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I nvention [0002] This invention relates to a novel polysilane -

pol ysi | azane copol yner (copolyner) 10 and nethods for its preparation and
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fill trenches on semiconductor substrates to form dielectric layers such as silicon dioxide

BJ

25  (SiOp) and silicon dioxide-based layers.

[0004] A typical CVD method involves placing a substrate in a reactor chamber where
process gases are introduced and heated. This induces a series of chemical reactions that
result in the deposition of a desired layer on the substrate. CVD methods can be used to

prepare a silicon dioxide film made from, for example, silane which has the formula SiH4 or

30  tetraethoxysilane which has the formula Si(OCyHs5)4. Boron and phosphorus doped silicon
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CorrpOSI”ltl{lg pesul s n IesrgI cﬂ:%m%@a%w%% Qcilé/sgageafs rtl(l)ar‘g1 zIs a rlelsﬂg are much more susceptible to

HF etch damage. An HSQ solution formulated with colloidal silica particles and binder

15  technology was developed to increase the gap fill density, which showed improved etch

resistance. However, solution stability and porous appearance made this formulation

impractical to use. An ozone cure chemistry was applied to a low molecular HSQ

formulation. The trench densification was achieved and the cured HSQ resin in the nano-

scale gaps demonstrated good etch resistance. However, ozone cure is not well accepted by

20  IC manufacturers. Similarly, a hydrogen peroxide and ammonium hydroxide combination

approach was used to cause low temperature oxidation of HSQ resin in a trench. However,

the stability and safety of peroxide solution are major concerns to IC manufacturers.

Alternatively, nitrous oxide (N2O) can be used to cure HSQ resin films, resulting very low

etch rate in a 200:1 HF solution. However, for nano-scale trenches, this method suffers from
25  the drawback of yielding etch resistance only on the top part of a trench.

[0007] Conventional polysilazanes (PSZs) have also been evaluated by a number of IC

companies. Conventional PSZs have been prepared by amination of mixtures containing

methylchlorosilanes and methylchlorodisilanes with ammonia, primary amines, or secondary

amines.  Alternatively, conventional PSZs have been prepared by Wurtz-type co-

30  condensation of dichlorosilanes that contains Si-N-Si bonding. This synthesis of PSZs can be
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WO 2011/ 053551PCT/ US2010/ 053946 trenches on a substrate, where the trenches
have wi dths < 100 nmand A/R > 6. The copol yner can be prepared by

am nol ysiwoabiiaspssnichl or o pol ysil ane having 2 or nore siPCrasroianssyse per

nol ecule with an am ne, ammonia or a silazane. 5DETAI LED DESCRI PTI ON OF THE
| NVENTI ON [ 0010] All anmpunts, ratios, and percentages are by weight, unless
ot herwi se indicated. The foll ow ng i s a list of definitions, as used

herein. [0011] The articles "a", "an" and "the" each refer to one or nore.
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[ 0014] "dNanear ﬁgpéﬁlonnmmlsélmea gihes MWagclaaMrﬂtrholﬁlelaﬁh R40 a dletodt Badrhgeel y, <
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nm al treelaeilan eeighteMap of gy 508) thach atlicpa|ajone ib ghin RSZawas Berdse riataf Jeapyone 5 nm
0015 y d
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envisr orreing Iiobattamdmt aCeasair B8Zp phyo ahiffex Ypen tHeGR)wbdikedf ebﬁttairrjfng &iC bonds,
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each independently selecte m H , and N atons I's selected fromH,
Si, or devak9BBdielectric or barrier materials because these PSZs may suffer from the drawbacks

of being difficult to process into films due to a low crosslinking degree, or could have the
10 problems of metal contamination or of incorporation of Si-C bonds that are difficult to
remove by most film processing methods.
[0008] Therefore, there is a continuing need in the IC industry to provide a film forming
material that can fill trenches with narrow widths and high aspect ratios without voids in the
trenches, and that form dense films when the materials are cured.
15 BRIEF SUMMARY OF THE INVENTION
[0009] A polysilane - polysilazane copolymer contains:

1IQ1
Si
I

R2

a polysilane unit of formula , and a polysilazane unit of formula

d
<,

atoms, R3 is selected from H, Si, or C atoms, a > 1, b > 1, and a quantity (a + b) > 2. The

, where R! and R2 are each independently selected from H, Si, and N

20  copolymer may be formulated in a composition with a solvent. The copolymer may be used
for trench filling applications or for fiber casting applications. The copolymer is free of SiC
bonds. Free of SiC bonds means that the copolymer contains no SiC bonds or an amount of

SiC bonds insufficient to prevent a composition containing the copolymer from filling

4



WO 2011/ 053551PCT/ US2010/ 053946 a> 1, b> 1, and a quantity (a + b) > 2. The
carbon atomin R3 may be a carbon atomin a nonoval ent hydrocar bon group.
Sui t abl e wWormonosadsent hydr ocar bon groups include al kyl @Ccoaps30109639h6 as

met hyl , ethyl, propyl and butyl; cycloal kyl groups such as cycl opentyl and
cycl ohexyl; and aryl groups, such as phenyl, tolyl, benzyl, and xylyl.

Al ternatively, each nonoval ent hydrocarbon group may be an al kyl group of 1
to 4 carbon atons. Alternatively, the quantity (a + b) > 3, alternatively

the quantit a_+ > 4, the.,quantit a *. r s from 2.t 0,~and
ol ter natrohst, S e vt e RO b Faltls i MAERALARTIAR 3 ¢o Bl
Al t er nalop¥ighi¢r cil be prgaldd byaymibelysls bf @perhlor @OhSflantievERPDbYABe GRGImMAI NS
the polysilane and the polysilazane units are shown above. However, the
copol y MRS BYIEFwWaRithyin @EHeG AT o2 fHsgancaddi ti onal units that are free
of Si C bonds. The copol yner may further include a SiH containing unit of
formula H1 H1l Si S

5 DETAILED DESCRIPTION OF THE INVENTION

[0010] Al amounts, ratios, and percentages are by weight, unless otherwise indicated. The
following is a list of definitions, as used herein.
[0011] The articles “a”, “an” and “the” each refer to one or more.
[0012] ““Aspect ratio” or “A/R” means trench height divided by trench width.
10 [0013] “Combination” means two or more items put together by any method.
[0014] “Nano-scale” means trenches having a width < 100 nm, alternatively, < 100 nm,
alternatively < 80 nm, alternatively <70 nm, alternatively < 45 nm, alternatively < 40 nm,
alternatively < 20 nm, and alternatively <5 nm.
[0015] “Spinnable” and “spinnability” mean that a composition can be used effectively in
15  an SOD method.

[0016] ““Substantially inert” means an environment that contains < 50 ppm of oxygen (O2).

Preferably, a substantially inert environment contains < 10 ppm of O».

Copolymer
[0017] A copolymer consists essentially of:

1

i

R
S
|2

~

20 a polysilane unit of formula , and

—
~—n—
)
L |
o

a polysilazane unit of formula , Where
R1 and R? are each independently selected from H, Si, and N atoms,

R3 is selected from H, Si, or C atoms,
5



15from the pol ysilane unit descri bed above,) or both of these SiH
containing units. [0019] The copolyner may be a solid or fluid under

anbi ent cwodntisas1 The copol yner nay be one singl e copeCymse)100539a6

conbi nation of two or nore copolyners that differ in at | east one of the
followi ng properties: structure, viscosity, average nol ecul ar wei ght, and
sequence of units. The copol yners nmay contain variable nunbers of Si atons
in each 20 repeating unit. The connection of these Si atons can be linear,
br anched, cyac; c or three dinensionally bridged. The nunber and connection
of Si atons are carried over fromthe perchloro polysilane feedstock used
to prepare thei1caol ynmer, as di scussed bel ow. [0020] Wth respect to the
copol ymer, the phrase "consisting essentially of" nmeans that the copol yner
is free of F@BBAI3+PE2e of SiC bonds" in this context means that the 25
copol ynegr cantai ns .ng,Si C bonds _or an anmount of Si.C bonds insuffjcient to
pr event  HE" 6‘;?6‘?1%%%,3 By E" & SAPO8 AR P %W&Vﬂ??{dlyfllﬁfé?ag’é’&ﬂr%r§,m¥aﬁgim
treach fiddvadgd &y@¥baboRt odgﬁVihBlgd@%ﬂé?ﬂ %ﬁé“!‘ﬁ %ﬁ&ﬁﬁb%tﬂ&l} ch@i,gprB {vi andNO
2011/ 053551PCT/ U§2010/ 053946 Met hod of i ng the Copol yner 021] The
copol yratyldestraikyd draipe vechnaycyblepappl inddbytlohex yd Ldysitarglt goepsd suebed phenyflor m a

d fi A met hod .f.or, f or ni d fil ' 1 lying th
copol yrer el HEE o TR Bad PR vl hFATRb Eh B B PR AR 52
heat i ngréle oBNClyr £dafionmibMs f OAMRBaekel € dhé iduantitWan: bhe- gopRénia®rely $hed

l'iquid at
a quantity (a + b) > 4, the quantity (a + b) ranges from 2 to 10, and alternatively the quantity

10 the quantity (a + b) ranges from 3 to 6. Alternatively, R1 and R2 may be different:
[0018] The copolymer contains the polysilane and the polysilazane units are shown above.
However, the copolymer may optionally contain one or more additional units that are free of

SiC bonds. The copolymer may further include a SiH containing unit of formula

H H
Si S
c Il{ d
, where ¢ > 1, a unit of formula , where d > 1 (and this unit differs

15  from the polysilane unit described above,) or both of these SiH containing units.
[0019] The copolymer may be a solid or fluid under ambient conditions. The copolymer
may be one single copolymer, or a combination of two or more copolymers that differ in at
least one of the following properties: structure, viscosity, average molecular weight, and
sequence of units. The copolymers may contain variable numbers of Si atoms in each
20  repeating unit. The connection of these Si atoms can be linear, branched, cyclic or three
dimensionally bridged. The number and connection of Si atoms are carried over from the
perchloro polysilane feedstock used to prepare the copolymer, as discussed below.
[0020] With respect to the copolymer, the phrase “consisting essentially of” means that the
copolymer is free of SiC bonds. “Free of SiC bonds” in this context means that the
25  copolymer contains no SiC bonds or an amount of SiC bonds insufficient to prevent the
copolymer, or a composition containing the copolymer, from trench filling a substrate having

nano-scale trenches with A/R > 6.



anbi ent conditions, the copolyner nmay be applied neat to the substrate.
Alternatively, the nmethod nmay further conprise fornulating the copol yner
into a conpasitisessibefore step 1). [0022] The conpositi enT®g01008PAé Se: (a)
5 %to 20 % of the copol yner descri bed above, and 10(b) 80 %to 95 % of a
sol vent. The solvent nmay be a pol yorganosil oxane, such as

pol ydi met hyl sil oxane with a viscosity of 5 to 100 centi Stokes (cSt).

