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BACKGROUND ART

Polysilazane coatings are converted into silica

15 coatings by firing in atmospheric air. These silica
coatings are used as an interlayer dielectric for
semiconductors because of their excellent electrical
insulating properties. Among these silica coatings, a
completely inorganic silica coating has already been

20 employed as an excellent interlayer dielectric for a
semiconductor because it has high heat resistance and can
be used in a non-etch back process. 1In this case, the
physical properties of the silica coating are similar to
those of silicon dioxide (SiO,) and its dielectric

25 constant is within a range from 3.0 to 4.7.

With the increase of the speed and integration
density of integrated circuits, a further reduction in
dielectric constant is required of electronic materials
such as an interlayer dielectric. However, the specific

30 dielectric constant of a conventional silica coating is
too high for such a requirement. It is known to make the
silica coating porous so as to reduce the specific
dielectric constant, however, the silica coating
generally has moisture absorption properties and the

35 specific dielectric constant increases, over time, under
an ambient atmosphere. It has been proposed that a

porous coating is subjected to a water repellent



treatnment thereby to add an organic group such as a trinethylsilyl group
to the surface in order to prevent an increase in specific diet&&fﬂhc
constant, over tinme, due to npoisture absorption. However, sth J
additional 5 water repellent treatnent causes the problemthat the

manuf acturi ng cost increases and, therefore, it is not desirable. As

anot her nethod for preventing an increase i2n- specific dielectric constant,
over time, it has been 10 proposed that an organic silica coating obtained

by baking a pqlyorgangsilazane is e porous. ,The structure in which an
or gani ¢ group ?‘#@it?'?&qﬁ JSEER 1% 2dd &Ny PEgARILHFEPHPs FUCEa aFr Bvi des a
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15 specific dieg)ectr] nst a ver ti.ne, due to noisture _absQrption
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sem conduct or GREiG&abi1ENe groove wiring technique is one which forns
groove wiring by preformng a predeterm ned 25 groove in an interl ayer

diel ectric, enbeddi AF ZRATHSTy M&Had £Qr Dreverding An ANHPasfd i in the
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8 JAN 209% specific dielectric constant, over time, due to moisture
absorption, and also having a thermal resistance and an
environmental resistance which are required of an
interlayer dielectric for a semiconductor.
A further increase of the integration density of
20 integrated circuits demands development of a groove
wiring technique for more efficiently achieving reduction
in size, and multilayering, of internal wiring in a
semiconductor device. The groove wiring technique is one
which forms groove wiring by preforming a predetermined
25 groove in an interlayer dielectric, embedding a wiring
material such as an Al alloy and Cu in the groove by a
sputter-reflow process or a CVD process, and removing the
wiring material deposited outside the groove by a CMP
(Chemical Mechanical Polishing) process or the like, as
30 represented by the Damasin process. The advance of such
a groove wiring technique allows further reduction in
size of the internal wiring in semiconductor devices, and
surface flattening by a CMP process allows further
multilayering.
35 Such an increase of the integration density of
integrated circuits demands, from an interlayer

dielectric existing between wires, a further reduction in



- 3 dielectric constant, a mechanical strength which allows the
interlayer dielectric to withstand the step of renoving the wr

material by a CMP process, and resistance to various chenical$ %Tgﬁm&s
agents used in a 5 CVWP process, agents used in a step of renoving a

phot oresi st by wet stripping, and agents for renoving residues after
ashing in renmoving a photoresist by ashim.3 However, it is inpossible to
satisfy all of the above demands, because a convent i onal porous silica

coating has 10 mth t he speC|f|c di.el ctrl const
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pol yal kyl si |l azane and a pol yacrylic or pol 35 ester. Accordlng

to the present The RHIRIEM Hhae the Alkgve Wﬁmtﬁﬁr%ﬁhc

conprising the od otlsemical resistance are not necessarlly sufficient.

15 Thus, an object of the present invention is to
provide a porous silica coating suitable for an
interlayer dielectric, which stably exhibits an extremely
low specific dielectric constant (especially of less than
2.5) and which also has resistance to various chemicals

20 and a mechanical strength allowing the coating to
withstand the latest highly integrating process including
the Damasin process. Another object of the present
invention is to provide a coating composition which
provides the porous silica coating.

25
DISCLOSURE OF THE INVENTION

In order to achieve the objects described above, the
present inventors have intensively studied, and thus
completed, the present invention.

30 According to the present invention, there is
provided a porous silica coating having a specific
dielectric constant of less than 2.5, which is obtained
by baking a coating of a composition comprising a
polyalkylsilazane and a polyacrylic or polymethacrylic

35 ester.

According to the present invention, there is also

provided a semiconductor device comprising the porous



0O 8 JAN 2004 - 4 silica coating as an interlayer dielectric. According to
the present invention, there is also provided a coating conposition
conprising a polyal kylsilazane and a pol yacryl ate or pol yneQigagAyI200é 5
ester in an organic solvent. According to the present invention, there is
al so provided a nethod for preparing a porous silica coating conprising
pre-baki ng a pol yal kyl si | azane coating, whith  is obtained by coating the
coating conposition on a 10 substrate, in a water vapor-containing

at nosphere at a_. e re of from5p to 300C,.. and then baking the
coating in a dr?lg %%s%ﬁ%?%n%Ia%.?%nﬁ%ﬁ%f%h%@fé%*éiﬁﬁ§ﬁkf'to 500C
Preferred enbodi nent3coérdieg ptestne prnesent oinesretidib, ashdrd [iswsaldol] A

O OuS Ll 2 CPRLYIEe R Bati ARCChhbEe1 SR SGihG LAIPIANT OF | ess than
2.5, which is obtained y baking a c a?lng of “a ‘conposition conprising a
pol yal kyl si | azaPeliptkulpblyzeny|aedon polyaerhikaty|ox polyrstacrylic The

porous silgca ceaténgiRCaRT&rHan1O £diveMperein the polyal kylsilazane has
a repeating unit represented %% éhe follow ng general fornula (1) and/or
e

general forumula (23°SpBdEngy hevRFagen kol ¥en bkofwe T i 3L r ange
25 from 100 to pPo0PDEed R méthéd-Por (BrepdPilmy £povRiLidh1fda akiiy R3

Co 3 carbon ot GHEPE DR b0 dELe TREELHE Bnho kD™ LEVHGH Tt rUtHia: oAtictay
the sane tine; 35 obEaRA¢ARDY Icdatif@) theheoat ing Réompuk R5i@acdn a
| ndependaiy |y 1 sREERERES, Ain "YW QOEP PABOEboRtaRiNG SASRHENL "G T 1O 3
temperature of from 50 to 300°C, and then baking the
coating in a dry atmosphere at a temperature of from 300
to 500°C.
Preferred embodiments of the present invention are
15 as follows.
[1] A porous silica coating having a specific
dielectric constant of less than 2.5, which is obtained
by baking a coating of a composition comprising a
polyalkylsilazane and a polyacrylic or polymethacrylic
20 ester.
[2] The porous silica coating according to [1], wherein
the polyalkylsilazane has a repeating unit represented by
the following general formula (1) and/or general forumula

(2) and a number-average molecular weight within a range

25 from 100 to 50,000:
Rl
d
{Si-N} (1)
b
30 R* R?

wherein, R', R?* and R’ each independently represents a
hydrogen atom or an alkyl group having 1 to 3 carbon
atoms, provided that R' and R® cannot be hydrogen atoms
at the same time;

35 -(SiR*(NR%), ,) - (2)
wherein, R* and R’ each independently represents a
hydrogen atom or an alkyl group having 1 to 3 carbon
atoms, provided that R* and R® cannot be hydrogen atoms



atons, provided that R4 and R5 cannot be hydrogen atons 0 8 JAN 2004 5 at

the sane time. [3] The porous silica coating according to [2] w§§®%ég
and R2 each independently is a hydrogen atomor a nethyl grodb is a

hydrogen atomin the fornula (1), 5 and R4 is a nethyl group and R5 is a
hydrogen atomin the formula (2). [4] The gorous silica coating according
to [2], wherein the polyal kyl silazane has both repeating units

represent ed by the formulae (1) and (2) and a nunber 10 average nol ecul ar
wei ght within }c_]aggg {;519?111: to 50,000, the nunber of repeating units
represented by t 0 a sing at |east 50% of the total nunber
of repeating un|tE3ﬂeﬁh@séﬂteﬂsb?lggéaf@@ﬂﬁinﬁ aqgonding 2o [2h. [Hiermia

porous silica Cﬁ’atdrﬂﬂ el Nad e dint MPST €1 ) HNE-SYEIP ]It i dreReati ng
units represented by_the forrruIaI%(Z) K Jyﬁ,ﬂrlses as{}frleast 80% of the total

number of repe’ﬁ?Fh@luﬂFf’EPrQB?egeﬁtse& B&qufﬂgeflbrqﬁﬂ“hé“( Pheafermta (&) . The

porous sils ca caadli RY fe @MYL Gdolp aMEerEi s 30nh{yBeogehyatéu! snl egane
is an al um num onta nlnﬁ) pol yal kyl si | azane. [7] The porous silica coating
according to [1 ; *the polyacrylic or polynethacrylic ester has a
nunber - average ntmecmharpmebghtsmlibancaatangeaécomin@OﬂotD2125 BOSr 0D .

[ 8] The porous §h yﬁg%ﬁggkgﬁglggg ﬁgiﬁﬁstﬁﬂéﬁiﬁﬁﬁggf§%§ uﬁfgsannunt of the

pol yacrylic or po acrylrc es nis within a range
from5 to 150% bgpreerghedbhyethonformupacy bl kyasdl 62anand38 p@hbdhe porous

silica cogfing é@&?&ﬁb“ﬂo&@c{lihr WoesRt ”wﬁﬁEnCQ”P AGL! PPoﬁluié@eﬁoCO”t ai ns

an al um num conpound”in _an anpunt Wit hi range ?ronl to 10% by
wei ght as alu HuHPBasEHeoHuWHérpryEPR9P§FPSzHﬁétS[IGPrﬂﬁgéﬁﬁgohﬂuE@%r

devi ce conpri si fgrmasaan2)3tompteshayeatdighset 508, okh€nBOtOYS1 ShhinBér
coating of repeating units represented by the formulae (1) and
(2).

15 [5] The porous silica coating according to [4], wherein
the number of repeating units represented by the formula
(2) comprises at least 80% of the total number of
repeating units represented by the formulae (1) and (2).

[6] The porous silica coating according to [1], wherein

20 the polyalkylsilazane is an aluminum-containing
polyalkylsilazane.

[7] The porous silica coating according to [1], wherein
the polyacrylic or polymethacrylic ester has a number-
average molecular weight within a range from 1,000 to

25 800,000.

[8] The porous silica coating according to [1l], wherein
the amount of the polyacrylic or polymethacrylic ester in
the composition is within a range from 5 to 150% by
weight based on the polyalkylsilazane.

30 [9] The porous silica coating according to [l1], wherein
thevcomposition further contains an aluminum compound in
an amount within a range from 0.001 to 10% by weight as
aluminum based on the polyalkylsilazane.

[10] A semiconductor device comprising, as an

35 interlayer dielectric, the porous silica coating
according to any one of [1] to [9].

