EaGE sl 1d surface ener gy
anal yzer (Mbdebiu@laidke dqyeaun solutibnavay addddtod0D g cdnheeprecursmselhutionuin@BC and
55%Qche gf' ecorn%grlf‘ltlrattlo\rllvavﬁas]l%'p%m. Then, 1.7 g of 1,3,5,7-tetramethylcyclotetrasiloxane were

added and stirred at 25°C for 1 hour, thereby obtaining a composition for preparing porous

silica. The amount of 1,3,5,7-tetramethylcyclotetrasiloxane added in the above process was

10% by mol with respect to tetracthoxysilane.

{0111] (Formation of interlayer dielectric layer)

1.0 mL of the composition for preparing porous silica were dropped onto a surface of
a silicon wafer, and the wafer was rotated at 2000 rpm for 60 seconds to coat the surface of

the silicon wafer. The wafer was then subjected to a heat treatment in a nitrogen atmosphere

at 150°C for 1 minute, and subsequently at 350°C for 10 minutes. Thereafter, the wafer was
heated to 350°C in a chamber equipped with a 172 nm excimer lamp, and exposed to
ultraviolet rays at a power of 14 mW/cm? under a pressure of 1 Pa for 10 minutes, thereby
obtaining an interlayer dielectric layer (porous silica film).

The density of the obtained interlayer dielectric layer was 0.887 glem’.

The relative dielectric constant k and the elastic modulus E of the obtained interlayer
dielectric layer were 2.0 and 6.60 GPa, respectively.
[0112] The density was measured according to an ordinary method using an XRD apparatus

(TPR-In-Plane, manufactured by Rigaku Corporation) with an X-ray power supply unit of 50
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[0115] Further, the difference between the contact angle neasured before
the formation of the resin layer and the contact angle neasured after the
formation of the resin |ayer was cal cul ated and eval uated according to the
f ol | oWVag00 atA mgl sealdenglhef 16418 A, esscaMing Raifge g fieaad & 1.5°. A. The
difference in the.contact angle was greater than 30 . B; The difference in
the contact 146 éaétlYﬁa@elPF‘B‘ﬁ]CQES% Vs@@.measufeg acqerdipg & #n prdetapnBsthod uspg

cont acgt t ey nesin
ayer): Moy Y arp e (N0 it ) plntRERAE ik ARG, e 097
obt ai red5%€annd at 2cquechowefl KPED. was neasur ed usi ng an XPS appar at us ESCALAB
220DCL (nant@ac%lér.ed B VG Sci ent a(iﬁﬁund r the CHnditio s.of an X-ray
source: Al Kd¢°® %?Wé“?&’ﬁ@@ea%’fe coiing - anQfinary |ethed H9BE Rt i on t hat

had i RGhSASEREOMPRLES W xh&utfﬂﬁuﬂeﬂtbﬁfﬁy%}‘tﬁfn &@!)%Mdlﬁnhaﬁaim.(de@m
obt ai ned above was C/N=2.34. Fromthis result; it was confirnmed that a

| ayer nof mprsd then hilDenks the fbn Weskifess.med. The nor phol ogy of the resin
| ayer r a&%mg%g ﬁ)served with an atom c force mcroscope. As a result,
the R s\0. “f{m (0 403 nmfor the interlayer dielectric |ayer

al one) , i ndiaGRllyety1éRahir dqau&ls sWidibnd (WAL FRiiRi6kBe BASRSE,f of Med.
[0117] Formation of netal film
weight-average molecular weight: 25,000, 250 mg/100 mL, pH: 10.52, cationic functional
group equivalent weight: 309) was made to contact the interlayer dielectric layer obtained in
the above process (hereinafter, also referred as "low-k") using a commercially available
spraying bottle (AIR-BOY, manufactured by Carl Roth GmbH) by a spraying method
' (solution contact time: 20 sec, spraying distance: 10 cm). Next, water was made to contact
the interlayer dielectric layer using a similar spraying bottle by a spraying method (contact
time with ultrapure water: 10 sec, spraying distance: 10 cm).  After drying by air blowing, a
resin layer was formed on the interlayer dielectric layer.  After being stored in a
constant-temperature and constant-humidity environment of 23°C and 55% for 15 hours or
longer, the sample (low-k/PEI) was subjected to the following evaluation.