Sui t abl e pol ydi et hyl si | oxanes are known in the art and are conmercially
avai | abl e as DOW CORNI NG(r)¥@ FI i s’ rt)nefg om Dow Cor ni ng Cor porati on of
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nano- SCo@hﬁndrélany‘ hvm%l&@sVBOaN WORKNINGB0O0S Huids®@rom Dow Corning Corporation

2011/ 053551PCT/ US2010/ 053946 alternatively 5 nmto 100 nm alternatively 20
nmto 70 Mhidlaad.t Micagany eV yp-40 Aierstiyely. ﬁ%/ﬁ saivewly w. Delap s tAved nm
al t,ernat t n n r vely
30 o1k 90 S b Mol S RUAR LG, SRl kR A oL BBELES L
have A/rﬁbrk)n&,thyil éthematdtme],yetMrRype 7splvahtsesumht awelht;utﬁétﬂien'acjaemmg&rf fidlF 6 to

60, alternat 5A/ range fr 60, alternati vel

range f(F%ﬁ%ﬁ rpﬁl %@ digpy Qﬂ ttyte 'n& .Pt}%t)ﬁmﬁtjhpél ﬁ&? I kgtopes £ aqsiRng. @69{ ?Q{Y(Vlm

[ 0025] %y?t%h@%n%oﬁﬁff@h&cﬁ%carbén 1L QW §11%H%rt&1héﬁeebéﬂ%'e§é ,Wyfens 0&%&;‘& &‘h@,lo and
ii) a hi'gh tenperature annealing step. The | ow terrper at Ur e noi st ure soaki ng

st ep neyipbdirphydmcakposiohgntshenchneurheshnki [amlt othet opelp#ikyli compowtdsl; eansr
m at mﬁﬂge atu e rangl ng from22 10 Cto 200 C for a tine ranging
30M Aess m nutes. The | ow tenperature noisture soaking step

may optioezrsy! | yidf wHet H@fho@%ﬁ@&h&@ ihreeakp ern rh@yauae NeErRtmad bR dnvesicnf at
| east 400 C for 30 mnutes to 60 m nutes. The high tenperature annealing

step meschagtisr i SeitrdattPryiquse goe cde@plibed dyeppin jcoating Q’@Wﬁ@ﬁa@%@&r dibgi ng
from GO%atg:n ngoﬁrayt coaﬂn n V?Ht\:/r{ ! %nlrr%{l]tt 18 prg%%njt s[fl %e% % may opP onasﬂt “Qther

Al t er nat Vet ature or's
comprise a solvent removal step after step 1) Solvent removal may be performed by

25 exposure to ambient conditions for a period of time, vacuum, heating, or combinations
thereof.
[0024] The substrate may be any substrate useful in the IC industry, such as Si, Ge, and
other group III-V semiconductor substrates. For example, the substrate may be a
semiconductor wafer. The semiconductor wafer may be a bare wafer or a patterned wafer.
30 The patterned wafer has, on its surface, a nano-scale trench. The composition may be applied

to this surface to fill the trench. The nano-scale trench may have a width < 100 nm,
7



15 range from 800 C to 900 C. [0026] The product of step 2) is a cured
film The cured filmmy be fully condensed,. Alternatively, the cured film
may be pawoi2allog3zsondensed. Whet her the cured filmis fecCinysecandsivgsed or
partially condensed depends on the exact tinmes and tenperatures sel ected
for the high tenperature annealing step. The difference is neasured by
infra-red spectroscopy 20(IR). Fully condensed neans the copol yner has gone
t hrough high tenperature annealing; to render the copolynmer fully
crosslinked .and 4 nsol e Wi.th a.refractive-dndex, (Rl oachi 1.44.
par 1 al 1S EERIE P08 el ot kb gty AR KE 7 BRE M RvBP R0 BBER P8 e
as bef an@ermstiegdy 20inm td 02A), alfeenatiselgdist mh Mo r8BYnbEalfereeively 20 fmhondsnm,
Wthout wishing to be bound by theory, it 25 is thought that the chem cal
conposideEatisgly heme i ¢ nm. japsd itpmadehe A 0 ¢RAMbushe BRtootesle traxchdayg t he
enviro t C : i e I | nt
s sel araaRE e by PORCRY) D RELCAA Rl R o3 B MR TE G o
envisr oniiBninay sarsel feah dd, totdte atemeatively AR whdyl ranpe fiode6 both, Sid\hlamehtbieB2.

Wth respect to tPe cured film the phrase "consisting essentially of'
means t/NatMERENEEHER fl9His free of SiC bonds. "Free of 30 SiC bonds" in
this c t i i Ne [ unt
R i o e e S A S R R AT Uil
cured ftelperhuomatnehiop dtéfd.| iTg bvs wbsparaue hawdtmg sakiogsgep endyr emopes: wi t h

AR > 6. .[0028] The et hod described above is sujtable to forma red

£ T £ GRPiES B cartreg A8 G aiorbaRtrcrOP R penent AEE oot S i *Puo
and oSTlccappbi@®ati RS iife | E8ging Uedn 39 iddRAMO8Y iki@ses ORI AN tanpaitunel v,
the polysilane - polysilazane copol yner may be used in a fiber castin

appl i candistyre fiakimg stepsmiy gptadsially tiyrtharycobwrise themadidr hsatingat arigmpaatyed of a
copol yner,  t o lid at ro tenperature. A substrate, such as a gl ass
Foa. vy skl B §oBea i R BURTRE: T S sy M Nl e
how f arcogplris®@éatiielthe prodenchrBedpay g breapkralile batigefomtmorel hedocoprl anrer
and the glass while the copolynmer is a liquid. Filmformng capabjility is
pr opor tSFHanmens coppaising gy a?? My CapERM | Aljernatively, the tempegpgieyipe ptep 4) jadf ul to
form a i f hb hidogood trench filling properties, the copolynmer may
be 1?xperct eﬁ(grg]gtb)g dgg(\g‘?%¢ (?or fiber formng applications as well. Method of
Maki ng [0626]Coptkyreduct b5 sfep@30} Therciofiio.y fiae cdesiciilinb edy dledully rayddneed, .

prepared by a t hod c rising: 1).reactin chl oro pol ysj| an avi ng
at | easg‘t@z%gmerygaw Sy6re @eman%Pé@ma_élyvﬁqnﬂefgﬁq&aﬁﬁﬁ@Perﬂ% Cﬁl&ﬁﬂ%ﬁ%ﬁ ﬁ%@fﬂpy

opt i onglh¥edstd bPghriaRbhERsdd depdRAL b thd HECPHRAEYGHD RimRh&BRrel kelbRed for
substantially inert environnent at an el evated tenperature, thereby

i ncr eashadigocmpatagre wenghng arg. Vitecdsictepcofs mhasugwby yriwrred Apedtmacopy

i i I My d d 2 i boi I i by- duct
S R o R S g R R BB
resul t sehder @mm%m& fiaVérogklink&haid iAnlesls vaih mk@mveaﬂakxhdmh@ﬁpramﬁ%fsi ty.

Proton NMR (1H | i ne broadeni ng can be used to reflect increase o

nol ecul la4. waghilly chagenstd @asing yhd ogrobase haadsnd B-R3 16t hitalonas snidhcisease
as filmthickness in a spin coating process is governed by viscosity of the
copol yrisfOrB PR diposi tion cast. So, filmthickness 25 increases after

t her mal (og2NdeNSALLQNFR] malBe RILBHSEC BEndt SPighout R Holuhdhy MeBkNESS
increas[egﬁ(]epends onﬂt?jﬁe ?yge eof copo{)rilmar ge.gm%%ar VS. b&ancﬁggss and
howSnudh theahi gt itle applicddonfp@eididh of ke peredhiilor evilp deysidl aneanesdaciors he
above net hod have a structure sel ect fromlinear, branched, cyclic or
Chree dNTHAIEE dRAY OB RigE I e B o i SRUIE ety $iRen Cnvironment i

selected, the cured film will be a SiOp film. Alternatively, when a N2O environment is
selected, the cured film will include both SiN and SiOp. With respect to the cured film, the

phrase “consisting essentially of”” means that the cured film is free of SiC bonds. “TFree of

30 SiC bonds” in this context means that the cured film contains no SiC bonds or an amount of
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30nmethod will have the structure of the perchloro polysilane. The perchloro
polysilane has at least two silicon atons per nolecule. Alternatively, the
per chl or ovpabygisbsmme may have at WO 2011/ 053551PCT/ US2@t0/132@9483%east 3
silicon atons per nolecule. Alternatively, the perchloro polysilane may
have up to 10 silicon atons per nolecule. Alternatively, the perchloro

polysilane may have 2 to 6 silicon atons per nolecule. The
per chl oropol ysil ane is exenplified by, but not limted to, the fo

Cl Cl I§1€%0n§gm&é{glené%o %]E‘,V%E e‘f L{ eacri éf?m orﬁltr%lpgr f@}ngd %strf%e é in

ol 'owing: 5
adli-v-C1
|§%18

10

15

20

25

30

scale trenches with A/R > 6.

[0028] The method described above is suitable to form a cured film for PMD or STI on a
semiconductor wafer. The method is useful for PMD and STI applications in ICs, such as
DRAM devices.