[11] A coating composition comprising, in an organic



according to any one of [1] to [9]. [11] A coating conposition conprising,
in an organic 0 8 JAN 2004 - 6 solvent, a polyal kylsilazane and a

pol yacrylic or polynethacrylic ester. [12] A method for pred% hH@'gmborous
silica coating conprising pre-baking a polyal kyl silazane coating, which 5
i s obtained by coating a substrate with a coating conposition conprising,
in an organic solvent, a polyal kylsilazanefand a pol yacrylic or

pol ymethacrylic ester, in a water vapor-containing atnosphere at a

t enper at ure of t en bakln t he 0 co ingin adry
at nosphere at aéégg%ggat§r§89§é%€%ﬂ§§gﬁza?% %B @ PY3ye H%ﬂﬁ%d f or
preparing a porbetymethasarygdaci egtenccording to [12], wherein the

prel 1 m nary bakedrpgl Xehkyhgh| 2686-508H1A hpbEbEslBEI il g0 1,

| N\VENTI ON The p®PBBEisingcareohakind ot Phtyplkgballararat ¢oating, oftidned

by baki ng s; coaisnabealaeao Oéb&ti?ﬂgzé? §Qﬂ§ffétégﬁétﬂo+yé+%t’+ §¢ | azane and
a polyacrylic or 25 30 35 nmet hacrylic ester sl | azane

preferably hasc?ﬂpPﬁétﬁBPeEB BFlﬁhﬁﬂn bﬂr%ﬁeﬁ?gﬁ@lﬁn$?lV%%Fe§%nted by the

fol | owi ng generﬁbljralmﬁllalié)zaﬂédaﬁdn&”@@ly&&ﬁ?ﬁﬂ@ ofDpETHhEthy@Etc W t hin
a range fron110$? 0 50 erein and R3
y

each i ndependen répr%sgnwg%ﬁr ﬁ?ﬁ?ﬁgéﬂgg?bﬂ?ﬁg %ﬂm%fﬂ§?rﬁr%5pahaV|ng 1
to 3 carbon atbempepaburdedft inomRi0atd BRota@nnahdbehéy dvaktmng atloes at

the same fg me. J@QtﬁhbyingéoﬁgyiQfﬁggﬁﬁefen§£h¥|tgﬁggPatQPee3Py£rom 300
to 500°C
[13] The method for preparing a porous silica coating
according to [12], wherein the preliminary baked
polyalkylsilazane coating is left to stand in atmospheric
15 air before baking the coating.

MODE FOR CARRYING OUT THE INVENTION
The porous silica coating of the present invention

is obtained by baking a coating of a composition

20 - comprising a polyalkylsilazane and a polyacrylic or
polymethacrylic ester. The polyalkylsilazane preferably
has in its molecular chain a repeating unit represented
by the following general formula (1) and a number-average
molecular weight within a range from 100 to 50,000:

25 R
]
fsi-nj (1)
P
R* R®
30 wherein, R', R’ and R’ each independently represents a

hydrogen atom or an alkyl group having 1 to 3 carbon

atoms, provided that R' and R? cannot be hydrogen atoms

at the same time.

The alkyl group includes a methyl group, an ethyl

35 group and a propyl group. The particularly preferable

alkyl group is a methyl group. In this connection, a

polyalkylsilazane which contains an alkyl group having 4

or more carbon atoms is not desirable, because the



group and a propyl group. The particularly preferable alkyl group is a

met hyl group. In this connection, a polyal kylsilazane which contai ns an

al kyl group having 4 or nore carbon atons is not desirable, B8&8cdtN@khe 0
8 JAN 2004 7 resulting porous coating is too soft. The pol yal kyl sil azane
defined by the above fornmula (1) wherein RL and R2 each i ndependently is a
hydrogen atomor a methyl group, provided That R and R2 cannot be 5
hydrogen atons at the sane tine, and R3 is a hydrogen atom is

particularly preferable. The particularly preferaple polyal kyl silazane of
this invention ﬂ%%u?ﬁl?gspﬂﬁ?gﬁu?%?giﬁ%i%Fa£?%d% %ng unit represented by
the foll owi ng generalhéopoailyalkf)shhalzde adefied - oy et lag cabwree cidamueei ght

wi thin a range .1 0D 2 o '@ﬁ‘ﬁﬁ§ - ' R4 and
R5 each indepengféﬁt %Q]?%fo{legen ngfp% %ﬁ{r ogen ﬁ%drﬁf%}l}é?sm%%{d?p%&él havi ng
1 to 3 carbon 18temods, aprethyddgreap. RATeVHAES thanhdk' sadhRiroaemotitoers
at the sampe ti ar88er! K¥bm8' Q¥PthS i S Ckd a

formula (1). Tﬂgypol§glkylé?[azane de%?ﬁ%gegmgfH%%gg%vggpfbﬁﬁﬁﬁgb%%)
wherein R4 is a@keRhylsgPatpigndarbyiBrefemablelr ogen atom is particularly

preferable. In the preseparti¥anatoy, ptdLePobYa! k¥l $al RFBEHE1 a £ b Ng
both of the rep atlng un|£s reﬁresented by the _above formulae (1) and (2)

i s particul arl y*U58f tPVPRTLAG: Pagel B 1 b5 MPLFCLERT aghabr ?hEeE%ﬂﬁiﬁﬁtion i's
prevented. 25 lunitisepassentédi ByptRéefablewihgt géheraunbermefa (Epeaidng
units reprgesent ed e | a o ri ses, .at.least_50% prefer at
st 800 and Soraioby Seb8LRHs b PrelRTRGHE e HatEER o2 Fenel  Fheh 10U
repeating unittorepPre8nted by the fornmulae (1) and (2). 30 These

pol yal kyl si | azane cap Bgrofjs@negl_by ammonolysis useg,in preparing a

wel | - known pol ysil azane, 4V\herélsn as a starting material is used a
wherein, R®" and R’ each independently represents a

hydrogen atom or an alkyl group having 1 to 3 carbon

15 atoms, provided that R*' and R’ cannot be hydrogen atoms
at the same time.

The alkyl group is defined as described above for
formula (1). The polyalkylsilazane defined by the above
formula (2) wherein R* is a methyl group and R® is a

20 hydrogen atom, is particularly preferable.

In the present invention, the polyalkylsilazane
containing both of the repeating units represented by the
above formulae (1) and (2) is particularly useful in that
gelation upon storage of the composition is prevented.

25 In this case, it is preferable that the number of
repeating units represented by the formula (2) comprises
at least 50%, preferably at least 80%, and more
preferably at least 90% of the total number of repeating
units represented by the formulae (1) and (2).

30 These polyalkylsilazane can be obtained by
ammonolysis used in preparing a well-known polysilazane,
wherein as a starting material is used a
dialkyldichlorosilane (R'R?’SiCl,) in case of the
polyalkylsilazane containing the repeating unit of

35 formula (1), an alkyltrichlorosilane (R'SiCl,) in case of
the polyalkylsilazane containing the repeating unit of
formula (2), and a mixture of the dialkyldichlorosilane



di al kyl di chl orosi | ane (R1IR2S1Cl 2) in case of the polyal kylsilazane
containing the repeating unit of 35 forrmula (1), an alkyltrlchlor05|lane
(R4Si A 3) in case of the polyal kyl silazane containing the reP8adAthg®lhni

of formula (2), and a m xture of the dial kyldichlorosilane 0 8 JAN 2004 -
8 and the alkyltrichlorosilane in case of the polyalkyl silazane contai ning
both of these repeating units. For the pol§atkylsilazane contai ning both
of the repeating units represented by forrmulae (1) and (2), the 5 m xing
rati o of the dial%ytdichig ?ﬁ and,i al kyltrichl orosil ane determ nes
the ratio of pradBntBefdr=y Eéﬁ AFeeilangi 11 of2se o°f heh@bove

pol yal kyl si | azapelyaikphbsihhznahaucondapoimg bémm.6ﬂrﬂh@@é0ﬁepéaﬁﬂkpble in

10 [ t, t | yal
ahi ch does not T3t eean FoFuRoBsT AT kTRT TRERE oPtafarRe MRRILiof S num
and silicon arEeméahiygcunbtaedepiheeate@1hmnf@nm@bmad(lh andfbﬂh:Whunh IS
sol ubl e in5 an opgaphg fsk an'Eﬁé“&fﬁ lé?cﬁ#%%é%gg gﬁg'gﬁéd conpound,

an organic alumnum ~a |de and t anount “of the

al umi num conpodhEY yhFieBlearpehdnng 6ﬁt%ﬁmlk¢ﬁdth©urats0vwfrmrps¢nperﬁm@e
fromO0.001 to 1P8eby uRight, preferably fromO0.01 to 10% by weight, as

al um num on the baS| of the 20 ysi |l azane. For the details of the

al uni num cont ai ni ng §6F§APRyIEPIg&%n%b°Y%f%?%ﬁ%%klkﬁhiﬂzﬁ%enaﬂ% W the
Japanese Unexan&n&dlﬁhmeﬁbmﬁbbhdcah|@nfbbm &ﬂléﬂ5i§5soih6160iﬂaéﬁy|S'|azane
of this ijnventi - di gn_organi ¢ so vent eferably an inert
organi c solvgﬁ?éﬁ%gegéggﬁ? CtP58 H?ﬁ?o@%nal?%+nﬁ@eéogéﬁﬁﬂ+%% of such an
organi ¢ sol ventpohyalkglanlaranet woibhddoear boh feohvant such as benzene,

toluene, xyl enealsﬁ\mbpsws?ﬁxlﬁ% EL Ao DELZGBFurL WABLIYhOSIGR Sum Olng

triethyl benzene; Icyc ocar bon sol vent as cyc xane,
cycl ohexene, de%hh&ﬁ?%naﬁﬁtﬁaF@hE cemhyne9€|oﬁbﬁanbumlnnmhybmpeu@@emaﬁe

p-nenthine, or gépRMENEn(Li5MBBEABle in an organic solvent includes an

15 alkoxide, a chelated compound, an organic aluminum, a
halide, and the like. The added amount of the aluminum
compound varies depending on the kind, but is within the
range from 0.001 to 10% by weight, preferably from 0.01
to 10% by weight, as aluminum, on the basis of the

20 polysilazane. For the details of the aluminum-containing
polyalkylsilazane, reference should be made to the
Japanese Unexamined Patent Publication No. 11-105185.

The polyalkylsilazane of this invention is dissolved
in an organic solvent, preferably an inert organic

25 solvent free from active hydrogen, for use. Examples of
such an organic solvent include an aromatic hydrocarbon
solvent such as benzene, toluene, xylene, ethylbenzene,
diethylbenzene, trimethylbenzene, or triethylbenzene; an
alicyclic hydrocarbon solvent such as cyclohexane,

30 cyclohexene, decahydronaphthalene, ethylcyclohexane,
methylcyclohexane, p-menthine, or dipentene (limonene);
an ether solvent such as dipropyl ether or dibutyl ether;
and a ketone solvent such as methyl isobutyl ketone.

The coating composition of the present invention is

35 obtained by adding a polyacrylic or polymethacrylic ester
to an organic solvent solution containing the
polyalkylsilazane as described above.



an ether solvent such as dipropyl ether or dibutyl ether; and a ketone
sol vent such as nethyl isobutyl ketone. The coating conpositi %rb SE\Nt’}ﬂﬁ
present invention is 35 obtained by adding a polyacrylic or

pol ymet hacrylic ester to an organic solvent solution containing the

pol yal kyl si | azane as descri bed above. 0 8 JAN 200k - 9 The polyacrylic or
pol ymethacrylic ester, which is useful ih fhe present invention, is a
honopol ymer or copol yner of a pol yacrylic or polynethacrylic ester, and

specific exanples t of i . RO | acrylate. 5 polyethyl .
crylate, polybutyl acrytrate, polyne , et

: EAE Thor BELEEEL B0 O Y RS Es SefiyLiiRien s

met hacryl ate, pes§bualyin thenhpregenat einyehyienbuiyla neehepelymede, omnd bl ock
copol yners and g¢psi 0 r : t i £.0

pol ynmet hacrylic egte¥§?ﬁ %%g& é%iygégg%%cfﬁﬁeﬁf}gﬁéyﬁﬁégtiﬁ%véiﬁfﬁf and
number - aver age SPBFEELFapxaBPYRs Whereaf ainahede fpohyme byl tacBORGDO ar e

used. \Wers the ponpeth !eééﬁ?laﬁé?CﬁéﬁﬁbM€§9hécf§la€é?Jﬁéiyﬁé%ﬁ¥ﬂw0001,a
porous coating is,hot g%ggd because_t he golyacr lic or polynethacrylic

ester is 15 subPFHREEHY ovPPLHPEREL Urethapkrlake. neabEhuElkr age
mol ecul ar wei ghte thaergdsa80, PODyisbieu PPl emét &L €8S esnd tWLsekise Vvoi ds,

t hus reducing t ] strength. Therefore, both cases are not
preferred. The %ﬁ%%gfﬁégge?%geoﬁ%?ﬁcﬁ?%?i¥ﬁfﬁﬂtt L¢P pol yacrylic or 20
pol ynet hacryl i c est ehsi hhehpopyaseylicnvenpobymeshaprel be adsyemi 1ihi the
range fram 10 00Pe£0n209n 000 18A¢ +RALLI GHY ALLVaPEERELLEA LESYLES are

e ecul ar ight 1TsTwthin

obt ai ned when t nunber - aver age nol g range from
50, 000 to 300, OPPLeoslanewahghht wothinea poaggerfrom by 09| Yoe8hAco90 jare

ester in the preseal |iWNMERttR8 h8mBOPL&PLIEFe Wb EBuRar R09nE LM 5 to 150%
by wei ght based on %%e gol alkxl5|lazane used. When the anount of the
het E?él?c

pol yacrylic or PBf 8Qy o7 POTQWH| FRRLEIRINLISoROBOLBYMORi ght , the
coating is insubécausattjenpdeypergusc 68 polymethacrylic ester is

15 sublimated at low temperature. When the number-average
molecular weight exceeds 800,000, the pore size increases
to cause voids, thus reducing the coating strength.
Therefore, both cases are not preferred. The number-
average molecular weight of the polyacrylic or

20 polymethacrylic ester in the present invention is
preferably within a range from 10,000 to 600,000, and
particularly preferred results are obtained when the
number-average molecular weight is within a range from
50,000 to 300,000.