The water ﬁsed in the above process was ultrapure water (Milli-Q water,

manufactured by Millipore, resistance: 18 MQ:-cm (25°C) or less).
[0114] (Measurement of contact angle of water)

The contact angle of water with respect to the obtained sample (hereinafter, also
referred to as "low-k/PEI") was measured using a FACE solid surface energy analyze.r (Model
CA-XE) by an ordinary method in an environment of 23°C and 55%RH. The result was
13.2°,

[0115] Further, the difference between the contact angle measured before the formation of
the resin layer and the contact angle measured after the formation of the resin layer was
calculated and evaluated according to the following rating scale. The result was "A".

Rating scale:

A: The difference in the contact angle was greater than 30°.

B: The difference in the contact angle was from 20° to 30°.

C: The difference in the contact angle was less than 20°.

[0116] (Composition and shape of resin layer)

The elementary composition of the formed resin layer of the obtained sample
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A netallic copper filmwas forned by sputtering on the resin | ayer of the
obt ai ned sanple (lowk/PElI), thereby preparing sanple 1 (hereinafter, also
referred to as "l ow | dPEI/ Cu). The obtai ned sanple 1

(I ow [(MREIPBIuywasasastiraLasingyarnXBE apeaatua B CAL A3 20is0 f (infafthctudal byaviget al
filmhavi n% a nmetallic_ copper color was formed on the resin |ayer.

The spStangp vAgeniBe conshanstad an Byrayroutssat Ak tsanabmisTanser bl mika c g eaesuby
Shi t ] h Ltians: t t 0.4 A
vol t adt e b ARG AR fRAGlsel DERRE W AAS Rin o CHPIER 1RBH ALY T 00 8 o

and 10bstedubeve WA CAY=1. B asEmanbixreailt, it wan donfinkedkmat ODfayerdfal il m
The thickness of the netal filmof sanple 1 (lowk/PEI/Cu) obtained in the
above PoPGERincipige wagdosd- with a surface profil er DEKTAK3 (version 3.22b

FP/J, manuf ?@%% Ry VEERO r M 11%9%5%9%/&1@ ) sefr?é? é"{i&lséﬁl eftorﬂﬁsfoﬁcreom 50 rim

to 100 run Eval uatron o usi on o conponent A
sect i ancampee Afs asasmil, eheIR W ISowas| WRE #@().40bhuai foetheiintetliner dixdaceriplageess
was prepared.wiith an FIB prgcessin aratus SM 2050 (manufactured by

Sei koafql?g=ﬂ%ﬂ’r%]t“§t eﬁé‘.lﬁ‘yefﬁ@t ‘(‘)‘gt" KBFS s {f@edanpl e, having a copper

film fermpdrenfionSTintbialddel » Was observed with a transm ssion el ectron
m cr oscope JEM 2200F5 (manufactured by JEOL Ltd., acceleration voltage:

220kV) to nmdaweiaBictchppaifiifusiasclermdepbhspitterngen dhe resimpaycent the Abtamedesul t
the diffusipn of .the metal conpopent S n 0120] (Thi ckness of
obt af REIPPAEIEPETL ety Brepitegso SPRECRERRARE, v CLHEHES b5 (1 owe K/ PE1/ Cu)
obt ai npe-k/PELAR).above process was observed to carry out el enent mapping.
Fromthe distribution pattern of nitrogen atonms originated from

pol yet hyl enéherpbfained samplgi Icfkore &P T Cultveashasuallyl obsesyadl. had/ié waggenizzneadmat ed

2,72 el S A A BB Gad 57 © (5P

The sputtering was conducted by an apparatus HSM-521 (manufactured by
Shimadzu Corporation) under the conditions of a current set at 0.4 A, a voltage set at 440 'V,
an Ar atmosphere, and a sputtering time of 2 minutes and 10 seconds.

[0118] (Measurement of film thickness of metal film)

The thickness of the metal film of sample 1 (low-k/PEI/Cu) obtained in the above
process was measured with a surface profiler DEKTAK3 (version 3.22b FP/J, manufactured
by Veeco Metrology Group). The result was from 50 nm to 100 nm.