[0029] Alternatively, the polysilane — polysilazane copolymer may be used in a fiber
casting application. Fiber casting ability may be measured by heating to melt a copolymer
that is a solid at room temperature. A substrate, such as a glass rod, may be contacted with
the copolymer and then moved away to determine how far a fiber will extend before break
between the melted copolymer and the glass while the copolymer is a liquid. Film forming
capability is proportional to fiber forming capability, i.e., if a copolymer is useful to form a
uniform film with good trench filling properties, the copolymer may be expected to be useful
for fiber forming applications as well.

Method of Making the Copolymer

[0030] The copolymer described above may be prepared by a method comprising: I)
reacting a perchloro polysilane having at least 2 silicon atoms per molecule with an amine.
The method may optionally further comprise II) heating the product of step I) in a
substantially inert environment at an elevated temperature, thereby increasing molecular
weight and viscosity of the copolymer. As low viscosity/low Mw copolymers are condensed
and low boiling by-products are removed, carbon content will decrease and weight will
decrease. 'This results in copolymers having higher molecular weight and higher viscosity.
Proton NMR (‘H NMR) line broadening can be used to reflect increase of molecular weight.
The viscosity increase leads to film thickness increase as film thickness in a spin coating
process is governed by viscosity of the copolymer or composition cast. So, film thickness
increases after thermal condensation of the product of step I). How much film thickness
increases depends on the type of copolymer (e.g., linear vs. branched) and how much heating
is applied.

[0031] The perchloro polysilane used in the above method may have a structure selected
from linear, branched, cyclic or three dimensionally bridged. The copolymer produced by the
method will have the structure of the perchloro polysilane. The perchloro polysilane has at

least two silicon atoms per molecule. Alternatively, the perchloro polysilane may have at
9



ail a-si-a diird il
Si 5C112 (perchl oroneopent asi | ane,

NP

a-Si-Si-Si-Cl 11 d1d d-Si-C

Q)

1 d branched
[ 0032] The am ne may have the

formul a NROMB11/08B%81e R4 is a prinmary am ne or a 15 nonowalramistolopssveear bon

group. Suitabl e nonoval ent hydrocarbon groups include al kyl
cycl oal kyl

and butyl;
such as vi nyl
benzyl ,
on At Oe

T,

et hyl, propyl
cycl ohexyl ; al kenyl

such as phenyl, tolyl,
al kyl qéaos Qsﬁ{co% a%OO 8436%%{
i ncl ude,"but areno i m

met hyl ,

Tt

al

and xylyl.

EX
Ve
y

groups, such as
groups such as cycl opentyl and
and butenyl; and aryl groups,

Al ternatively, each R4 may be an

?yg%eﬁ[zeraﬁ\)/%uﬂotlﬁlﬂlar?e 1912& ﬂaa\Ee\/upatrgi Res

m

lyl,

2011/ 053554 RdhpE0h01083 9 40 1t iy BiriHeeperdi OYp oy lags mARthabelLb Gaghlidts

Di am nes such as ethyl ene di am ne

ma

alternatively be used. [0033]Step I)

of the aRPhAE MYCWHE. pdeopaigdonspolysitaienis arcaplifigd it byt npetighicdrtg. the
polysiugﬁgwwkyh a nol ar excess of the amine. Step |I) may be perforned at a

tenmperature

5
?1
Cl—S8i—Cl
¢
Ccl Cl 1 Cl—?i Si—?i—Cl
Cl Cl
[ ] - T T Cl Cl
Cl d cl c a Cl
linear SinClg linear Si3Clg branched Si5Cl1
(perchloroneopentasilane, NPC)
10
$l
Cl ? Sj
Cl \ Cl
N e
Cl—Si Si—Cl Si/ Si
Si
o
(1// N\
Cl Cl , Cl , and combinations thereof.
cyclic SigClg 3-dimensionally bridged SigClg
[0032] The amine may have the formula NR4H2, where R4 is a primary amine or a
15  monovalent hydrocarbon group. Suitable monovalent hydrocarbon groups include alkyl

groups, such as methyl, ethyl, propyl and butyl; cycloalkyl groups such as cyclopentyl and
cyclohexyl; alkenyl, such as vinyl, allyl, and butenyl; and aryl groups, such as phenyl, tolyl,
benzyl, and xylyl. Alternatively, each R4 may be an alkyl group of 1 to 4 carbon atoms.

Examples of suitable primary amines include, but are not limited to, methylamine,
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5 ranging from-78 Cto 50 C, for a period tine ranging from2 to 10 hours
under a substantially inert atnosphere. Solvent can be used, but is not

requi r ed. wbhe11ess3ss ani ne may act as a sol vent. After ®Cewsk)10/08394@pti onal
step may be added to renove conponents fromthe resulting reaction m xture
before step I1). For exanple, am ne hydrochl oride byproducts may be renoved
by filtration and sol vent and/or unreacted primary am ne nmay be 10 renoved
by stripping, for exanple at 10-2 torr to 1 atnosphere and heating at a

t enper ature rangi ng,fr.om Q to.150.C fqr. a.tine rangi from30 mnputes to
24 houraiintsa P BRn AT, e Rlinou Tk rBihel” Bk g

copol yneerratiegambedsdédd step 1) in a substantially inert atnosphere. The
tenperature may range from50 Cto 250 C, and the copol yner may be heated
for a tiPB3]r anyrmd Pt Bt Bethasl iuyele perfomadoiy somhimreogs pmauklyef| peckieisol ymer
may be Wﬁaﬁ@k&z@tﬂ £nlfdle Q%s%co%srﬁe ahiffe. - SY tg%& 80/ p4EBed IS té}%{@érhtﬁre
copol yrrer’ may be preparec’i‘ y reacting a mol ar excess of  a primary am ne
(such asnghhytam-ig)°Omd BOa’(hefioehl perivdpainestangaimg {rsmch tas10 hours under a
hexachl oy odi si | ane), thereby formng a cycljc copolynmer exenplified,bel ow
RL R2 ﬁuﬂytintf%ﬂws?f% PiORBhergy Golygal i e s, El_zt-l-s PORFSUNE 3 1R SHWiEAEIRL- and
R2 are rﬁ%ﬁﬁbt'a@daeﬁﬁ%%mﬁl%r%?é egl &dopti Slep Sha B dad el B o vARGmFohdnts
selected fromH S, or C atgms. [ 0036] Si 5 copol yners (i.e., copolyners
made udrang the penkting oewtipoInyisidramefonaviepdDant avexaege:, amide Bydroctdoridt byrs per
nmol ecul e

o ol ATty RE P AR KPR Rop RSB h S Ol iy eming g b

et R0 SRR R oA, DLARERRK, 1

wei ght sapding apal (1@t Joreadve e dme\Waegingrebhyl (amimesswa24hedrsi nt o NPC, a
vi scous | 1 quid copol Hmer . roduct was initially isolated, and quickly

sol i di fIP@ \idem e ehisipgtBRge B hesting dhe qopalyimes prpatsddp pisP yhidra

pr oduct i; Igu.d Vi bodi I W th
e B ALY GRGR e Ake TR BB A0 M ERRRE 193] 300, O a0 TRkt

r esi nouspclypel yrgbeimaed by aadde g gmetihyh dfimmeuteotdNRAGdunan for the |iquid,

resi_no ol.ynmer. made by addin PC to nethylam ne indicating th t he
G ortba L o el FRRyRE Sy oh fede mstne e PGS o I uegator T o
appl i catybA copdMmabRn Wk Frdffed Mereacting a RNEESRBESoPa PRIAW abRUBuc us?9SI

NVR anal'ysi s ‘concl uded that the Si Si4 tTepeating units 10 remained intact in
bot h ofethylavimer oyitl g merchlorpheoljdilghe dpathl awhdtecBiosodivaot )y thersbyvgomning a

cyclic copolymer exemplified below.
R1 R2

2 \ / 1

R /Sl R

\

AN /

>SI\R2
N

1
R

Si

l;

kS

20 where R1 and R2 are each independently selected from H, Si, and N atoms, and

R3 is selected from H, Si, or C atoms.

[0036] Si5 copolymers (i.e., copolymers made using a perchloro polysilane having an

average of 5 silicon atoms per molecule) could be prepared, for example, by aminolysis of

perchloroneopentasilane (NPC) with methylamine as shown in Equation 1. Without wishing
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soluble in solvents such as nesitylene and di butyl ether, even though the
solutions of the high Mv Si 5 copol yner were | ess stable than the sol utions
of the | owomiBisssseopol ynmer. Si (SiCl3)4 + MeNH2SI 5 pol yPCirarse010/053946

pol ysi | azane copol yner + MeNH2HC1 (Equation 1) 15[ 0037]Alternatively, a

met hod for making the polysilane - polysilazane copol ynmer conprises: 1)
reacting a perchloro polysilane having at |east 2 silicon atons per

nol ecul e with anmmonia (NH3). The perchl oropol ysilane is as descri bed above.
For ex I t nol ysi.s o P ve i | ubl.e _copol yner as. shown bel ow
o Equab o0 BRRI0H S o Ry G oBR i D3Rl by R R ou T G mon
I s usefhbleé Qir WEERAE B LRhaiptodidedrBWREh dlcthyl Shp wds)fedrByo BRCehiviscoat ed
fromthis nethod because after step 1), polynerization is conplete.