25 The amount of the polyacrylic or polymethacrylic
ester in the present invention is controlled within a
range from 5 to 150% by weight based on the
polyalkylsilazane used. When the amount of the
polyacrylic or polymethacrylic ester is smaller than 5%

30 by weight, the coating is insufficiently made porous. On
the other hand, when the amount is larger than 150% by
weight, defects such as voids and cracks occur, thereby
to reduce the coating strength. Therefore, it is not
preferred. The amount of the polyacrylic or

35 polymethacrylic ester in the present invention is
preferably within a range from 10 to 120% by weight, and

particularly preferred results are obtained when the



t he ot her hand, when the anpunt is larger than 150% by weight, defects
such as voids and cracks occur, thereby to reduce the coating strength.
Therefore, it is not preferred. The anpunt of the pol yacryli¥ 8oJANZ004
pol ymet hacrylic ester in the present invention is preferably within a
range from 10 to 120% by weight, and particularly preferred results are
obt ai ned when the 0 0 JAN 20'04 - 10 anoud® irs within a range from20 to
100% by wei ght. The polyacrylic or polynethacrylic ester is generally

added to the polyal kyl silazane solution in the rmof a solution prepared
by di ssol vi ng t?fﬁ ¥y%§t‘§’r€h'5'n| A LARGT gHER %%I%n*ooﬁ P¥ H&iPHse, the
sane organic sol venThGSptbhgacrlﬁBﬂcl mm@mﬁ@thmyﬂlé hes ot yid Kyl si | azane

sol uti on may be t g soI en anj ¢_sol vent
wni oh the pol ySeaFFatty dBaR00E0 e P L Ebkel SRR IRLE A, fane
organic 10 solv@ﬂrmf¢éeafsohua£0nvpregdr@@emYd@s&swlmnhgﬁmh&apaiyﬁﬂmhr When
usi ng. the ol yags Vi CobaROLYEBIDEREY! | £ CBhEL Sldel ol Saly i Adnd he
organi ¢ sol vent e cohcentration of the pol yacryli ¢ or poly acrylic
ester can be c%%%?%*te@SthﬁFnu%e@ah@epr¢@mrﬁtx@n8@@6%@emelght and 15

preferably fromdiydkg¢Pah by uge gbéluﬁ&'i’rm%r‘@é’%se& Oéé“ﬂ?é‘

obt ai ned by physi allg stirring after the _addition of the polyacrylic or
pol ynet hacryl i cs‘é YRt ThAs pBF?aEF??‘%C of o pBeS et hathrifh cthe tRe1Yags ¥l an

al so be added aﬂdpdlmetuadrynlehes@@fyﬂ kaigséw@@e &ﬂu?éﬁ? orcj’&lﬂg ]
resul ting porgan t solLution cont n e. po sil azape and. t he
polyacryﬁic or §81 en t agry Fgmeg?gfvﬁaﬁyéﬁg% t%%s%%f?ﬁi RPYaCE® dised-

substrate by usWhgnlusaBgatheapohgacnybbsl®rqpohyméWMmcryiihom&texnﬁftdﬁ|ng

e e, o 80158014 g 220 PERLbYLR] £ L Pon EX OB B0l ol LESIELD UE ©

coating the coating osition contalnin dzane an the
pol yacrylic or bb?yﬂ%%ﬁéﬁrylié @EtE@lYmeth@CEﬂliQC%Sbér @h@ Beibstrate

i ncl ude convent&enelkbyY1KAOWAtABANQISan§e from 5 to 80% by weight, and

15 preferably from 10 to 40% by weight. A homogeneous
solution can be obtained by physically stirring after the
addition of the polyacrylic or polymethacrylic ester.
The polyacrylic or polymethacrylic ester itself can also
be added and dissolved in the polyalkylsilazane solution.

20 The resulting organic solvent solution containing
the polyalkylsilazane and the polyacrylic or
polymethacrylic ester can be coated on the surface of a
substrate by using it as a coating composition with or
without controlling the concentration of the

25 polyalkylsilazane.

Examples of the method of coating the coating
composition containing the polyalkylsilazane and the
polyacrylic or polymethacrylic ester to the surface of
the substrate include conventionally known methods, for

30 example, spin coating method, dipping method, spraying
method, and transferring method.

The polyalkylsilazane coating formed on the surface
of the substrate is baked in various atmospheres. The
atmosphere includes, for example, an atmosphere which

35 scarcely contains water vapor, such as dry air, dry
nitrogen, or dry helium, or an atmosphere containing

water vapor, such as atmospheric air, moistened



30 exanpl e, spin coating nethod, dipping nethod, spraying nethod, and
transferring nmethod. The pol yal kyl silazane coating fornmed on the surface
of the substrate is baked in various atnospheres. The atnospligeg gaNpedudes,
for exanple, an atnosphere which 35 scarcely contains water vapor, such as
dry air, dry nitrogen, or dry helium or an atnosphere containing water
vapor, such as atnospheric air, noistened 318-JAN 2004 - 11 atnospheric
air, or noistened nitrogen. The baking tenperature is within a range from

50 to 600C, and lgr eferably from300 to SOOC and the bakin me is
within a range FHBRFBREEHE ndte tOF JARIAbERed SHWCTC‘%ﬁed}ng TRy th’\aé“pﬂ%sent
invention, a sitemperattiedis heitinin aaloangk efeairsc wonsteEnt, &mha good

coating qualit t u epared b r.Im a. al kyl si |l azane
coating on the é ?gggelyo glg(g'ﬁb‘zéra ée ggé)rgf |%’i“$\ ¥R° ﬁ%ﬁ’r'?% J#Pé cHati ng in
a water vapor lﬂltbmaanr@ggatm;)h@me mimave ngo tdre dnalrng to stand in

at nospherigc air for ryod o] S
baki ng thesccoatl ng 50 gﬁ?ﬁ 1:(?1) gﬂé é/fé@%;%s{_) \g‘%&g{? i t%l S Jc'}g%ge éoaﬁ[ﬂ%

wat er vapor - confavingga hevodbpbeetrifeconsbant st @m%t%@tma vol une %
or 15 nore, and Q&Eiefrab&}’aévéﬁ%é'@@ox{%i’{r PPESar&X 5P| £5rfing S4ich an

at nosphere |nclude atnnfgherlc air, noistened atnospheric air, and

moi st ened ni t r cBBHYREEYL$HLIRFRNG GOakingsPhetRe FWERR Pf VAPPSRt i s
0.5 vol une % or préesminang ]}i)é@ffﬁgbtueoc:@étﬂ@éuﬁﬁ Yowdtéeseapéxanpl es of 20

t he dr tymosph ncl ude ro nd_hel i um
gas. T%eqﬁfglpngéﬁFyl e; |%€#¥%ﬁ%@?3 #8ag+293f?%|%°§F+%%g€°f?€ﬁ?%d“1Bu
300C. The baki ngtmospheracuakeri foni ahilong penyed feHntifd { HobOELamplul,

preferably fronbgogoﬁgsssoo&%zgaﬁn hghgagbgg}ggs% S@g%r_%pﬁvgn Qn&(}( an Si-

bond, anong Si- drocarbon grou
ponaIkyIS|IazaﬂEmP§PB§FGrzeHnaﬁhléoﬂﬁéeteénlhh@ wqﬁeEMVEp@nnqonbainwngza

silica coating gemb3pRehd, the water vapor content is 0.1 volume % or

15 more, and preferably 1 volume % or more. Examples of
such an atmosphere include atmospheric air, moistened
atmospheric air, and moistened nitrogen gas. 1In the dry
atmosphere, the water vapor content is 0.5 volume % or
less, and preferably 0.05 volume % or less. Examples of

20 the dry atmosphere include dry air, nitrogen gas, argon
gas, and helium gas. The preliminary heating temperature
is within a range from 50 to 300°C. The baking
temperature is within a range from 100 to 500°C, and
preferably from 300 to 500°C.

25 In the baking described above, only an Si-N bond,
among Si-H, Si-R (R: hydrocarbon group) and Si-N bonds,
in the polyalkylsilazane is oxidized and converted into
an Si-O bond to form a silica coating containing
unoxidized Si-H and Si-R bonds. In particular, in case

30 of the baking of the aluminum-containing
polyalkylsilazane coating with heating, preferential
oxidation of the Si-N bond proceeds by a catalytic action
of aluminum, even without leaving the coating to stand in
atmospheric air for a long period of time. Thus, the

35 present invention allows the Si-O bond formed by
selectively oxidizing the Si-N bond, and the unoxidized
Si-H and Si-R bonds, to exist in the formed silica



unoxi di zed Si-H and Si-R bonds. In particular, in case 30 of the baking of
the al um num contai ning polyal kylsilazane coating with heating,
preferential oxidation of the Si-N bond proceeds by a catal yt & JAM 0¥  of
al um num even without |eaving the coating to stand in atnospheric air for
a long period of tinme. Thus, the 35 present invention allows the Si-O bond
formed by selectively oxidizing the Si-N B@d, and the unoxidized Si-H
and Si-R bonds, to exist in the fornmed silica 0 8 JAN 2004 - 12 coati ng,
thereby making it possible to obtain a silica coating with a |ow density.

General |y, the GPRFERYritheelEtBHiing 1haPessikke dntaipin & adldcd with

the reduction ofo&atengorithoa dERBi densiy! e @é&ﬁ@f@ﬂ&pﬁ e PiodSrids a
hi gh di el ectric_substapce_occurs, when the coatig%% ensjty is reduced.

Therefore, ther@RFF3RE &f WFER¢haFO2hEnYi F drFuced Jstturkhs ner eases
when the siliceedoation of tied tcdatBia@andensi ey oaptles iadsorption dthe case

of the sildca c Lpg. cont.aji ni ng. § - nd Si-R 10 bonds. of the present

i nventi on,5 adso‘?%{i%%na%fgml/gjf@lr‘ %ﬁ%‘e%%%? e%%?l%acpcﬁ%goacrcdfres’ssw%‘?n I%qv? density
because these ®oatingadenskteriscpediendy. Therefare, thewreidrises goating
of the present jhRYENEHOPHLASLRe lﬂ&fe@?f*ét%&%t?ﬁp%r%ﬁif&éé !vﬁufqg“é}ea”t of

the coating scarcely increases 15 even | e silica coating is Teft to
stand in at nosphbife @PatiRmtis nleft wee estardoin atmrospheric abati g of

the present invenéi easél 69 Has i1BEAtcddBingtcohal Pty |dKalYak® Sause
cracki ng .hecausge tg% ipternal stress of the coating is small due to | ow

density. 220 I n PRBIBART nEROPTRRCRbaIRRGRtHOR r RIFRP HRR Rf aVatBBantater of
5 to 30 nm are berpeeventédersgairdbesoadbf NYow bessibty vd ¢ s ©f thdge

ol yacrylic or ryli er.-in the goating. The exisjence of the
Iron'c)r/opo)r/els fur ﬁlééf( re%z%e‘)s{yf%% Iﬁ%ﬁ%ﬁ?“%?th@%’f??‘%?to@ﬁ N8Ry 25 thus
the specific di@O@tingcoﬁoﬁﬁeaMFesénthénzéhttan asta ntprge foerher thaduced.
Thi's i's becausethBeq: £08REH O bbbyt Lkt V6ENthLC- POt ¥dl Kyl SELazgnenapdddie

15 even if the silica coating is left to stand in
atmospheric air containing water vapor. The silica
coating of the present invention also has a merit that it
is less likely to cause cracking because the internal
stress of the coating is small due to low density.