[0119] (Evaluation of diffusion of metal component)

A section sample of sample 1 (low-k/PEI/Cu) obtained in the above process was
prepared with an FIB processing apparatus SMI2050 (manufactured by Seiko Instruments
Inc.} The cross-section of the sample, having a copper film formed on a resin layer, was
observed with a transmission electron microscope JEM-2200FS (manufactured by JEOL Lid.,

acceleration voltage: 220k V) to measure the diffusion depth of a metal component. As a
result, the diffusion depth of the metal component was O nm.
[0120] (Thickness of obtained resin layer)

The cross-section of sample 1 (low-k/PEI/Cu) obtained in the abofze process was
observed to carry out element mapping. From the distribution pattern of nitrogen atoms
originated from polyethyleneimine, the thickness of the formed resin layer was estimated to
be 5 nm or less.

[0121] (Evaluation of adherence 1)

A sample (S1/PEI) was prepared by forming a resin layer on a silicon wafer in a
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simlar manner to the above. Except that this sanple was used, a sanple
(Si/PET/Cu) was prepared by formng a netallic copper filmon the resin

| ayer in a simlar manner to the above. The adherence of the netallic
coppersithilhimmavrichtd e peede. t Exchg thi s sadpls amgueed, BisaiRple/(SUPEMAS) wyal uat ed
in accordance with the follow ng_nethqed. The result, was "A". [0122]

Eval ud¥srsied iy e a mekdlicpger film on the reds daysh iy Emags mapegrde thecpboye-a

heat tm%tdg@aleﬁcé O e ﬂfeﬁaﬁl%gdgﬁppyﬁlmaﬁ r@%ga%a W&tﬁhﬁdﬁ%%lé §ug§ﬁ§4 hn. and

then store n a constant - erat ure and const ant - t ronnent of
23C anhsEStuhted i bedoadanse ofthltentpdowintheethadt eThe msalt aas AUt adhesi on test

accorgj tq JJ S.K560 onduct ed using a cel |l ophane tape (CT405AP- 18,
manuf ib{]@r}e Vﬁb’aﬂﬁ’%ﬁ‘ieﬂ’g\a%%@. CTEREE. , width: 18 nmm) and the result was

eval uat ed a%@ﬁt?aﬁl?let@asts}ﬁ%jefcfgdlt@‘ﬁ’ih@& tfe%{hﬂléfﬁ 95 &l e%gg‘&%lgemmoeﬂm?&ﬂ e

A: Cut edges were totally snmooth, and there was n antnation of grid
squar é$0°C for 30 minBindTther sfowasn a cshitgititenipernmee afd deb@ant-navidgn at

i ntersections. ffe r.Qss- cut, portions re 5% or | ess. C
Ther e CHASTIRTI A AR B 7 biRy OMOVE R elbs. DRereicr i apa POASIon g

af f ectaebrdimb S FESCRISGODOKAS RATuMBd @siﬂ%%{ ealtbpbiad Rpd LT A5 APe S manufactured D:
There was partial or significant delam nation along the cut edges, and

t her e b@Scihan Cal, Lahdwidth:dl8 e and Hetresoi wis qyaludied qoearding (THe faldwinged
cross-ﬁ&y}} £%ti ons were beyond 15%to 35% or |ess. E: There was

parti A EE gni ficant del am nation along the cut edges, and partial and

t ot al [olEI3qRAAhE alcof several grid squares. The affected cross-cut
portions were beyond 15%to 35% or | ess. F: There was partial or
si gni fi cant Adefabgdesas Ve tatadygmonth, aud thergaas nogrlapinatiome! griksquateal
del am nati of. i [ : - FONsS were
beyond 35% T OVSAT VEds) Bk P el ithaoh BF bt iGRS- Rtk HHEEN TS N B
was peepsceithdayorfsorare 586 ar lesssi n | ayer on an interlayer dielectric | ayer
(lowk) in a sjmlar riner, to the abov Except that this sarrplgwas
n%l'e epper

used, a sa hare wes E‘PP@HP“%H%’%‘F%%F&%PSW af BYGREG OB melihg affiegte

Film et BE SR8 WY BEyddy R 84 Mdq) |dggNner to the above. The adherence of
the netallic copper filmwth respect to the obtai ned sanple

(1 ow k/ PEI / Bu) Theas wev phrtiat exsigmficant deldammegioniatdngtthectft eltawimithoetiwrsd. The
resul %a%?azfdl?{c')ta] delamination of grid squares. The affected cross-cut portions were beyond
15% to 35% or less. '

E: There was partial or signjﬁcant delamination along the cut edges, and partial and
total delamination of several grid squares. The affected cross-cut portions were beyond 15%
to 35% or less.

| F: There was partial or significant delamination along the cut edges, and partial and
total delamination of many grid squares. The affected cross-cut portions were beyond 35%.
[0124] (Evaluation of adherence 2)

A sample (low-k/PEI) was prepared by forming a resin layer on an interlayer
dielectric layer (low-k) in a similar manner to the above. Except that this sample was used, a
sample (low-k/PEI/Cu) was prepared by forming a metallic copper film on the resin layer in a
similar manner to the above. The adherence of the metallic copper film with respect to the
obtained sample (low-k/PEI/Cu) was evaluated in accordance with the foHowing method.