Howev erliquicheonol daeItrogict gtas pnitipllysplased. wad daigkhyos dhidgieds eWhen ARG was & or m a

1 G (Dl 3) 4 .+ 115 I - I + . HC1
(Equat 18 By PGB 4 BT B HRY pRRREL Ry PR TR SAR: K Tod prltE
pol ysi | aZane. QORI ¥IR/ith2] GWIR! i8&Fsnal df ﬂh@é‘@Mé”'gr_oé]taso@ﬁé:th@lﬁ 8rPalysk kigne
wi th an organosilazane to forma liquid internedi ate under conditions of

t enper aplideaesiangi ¢rgofymmmmagie rhyt aidper methyRitiee OVPC, thémofor gha liguad presinoes
ranging from 30 mnutes,to aqurs, .and.ll). heatin i nt.ernmedjate to

ol yrorkopiS e kY i, Sbendp BpedBimns Jodrineafhl 1B rPhT 85 bEhE 550
for a theBepgr wedhisaRgl BE hded 30r Fuipsb@soft @is2édppliottich, tHhebeahidigNtep may
be perfornmed at WD 2011/ 053551PCT/ US2010/ 0539 at nospheric pressure or
under vapusums 4 afetietanpipe At 2%8i NMdBsaadysisangichided temtiOSRij opeating dnits

at nosphere. An exanple is shown below in Equations 3 and 4, in which NPC
wad Or eaementedviinthctsindiotthiod these icopilympeiis nstifef high end 1ove XM gebigydopdiysickawaree
(HVDZ) to forma liquid internediate, which was then thermally pol ynerized

to aI visslesinisobigntg speloeimesiaiengand gibped eder. evpe thonskl thetsoludignan %&Phygh .

S (S C %ﬁi%ﬁ%‘&%@%@%@%ﬁﬁ?&ﬁ@&h%%%@ﬁbﬂs&%m@* VB R 5 s
i Me3) 6GLAS i - pol ysi : + :

I[003%9] %%)%%d%ﬁﬁﬁrt her Z%h’p igsgﬁ{lﬁg_gg%%gg??%eg %i I—?h%%n%ggﬁli\]n %(gll ts

into theqeapelynmer. The method may further conprising adding a SiH
functional chlorosilane, such as dichlorosilane (DCS, H2Si C12) or

triléhl dPORTII aneMeTsvelisiacmByhod; forsmaling ) the Tiobysgins Fundyiibmale emdyDei | ane
may be c%%ges\{mﬂ pea%ﬁgg Beﬂe?ml&rooporf%i%ﬁé lh%ﬁg aﬂl@asfignsliﬁgonogtoég |fJer molecule

with ammonia (NH3). The perchloropolysilane is as described above. For example, the

ammonolysis of NPC gave insoluble copolymer as shown below in Equation 2.  The
insoluble copolymer prepared by the method using ammonia is useful for preparing ceramic
20  materials. Step II) may be eliminated from this method because after step I), polymerization

is complete. However, the product of step I) may be heated to high temperature to form a

ceramic.
Si(SiCl3)4 + NH3 Si5 polysilane - polysilazane copolymer + NH3-HCI (Equation 2)
[0038] Alternatively, a method for making a polysilane — polysilazane copolymer

25  comprises: I) reacting a perchloro polysilane with an organosilazane to form a liquid
intermediate under conditions of temperature ranging from room temperature to 100 °C, for a
time period ranging from 30 minutes to 24 hours, and II) heating the intermediate to
polymerize and form the copolymer at temperature ranging from 50 °C to 250 °C for a time

period ranging from 30 minutes to 24 hours. The heating step may be performed at
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15 functional chlorosilane my range fromO nole SiH functional
chlorosilane/ 1 nole perchloro polysilane to 99 noles SiH functional

chl or osi Iwpebiilosassi e per chl oropol ysi |l ane. Wt hout w shi rgTius2de/o0bduand by
theory it is thought that the film and fiber-formng capability of the
copol ynmer can be inproved by incorporating the units of the fornul as

oror a conbination thereof (as described above) wth the use of 20an SiH
functional chlorosilane in step I). For exanple, to nake an exenplary such
copol ynmer, nethylamne was fed into a m xture of DCS and NPC, see for
exanpl elmeEphstie BF?SSHG BEFRAG! Vasyush. donyxemplepis) pressuie ieRpuzdram d@oloyrerl +
MeNH2 H ti ¢ & s may
be fregégéggﬁg%rgge?%néﬁﬁng%“ﬁﬂggb@qéigg%ﬂ%o&géﬁfﬁfg\%ﬂe copoﬁvﬁg%Qfgiree
of speovids mhaanmUKmﬂwcmm&ﬁﬁkhoddsmmmmgluhﬁmﬁmmoKﬂbﬁ®Z)neaﬁﬁnthamquhb

h
ot HEEBbRgmshieh ofi SR B Dl SR dodtorm IR T ob Gom Stk an -
amont o IREGHRse YA:20H BIOTISEHRET! LSRALQLOSAMO A abibl rOGCG S bonds

to the copolynmer only in an”ambunt insufficient to prevent a conposition

cont ai rdepgiteddieropol ymer fromfilling trenches on a substrate after the
nmethod is e the trenc hs R > 6.
EXAMPLES §f§%§%@4TﬁgE@@ Dl es are ?ﬁ?‘ﬂSﬁgef%ehb (§§ﬁa%iﬁﬂ¥ﬁ§ ention
to one of ordinary Skl||AIn the art. However, those of skill in the art

TR e P oSt ol PSR Lt Lk Rt e

obti@in a like or sinilar result wi thout departing fron1the spirit and scope
of the i nvention. These exanples should not be interpreted to limt the
scope dD03%He i e mdtonl sely ﬂlmht:ﬂ’lcd)mplﬁdwein]:(?@bfdtﬂmg SiReternanoe misnjpke the - Gel

P t Ch t 0042 d t | t ed
Vat or o 508} yaﬁﬁgﬁa%%&h@fé 3 Frtes e bORRAPS AT ST VP aba e i e rait | al
refractgQ r@&lﬁBrosffﬂﬁ % %)V\@is tr%ﬂﬁoé’ﬂah@ éﬁ“@g R 3MinXstép D). Mphe Fgghyrrer

Laboratori es Pl gel M xed- coiunns preceded by a Plgel 5

15 um qugdtd)n@pbmmSlmﬂegﬂﬁap%f@fx@an@m ltheqpu,r@hl@m pmmgé apme 4tlfe)ofosipide

tol uene eluent was used at 1 0 ﬁl|||||tergp mnute (nm./mn) flowate, and
t hd Scolfungipnaidhleresilme srayienge fiemtlbgolesidgutstional shigresiansh! wlepasclgproso

m croli f

pol yt et T SLoNTNS SHL LIRS, SRTRMFARY T b LPoNaRE, Mol
wer e detighing nede benhnﬂ Byvfhebg/ mlmmbhgirtahatohe filin-vaend( #ieh-fomdeas )capxbﬁayeﬁ thesi ng
20 polydlnethyIS|onane standards covering the nol ecul ar wei ght
range ¢PP2 yg@ocars%l%@wd@f@?@ﬁe@%mngs o thegSmulee [0043] 29Si NMR data

was col l ected on a Varian Mercury 300 using benzene-d6 sol vent.

i i
Si ?i
Jc L}IJd
or or a combination thereof (as described above) with the use of

20  an SiH functional chlorosilane in step I). For example, to make an exemplary such
copolymer, methylamine was fed into a mixture of DCS and NPC, see for example, Equation

5, below.
Si(SiCl3)4 + HpSiClp + MeNH»

Si5 copolymer + MeNH»-HCI (Equation 5)
[0040] The ingredients used in the above methods may be free of species that introduce SiC

25  bonds into the copolymer. “Free of species that introduce SiC bonds into the copolymer”
means that the ingredients used in the method contain no species that introduce SiC bonds

into the copolymer, or that the ingredients used in the method contain an amount of species
13



The experinment was conducted with a rel axation delay of 60 seconds (sec)
wth a gated 25 decoupl ed pul se sequence using a 5 mllinmeter (nm

swi t chablwoRBG/3833be. Alternatively, the sanple was runprom/ts20Mens3smy 400
using a Nalorac 16 mmsilicon free Pul setune(r) probe, optionally with 0.03
M chrom um acetyl acetonate, Cr(acac)3, as a relaxation reagent; and gated
decoupling to ensure quantitative conditions. Both used 90 degree

pul sewi dth and the 400 used a 12 sec rel axation delay. 30Reference Exanple
3 - Pr n. NVR (1 2011/ 053551PCT/ US2010/ 053948. . Sol ution
111 N D ol U SRR PN e 36 S e Risienr dp B g a
299. 94%oMposition cdnthininkh@e SapRl@s: Memdilldhs senchesdon 8 sttt affee td mewbdish was
nmeasured at the half height of a signal. The broadening of |inew dth was
qua|itaqerf@@n§ﬂ,meéﬁ@trtea&eﬁ@aYW}délaSsielQﬁnrﬁ@mééﬁRa%mei ght for the sane type
of polymers. 5Reference Exanple 4'E)EE¥§§§S' nfrared spectra were recorded at
a resolution of 4 cm1- on a Nicolet FT-I R spectroneter. Liquid

sanpl eqJ00#t]e Blandwkahgds fretingededpoldesibadrakBihe dinskision Reder @neédinaiyedkdt ance

Exanple 5 - man Spectr oscop The instrument ysed for Raman spectroscopy
w8 1 BLaboser e o506 S@iﬁﬁwef& S@P@ﬁoge@%é of ﬁﬁrﬁr%ﬁP%@FRC%%‘tr‘?’éBPchﬁaWp.
(Ann Artﬁﬁrmaxgﬁnchaﬁdlgél) can! Db $na0BSn fhdiRRETSENBFARRES WSk R dhLi6Rdusad il ber

optics to trdnsfe I ght between the spectrograph and the m croscope, a
hol ogr ajitaic aNdtecdr( sinilhr Feselt withonedepagtingheoRathk epgh anil rveppeholl hgriapdition.

di spersj,on optics i.n e gratjng, d.a. detector. The | ase S .a

Goubt eat e Sheisy DT dthisAtssd Gty e pe der ok Epect - a
weri@ measphiked with a 50X focusing objective on the 15m croscope, and the
spectral resolution was 5 cm'. Al spectra were corrected for dark

backgr ound r esporiateraned Example & mieel Paymeatipn (theoraaiog aPCkpect r al

acqui sighy tipes; varied from 40 seconds 16 mput e and were adj,usted
For  ead €]t TR RO e bR TR 2T RRETH Gt & Rt Wik Mgt
measur eWateEx24Mol dfférentifdrepactbmgted Jihe se@plion®as Watld wathPio 0y iyl € .5

20[ 0044] To prepare a Si 2 resinqus copol yggﬁrwg%ct he am nol ysis nmethod, 1.79

kg (6. 6BTYEP LaesratoricoF gl S mignecigasup wetug, pecddsd byedlgelol ) of
et *135' arsﬂ(ngsgﬁgr(a Jo% a.ﬁig]i{vggﬁl)r%%ﬁlc@ﬁiqﬁ}ﬁfﬂ%%@%%@%gxg?ﬁPﬂw grade toluene eluent

hexaki yl'am no)di's ne nononer
was used at 1.0 milliliter per minute (mL/min) flowrate, and the columns and detector were

heated to 45 °C. An injection volume of 50 microliters (ul.) was used and the sample
prefiltered through a 0.45 um polytetrafluoroethylene (PTFE) syringe filter. Molecular
weight averages were determined relative to a calibration curve (4™ order) created using

20  polydimethylsiloxane (PDMS) standards covering the molecular weight range of 1,300-
850,000.