20 In the baking of the coating, micropores having a
diameter of 5 to 30 nm are formed in the silica coating
by sublimation of the polyacrylic or polymethacrylic
ester in the coating. The existence of the micropores
further reduces the density of the silica coating, and

25 thus the specific dielectric constant of the silica
coating is further reduced. This is because the
compatibility between the polyalkylsilazane and the
polyacrylic or polymethacrylic ester is very good. The
use of the polyacrylic or polymethacrylic ester prevents

30 the Si-OH bond from forming in the polyalkylsilazane
during the baking of the coating. Therefore, the silica
coating maintains the water repellency, and the specific
dielectric constant reduced due to the micropores
scarcely increases even when left to stand in atmospheric

35 air containing water vapor. As described above,
according to the present invention, it is made possible

to obtain a porous silica coating capable of stably



pol yacrylic or polynethacrylic ester is very good. The wuse of the

pol yacrylic or polynethacrylic ester prevents 30 the Si-OCH bond from
formng in the polyal kyl silazane during the baking of the coaQingAN 2004
Therefore, the silica coating maintains the water repellency, and the
specific dielectric constant reduced due to the m cropores scarcely

i ncreases even when left to stand in atnospReric 35 air containing water
vapor. As described above, according to the present invention, it is nade

possible to o i . borous silica coating.capable of stably 0 J 2004
P33 e nt o niRGLRe SRS 8, T o “Shef e M it e tans HHhan
2.5, preferabl yles® thah ezsh, cprasSenmaly y2 aboert ldss, ocrastioperldiy @bowtt h

t he reduction i ensij t i r i O f . re | ency. o the
bond 5 corrponenj}':]’séj'( Sﬁ—l,?%‘?%%%#%e&ﬁ*i%gc%a |éﬁ{glcgnspl§{/el &a%ltfe%glu&cti on in
density of the WRrEtabien nof dueten repelbparesdud ey difey hord a wat er

repel | ent g r eat §BRbon&LEY (S0t Os PR PVEAT tHDT S11H & absH#d Uk b Ay

conventional porous silica coating is not required, 1t becones 10a'S
advant ageous i nFSARAFHPR tHe demst BEt oF i FRe cirele LrAGMY idHe gt ¢

material's nerihidBopoies Hpafﬁ@ﬂeﬁdréheasi@tw&éélﬁtiétﬂeﬁe@@ OF e 9 oup.
The porous silica Coaténﬁ%of the present invention as, resi stance to

various cheni calt STAht® PERYRRE ML EEPER AR R TR A t FRTEIRE R o
wi thstand the spepows sikhwvai agatdingnis mderiednsidbyd CM: pvecanss and

t her ef or it c S inte jelectric.which is _c atible
with the 0at estéﬁYgﬁ¥§§?ﬁf§g%§ﬁ’ 'Jh%}’ p‘?%%@é e'gél%ilﬁ% U"clf‘lg:hle t%%SJbar%%#)n@n
process. Speci firerggnichpaperbal’ 20merit chs coat i higpatreddy ndesmti on has a

modul us det errri{l@gro@,yc@iggng'fnglgn&@éﬁgp ngtbgg, described below, of 2.5
GPa or higher, i.e. _a significantly ig% nmechani cal strength for a porous

material, as well asTR® RPEAPFgSHAicadepatindicdf bihe Presslet inyertion
resi dues descrilhgs besostarbe Ofo lvOtishs ShehfS581s aaed P4 eh&ERPh Y 8A i n

or Iess,fs.e. Q{ggnégﬁi%ﬁfcCeaifo¥a££gugoggfgacgéSWithstand the step of
removing wiring materials by CMP process, and therefore
it can be used as an interlayer dielectric which is
compatible with the latest highly integrating processes
including the Damasin process. Specifically, the porous
20 silica coating of the invention has a modulus determined
by a nanoindentation method, described below, of 2.5 GPa
or higher, i.e. a significantly high mechanical strength
for a porous material, as well as an etching rate
determined by a remover for etch residues described below
25 of 1.0A/min or less, and preferably 0.8A/min or less, i.e.
high resistance to various chemicals.
Referring to other properties of the porous silica
coating of the present invention, the density is within a
range from 0.5 to 1.4 g/cm’, and preferably from 0.7 to
30 1.1 g/cm®, and the cracking limitation in coating

thickness is 1.0 um or more, and preferably 10 pm or more
and, furthermore, the internal stress is 2.0 x 10* N/cm®

or less, and preferably 1.0 x 10* N/cm? or less. The

content of Si, which exists in the form of a Si-H or Si-R
35 bond (R: hydrocarbon group), in the silica coating is

within a range from 10 to 100 atomic %, and preferably



Referring to other properties of the porous silica coating of the present
i nvention, the density is within a range fromO0.5to 1.4 g/cnB8, and
preferably from0.7 to 30 1.1 g/cnB, and the cracking |imtatigpg jan B@ating
thickness is 1.0 humor nore, and preferably 10 pmor nore and,
furthernore, the internal stress is 2.0 x 104 Ncn2 or |ess, and
preferably 1.0 x 104 NcnR or less. The -cdAtent of Si, which exists in the
formof a Si-H or Si-R 35 bond (R hydrocarbon group), in the silica

coating is wthin ange_from10 to 100 atomic % and preferably 0 8 JAN
2004 - 14" fromtBem 2 7€ga?%n€i‘%°‘%° bhs RARA 1 fmBBIMRGT Qf &l ALoms
contai ned in theostdiced pix Otise coibl i ¢y . pofrus ad£ingdf The odHtEdhteXfSts in

the formof a Si:N is: 5 atomgc %por |less. The .t hi ckness. of the

porous silica (%)Jét i"grgfo t%}?lnse%s Jal?ttg'?‘e b%ﬁ'ﬁgo &t ?Sés'rlgetbo i ng® oh t he

purposes of theatewbstdaee bessace, but is usually within a range from

0.01 to Sgm and pr Siﬁéa%i’cﬁﬂé’ Qof {19 s el”ié%%aﬁsi@d‘ dut Ay er
C .1 1o

dielectric, the thickness Is wthin a 10 range from hum
descri bed aboveafter Prfkbug waries depgndinp®fon Héde murpgtes miertieon has a

| ow density andshgstPat@®rsbrfd@d, BuerfSkidhl 1Py AHOD 4 NeHR | ¥bm

t hi ckness, nanely, a maxi num coating thickness where a coating can be
formed 15 wit hoQtOkatsi hgurer aakd rpreferdizl x oatom ils o @nmor. nivheen usedcase

of a convention il i nag.. the cracki l.imtation in coatin
thi ckness is w i%ﬁ ailgg%%gg#é%?ndlétjg%% s ‘%}ge t ﬂ?ﬁesﬁlelrsefvgﬂ’ ,11} Hag
silica caating tdngé herpresenttéd nygaij on exhibits a large technical effect

20 as conpared with a conventionpal silica coating. The present invention
provi des, for the fitSt9eFrEiPed #P0Ris e iRArUIRtFHEL¢RVGORtENRG of the

\ével : -bal anced poebéntt inventi@n opesta eBoxﬁfce\in§ihﬁbj|1ﬂ1d Q%é§5p@ﬁxhéi':§t that
ielectric constant . echani cal . st rengt i ch_al |l ows the coating to
W thetand the o gsecRi B8 CHRRH Rt TR cER Son s Mol oftfed iaefT o

chem cal s. Use méximempooatsng thickness where a coating can be formed
15 without causing cracking of the coating is 5 um or more.

In case of a conventional silica coating, the cracking

limitation in coating thickness is within a range from

about 0.5 to 1.5 um. Therefore, the silica coating of
the present invention exhibits a large technical effect
20 as compared with a conventional silica coating.
The present invention provides, for the first time,
a porous silica coating having a well-balanced
combination of properties of a stable low specific
dielectric constant, a mechanical strength which allows
25 the coating to withstand the latest microwiring process,
and resistance to various chemicals. Use of the porous
silica coating of the present invention as an interlayer
dielectric in a semiconductor device makes it possible to
achieve further increase of the integration density, and
30 further multilayering, of integrated circuits.
In addition to the use as an interlayer dielectric,
a silica coating can be formed on the solid surface of
various materials such as metal, ceramics or lumber by
using the coating composition of the present invention.
35 According to the present invention, there are provided a
metal substrate (silicon, stainless steel (SUS), tungsten,



silica coating of the present invention as an interlayer dielectric in a
sem conduct or device nmakes it possible to achieve further increase of the
integration density, and 30 further nultilayering, of integrapegdjsnrgmits.
In addition to the use as an interlayer dielectric, a silica coating can
be formed on the solid surface of various materials such as netal,
ceram cs or lunmber by wusing the coating-cd8position of the present
i nvention. 35 According to the present invention, there are provided a
net al substrate.ésilicon stai nl ess steel (SUS), tungsten, 0 8 JAN 2004 -
15 iron, coppett©3i ntoPRFEssZ1RG . AAFHUMT A HHEPET) YHdh G &HHAEH or med
t hereon, and a ceating Sohséd atleeremi AlandXa deesaeic asutsitdaaa (aldvdlna,
magnesi um oxi de kL ani X] zi nc, oxi de and tantal um.oxi de,. nmet.al
i tride such 5 2sids U aftsified MBS, RonGH SR i tAEm o
silicon carbi de9xifie h aint|oxbde catd ngpritabhed dhieteometalhe iftotildenisugh
Exanpl es fsurthegqi tes r Iy, i i il et hod of
mp 5 As a%ii’fé&ﬁ fitPfad! ﬁ%ﬁﬁqd{%ﬁ‘#dé’%dd‘ SR v yﬁfetothﬁfoe

eval uating physical properties o ¢ I'mTca coating I's” a s.
(Specific D el @¥rstlitermtaprhide pyrichh g astlptateoqting imsmed theneosi.ze:

50 mm x 50 MM manuWREt H#5 LToWYn POk L 1 S 9 b PheMes R LIENHy  Washed,
in order, with a neutral detergent, an aqueous 15 diluted NaCH sol uti on and

an aqueous di | (RETSEBEAHNVERHIRR ok d8%P1hen dried. An Al coating (0.2 m
was formed on the viiekemstiidé@CEE 0dvd Nea 186 Spiy s €a PYproparciskn sepdse ti on

met hod. After c i ng the, gl ass pl at th a pol yal kyl silazane sol uti on by
a spin codting T ?h%%?t 2 +%s?ﬁt§§&#%%ﬁyaJkylsilazane coating (about 3
mm x 3 nmin si¢ePeonticebbekectyic ubdmsigantyth a rod applicator, from
four corners of the Isss lafe to form portions for taking out_electric
si gnal s. Subsequentlg, TR S03%F R IE. EEE%%%?%EFirﬂ(f@%sﬁ%?%é.%%d??ﬁb in

25 accordance V66 hmhhemaRtbedt@fed ey BXaWPEEEn Plig CoNParddd Veus EXaeh€sy; The

resulting silica copating was_covered with
9 washe&, gn order, with a neutral detergent, an aqueous

15 diluted NaOH solution and an aqueous diluted H,SO,

solution, and then dried. An Al coating (0.2 pm) was
formed on the whole surface of the glass plate by a
vacuum deposition method. After coating the glass plate
with a polyalkylsilazane solution by a spin coating

20 method, the resulting polyalkylsilazane coating (about 3
mm X 3 mm in size) was removed by rubbing, with a rod
applicator, from four corners of the glass plate to form
portions for taking out electric signals. Subsequently,
the coating was converted into a silica coating in

25 accordance with the method of the Examples or Comparative
Examples. The resulting silica coating was covered with
a mask of SUS and an Al coating was formed by a vacuum
deposition method (18 patterns in the form of square of 2

mm x 2 mm, 2 um in thickness). A capacitance was

30 measured by an impedance analyzer 4192 ALF manufactured
by YHP Inc. (100 kHz). The thickness of the coating was
measured by a spectroellipsometer (M-44 manufactured by
J.A. Woollam Inc.). The specific dielectric constant was
calculated using the following equation.