The result was "B".
[0125] Evaluation method of adherence

A test sample was stored in a constant-temperature and constant-humidity

environment of 23°C and 55% for 15 hours or longer. Thereafter, a cross-cut adhesion test
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[0125] Eval uation nethod of adherence A test sanple was stored in a
constant-tenperature and constant-humdity environnent of 23C and 55% f or
15 hours or longer. Thereafter, a cross-cut adhesion test according to
JI S Kacosrdisgdo SIyKisiellesas sindgcetad asiht apbidsphabe@pe (CIABIR1 8, 9nadmairadt ur ed
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DEKTAKB]-cmess i goardir2dedifendmi dSM-6101bymMadaauivd thydIE0gY), £ad :
I(:urther, gﬁﬁmgﬁgﬁﬁﬁ g eosed, lscm%:%iﬂs was §E%jne ted to el erEent a?;r)g/si S
for | QUTRSERFRAET JAPRTAKR. Esfsiony el drapetaiired by afcpAdetrelesy ST,
manuf aGHHES Eadiof W boselin@ir@ S \objlRE tfgléin‘éﬁ% ﬁql)%\&qg{]ﬂlbﬂﬁﬁéaﬁoﬁ B

following rating scale. [0126] Rati ng? sca e remalni ng area
of t henleoergk dirpemivica-raysarlabger (B33 7008 letupakiad]EPER iTheG@hcronceor e) .

B: The renmining area of tr} 1Io.W-k materjial is not |ess than 10% but |ess
Chan 3096 Spatgd Besoaling e fallowme srimistaleput 1 ess t han 90% C The
remai g(DIM]aR@ﬁ%QécaléWe low-k material is not |ess than 30% but |ess than
90% (Si exposed area is 10% or nore but |less than 70% . D The
remai ni ng aPealld reprgning arek ofrthedpivall miaterinbis 1¢se dwnt1R5m (P e ¢Sl aaposed ar ea
is | e@ﬁ%toh%'or% % . [0127] (Mcelle Formability) The vol une aver age
particl'e daianmeter of the pol yethyl enei m ne aqueous solution 1 in Exanple 1

was neasur eh: byhcrefniiadg Sreh bOiHe 166 a teteriAks ABt 1BQ0hAtS | Vg bEL Bés fhan 30%
(manuf actured by Ot suka Electronics Co., Ltd.). The result was bel ow t he

det ecﬁidﬁppffeﬁiarea(li i’@%rgﬁmore but less than 90%3.

C: The remaining area of the low-k material is not less than 30% but less than 90%
(51 exposed area is 10% or more but less than 70%).

D: The remaining area of the low-k material is not less than 90% (Si exposed area is
less than 10%).

[0127] (Micelle Formability)

The volume average particle diameter of the polyethyleneimine aqueous solution 1 in
Example 1 was measured by a dynamic light scattering method using ELSZ-2 (manufactured
by Otsuka Electronics Co., Ltd.). The result was below the detection limit (<10 nm).

The measurement conditions were: number of accumulation: 70, number of
repetition: 1, and histogram analysis and cumulant analysis were utilized as analysis
conditions.

[0128] (Comparative Example 1)

The sample C1 was prepared in a similar manner to Example 1, except that ultrapure
water was used instead of the polyethyleneimine aqueous solution used in Example 1.

The diffusion of a metal component of sample C1 was evaluated in a similar manner
to Example 1. As a result, the diffusion depth of a metal component was 20 nm, which was
problematic in terms of practical use.