Reference Example 2 — 295iNMR

[0043] 29Si NMR data was collected on a Varian Mercury 300 using benzene-dg solvent.
The experiment was conducted with a relaxation delay of 60 seconds (sec) with a gated
25  decoupled pulse sequence using a 5 millimeter (mm) switchable PFG probe. Alternatively,
the sample was run on a Mercury 400 using a Nalorac 16 mm silicon free Pulsetune® probe,
optionally with 0.03 M chromium acetylacetonate, Cr(acac)3, as a relaxation reagent; and
gated decoupling to ensure quantitative conditions. Both used 90 degree pulsewidth and the
400 used a 12 sec relaxation delay.
30 Reference Example 3 — Proton NMR (1HNMR)
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hexanes solvent at a tenperature ranging from-20 Cto 25 C and pressure 1
at nosphere under substantially inert conditions. After the salt by-product
was filtewedormd3isme unreacted 25 et hyl am ne and hexane®CIaiSe@ntos3ngs e
stripped away, the |ow nol ecul ar wei ght copol yner and the nonomer were
isolated as a clear low viscosity liquid. After nost of the nononer was
renmoved by vacuum stripping, the residue was heated in N2 at 150 C for 24
hours to yield a higher nol ecul ar wei ght copol ynmer that becane nmuch nore
viscous. This hlgh nol ecul ar wei ght copol yner was dip coated in a neat

rs1 t ag e on a giodlions J%é‘{MBtf@taaw?rer@ﬂE@ed an avwrze@é‘i @fmngqmr@m%d
of ¢ et SR0.08F MR eSSl et e @g@%@Tﬁ%ﬁn@%%thiw%s%%%seE%&L& or
waf er s attg\hf Ralfnh%:léh gf Iallsggjs pl Eﬂl%niprogde 1 Prfe R erv{/lagl \%ass 8}12111‘[2%)\%&/ d \{\(A) E

Primary Am ne repare a Si'¥ resinous fie anlnol ysi s
nethod1n&e&@(gnﬁﬂ&mawmmqﬂﬁﬁﬁwﬁésﬁﬁa@@hbﬁpagm@mlane was added to 29.95 ¢

(664.4 nmmol) of ethylam ne at a tenperature ranﬂing from-20 Cto 25 C and
pressure 1 at nbsphere under Eﬂkgﬁaggﬁénﬁﬁﬁtngli_conditions The upper
liquid prod ase was se ted fromthe | o The
upner phase TR REH L BPE REd D th VERRRNSE'r B g1 or NikbasRiar TR

et hyl angoRardded EY(‘{ulilpéalnﬁﬂesW&E @mléhed%@kv@en%mmm; diklkd. RepldRR. The

i sol ated residue (4.50 Q) was a cl ear |qU|d whi ch 10 contarned a
predom nati ng S|3 nDno Refergnae Hxarn R and nmass

et o0t S A 05 P G 0L SN st

HELN. - -Microscope fromr Ki¥gértOMichl, Bhe. (Ann Arbor, MI, USA). This was a dispersive Raman
N- et hyl - hexaki s( et hy Ianlno)cyICOS|Iad|S|Iazane 15[ 0046] The resi due was

heat ed Sypemwhieh mw fiber epticz40 fgnsier ight\pebyagn shenipghiaperapdl sk ihamicroscope,
a holographic Notch® filter to remove the Rayleigh line, holographic dispersion optics in the

grating, and a CCD detector. The laser was a doubled Nd:YAG having output at 532 nm

(green) and 50 mW power. All spectra were measured with a 50X focusing objective on the

15  microscope, and the spectral resolution was 5 em-l. All spectra were corrected for dark
background response and for cosmic ray interference. Total spectral acquisition times varied
from 40 seconds to 16 minutes, and were adjusted for each sample depending on the strength

of the Raman bands being measured.

Example 1 — Preparing a Sip Copolymer with a Primary Amine
20  [0044] To prepare a Sip resinous copolymer by the aminolysis method, 1.79 kg (6.66 mol)

of hexachlorodisilane was reacted with 4.80 kg (106.5 mol) of ethylamine to form a low
molecular weight copolymer and hexakis(ethylamino)disilane monomer in 10.79 kg of
hexanes solvent at a temperature ranging from -20 °C to 25 °C and pressure 1 atmosphere
under substantially inert conditions. After the salt by-product was filtered and the unreacted
25  ethylamine and hexanes solvent were stripped away, the low molecular weight copolymer
and the monomer were isolated as a clear low viscosity liquid. After most of the monomer

was removed by vacuum stripping, the residue was heated in Ny at 150 °C for 24 hours to

yield a higher molecular weight copolymer that became much more viscous. This high

molecular weight copolymer was dip coated in a neat state on a glass substrate and formed a

15



wei ght copol yner that becane much nore viscous. A solution of this

copol yner was suitable for SOD on sem conductor wafers to formthin fil ns.
[ 0047] Twowoi2quabmonenanaket hesynt hesi sof N- et hyl - PCT/US2010/053946

hexaki s( et hyl am no) cyl cosi | adi sil azane easy to operate and scale up. First,
Et NH2HC1 salt 20 conpletely dissolves in ethylamne at 30 wt % salt
content. Second, the separation of |liquid product and salt phases is clean
inatwo phase l'iquid separation. Such a high solubility of the

correspon | r,0C ri de salt rre ndln m nes has. not
boen onBBs g A BRoRN ST bAE RRRID ih diriBh e e P EPR AR SRR
Et 2NH, c;frthlwea;&dﬁhﬁér Wil SMB@NHfbﬁ@b%n%ymﬁdm&haomatbts&()tfoﬂﬁuthyﬁ éirhdo) si | ane

(BTBAS), WO 2011/ 053551PCT/ U82010/ 053946 tetrakis(ethyl net hyl am no)sil ane
(4EMAS), tetraki siixanple s Silgya Primary’ Amine

[ Goaa) FETeL 5%3?&6” é@@ﬁﬁ%ﬁ%@%ﬁ?}z hegraipplypis method, 5.90 ¢ (21.9 mmol)
hex kIS théch gh% lcoszlgﬁlici"%' 93?5”1 (gh for )(\)’Petil(yalgrlﬁgrgedg ?]%Qer%gree phase

sep raty oh i On uctmgls eas
Ther ef atigging henf leot"cablzsrvcodndqﬂbsisﬁrems gehdsphdrs ah@érauﬁstBﬁﬁuy HMP&ndiInAS and
ADMAS is avoided in the synthesis of Si3(NEtH)6([1.-NEt) rn();l e 3 and

Conpar akheveprek Hawderaduct giopeyasnsgpaasdl orrthes vmrlltﬂmdaﬁ?dt Piger-sdiha tipser

[ 0049] 0 ' nt.al I t he
bal anc %el %Vgg %Hw%%ﬁl@ g@pbﬂlél oﬁﬂﬂi\rﬂ%a{i?geﬁ élcﬂgﬁ%%lﬁfm%rﬂgllg ]bfll\g%/g 1 abl e
f r om Dpaodietd)iand a Sabgequatt ifidtath. Ml iasldted e gdieg@hio &) asfa clEheliqod sithichn was
spin coated onto bare and patterned silicon wafer surfaces to forma film
on l@actrongired swpiredpenindtimgt 63| ownbewperharantaizedi stitr elfkoHIMRng agd epasst he
filmwas initially t at 200 C for 30 mnutes in a steam environnent.
Then, tSﬁ@tt%’ﬁﬁ@ﬂ&@fm@/&ﬁ/é%eerb&i%ﬁ)fﬁ]@? Hoglues.fip whad I rapreetepcethyligienn)y, t he
15 tenperature was raised to 800 C for 30 mnutes in order to performa
condensation reaction in an annealing step. The heating steps at 400 C and
800 C were also performed in a stBiH envWE®hnment. The filmwas converted
into 5102 as shown by FT-IR Etch resjsfance of the resulting cured film
was obtained in the sub-1Q@:pm trench for t?@tﬁatterned silicon wafer in
a 100: 1 HF solution. The trenb%vI )\?r/ .2 Wde at their w dest point,
and the 20trenches were f| IIed i fil voi d-free 5i02. [0050] For
conparati ve purposes, N/a(a%‘vmg@;pept that HSQ resin was
used instead of the soI i d copol yrrer e cured HSQ resin in the trenches of
the patterned silicon wafer was conpl elt ely etched out after the etch test.
Exanpl e 4- Preparing a Copolynmer with tI\/DZ 25[ 0051] To prepare a Si5

copol yner via the silazane route, 16.6"m (79.6 mvl) of HVDZ was added to
7.55 g (13.3 nmol) of NRGhAnRs s va%qnwe R0sifadiigfantol uene at 1: 2

HN(Si Me3)2: SiCl nolar ratio. Then t W boilers were distilled at up to
1965C UAoda] artbiceetidypr ess beated iﬁthm@éﬁﬂu@ fma%@ghgsrteryuzlédt ldgh@50olGulader 10
tom pressure, and the volatile condensation by-products were constantly

r enovedveighi eopobgngrt thak becaste wiushonerel viguiud. 36 selstions of dhiscopslynies Weoduct |