35 Specific dielectric constant = (Capacitance [pF]) x



a mask of SUS and an Al coating was fornmed by a vacuum deposition nethod
(18 patterns in the formof square of 2 mmx 2 mm 2 Min thickness). A
capaci tance was 30 neasured by an inpedance anal yzer 4192 ALFOrfagaN=p0aiur ed
by YHP Inc. (100 kHz). The thickness of the coating was neasured by a
spectroel | i psoneter (M 44 manufactured by J.A Wollamlinc.). The specific
di el ectric constant was cal cul ated usi ng tllee-f ol | owi ng equati on. 35
Specific dielectric constant = (Capacitance [pF]) x 0 8 JAN 2004 - 16
(Coating thickness [n])/35.4 The specific dielectric constant was
determned by C&vatingi byickneserhgel bf3384 neasured val ues. (Coating
density) 5 The weig f i L] con. er..4 inch (10.16 c in . di ter
and 0.2 mnin th centd sBe e IR Ehrd LORlenY o W Y
coating the sil¢zbpubaténgwinhaverpat yaf ki/$ shé¢agened scdlitéson by a spin
coating net hod, (@ggtiﬁss&éﬁgggyfol ysilazane coating was converted into a 10
silica coating In accordance h the method of the Exanples or '
Conpar ati ve Exanpl esTRadwehghiierfhr stlieen vaterd 4iindon( Mbflks ik in

measured agai N @yahbees! 8847 0C5 MRl ANCEnidkfbif erRAS sy s t aken
as the weight of the, coati ng. In the same manner. as in case of the 15
eval uation of tHEeShELPfPRlANEPectRfteEorRRbhRg the sihicahaaier WHS 2
coaf:ng was n?aﬁuﬁydlbylaiBag&nec&@D@tib@S?yE?eépéﬁ%éébf?ﬁbﬁﬁ%ﬁhw@ﬁ'@ﬁaJ.A.
Wollam Inc.)._T oatin ensity was calcul ate the _follow ng
equation. 20 Coa ?ﬁ%‘;%%ﬁs??%ﬁbi%ﬁ%?e :c?@glﬁ?? n‘éaﬁ/e'%%fefbﬁ ¥ Rati ng

t hi cknesd O pn] )#01008. céahirgnadh atcesdinfatwibth the phethed @f sthe con

wafer, 4 inch (ﬂiQaﬂlﬁle%r%ri Eoﬂbéﬁ£ﬂeaﬁgﬂg§%%@bﬁéC&E{@%Z%Pr&é nput

ina 25 laser internal stress neasurenent ( )
manuf act ured byCqakedr sthigonavaber Wwascpreasurefdgagatn by|thereleetriqith a

pol yal kyl si | azapg18REEt | O §YfPePPhBe in weight was taken as the weight
of the coating. In the same manner as in case of the
15 evaluation of the specific dielectric constant, the
thickness of the coating was measured by a a
spectroellipsometer (M-44 manufactured by J.A. Woollam
Inc.). The coating density was calculated by the
following equation.

20 Coating density [g/cm’] = (Coating weight [g]) x

(Coating thickness [um])/0.008.
(Internal stress)
Data on warping of a silicon wafer, 4 inch (10.16

cm) in diameter and 0.5 mm in thickness, were input in a

25 laser internal stress measurement system Model FLX-2320
manufactured by Tencor Corporation. After coating the
silicon wafer with a polyalkylsilazane solution by a spin
coating method, the resulting coating was converted into
a silica coating in accordance with the method of the

30 Examples or Comparative Examples and cooled to room
temperature (23°C). Then, the internal stress was
measured by the laser internal stress measurement system
Model FLX-2320 manufactured by Tencor Corporation. In
the same manner as in case of the evaluation of the

35 specific dielectric constant, the thickness of the

coating was measured by a spectroellipsometer (M-44



coating nethod, the resulting coating was converted into a silica coating
in accordance with the nethod of the 30 Exanpl es or Conparative Exanples
and cooled to room tenperature (23C). Then, the internal strqugwmqﬂu
measured by the laser internal stress nmeasurenent system Mode LX-2320
manuf actured by Tencor Corporation. In the sane manner as in case of the
eval uation of the 35 specific dielectric-cadfdstant, the thickness of the
coating was neasured by a spectroellipsonmeter (M44 0 8 JAN 2004 - 17
manuf actured by J. A, Whol |l am I nc. (Cracking limtation in coating

t hi ckness) Afte‘Fa'&%%??Fﬁr%dsle'E - V#getlam Ingh) (10.16 cn) in dianmeter

and 0.5 nm lhndt (ﬂ:ﬁ&ﬁﬁﬁﬁg -x\mht@tﬁoxpdxyaédfdtﬁhéami@cﬁé&éﬂl on b?/ a spin
coating method, the sul ting, coating was conyverted jnto a siljica coating
in accordance with %ﬁgeﬁe?ﬂ%gl%$ ?h%gk&%ﬁ$l% ﬁﬂ%#bt&U% 1e%.
Sanpl es having dbaméngrdaﬁﬂeOeﬂtmmhimkﬂmsekmesswtW&ﬂhaarange from about 0.5

Lo 3 m weree adg byadRy PONLOLLLNGG L, B0 45T d 80e CONERMLrALiRl Ofuildie

ponaIkyIS|Iaza Y1 on of erTo |on
baked thin coat¥eguhbingbseaténgbyas cmwn‘se@pan'(wagrwilm|mtm®n and

1 v det er M nggooPAEARETwOEN NEho ChEEK) AT BCCHE " BRam Ay IE G M08! 400 d

t hi ckness where no cracki ng occurs was taken as a t|on to
coating thi ckne%%ampl&Bdul B3NRGAS| haekrat cont Hey h@Hﬁf%‘%‘@F EWKW#S

silicon wafer, ﬁ HEH glg?&glon %ﬁnabgu@n8t§r¥gng VF%F T?ﬁglginess_ W th

a 20 ponaIkyIS| azane SO a sprn coarling net sul ting
coating Vi@ congentedlihhg ahelpompstbazamg concantopatihoneofM the t he net hod

of the Exanpl espgigﬁﬂgigﬁi%¥gg}e%§m £8n Eq? ggdyg t%néfe ué%é&'&f@?

silica coating sure ani cal prop er I és-eval I Ng system
25 for thin filaBipNaaatendenThe h@h@da’cbyneqom]manwaﬂﬂbsemmlutbwm ).
(Etching rate) microscope (magnification: x120) and it was determined
whether or not cracking occurred. A maximum coating
15 thickness where no cracking occurs was taken as a
cracking limitation to coating thickness.
(Modulus/Nanoindentation method)
After coating a silicon wafer, 4 inch (10.16 cm) in
diameter and 0.5 mm in thickness, with a
20 polyalkylsilazane solution by a spin coating method, the
resulting coating was converted into a silica coating in
accordance with the method of the Examples or Comparative
Examples. The modulus of the resulting silica coating
was measured by a mechanical properties-evaluating system
25 for thin films (Nano Indenter manufactured by Nano
Instruments Inc.).
(Etching rate)
The etching rate was calculated by measuring the
thickness by a spectroellipsometer (M-44 manufactured by
30 J.A. Woollam Inc.), and dividing the thickness by a
chemical-treatment time (min). The chemicals used in the
determination of the etching rate are described in the
Examples below.
Reference Example 1 [Synthesis (1) of polymethylsilazane]
35 A tank reactor made of stainless steel having an
internal volume of 5 L was equipped with a stainless tank




The etching rate was cal cul ated by neasuring the thickness by a
spectroel li psoneter (M44 manufactured by 30 J.A WollamliInc.), and
dividing the thickness by a chemcal-treatnment tine (mn). Th@ schaNiI20RI s
used in the determination of the etching rate are described in the
Exanpl es bel ow. Reference Exanple 1 [Synthesis (1) of pol ynethyl silazane]
35 A tank reactor nade of stainless steel- B8vi-ng an internal volunme of 5 L
was equi pped with a stainless tank 0 8 JAN 2004 - 18 for feeding a raw
material. After_repLacing the atnosphere of the inside of the reactor with
dry nitrogen, T3b te%%lﬁﬁtﬂy¥?Vi%ﬂF 2t ankt tek ERIYRERY nthe t he

stai nl ess tank dtmo$pkeragof the inmébdé abf € todcOoticeTEd doy trihiet doydn,
reactor, by a f9§6e

-f egd t Lusin njtrogen. Then .
pyridine-containlnggtgﬁkmggﬁyig%ﬁ$§£° S QP%EY%?i%PaV%%EdUHH%J?gﬂ to the
reactor, and 4 gtavhlepygrtidnkefonsfeedihardyrawrnatéetalisiamnd nidtrogbrecedrhe

pressure ign theyre o S j e o) / the. t enperature
of the nised Iiaﬁiﬁq%n{:? e :r‘%g!é?%{?g%’g aclz%%’f'ér;‘%f%%dtgpgﬁ‘%gc.‘y%nﬁni a was
bubbl ed into theitreEed- whher.saipyriginendonbeinited binknfonifeeding a

stopped when thewPheesrigli Rabh8ohREELOH £652EHEIrdalts! CoRa Ak RuSt
| ine was opened to, reduce the pressure in the 15 reactor, and subsequently

dry nitrogen weRYHLBHPEdWARAt BiMik_TLY gEPaceabed weingneiteegent hefdy to

r ﬁm)vehexcess praesute .Tfhetlgésrléébﬂgr W@Quﬁﬁjﬁé\@ﬁedgg@V_ﬁdo Wg,f&[h”t,e'iainaﬂ

t roug resspure unne naer r sure |1 . ar trogen, at nos ere
Lo obta A Bo00 HhE FePRreEREE Lo LERS i Tae dalidila £ e Pagt & Wad
evaporator to o8éAtHol28QUEo349° & Of Mol WS ddiInG & f‘dﬂ@qri-q%\i% age

nmol ecul ar wei ght of the resulting polynethylsilazane was neasured by
(devel opi ng 25 ¥BiLei 8hiroiHey3) andstherfeedt of i ammasiageds astepbéedrehen
Wi th polystyrengnétgpdastee £ tRe(-8AER6LIrERSRERT 2 08) kgFBRT! I WR Showed

absorptions based on N-H at wave nunbers
exhaust line was opened to reduce the pressure in the

15 reactor, and subsequently dry nitrogen was bubbled into
the liquid layer for one hour, thereby to remove excess
ammonia.

The resulting product was removed by filtering
through a pressure funnel under pressure in a dry
20 nitrogen atmosphere to obtain 3200 ml of a filtrate.
Pyridine was distilled off by an evaporator to obtain
about 340 g of polymethylsilazane.
The number-average molecular weight of the resulting
polymethylsilazane was measured by GPC (developing
25 solution: CHCl,). As a result, it was 1800 as calibrated
with polystyrene standards. An IR (infrared absorption)
spectrum showed absorptions based on N-H at wave numbers
of approximately 3350 and 1200 cm™, absorptions based on
Si-C at 2900 and 1250 cm™', and an absorption based on
30 Si-N-Si at 1020 to 820 cm™.
Reference Example 2 [Synthesis (2) of polymethylsilazane]
A similar procedure as in the above Reference
Example 1 was repeated, except that 780 g of
methyltrichlorosilane was replaced with a mixture of 720
35 g of methyltrichlorosilane and 65 g of
dimethyldichlorosilane, thereby to produce about 370 g of




of approximately 3350 and 1200 cm 1, absorptions based on Si-C at 2900 and
1250 cm 1, and an absorption based on 30 Si-N-Si at 1020 to 820 cm1.