Further, the adherence of the metal film evaluated in a similar manner to the
evaluation of adherence 1 in Example 1 was "A". The adherence evaluated in a similar
manner to the evaluation of adherence 2 in Example 1 was "A" since a resin layer was not
formed on the interlayer dielectric layer. The evaluated difference in contact angle with

respect to water was "C".
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The neasurenent conditions were: nunber of accumul ation: 70, nunber of
repetition: 1, and histogram anal ysis and cumul ant anal ysis were utilized
as anal ysis conditions. [0128] (Conparative Exanple 1) The sanpl e

G was prepdmedoliin®adBelpartidediagiter enebx@spbea dynewic ¢ight dchaérind t rapure
wat er was used instead of the polyethyl enei mne aqueous solution used in
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di anmet er neasured b am ¢ |i, scattering.net.hod was bel aw t he

et ot L on 1 R dpbegt e seiid Bl isr Ghapd i & slar g ip A8 ovas
pr epaneghdiic FQLIMWNE Parh@8idds. | ayer in a simlar manner to Exanple 1, except
that a pol yethyl ene gl ycol aqueous solution (PEG nanufactured by Wako

Pure Cheni c&hrthergihstadherencelwas. evalug@d g A 500 larimannes tghhe ewabratige ofiol ecul ar
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est i mpésall oif theAdifb¥ht@in JoRRBEAnlOwrY 28L& td walGhak B result was 5 nm or
| ess. Further, the adherence was evaluated in a simlar manner to

t he eval uat il B velumgdiyeragn partiele dipacteemgpsuredly a dynanjip lipltscattginghat t he
adher T . | result of the difference in contact
angl eﬁ%ﬁﬁw resstgeg(g‘%t eo&\?%"?léﬁlh\}ﬂvﬁgsdﬁg'n@' The vol une average particle
di ane{@r30reaSempdatiye Bxaypianj ¢ | i ght scattering nethod was bel ow t he

detection | i&rgotlyn(lélh%vinmé)a structure in which a polyethylene glycol chain was bonded to an
end of an ethylene polymer (number average molecular weight: 6,115, hereinafter referred to
as "AB3") was prepared in accordance with the Synthesis Example A6 described in paragraph
[0293] of WO 2009/087961. The polymer was dissolved in ultrapure water to obtain an
AB3 aqueous solution (100 mg/mL, pH 7.64).

A sample C3 was prepared by forming a resin layer on the interlayer dielectric layer
(low-k) in a similar manner to Example 1, except that the AB3 aqueous solution obtained in
the above process was used. The evaluation result of the difference in contact angle with
respect to water was "B".

The morphology of the resin layer surface was observed with an atomic force
microscope. As a result, the RMS was about 50 nm, indicating that a thin uniform layer
could not be formed.

The volume average particle diameter ﬁleasured by a dynamic light scattering
method according to histogram analysis was 99.5 nm.

[0131] The above results demonstrate that, by forming a resin layer by contacting a
composition for sealing a semiconductor according to the present invention with a porous
interlayer dielectric layer, a thin resin layer can be formed, diffusion of a metal component to
the porous interlayer dielectric layer can be suppressed, and excellent adherence with respect

to an interconnection material can be achieved.
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[0130] (Conparative Exanple 3) A pol yner having a structure in

whi ch a pol yethyl ene glycol chain was bonded to an end of an ethyl ene

pol ymer (nunber average nol ecul ar weight: 6,115, hereinafter referred to
as "AB3") was prepared in accordanCeAiMsh the Synt hesis Exanple A6
described in paragraph [0293] of WD 2009/087961. The pol yner was di ssol ved
in ultrapure water to obtain an AB3 aqueous sol ution (100 ng/ni, pH 7.64).
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dlelectrlc ayer sim ar mahner t xcept that the
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eval uation result of th fference in contact angle with respect to water
was " @olecular weighty ﬁiﬁ’ﬁ%gﬁ&é fﬁgoo A& resin | ayer surface was observed

with an at ogra)cﬁm&l%eﬁ,omsﬁmse%e[pa arf ¥ Sudt $588dton etlegﬁ ;gor ng@%f%epﬁabré&ﬁw n,

indicating that a thin unifor ayer could not
vqunﬂOambmageﬁgarmuhle di aneter neasured by a dynam c |ight scatterlng

met hod accordi n ogram anal ysis was.99.5 nm[013 bove
fosul s denbispnesiishbeied Yol fereraicls tapeieeiyesuid bea fgage
CONMPOSighi Rattdrg HERbH, T ndt 5B haNdyelOr according to the present invention
W th a porous |nterlayer dielectric layer, a thin resin |ayer can be