2011/ 08I0 ATk 87l b e adkir b T FaTER - YO

[0047] Two unique  phenomena  make the synthesis of  N-ethyl-

hexakis(ethylamino)cylcosiladisilazane easy to operate and scale up. First, EtINH>-HCI salt

20  completely dissolves in ethylamine at 30 wt % salt content. Second, the separation of liquid
product and salt phases is clean in a two phase liquid separation. Such a high solubility of the
corresponding amine hydrochloride salts in corresponding amines has not been observed for

t-BuNH,-HCl in t-BuNHy, EtMeNH-HCI in EtMeNH, EoNHHCI in EtNH, or

MeoNH-HCI in MepNH in the synthesis of bis(t-butylamino)silane (BTBAS),
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spectroscopy and GPC. The nol ecul ar wei ghts of the product were determ ned
to be nunber average nol ecul ar weight (M) 706 and wei ght average nol ecul ar
wei ght (M 2003s8dsth GPC. The FT-1 R, Ranman and 29Si NVR aoaluse@s/osisggest ed
that a portion of the Si-Si bonds were cleaved. 5Exanple 5 - Preparing a
Si5 Copolymer with a Primary Am ne [0052] To prepare a Si 5 copol yner
resin by the am nolysis nethod, a solution of 54.1 g (1.74 nol) of MeNH2 in
191.7 g of toluene was added to a solution of 37. 4 g (0.0661 nol) of NPC
Itgm%g?a tlrjeg(ésc(et%lﬁﬁnelﬂ? N§ 1ar;[0 Olrahn(;,( t @{}EHA Od¥ t a%s&c? et%l?slamm glla{[ he ?%:At%t

by- proda@ﬂgqamﬁﬂqh@ﬁﬁmﬁ$hhé@ﬂnum@s subject to a 10vacuun1str|pp|ng to
renove all the volatiles. About 19.0 g of solid, resinous copol yner was

i sol at d8048Ind dhar acdisvolwed \MEltMHIHf:ll aftlt 2051UShVR. THE cdbw y mérethdrs

di ssol ved i [ e f.il mdeposition eparln a Si5
Copol yﬁ\??alﬂﬁ(ﬁﬁ‘?’% % P@]ﬁﬂ% adHaranerP ofo5E; ﬁ%@q‘ﬁéo&%ﬁs Aesp RSpoF FOf\Nas
prepar g,k i 1%1@1{‘% NBGudt s @as%z ok AR taliGH. | PrerdoRQ 'tHéWﬂ@thléé@ff saft® udedd
(1.08 mol) of nethylamne in 8 g of toluene was added to a m xture of
17 4 g t001s0BG8 BBBNASof 4HWESpr @DEA§S ehd edDMNASB9is2 agoidéd tiol teneyathdsis. &f g of

(0. e-dissolved in 18.7 g of xylene at 0 C. After bodying at
t he anﬁ?gﬁ&hﬁgH%E&% ure for 2 hr, the reaction mxture was filtered to
renove fuheniab hn@¥oppeduct Exdingleal e80DNidikg Ebgolvas: SHRIiSElnd SO SAQLUAM

strlpplnaito renove the volatiles, About 6.4 g of oily resin interned ate
was | sdP¥dYd. Azotpren icprtaingédf &t eolidaeopohicnaiioa ximpled . atith1bobadatcgrbeinghr f or

f h t t f
o b SRPISIESI e, e gD SRR CERVARH 0 5,2 B ST e |
copol yresrpwatort barnitiaidi Mﬂhi@hﬁ hUIS.A- 1TAndoR8Sh NMR. spifi comsd dings dhieeghd n

nmesityl ene for_spin deposition of films or nelted for pulling of fibers.

The fi IRMCHRY SlﬂliCB'éWaf@FéPrrﬁ“‘r‘i‘g e Esag fiing gn schy wWalsr Hataeey Hethe \a¥ tyeparaiire; han
film ng, .2 i] 0 p anpl e
5 [oodl oSN B RTROR b Choh 0F OPROITERORPERELFH { Ry
copolynmwﬁomneﬁaﬁﬂwn;ﬂwa&mmmmaﬁeSMﬁndmaiuA4g®é@Sbr66Immswmmnﬂammghcdniacted

each cop .a d t.hen @ ama ee ho% far a fiber extended
bef r e 'HPBHR e \%E‘HS 8 8ig| &32}% § ]In YHE PRTGIRELRATISBIMHEALE ol ymer
was a lij QH'agnealMQst%gl%Qghéétﬁﬂgp %s@a@@-% QRS RIG (" RHSLIES ﬁérf(ﬁfﬁiéh'lﬁ akidaid ¥

[ 0055] The copol yners descri bed herein do not suffer fromthe sane drawbacks
as t he couirpmnerty Toedum P87eonvEHed menStdped shmevsbyrly-IBe Tallecsipangariofidieysi s

of perchloro polysilanes with primary am nes, ampnia, or silazanes. As a
resul t refHgRgeCy mrp e ©bigiged in the sub-100 nm trenches for the patterned silicon wafer

in a 100:1 HF solution. The trenches were 56.2 nm wide at their widest point, and the

20  trenches were filled with a film of void-free Si0».

[0050] For comparative purposes, samples were made as above except that HSQ resin was
used instead of the solid copolymer. The cured HSQ resin in the trenches of the patterned
silicon wafer was completely etched out after the etch test.

Example 4 — Preparing a Copolymer with HMDZ,

25 [0051] To prepare a Si5 copolymer via the silazane route, 16.6 ml (79.6 mmol) of HMDZ
was added to 7.55 g (13.3 mmol) of NPC pre-dissolved in 30.2 g of toluene at 1:2
HN(SiMe3)7:SiC1 molar ratio. Then the low boilers were distilled at up to 196 °C under

ambient pressure. The residue was polymerized at 250 °C under 10 torrr pressure, and the
volatile condensation by-products were constantly removed. As a result, 5 g of viscous liquid

30  was isolated as the product, which was characterized with 11 and 29SiNMR, FT-IR, Raman
17



5 highly crosslinked and are free of Si-C bonds. These copol yners can be
cast into filnms by many coating techniques, including SOD. Under proper
cure condwbi2onigs3ishe new copol ynmers can be converted t opcaniseoofisz®es Si N by
transam nation, or to SiON or Si02 by oxidation or hydrolysis. These

copol ynmers have typical properties of polysilazanes such as high reactivity
to hydrolysis and high flowability, and these copol yners have typi cal
properties of 10 polysilanes such as the formation of I[onger SiGSi bonding
after oxidation o] t he dvant e _of .yndergoin

t her mal°P gnm%ﬁggpppgﬁga§8%¥F§%E§9¥% eréﬂ F 8 athFF%%nnHw &%g 3%%%%2 or

pol ysi | apg: ?e nh&&aBr WiEhOMN , W7 G ity v&feighbavmgmﬂldm{:uldﬂ&%’l%ht My, ) 903 hathght
that thin filnms deposited from t he copol ynmers descri bed herein may have a
hlgher(ﬁﬁ@'QH@FTURFRa%hn%h@QQSﬁﬂwRQﬂﬁﬁééiM@g§u%ﬁthﬁﬂn%bﬁBFﬂQQHQ§%bﬁ% from
HSQ resins. The structural change fromsilazanes (Si-N-Si) to sil oxanes

(Si - O S¥gre dlgpvedly st eam cure may allow the copolynmer filnms to reflow at

eleéated t enper at res.. A ]%rqpl fﬁflc% W belqeyﬁd to geup reduce film
stréss and inpro@éiﬁg?ﬂrresﬁ%%gﬁce— Such as HF wet
et chant a | t i t hi gh
ceram OOéﬂl dqg)r ﬁd#ggréslg C%ggghbépg&ﬁf Bgﬁgogrﬁfr@gg{%malﬂﬁ%a naegdlg%(g{o%gl t?%n °

CLAI M5 17A A YE MRS m mlwg%ﬂ RARAE Wa® BB sbRELHEEBYY ¢ (0. d8$1lmo$3 of 2R
_a a ponS|Iane unit "of fornmula, and a polysilazane unit of formula__ ,

wher e SRIC iand8 B2 af ®l@aeht Drrdepandepsdyins ﬁiraclneﬁi the ambknt SimpeaadreNttat oms,
and R3 is selected fromH, Si, or C atons, a> b> 1, and
reaction mixture was filtered to remove the salt by-product. The clear filtrate was subject to a

10 vacuum stripping to remove all the volatiles. About 19.0 g of solid, resinous copolymer was

isolated, and characterized with 1H and 29Si NMR. The copolymer was dissolved in

mesitylene for film deposition.

Example 6 — Preparing a Si5 Copolymer with a SiH Functional Chlorosilane
[0053] A Sis copolymer was prepared with DCS and NPC in a 2:1 molar ratio. A solution

15  of 33.7 g (1.08 mol) of methylamine in 94.8 g of toluene was added to a mixture of 17.4 g
(0.0308 mol) of NPC pre-dissolved in 69.2 g of toluene and 6.2 g of DCS (0.0616 mol) pre-
dissolved in 18.7 g of xylene at 0 °C. After bodying at the ambient temperature for 2 hr, the
reaction mixture was filtered to remove the salt by-product. The clear filtrate was subject to a
vacuum stripping to remove the volatiles. About 6.4 g of oily resin intermediate was isolated.

20  The intermediate was vacuum distilled at 100 °C for 1 hr for further condensation. The

thermal treatment resulted in 5.3 g of molten, resinous copolymer which quickly solidified at

the ambient temperature. The copolymer was characterized with 1H and 29SiNMR. It was

dissolved in mesitylene for spin deposition of films or melted for pulling of fibers. The film-

and fiber- forming capability of this copolymer was better than film- and fiber- forming
25  capability of the copolymer prepared in example 5.

[0054] Fiber casting ability was measured by heating to melt the copolymers prepared in

examples 5 and 6. A glass rod was manually contacted with each copolymer and then moved

away to see how far a fiber extended before break between the melted copolymer and the

glass while the copolymer was a liquid.