Ref erence Exanple 2 [Synthesis (2) of polynethylsilazane] A qjgi & 2008
procedure as in the above Reference Exanple 1 was repeated, excerﬁ %ﬂﬂ

780 g of nmethyltrichlorosilane was replaced with a m xture of 720 35 g of
met hyl trichlorosilane and 65 g of dinethyl&i chl orosil ane, thereby to
produce about 370 g of 0 8 JAN 2004 - 19 polynethylsilazane. The

nunber - average nol ecul ar_wej ght of the resulting polynethylsilazane was
neasured by GP %@(}%Jf%}‘ﬁbig%%ﬁ‘%tl on: CHO3). As aresult, it was 1400 as

calibrated 5 wn t h phhe shymbae- atanadgs dﬁole%ul& (u'zétigmﬂf esif a&lsenrnf&shmﬂlng

t h N—H t t el
3550 and 1200 RS Lo P POE BRS6E A e Blr 4 Gy RSO st L " ane”
an absorption bsgbdtben: SEHNLSl atA51@2cret5®11820 idnwhs 1@ 0Refasr endebEréagl e 3
[ Synt hesi g of D@i@ﬂ%&fywﬂé&éa&"é&n&ai LT - N kel {)ix?ﬁkaxhé&"&gs&;kiﬂ ”‘a'

volunme of 2 L was equipped a gas ubbllng tu a mechani sca
and a Dewar con%%%%?umwltl@veﬁ e@b%@?ﬂ@l@lh% basedsphdieH git aﬁ‘e%ldml@ﬁliﬁessel

by dry nitrogeneg 1519}9r6§urﬂ5t@i%d3¥5@>’51'1@'I‘@O(‘!"a&nﬁhaﬁgggrbﬂléﬂQ basEa neeked
flask and then_jce-cooled. 10 ggéo hl orosi | ane was ad pr oduce

an adduct as a White?5of 790 (3pHlp ?QBFEﬁHd a?hébS?EBE%PBnbﬂﬁﬁéu?% was
i ce-cool ed and §9-g-91 asmbope wess2bubkiled into the reaction m xture wh| |l e

stirring 0S ently. dry.ni n_was. bubpl ed oth a ous ayer
for 30 nﬂﬁﬁtes g%ﬁé%;mw%—%§%@é§—a§n§%¥%ﬁh%ﬁ%sr% u??? ﬁ?% %hoved

by filtering through ﬁoEMChaekeduﬂhebkuhdeingeducﬂdt@rnaxuveimmeaoﬂr&'L

ni trogen atnosphgs e, i B4 4RO 2
distilled off by an %vap %gtg%%{%ogogg %u%ﬂhé ?ﬁ&éf hédlﬁ%po ysﬁ?azane The
nunmber - aver age ﬁ%@b%ﬁl%ﬁdmélBﬁwaﬁfc?h@enégnltlhﬁter replacing the

atmosphere of a reaction vessel by dry nitrogen, 1500 ml
15 of dry pyridine was charged in the four-necked flask and
then ice-cooled. 100 g of dichlorosilane was added to

produce an adduct as a white solid (SiH,Cl,* 2C,H,N). The

reaction mixture was ice-cooled and 70 g of ammonia was
bubbled into the reaction mixture while stirring.

20 Subsequently, dry nitrogen was bubbled into the aqueous
layer for 30 minutes to remove excess ammonia.

The resulting product was removed by filtering
through a Buchner funnel under reduced pressure in a dry
nitrogen atmosphere to obtain 1200 ml of a filtrate.

25 Pyridine was distilled off by an evaporator to obtain 40
g of perhydropolysilazane.

The number-average molecular weight of the resulting
perhydropolysilazane was measured by GPC (developing
solution: CDCl,;). As a result, it was 800 as calibrated

30 with polystyrene standards. An IR (infrared absorption)
spectrum showed absorptions based on N-H at wave numbers
of approximately 3350 and 1200 cm™, an absorption based
on Si-H at 2170 cm™, and an absorption based on Si-N-Si
at 1020 to 820 cm™

35 Example 1 (Reference Example 1/polyisobutyl methacrylate
= 4:1)




per hydr opol ysi | azane was neasured by GPC (devel oping solution: CDC 3). As
aresult, it was 800 as calibrated 30 with polystyrene standards. An IR
(infrared absorption) spectrum showed absorptions based on I\gg g}\N%ﬁﬁ‘e
nunbers of approximately 3350 and 1200 cm 1, an absorption based” Si-H
at 2170 cm 1, and an absorption based on Si-N-Si at 1020 to 820 cm1. 35
Exanple 1 (Reference Exanple 1/polyi sobutyROnet hacrylate = 4:1) D 8 JAN
2004 - 20 80 g of a 15% solution, in dibutyl ether, of the

pol ynmet hyl si | azane pgepared in ference EX le 1 S ixed with a
solution, in 17 g ofé(gi%u?glae]tﬁ%rs,oﬁft%mb' aﬁ? %&%\ﬁotﬁﬁ%r Vghatg"‘reyl ate
havi ng a nol ecub@lymestight s bfamamd opite ddile Dy Rk tdrecen Bstanpel ends wal |
stirred. Subs I h i i | tered through PTFE ri nge
filter having :fﬁ#a"?é rvgjfif%nga%g%‘#%%@gbrﬁg.y p?nOtﬁadnlLR%tc}{ reetalerﬂ/‘ A’cf‘v%tgech
Co., Ltd. The foftipatyiselutybarethacrylate iwnivpfemaofedllar omighti odh)
D dramete 10 #00LE. odTooe, LIAE KRS bt Syl LOUErA@fO0, TPM 20

seconds), and then dried at roomtenperature m nut'es) . e silicon

waf er was heat eBURFEEIERELY} atle afo GO twas &1t thratghspHRIEL air
(250C, relative 1 di v+ 400 of. 3. m.nutes. The coati | ef t

15 to stand in %3(%%'12% efr%/%:t%l?r/ﬁ?\g%@ %e#%f?lf/%t%%nm%‘f?ﬁa %f %’ré,\aﬂ'ﬁ“ hour s,
and then was bakemufactuded bytidgemtecth nDsphelied at HHOEFiDtrS marit es. An
IR (infrared ion)_s Lnly sh Spf pil ons based Si-0
at wave nunber ?%?f%%zﬁﬂa%dgﬁg%éﬁﬁf%s%fpf(?‘.ﬁ%s OP{)als% )znlrgi $]€I§etqem]7qave
nunbers @0 1270aR@d0 yS30menin, thhckness apsbndta ospbaseeaer 200 zpma\Z9)

nunber of 2970 g&komnds)hibgaa P4 SfSb e HURRSK f
3350 and 1200 cmolnasn)c(ima%l %bﬁ%t%ﬁ%a@gd onﬂ?ﬁé\hﬁ%‘fiﬁgg‘%uﬁl. tes)
2Rl 2t Bs a

ali: e
met hacryl ate di S3ppehtieonBafeE vasuneatrd comtd r@c’a/a%
result, the codhéngabagiser spesi dtfoshbecsératr const@ntrofakive a density

of 1. 0 g/crB ’hgﬁi 9£§2n2b%§té§gﬁ P£r33ann&éE%. The coating was left

15 to stand in atmospheric air (25°C, relative humidity:

M

40%) for 24 hours, and then was baked in a dry nitrogen
atmosphere at 400°C for 30 minutes. An IR (infrared
absorption) spectrum mainly showed absorptions based on
Si-O at wave numbers of 1020 and 450 cm™', absorptions

20 based on Si-C at wave numbers of 1270 and 780 cm™, and
an absorption based on C-H at a wave number of 2970 cm™*,
while absorptions based on N-H at wave numbers of 3350
and 1200 cm™ and an absorption based on the polyisobutyl
methacrylate disappeared.

25 The resulting coating was evaluated. As a result,
the coating had a specific dielectric constant of 2.2, a

density of 1.0 g/cm’, an internal stress of 3.0 x 10°

dyne/cm®?, and a cracking limitation in coating thickness

of at least 5 um. The resulting coating was left to
30 stand in atmospheric air under the conditions of a
temperature of 23°C and a relative humidity of 50% for a
week and the specific dielectric constant was measured
again. As a result, it remained unchanged.
The coating had a modulus determined by the
35 nanoindentation method of 2.6 GPa.
Further, a durability (compatibility) test with ACT-



dyne /cn2 , and a cracking limtation in coating thickness of at least 5
pm The resulting coating was left to 30 stand in atnospheric air under the
conditions of a tenperature of 230C and a relative humdity @E@QQ/?JO Pr
week and the specific dielectric constant was neasured again a result
it remai ned unchanged. The coating had a nodul us determ ned by the 35
nanoi ndent ati on nmethod of 2.6 GPa. Further2la-durability (conpatibility)
test with ACT 0 8 JAN 2001 - 21 970 (Ashland Chemical Inc.), ST-210,

ST-250 (ATM 6 KC640, (EKC Inc whi ch e y _use
renovers for et%%ar‘aé‘leﬁﬁ%rég %%m%%?ﬂduﬁf%d) f d?f 1HED 595 ?as % Ag
result, the etcBK@265 atEBKO640 O(FKCE nimc o)y, Svhbss dre aandel;aax—‘sedamt t he

i ncrease in di S s test i le 2
(Ref erence Exaek%ﬁégé%ilﬁ% éf?éﬁ ?u&rr?én’un%sa?r e‘f‘ﬁ cPatgoerfloacet gﬁ)r%) 160
g of a 20% sol L@<P@hln9‘1n d&‘s%u@yte%lnh'er tlmé Qh@llm@ Ipiite}/rvamwsl /Adaner

prepared ish Refggepnc I 2 g of
di butyl ether, of %fn%%% 8a acry ate ?Jgg:}i% na%%fé%cedﬁb% M t subi shi

rayon Inc.), a@@ﬁ@%x‘t’h’?‘é 'Vh‘ss eSSt sWas relthin gl 63%. al uni num tri s(et hyl
acet oacet ate) V@garmpXed2 W REf &Pec®Edamsi OU yBrREINEI= iU O, SOlufd i and

then 24 g of thgﬁ%_%mmm m xed into the
pol yrret hyl si | azeres t ture was well stirred.
Subsequently, t he solﬂmlgmﬂ\m 204 tes balt 1 b pUDh dBOWHFE éméflgeoﬁlﬂner
having a,fjltr f 0.2 20 m manufact ured by, Advante
lra "o 11 11 e EinSERYI SPYafind Srdra P AF S Se R iRlE A
di aneter and Imixed wibthc&nesbutsomg &n sp2 ng cofit @b 2PD0etiper, 20F 8 g
seconds), and then, dpiegdsat 199@ t jcon
waf er was heat ed 0?1 a F]O? ate a{&ggg? xg@%ﬁag%%tgée%%bd %ﬁf éellﬁ at 280C
i n at nospheric BgyoRp2kee.- )re@%@ltﬂée HUHKENES : wamoye bhent iored. mihug eaf The
coating was bake@mifud €fys(éthPPeidcetHRSOPLEE) Ahad MR L@ Twibh 95 g of
15 dibutyl ether into solution, and then 24 g of the
solution was removed and mixed into the
polymethylsilazane solution, and the mixture was well
stirred. Subsequently, the solution was filtered through
a PTFE syringe filter having a filtration accuracy of 0.2

20 um manufactured by Advantech Co., Ltd. The filtrate was

coated on a silicon wafer of 20.3 cm (8 inch) in diameter
and 1 mm in thickness using a spin coater (2000 rpm, 20
seconds), and then dried at room temperature (5 minutes).
The silicon wafer was heated on a hot plate at 150°C

25 then at 220°C, and then at 280°C in atmospheric air (25°C
relative humidity: 40%) each for 3 minutes. The coating
was baked in a dry nitrogen atmosphere at 400°C for 10
minutes. An IR (infrared absorption) spectrum mainly
showed absorptions based on Si-O at wave numbers of 1020

30 and 450 cm™', absorptions based on Si-C at wave numbers
of 1280 and 780 cm™', and an absorption based on C-H at a
wave number of 2980 cm™', while absorptions based on N-H
at wave numbers of 3350 and 1200 cm™ and an absorption
based on the BR1122 disappeared.