formed, diffusion of a netal conponent to the porous interl ayer dlelectrlc
Iayer can b?hggg ressed ?”8 qlexce ent dhere h res ect 1.0 an

i nt er Gonnect "R RRTLTT ng & Sgigongdudior ac&ﬁr aHR e oMot 13K For

seal i hgs @cz&ﬁ)ﬂl&mﬁ&ktﬁiapgmupBQm@ﬂ@ﬂQﬁdngthfféIBQB’ﬂBOS| ng: a resin having two or
nore cationic functional groups and a wei ght-average nol ecul ar wei ght of

from 2,000 to 100, 000; and sodi um and potassi um each in an anount

basedson el gp* Y. iaht t he
co rrpos itio n‘%ﬁgg(lS g VO u?réeahg tédrsggl QC%BQ%&C#QO%@t%% ln% a2§ ure Qgﬂ%the
dy nantcatidnigfihcSaal gerups grerae ldasidneoff anpeim:ap amiid@oud Or nsacoRdaryf bﬂnno

conposition for sealing a sem conductor according to claim1, wherein the
resi n8H€- a cationic functional group equival ent weight of 43 to 430.

4. The composition for sealing a semiconductor according to any one of claim 1 to

claim 3, wherein the resin 1s polyethyleneimine or a derivative of polyethyleneimine.

5. A process for producing a semiconductor device, the process comprising a step for
applying a sealing composition in which the composition for sealing a semiconductor
according to any one of claim 1 to claim 4 is applied to an interlayer dielectric layer formed

on a substrate.

6. The process for producing a semiconductor device according to claim 5, wherein the
interlayer dielectric layer comprises porous silica and has, on a surface of the interlayer

dielectric layer, residual silanol derived from the porous silica.

7. The process for producing a semiconductor device according to claim 5 or 6, further
comprising a step for forming a recessed groove, having a width of from 10 nm to 32 nm, in
the interlayer dielectric layer, and, in the step for applying a sealing composition, the
composition for sealing a semiconductor being made to contact at least the interlayer

dielectric layer at side surfaces of the recessed groove.

30



3. The conmposition for sealing a sem conductor according to claim1l or 2,
wherein the cationic functional groups are at |east one of a primry am no
group or a secondary am no group. 4. The conposition for sealing a

seni cdhduct ok samicardiictg dévicahyviog e swfictaleaiompiising aqloadumidterlwhe dedlecttihie
resin, s polyethyl eneimne or a.derivative of polyethyleneimne. 5. A

pr oceslgyefrb?r%lrnc}ﬁ%&aﬂgag;y%ﬁ?@%ﬂﬁ%?%eﬂé@ﬁ’%?ﬂ%e process conprising a
step for apphdichia 1dyes BalinBQ RIRAS bt from 0.@%%%:{‘%:1 EQERAR ) Ay OF

seal ing a sem conductor according to any one of claiml to claim4 is

appl i d@ving tee or ntoee tativmic thineliewl pioups aydkea weightrederare mokoildst weight of 6. The
proce 0f{ir0 Qr ogw{)@w a sem conductor device according to claim5, wherein
the int&f a>9 O AP er et ric | ayer conprises porous silica and has, on a
surface of the interlayer dielectric layer, residual silanol derived from
the porous silica, 7. The process for producing a sem conductor device
accor & ng t dhepsamniepsdustorgleviograg¢nyding i Bnfyréhescamprising 4 orppenbpreer

reces ; Vi wi,dth of . from10 nmto 32 nm in the interlayer
di el eg r fg{sgg%égrbf%ﬁh?ﬂ? %S{%l%y%tag%ﬂfeol?‘yeéﬁﬁwpﬁlﬁgﬁog%eél i ng conposition, the
conposition for sealing a sem conductor being made to contact at |east the
interlayer dielectric |ayer at side surfaces of the recessed groove. 8.
A sem conduct or device having a structure conprising a porous interlayer
dielectric layer, a resin layer and a | ayer conprising copper, in this
order, the resin layer having a thickness of from0.3 nmto 5 nm
and conprising a resin having two or nore cationic functional groups and a
wei ght - aver age nol ecul ar weight of from 2,000 to 100,000. 9. The

sem conduct or device according to claim@8, further conprising a copper
barrier |ayer disposed between the resin |layer and the |ayer conprising
copper.
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