18



a quantity (a + b) > 2; and 10 where the copolyner is free of SiC bonds.
2. The copolynmer of claiml, having a formula: RLRR\ / RR SSRL\ Z/ Rl
_.--Si Si WO 2bli1105355R where Rl1- and R2 are eachPpCcmadspeandssvié y
selected fromH, Si, and N atons, and 15R3 is selected fromH, Si, or C
atonms. WD 2011/ 053551PCT/ US2010/053946 H 1 Si 3. The copol ynmer of claim
1, further including a unit of formula H1

Industrial Applicability

[0055] The copolymers described herein do not suffer from the same drawbacks as the
currently known PSZs. The new copolymers may be made by aminolysis of perchloro
polysilanes with primary amines, ammonia, or silazanes. As a result, these copolymers are
5 highly crosslinked and are free of Si-C bonds. These copolymers can be cast into films by
many coating techniques, including SOD. Under proper cure conditions, the new copolymers

can be converted to carbon-free SiN by transamination, or to SiON or SiO7 by oxidation or

hydrolysis. These copolymers have typical properties of polysilazanes such as high reactivity
to hydrolysis and high flowability, and these copolymers have typical properties of
10 polysilanes such as the formation of longer SiOSi bonding after oxidation. The copolymer
may provide the advantage of undergoing thermal decomposition at a lower temperature than
either polysilazanes or polysilanes.
[0056] Without wishing to be bound by theory, it is thought that thin films deposited from
the copolymers described herein may have a higher reflowability at elevated temperatures
15  than films deposited from HSQ resins. The structural change from silazanes (Si-N-Si) to
siloxanes (S1-O-Si) during steam cure may allow the copolymer films to reflow at elevated
temperatures. A thermal reflow is believed to help reduce film stress and improve film
resistance to a chemical etchant, such as HF wet etchant. In addition, the copolymers may
provide the benefit of being high ceramic yield precursors towards SiN under inert annealing

20  conditions.
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SS d _ >1, aunit of the fornmulawhere d? 1, or both, with the proviso
that the unit of H1 Si 1 d fornuladiffers fromthe polysilane unit. 54 A
conposi t iwp 20om383s3i ng: (a) 5 %to 20 % of the copol ynercofusany/os3ves of
claims 1 to 3, and (b) 80 %to 95 %of a solvent. 5. A method conprising:
101) applying the copolynmer of any one of clains 1 to 3, or the conposition
of claim4, to a substrate to forma film and 2) heating the film 6. The
met hod of claimb5, where step 1) is perforned by spin coating, extrusion
coating, 15dip coating or spray coat gvl 7. The nethod of claim5 or claim
6, where the substrate is a sem conduc § waf er having a nano-scal e trench
t her eoni,. whex golybitandapohsiialdage togighetiasiuaimgaspect ratio of 6 to 60. WO
2011/ 053551PCT/ US2010/ 053946 8. The nethod of any one of clains 5 to 7,
where step 2) conprises i) arlo terrperature noi st ure soaki ng step and ||)
a high tenperature annealing sR 9. The nethod of claim8, where step i)
conpri ses exposing the film o a omspherl C

a polysilane unit of formula

(@j fﬂ
LS

a polysilazane unit of formula , where

5 R1 and R2 are each independently selected from H, Si, and N atoms, and

R3 is selected from H, Si, or C atoms,
a>1,
b>1,and
a quantity (a + b) >2; and
10 where the copolymer is free of SiC bonds.

2. The copolymer of claim 1, having a formula:

where R1 and R2 are each independently selected from H, Si, and N atoms, and

15 R3is selected from H, Si, or C atoms.

20



5 noisture or steamat a tenperature ranging from22 Cto 200 C for 30
mnutes to 60 mnutes, and thereafter heating the filmat a tenperature of
at | east WOQoG/5655130 m nutes to 60 m nutes. 10. TireTrastéroms3%6 cl ai m
8, where step ii) conprises heating the filmat a tenperature 10 ranging
from600 Cto 900 C, in an environnment conprising N20, N2, or steam 11. A
product prepared by the nethod of any one of clains 5 to 10. 12. The
product of claim 11, where the product is fully condensed. 13. The product
of claim1l, where the product is partially condensed. 14. A met hod
for preparing the copolynmer of claim1 or claim?2, conprfising: I) reacting
a perchloro polysilane having at least 2 silicon atons_geflnplecule with an
amne. 15. A nethod for preparing the copolyner of claijmg nprising: 1)
reacting a perchloro polysilane having at |east 2 sil
nol ecule with ammonia. 16. A nethod for preparing the !

1, co ising: 251) reaeting.a rchloro pol vsilane havi'ag | eagt 2

11 conat ongresSPO Rl E AEHAT R RAELCI BB ARRAT RO %or SRS Re o
clainms 14 to 16, where the_perchloro polysilane is linear, branched, cyclic
or three dinmensionally brijdged, 3018.The nethod of any one of clains 14 to
16, where the perchloro paqlysi]ane includes perchl oroneopentasilane. WO
2011/ 053551PCT/ US2010/ 05 it®—The net hod of any one of clains 14 to 18,
where H2Si C12, HSi C13, or |alcopi nation thereof, is included in step 1).
520. The net hod of any one oflc(pins 14 to 18, where step |I) is perforned
neat. >21.adiieofmdthathwi any one afheed @>ng ot Bothowi8, tho\peK BoahA dhevetit off S
used in step 1I). 22. The nethod of any one of clainms 14 to 19, further
conprising |l)rheaging the product 10of step I) in an inert environnent at
an el evated tenpgérature. 23. Use of the copol yner of any one of clains 1
to 3, or the conpogsition of claim4, in an application selected from
shal |l ow trench| i'sollati on and pre-netal dielectrics. 1524. Use of the

copol yner of aﬂx{o e of clains 1 to 3 for fiber casting. 25.A polysilane -

pol ysi | azane clopolydrer consisting essentially of: Rl
formula differs from the polysilane unit.

at pns per
opol ynmer of claim

5 4 A composition comprising:
(a) 5 % to 20 % of the copolymer of any one of claims 1 to 3, and
(b) 80 % to 95 % of a solvent.

5. A method comprising:
10 1) applying the copolymer of any one of claims 1 to 3, or the composition of claim 4, to a
substrate to form a film, and

2) heating the film.

6. The method of claim 5, where step 1) is performed by spin coating, extrusion coating,

15  dip coating or spray coating.

7. The method of claim 5 or claim 6, where the substrate is a semiconductor wafer

having a nano-scale trench thereon, where the nano-scale trench has an aspect ratio of 6 to 60.
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1S 12 R a polysilane unit of formula, and _- RL1 i3 11 Si -N 12 R 20R1-
and R2 are each independently selected fromH, Si, and N atons, R3 is

sel ect ed woemis3si, or C atons, a> 1, b? 1, WD PCT/US2010/053946

2011/ 053551PCT/ US2010/ 053946 and a quantity (a + b) > 2. 26. The copol yner
of claim25, having a fornmula: RLR2\ / RR SiIRL\ 7/

8. The method of any one of claims 5 to 7, where step 2) comprises 1) a low temperature

moisture soaking step and ii) a high temperature annealing step.

9. The method of claim 8, where step 1) comprises exposing the film to atomspheric
S moisture or steam at a temperature ranging from 22 °C to 200 °C for 30 minutes to 60

minutes, and thereafter heating the film at a temperature of at least 400 °C for 30 minutes to

60 minutes.

10. The method of claim 8, where step ii) comprises heating the film at a temperature

10 ranging from 600 °C to 900 °C, in an environment comprising N,O, N, or steam.

1. A product prepared by the method of any one of claims 5 to 10.

12. The product of claim 11, where the product is fully condensed.

15

13. The product of claim 11, where the product is partially condensed.

14. A method for preparing the copolymer of claim 1 or claim 2, comprising:

I) reacting a perchloro polysilane having at least 2 silicon atoms per molecule with an amine.
20

15. A method for preparing the copolymer of claim 1, comprising:

I) reacting a perchloro polysilane having at least 2 silicon atoms per molecule with ammonia.

16. A method for preparing the copolymer of claim 1, comprising:

25  I)reacting a perchloro polysilane having at least 2 silicon atoms per molecule with a silazane.

17. The method of any one of claims 14 to 16, where the perchloro polysilane is linear,

branched, cyclic or three dimensionally bridged.

30 18. The method of any one of claims 14 to 16, where the perchloro polysilane includes

perchloroneopentasilane.
22



R1

.--SI Si

R2 N 13 R 5where R1- and R2 are each independently sel ected

fromH Si, and N atons, and R3 is selected fromH, Si, or C atons. 27. The
copol ynerwofonie&sss 25, further consisting essentially ofCa/useetn/osdodé or mul a

10

15

20

_HH 11

19.

Si Si

The method of any one of claims 14 to 18, where HpSiCly, HSiCl3, or a combination

thereof, is included in step I).

20.

21.

22.

The method of any one of claims 14 to 18, where step I) is performed neat.

The method of any one of claims 14 to 18, where a solvent is used in step I).

The method of any one of claims 14 to 19, further comprising II) heating the product

of step I) in an inert environment at an elevated temperature.

23.

Use of the copolymer of any one of claims 1 to 3, or the composition of claim 4, in an

application selected from shallow trench isolation and pre-metal dielectrics.

24. Use of the copolymer of any one of claims 1 to 3 for fiber casting.
25. A polysilane - polysilazane copolymer consisting essentially of:
$ 1
?i
R2

a
a polysilane unit of formula , and
]
?i N
b
a polysilazane unit of formula , where

R1 and R? are each independently selected from H, Si, and N atoms,

R3 is selected from H, Si, or C atoms,
a>1,
b>1,

23
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WO 2011/053551 PCT/US2010/053946

and a quantity (a +b) > 2.

26. The copolymer of claim 25, having a formula:

where R1 and R2 are each independently selected from H, Si, and N atoms, and

R3 is selected from H, Si, or C atoms.