35 The resulting coating was evaluated. As a result,

the coating had a specific dielectric constant of 2.1, a



mnutes. An IR (infrared absorption) spectrummainly showed absorptions
based on Si-O at wave nunbers of 1020 30 and 450 cm 1, absorptions based on
Si-C at wave nunmbers of 1280 and 780 cm 1, and an absorption %%39@ &ﬂ CH
at a wave nunber of 2980 cm 1, while absorptions based on N—gi

nunbers of 3350 and 1200 cm | and an absorption based on the BR1122

di sappeared. 35 The resulting coating was @¢aluated. As a result, the
coating had a specific dielectric constant of 2.1, a 0 8 JAN 2004 - 22
density of 0.9 g/cnB, an internal stress of 2.8 x 108 dyne/cn®, and a
cracking limt enmiiyn %aﬂﬁ]gsmm ckmasdntefrnal k&aess5oM 2TBexrB&UI ti ng
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t enper at ure of and a r ative

specific diel ecdfiat Chasdarg wms nnaétﬁ@éhlﬁgeg bodAsimy Wesilillesft ttor emai ned
unchanged. The coatéojgrr:had a rmdul us determ ned by the nanoi ndentation
nmet hod of 2.5 R HPRFPher 1% Rk | Hrds% yt*teeﬁofv&h‘hl%ér@@ ( Ashl and

Cheni cal ]Icsnc ). t?’l’péﬂﬂé)tuﬁ; bR AT I\Aandm: I)eafmwh mnelldﬂﬂydeiﬁ/ Blﬂﬁ(fo&Sa
removers for etch resi conduct or the silica coatin

result, the et chHy 7 &%\a%p%c%%‘fﬁ%l%iecfﬁjs |‘?1°’B5at(ﬁptcé'§aeg gis
increase in 15 agairct rAs a:cnrsd;mht vx'lit rredmmedaslnwhmgmd hin 1.6% Exanple

3 (Reference Exanpl di but yl
ether, of the pol y%&%y Sl az%ne pre ar ng %Grf/er ence %&arrprpee 1 was
m xed with 30 P@roindentabien imethod Qﬁb%lt%/lGléQher of 20 poly n-butyl

met hacryhat e having m%@:@u'éfc&ﬁ%e b it@bedt 5¢0uP 0T A t (sl ardur e

was well ‘stirred. Subsequent]l solutlon was filtered through a PTFE
syringe filter $RAHREL § ‘Ft}at$'5n2]a‘?;m§'1éc%5?)f(4)ﬂﬁl mMPRGrehufHtch /F Dy

Advant ech Co. wi&elﬁhesédlasatanmreﬁ@@aéwhom@lmés corased@idwdted). 3

8 inch) i nd_1 ' hi ck t 2200
O o 4R o R B o A E et 09 PR Sl

was 0.8A/min or less in each case, and the 1ncrease in
15 dielectric constant with this test was within 1.6%.
Example 3 (Reference Example 1/PnBMA = 3:1)

90 g of a 16% solution, in dibutyl ether, of the
polymethylsilazane prepared in Reference Example 1 was
mixed with 30 g of a 16% solution, in dibutyl ether, of

20 poly n-butyl methacrylate having a molecular weight of
about 140,000, and the mixture was well stirred.
Subsequently, the solution was filtered through a PTFE

syringe filter having a filtration accuracy of 0.2 um
manufactured by Advantech Co., Ltd. The filtrate was

25 coated on a silicon wafer of 20.3 cm (8 inch) in diameter
and 1 mm in thickness using a spin coater (2200 rpm, 20
seconds), and then dried at room temperature (5 minutes).
The silicon wafer was heated on a hot plate at 150°C,
then at 280°C in atmospheric air (25°C, relative

30 humidity: 40%) each for 3 minutes. The coating was left
to stand in atmospheric air (22.5°C, relative humidity:
54%) for 24 hours, and then was baked in a dry nitrogen
atmosphere at 400°C for 10 minutes. An IR (infrared
absorption) spectrum mainly showed absorptions based on

35 Si-O at wave numbers of 1020 and 450 cm™', absorptions
based on Si-C at wave numbers of 1270 and 780 cm™, and



The silicon wafer was heated on a hot plate at 150C, then at 280C in

at nospheric air (25C, relative 30 humdity: 40% each for 3 mnutes. The
coating was left to stand in atnospheric air (22.5C, relativegghysh Qpgy:
54% for 24 hours, and then was baked in a dry nitrogen atnosphere at 400C
for 10 mnutes. An IR (infrared absorption) spectrum mainly showed
absorptions based on 35 Si-O at wave nunbeR8 of 1020 and 450 cm 1,
absorptions based on Si-C at wave nunbers of 1270 and 780 cm 1, and 0 8
JAN 2004 - 23 an absor tion based on GHat a wave nunber of 2970 cnp 1,

whi | e absor pti dHS FRRXEPHHON-RRSRA R &€ Hlirerd Ve Iumben ®H1 2R & and an

absolr ption baseﬁhi)netélles@?ﬂ)t/lcﬁhé)%a/éed et hfemyéta';]v&axﬁh &Wsﬁ%f 533-309_ .
resul ting coati val yat e areut t he coat cific
dielectric cons?'g%m?%?&\frﬁ azi’éjd’éhﬁbtsg?r ipm b@/S(?r‘?B °narjflhlempé’iﬁf P- i’iﬁx s of
2.8 x 108 dynefetifacaylate cdbeappeatedi tation in coati ng t hi ckness of at
| east 5 mg The resul d m)spherl air
'fl'l?gr&&?ifﬁgg aél 0‘# V%% eva(.sjfuant at i ve % res

under the condl tions ur e Jty of
50% for a weektlsmdc*m‘élls@elmdll@ m@iefziq:lttl@lmstm mtrmasmﬁcﬂ Gkga n.

As a result, it rema ned_u anged, The .c at had a nmodul_u d gm’ned by
the 15 nanoi na%%l?%% Bn° ?nafh d956Fm . snaates hértreésc8%p§t %bf‘ y test

with ACT-970 (Asphenc® Cherd edlcratkihgMliiel tatiwndahy cesednas thickaeEsr for
etch residues, was conducted for the silica coating. As a result, the

etching rate weRf (aBAL@RHt Andm¢ heThe aresultinecepinamasfkedt the s test
was 2.0. jgonpargfiyg fffag@lhgsﬂrl?é h%ift&ﬁ’&éf‘etﬂé’lé( ane%z%f atl) 4549

of tetranethoxysil ane rinet hox SI of 25
di net hyl di net hoW?ﬁﬁEu%r%fd?%s%l @rﬁ@@tnghum%%mpyf %Q%:ofﬂﬁ a and

to the sol utionwyer addethe SHOOVESE. A1 EcOFid- Solh PEMEOHSs SRb Ak Ad of
phosphori c again. As a result, it remained unchanged.
The coating had a modulus determined by the
15 nanoindentation method of 2.5 GPa.
Further, a compatibility test with ACT-970 (Ashland
Chemical Inc.) which is widely used as a remover for etch
residues, was conducted for the silica coating. As a
result, the etching rate was 0.8A/min, and the dielectric
20 constant after this test was 2.0.
Comparative Example 1 (methylsiloxane polymer/BR1122 =
4:1)

45 g of tetramethoxysilane, 140 g of

methyltrimethoxysilane and 18 g of

25 dimethyldimethoxysilane were dissolved in 615 g of
isopropyl alcohol, and to the solution was added,
dropwise, 60 g of 0.3 N aqueous solution of phosphoric
acid so as to cause hydrolysis, thereby to produce a
methylsiloxane polymer. 40 g of the polymer solution was

30 mixed with 10 g of 20% solution of a methacrylate (BR1122
manufactured by Mitsubishi rayon Inc.) in isopropyl
alcohol, and the mixture was well stirred. Subsequently,
the solution was filtered through a PTFE syringe filter,

having a filtration accuracy of 0.2 pum, manufactured by

35 Advantech Co., Ltd. The filtrate was coated on a silicon
wafer of 20.3 cm (8 inch) in diameter and 1 mm in



acid so as to cause hydrolysis, thereby to produce a nethylsil oxane
polymer. 40 g of the polymer solution was 30 m xed with 10 g of 20@6
solution of a nethacrylate (BR1122 nanufactured by M tsubis gy nc.)
in isopropyl alcohol, and the m xture was well stirred. Subse ent y, t he
solution was filtered through a PTFE syringe filter, having a f||trat|on
accuracy of 0.2 pm nmanufactured by 35 Adva@dtech Co., Ltd. The filtrate was
coated on a silicon wafer of 20.3 cm (8 inch) in dianeter and 1 mMmin 0 9

JAN 2DO - t ness using a in coater (1200 m 20 seconds) and
then dri ed at glb?’r?k]f %r'éfh‘g% 35 Pw’rthff%%SerTﬁ%Z%(?I’F egongdsy) .héded

on a hot plate ameﬂoa)ﬁeuheﬂ ﬁ(bOlﬂSQﬁlpefaﬁhi@SO@QﬁilﬁJ%éi).(zﬁ@e regil 1aitdote

hum dity: 40% r utes. .The coatin baked in .
nitrogen at rms‘g e$1é % g }6%%&]? ro%c? rﬁ%ﬂt%]ga.‘%%\ng? \Ii\ﬁ?? n ‘ra*“grj'be'd1 %bgﬁ/optq on)
spectrum nai nl yllsh@tmsabsmptams(bﬁs@d valatlve mimiddtey nurdgey ssaafh 1020
and 460 crg 1, r pt as L G &t V] S, 9 780
cm 1, and@lo an ﬁsgr%ﬁ?ﬁ)ﬁe ase %H vélé‘\@v\/a‘[\g;ae]gélnciijm 4 %%%

whi | e an absor pRtBespaged ahk 40@° (BR‘iQQ23Qi|IBJalplpb%1$ ed. An'mé (igsfiraredy coating
was eval uated. £6sér ewhs,sﬁéétfﬁﬁltmélﬂnf?dsﬁoé&&caéé&rgtfér?é?tﬂa&,&QH?ta“t

of 2.3, a denS|t o) g cnB8, an internal stress of
dyne/cnR, and a %r%cﬂFhﬁaY nPEEPeEH OF 029 | ARdt AR KPIRSs abForptienst 1.5

M The resul tingaseatongsyas aefwav® nehEEls i Gf al 296 Phied | T @i dmlNdgrat he
condi ti ons, of a, t erafure of 23C an relative humdity of 50%fog a
week andqihe Spee| P%OHP f%%tg?ie d%%t§ﬁ$ s MEALTr RPRRE i 4P 8 Aty
result, it renuwheheunnhahgedptibm tas¢d ngn hellle aBBRDLR2 USL sk s att e d by t he
nanoi ndent ati on met h@ﬁieo} i?&mﬁggﬁﬁgrwag \9&1’35 L thtgs]geg\{ll

ACT-970 (Ashland Chem ca used aS a Tenover o'r etch
25 residues, waSheonreatinpg h@ﬂ @h%P%¢ift@.@h@leﬂgrl¢scgn$©@m¢toftheBetmhlng

rate vas 3.4A mygns 09 LRe; dhelpSk T Gn GONTIANY VAL IICTRATRY L0 e5 Wi th

15 dyne/cm®, and a cracking limitation in coating thickness
of at least 1.5 um. The resulting coating was left to
stand in atmospheric air under the conditions of a
temperature of 23°C and a relative humidity of 50% for a
week and the specific dielectric constant was measured
20 again. As a result, it remained unchanged.
The coating had a modulus determined by the
nanoindentation method of 1.8 GPa.
Further, a compatibility test with ACT-970 (Ashland
Chemical Inc.) which is widely used as a remover for etch
25 residues, was conducted for the silica coating. As a
result, the etching rate was 3.4A/min, and the dielectric
constant was increased to 2.5 with this test.
Comparative Example 2 (PPSZ-1, LPSZ-1 (0.3)/PMMA = 4:1,
tri(isopropoxy)aluminum)

30 60 g of perhydropolysilazane prepared in Reference
Example 3 was dissolved in 240 g of xylene to make a
polysilazane solution. 3 g of tri(isopropoxy)aluminum
was mixed with 147 g of xylene into solution, and then 6
g of the solution was removed and mixed into the

35 polysilazane solution. A solution, in 60 g of xylene, of
15 g of polymethyl methacrylate having a molecular weight



Conpar ative Exanple 2 (PPSZ-1, LPSzZ-1 (0.3)/PMVA = 4:1,
tri(isopropoxy)alumnum 30 60 g of perhydropol ysilazane prepared in

Ref erence Exanple 3 was dissolved in 240 g of xylene to nake 3 N 200

pol ysi l azane solution. 3 g of tri(isopropoxy)alum num was m'g a""\‘)\n 12W 147 ¢
of xylene into solution, and then 6 g of the solution was renoved and

m xed into the 35 polysilazane sol ution. ~A28ol-ution, in 60 g of xylene, of
15 g of polymethyl methacrylate having a nol ecul ar weight 0 8 JAN 2004 - 25
of 100, 000 was (()r} E‘g V\@ E t he abo po silazane solution, and the m xture
was well stirre B é] e‘ﬁ??y‘“l’f?\ LR rehRke fROI B et i U ioPRE

syringe filter andha‘ah@gmﬁxtui"éraasommcsltﬁmye@f C)Slﬂomemtﬂllwfaﬂiwr ed by 5

Advant ech Co. i) t oate on of 10.2 cm
(4 inch) in di a’l’r'r‘ge eFlgﬁdwéjs sEfFeres fPRhagn LET% %Wéjprf%g%gtte §T /(2300
rpm 20 secondsjavaing athﬁntﬁétfénaécé@@é‘&ieﬂp%ai% (rarifHE®Pea Y
silicon waf er was heated on a hot plate at 150C, then at 220C 10 in

at nospher i ai rAgvaetech| 6o vel hdini dTli“? £ yhtgatachas ferated atesiigon

coating was bakedfén ardiy. pi émogenm@mmf@h@i&n@éeﬁ%f@rs?:Qnrﬂrnut es. An
IR (infrared a&ior tion) ggectrum mai nl d absor pt| ons based on Si-O

at wave nunbers B9D° algt 2802 cFRAD R %teiﬁ HAQY pEPBNs2 B RREPIHIF ki -9t
wave nunbers of tRe€b0drnhed886 roamltem@ei:@t@:beowtmmmw)@)sed The il donnvave
nunbers of 33 0 an apso ion_b on .t he _po hyl
nmet hacryl ate d?‘gaggga‘%ég h%%:&a%(rie ul?l % c%%?f:?\gaﬁagg(z U aﬁsi%(mrs(tesul t,
20 the cdding badatmeppbefric diel €257Cc rehstive bimidBtya 4@ehseaghof 1.0
o/cr8, an intersst 3theastgh 2 fnd d0BiAYRAS BardRdiR £TRLK O g ati on

in coating thickness | east he resu ting coa eft to
stand in at rmspﬁE‘F‘?%Pla?FeuﬁHef*o%G EoNdB0 i BRBUBES a 28Nt ERpEirETAEedf 23C

and a relative augbﬁlptyoﬁﬁ 59&/e£9ﬁmamamﬂf §1Q9wé&ea§§8£ ﬂ&ngl@A@@arw

constant was neasured, a resul t i_NCr ease 1.9.
83968 wgve num ers o 1070 and 450 cm gn
15 absorptions based on Si-H at wave numbers of 2250 and 880

cm?, while absorptions based on N-H at wave numbers of

3350 and 1200 cm™ and an absorption based on the
polymethyl methacrylate disappeared.
The resulting coating was evaluated. As a result,
20 the coating had a specific dielectric constant of 1.8, a

density of 1.0 g/cm®, an internal stress of 2.7 x 10°
dyne/cm?, and a cracking limitation in coating thickness

of at least 5 um. The resulting coating was left to
stand in atmospheric air under the conditions of a

25 temperature of 23°C and a relative humidity of 50% for a
week and the specific dielectric constant was measured
again. As a result, it increased by 0.1 to 1.9.

The coating had a modulus determined by the
nanoindentation method of 1.9 GPa.

30 Further, a compatibility test with ACT-970 (Ashland
Chemical Inc.), ST-210, ST-250 (ATMI Inc.), which are
widely used as removers for etch residues, was conducted
for the silica coating. As a result, the etching rate
could not be measured, because the coating disappeared

35 for each of the chemicals.



The coating had a nodul us determ ned by the nanoindentation nethod of 1.9
GPa. 30 Further, a conpatibility test with ACT-970 (Ashland Chem cal

Inc.), ST-210, ST-250 (ATM 1Inc.), which are wdely used as émxﬁgzﬁnfor'
etch residues, was conducted for the silica coating. As a re é
etching rate could not be neasured, because the coating di sappeared 35 for
each of the chemcals. 0 8 JAN 200k - 26- RRDUSTRI AL APPLI CABI LI TY The
porous silica coating obtained by the present invention stably exhibits an
extremely | ow Sﬁ\g?c@i c__dielectric constant and al so has resistance to
various 5 chem TREAL ARk R "é’(rengt h which allow the coating to

wiht hs]'Eand the step ofhe qmwl bug m?c}mg coed &id adtstléwnéad Wlw@qme&ferﬁnd
therefore it is, ul a usef.u san|ntera ielectr or

seni conduct or dlev‘ip%gélo %ﬁal}/szC %’a‘f’ratbﬁ i PR HY f%t]g%"f inhl y

i ntegrating pr ai:m;beﬂrciudcmstm Deareds i ail 0 doeess sre )i St afde 2:&1)41&r12ms

A L. % ROGnBhb] £268%% | M) 00) % SPAELLL Gy P! £ESY Cufonstant of

| ess than tal ne ing a oatl ng of "a composi tion
conpri sing a P3elng| 9 | wibhetand *dl@(ﬁmrqﬂf i ke viged ywietdnryl i c

ester. 2. The pRaeisisisi Gy &@P%@&&dilﬁmt&&}éf& d.itWerein the
pol yal kyl sil azane has a repeating . unit 10 represented ?f' t he, foI | ow ng

general formul PFEYIGRE2ELY Weakrhlas o?%n’:ﬂ%ﬁ’(%y%odhe &R age
mol ecul ar  wei %’émméﬂﬂdﬂcﬁofaﬂéﬁléé@mﬂﬂﬁlt:@s Kook i Rile W11§1'5 i -t s

R2 wher.ei n h in nden r
R3 e]. el n, hlghfz gegragfgg prgc ses dfnct:i\Ydre ggg%gmgsin process.



hydrogen atom or an al kyl group having 1 to 3 carbon 20 atons, provided
that RL and R2 cannot be hydrogen atons at the sane tine; -(Si R4(NR5)1.5)-
(2) wherein, R4 and R5 each independently represents a hydggpg& %kgnlor
an al kyl group having 1 to 3 carbon 25 atons, provided that N

cannot be hydrogen atons at the sanme tinme. 3. The porous silica coating
according to claim?2, wherein Rl and R2-eagh-i ndependently is a hydrogen
atomor a methyl group and R3 is a hydrogen atomin the formula 30 (1),
and R4 is a nethyl group and R5 is a hydrogen atom in the formula (2). 4.
The porous silica coating according to ¢ ,  Wherein the

pol yal kyl si | azane has both repeating units represented by the fornulae (1)
and (2) and a nunber ver a nol ecul ar weight within a range from 100 to
50, 000, the number o]r re?fe ﬁ%“%ﬁ%@?%&%ﬂ%&%ﬁ%éﬂ FRETHFLE (2)
conprising at |@&bstedf¥hofcémetdmt adf Mudierthad 7 epeadiith Uy b taameasent ed

bytheforrmla 08J 2004, - 5. The porous silica
coating accor di r%l%oﬂ}f%l % 304 %r%ﬁ natq?énﬁﬂgfbte]rorbfc Y Ani t s
represent ed by pdeya¥kybhsibafa@)e campra geslycryeaist &% alfyndichadatydlionunber
of 5 repeating did;s represented by the fornulae (1) and (2). 6. The
porous silica coating according to claim1l, wherein the polyalkylsilazane

is an al unmi num cont a4 ni ngTh@wcymtk@I%ilmmamngrrmcmm stid icdaigodt.i ng
according to C|vﬁhé!&e11n &0 VheT mq;ﬁﬁp@iaf?&wagca%;p&w agiylic ester

has a nunber-avera rmlecular welght within a range fr 000 to
800, 000. TheF gy ediky %%tf%bl%ém PR cﬁ%’h‘ﬂia (Lhand /9 he
amount of the Podryercay | £ Sr@fupe| YIPtARE Y Iiinbehb- £8d Bigeé Mnd NecXy¥posi ti on
s within a ran‘geelgfﬁig‘)rg]:?tﬁfn 1501(:)'/..5—)1ng g\eongqoob%: dsé)nO(‘Ei]e pol yal kyl sil azane.
Rl
15 fsi-nj (1)

1'22 R?

wherein, R', R? and R’ each independently represents a

hydrogen atom or an alkyl group having 1 to 3 carbon

20 atoms, provided that R' and R? cannot be hydrogen atoms
at the same time;
- (SiR*(NR®), ,) - (2)

wherein, R*' and R® each independently represents a
hydrogen atom or an alkyl group having 1 to 3 carbon

25 atoms, provided that R* and R® cannot be hydrogen atoms
at the same time.

3. The porous silica coating according to claim 2,
wherein R' and R® each independently is a hydrogen atom or
a methyl group and R’ is a hydrogen atom in the formula

30 (1), and R* is a methyl group and R® is a hydrogen atom
in the formula (2).

4. The porous silica coating according to claim 2,
wherein the polyalkylsilazane has both repeating units
represented by the formulae (1) and (2) and a number-

35 average molecular weight within a range from 100 to
50,000, the number of repeating units represented by the
formula (2) comprising at least 50% of the total number
of repeating units represented by the formulae (1) and



9. The porous silica coating according to claim11, wherein the conposition
further contains an alum num conpound in an anount within a range from
0.001 to 10% by 20 wei ght as al um num based on t he pol yal kyl silazane. 10.
A sem conductor device conprising, as an interlayer dielectri@,g Jme200arous
silica coating according to any one of clains 1 to 9. 25 11. A nethod for
preparing a porous silica coating conprising pre-baking a

pol yal kyl si |l azane coating, which is obtai%%d by coating a substrate with a
coating conposition conprising, in an orgarffic solvent, a polyalkylsilazane
and a polyacrylic or polynethacrylic 30 ester, in a water vapor-containing
at nosphere at a tgnperature of from50 to 300C, and then ‘baking the

coating in a dry atnosphere at a tenperature of, from 30

R . to 500C. 12. The
method for preparing & por 608 BPFTH 5%%%%???@%@8?8?8@“? ot°cI°gFf‘ﬂ“1‘§,
wherein the prel ivhenzip thakedmpet el kgpeatizgnsmidsattepgesentest byt bhest and
in atnospheric aidpARONS)baKLPS: {1 403ELBY 808 of the total number of

5 repeating units represented by the formulae (1) and (2).

6. The porous silica coating according to claim 1,
wherein the polyalkylsilazane is an aluminum-containing
polyalkylsilazane.

7. The porous silica coating according to claim 1,

10 wherein the polyacrylic or polymethacrylic ester has a
number-average molecular weight within a range from 1,000
to 800,000.

8. The porous silica coating according to claim 1,

wherein the amount of the polyacrylic or polymethacrylic
15 ester in the composition is within a range from 5 to 150%
by weight based on the polyalkylsilazane.

9. The porous silica coating according to claim 1,
wherein the composition further contains an aluminum
compound in an amount within a range from 0.001 to 10% by

20 weight as aluminum based on the polyalkylsilazane.

10. A semiconductor device comprising, as an
interlayer dielectric, the porous silica coating
according to any one of claims 1 to 9.

25 11. A method for preparing a porous silica coating
comprising pre-baking a polyalkylsilazane coating, which
is obtained by coating a substrate with a coating
composition comprising, in an organic solvent, a
polyalkylsilazane and a polyacrylic or polymethacrylic

30 ester, in a water vapor-containing atmosphere at a
temperature of from 50 to 300°C, and then baking the
coating in a dry atmosphere at a temperature of from 300

to 500°C.
12. The method for preparing a porous silica
35 coating according to claim 12, wherein the preliminary

baked polyalkylsilazane coating is left to stand in
atmospheric air before baking the coating.