27. The copolymer of claim 25, further consisting essentially of a unit of formula
| )
Si ISi
c H d
, where ¢ > 1, a unit of the formula where d > 1, or both with the
il
?i
H
proviso that the unit of formula differs from the polysilane unit.
28. A composition comprising:

(a) 5 % to 20 % of a polysilane — polysilazane copolymer consisting essentially of:

1

R
Si
P2

a polysilane unit of formula , and

24



, where ¢c? 1, a unit of the fornulawhere d> 1, or both with the H1 S

d

~ 10proviso that the unit of formuladiffers fromthe polysilane unit. 28.A

conposi t iwp 20om383s3i ng: (a) 5 wto 20 % of a pol ysil anepcTamsbysiosmaane
copol ymer consisting essentially of: Si 12 R a a polysilane unit of
formula , and 24 a polysilazane unit of fornula b , where

o p
LS

a polysilazane unit of formula , where

R1 and R2 are each independently selected from H, Si, and N atoms,

R3 is selected from H, Si, or C atoms,
a>1,
5 b>1, and
a quantity (a + b) >2; and
(b) 80 % to 95 % of a solvent.

29. A method comprising:
10 1) applying a composition, to a substrate to form a film, where the composition comprises

(a) 5 % to 20 % of a polysilane — polysilazane copolymer consisting essentially of

a polysilane unit of formula , and

a polysilazane unit of formula , where
R1 and R? are each independently selected from H, Si, and N atoms,

15 R3 is selected from H, Si, or C atoms,
a>1,
b>1,and
a quantity (a + b) >2; and
(b) 80 % to 95 % of a solvent, and

25



R1- and R2 are each independently selected fromH, Si, and N atons, R3 is
selected fromH, Si, or Catons, a> 1, 5b > 1, and a quantity (a + b) > 2;
and (b) 880%t105851% of a sol vent. 29. A method conpri si RgT/UKAdID/058pé Yi ng a
conposition, to a substrate to forma film where the conposition conprises
(a) 5 %to 20 % of a polysilane - polysilazane copol ymer consisting
essentially of Si 12 R _ a - a polysilane unit of forrmula, and

2) heating the film.

30. The method of claim 29, where step 1) is performed by a method selected from spin

coating, extrusion coating, dip coating or spray coating.

31. The method of claim 29, where step 2) comprises 1) a low temperature moisture

soaking step and ii) a high temperature annealing step.

32. The method of claim 31, where step i) comprises exposing the film to atomspheric
10 moisture or steam at a temperature ranging from 22 °C to 200 °C for 30 minutes to 60

minutes, and thereafter heating the film at a temperature of at least 400 °C for 30 minutes to

60 minutes.

33. The method of claim 31, where step i1) comprises heating the film at a temperature

15 ranging from 600 °C to 900 °C, in an environment comprising N»O, N, or steam.

34. A product prepared by the method of claim 29.

35. The method of claim 29, where the substrate is a semiconductor wafer having a nano-

20  scale trench thereon, where the nano-scale trench has an aspect ratio of at least 6.

36. A method comprising:
1) applying a liquid polysilane — polysilazane copolymer to a substrate to form a film, where

the copolymer consists essentially of

25 a polysilane unit of formula , and
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R1- and R2 are each independently selected fromH, Si, and N atons, 15R3 is
selected fromH, Si, or Catons, a> 1, b> 1, and a quantity (a + b) > 2;
and (b) 880%t105851% of a solvent, and WD 2011/ 053551PETIUS20005338946 2)
heating the film 30.The nethod of claim 29, where step 1) is perforned by
a nethod selected fromspin coating, extrusion coating, dip coating or
spray coating. 5 31. The nethod of claim?29, where step 2) conprises i) a
| ow tenperature noi sture soaking step and ii) a high tenperature annealing
step. 32. The method of claim31, where step i) conprises exposing the
filmto atonspheric 10 noisture or [stgam a tenperature ranging from22 C
to 200 C for 30 mnutes to 60 m nu e$» a tlhereafter heating the filmat a
tenperature of at |east 400 C for e4 to 60 m nutes. 33. The
met hod of claim 31, where step ii) c¢@pr|ses heating the filmat a
tenperature 15 ranging from 600 C §oR900 C, [in an environnent conprising
N20, N2, or t ga thneunu @npdggt epared £ tQ m%ethod of claim 29.

35. The nethd%)8¥ s 25 whet e the substrate™i's a sem conductor wafer
having a nangt l@akl%&Eﬁ%ﬁ@p%ﬂ?@ﬁtﬁpﬁlec%&n@%l%ﬁw§t% s¢ trench has an

aspect ratio o east conprising: 1) applying a liquid

pol ysi |l ane -RPRIY¥RLELAZAREHCONOF ¥IBIMI,0 a substrate to forma film where

t he copol yner ?on3|sts essentially of R1 1S 12 Ra
a>

5 b>1, and
a quantity (a + b) >2; and
2) heating the film.

37. The method of claim 36, where step 1) is performed by a method selected from spin

10 coating, extrusion coating, dip coating or spray coating.

38. The method of claim 36, where step 2) comprises 1) a low temperature moisture

soaking step and ii) a high temperature annealing step.

15 39. The method of claim 38, where step 1) comprises exposing the film to atomspheric
moisture or steam at a temperature ranging from 22 °C to 200 °C for 30 minutes to 60
minutes, and thereafter heating the film at a temperature of at least 400 °C for 30 minutes to

60 minutes.

20  40. The method of claim 38, where step ii) comprises heating the film at a temperature

ranging from 600 °C to 900 °C, in an environment comprising N.O, N>, or steam.

41. A product prepared by the method of claim 36.

25 42, The method of claim 36, where the substrate is a bare semiconductor wafer.

43. A method comprising:
27



25a polysilane unit of formula , and WD 2011/ 053551PCT/ US2010/ 053946 b a
pol ysil azane unit of formula, where RI- and R2 are each independently

sel ect ed woemis3Bi, and N atons, R3 is sel ected from HpCSiuS2aw/0839a¢ ons, a>
1, 5b > 1, and a quantity (a + b) > 2; and 2) heating the film 37. The
met hod of claim 36, where step 1) is perfornmed by a nmethod selected from
spin 10coating, extrusion coating, dip coating or spray coating. 38. The
nmet hod of claim 36, where step 2) conprises i) a |low tenperature noisture
soaking,step and ij) a hi t erat yr npeal ing step., 1539..The net hod of
ol ai m 93RS EPelchtbrfy Vi fioh FTREL AL HEE 2R R Bost e FRhET s or e
or st eaherdy paephEAPeaddNBer @ngisfige Ekemalz o€ to 200 C for 30 minutes to 60
m nutes, and thereafter heating the filmat a tenperature of at |east 400 C
for 30 mnutes to 60 mnutes. 20 . Tihe met hod of claim 38, where step ii)
conprises heating the filmat at nﬁérature ranging frome600 Cto 900 C, in
an environnment conprising N20, N2/ ar |steam 41. A product prepared by the
met hod of claim36. 25 42. The net hogLdf claim 36, where the substrate is a
bare sem conductor wafer. 43. A nmethpd |conprising: WD

2011/ 053551PCT/ US2010/ 053946 a
a polysilane unit of formula , and

]
L

a polysilazane unit of formula , where

5 R1 and R2 are each independently selected from H, Si, and N atoms,

R3 is selected from H, Si, or C atoms,
a>1,
b>1,and
a quantity (a +b) > 2.
10
44. The method of claim 43, where the perchloro polysilane is linear, branched, cyclic or

three dimensionally bridged.

45. The method of claim 43, where the perchloro polysilane comprises

15  perchloroneopentasilane.

46. The method of claim 43, where HpSiClp, HSiCl3, or a combination thereof, is added

in step I).

20 47. The method of claim 43, where a solvent is added in step I).

48. The method of claim 43, where step I) is performed neat.
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) reacting a perchloro polysilane having at |east 2 silicon atons per

nol ecule with an am ne, therby preparing a copolynmer consisting essentially
of - - RIWOD28i1/05331R a polysilane unit of fornula_ _, amrdT/is2@oloy®ié azane
unit of formula__ , where Rl- and R2 are each independently selected from
H Si, and N atons, R3 is selected fromH, Si, or C atons, a> 1, b> 1, and
a quantity (a + b) > 2. 10 44. The nethod of claim43, where the perchloro
pol ysilane is linear, branched, cyclic or three dinensionally bri dged. 45.
The met ho ere. the erch es. .

I5per orivor BBl 2L iman hub Sl SRR B RS CGRrS To en

HSi C13,enfro@ménnbi nat tlenatthekeeptratirs, addad liftredseR IrﬂoleczltM?ngm nagt fied of
claim43, where a solvent is added in step |I). 48. The nethod of claim 43,
wher e SOBPIYMELi s perfornmed neat. 28 WO 2011/ 053551PCT/ US2010/ 053946 49. The
met hod of claim43, further conprising Il) heating the product of step I)
in an inert environnent at an el evated tenperature, thereby increasing

nol écul¥y wehd ghthodfcontpeistgpol ynmer. 5 50. A net hod conprising ) reacting a

perchl aro pol ysil ape havin | east. 2 sjlj.con atons l ecul e with
Brmoni d) retaﬁ%ﬁl%werﬁﬂ@amlmg%aeilaﬂagﬂhléﬁstéoﬁaﬁ?%&%tﬂﬁs BesBcs P §jthgymmonia,

thereby preparing a copolymer consisting essentially of

a polysilane unit of formula , and

a polysilazane unit of formula , where

10 R! and R2 are each independently selected from H, Si, and N atoms,
R3 is selected from H, Si, or C atoms,
a>1,
b>1,and
a quantity (a +b) > 2.

15

51. The method of claim 50, where the perchloro polysilane is linear, branched, cyclic or

three dimensionally bridged.

52. The method of claim 50, where the perchloro polysilane comprises

20  perchloroneopentasilane.

53. The method of claim 50, where HpSiClp, HSiCl3, or a combination thereof, is added

in step I).
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RL 1S 12 R a polysilane unit of formula_ _, and a polysilazane unit of
formula__ , where 10R1- and R2 are each independently selected fromH, Si,
and N at owe,20RA38®H1sel ected fromH, Si, or C atons, a> PCThS2d10/083%d6 a
gquantity (a + b) > 2. 15 51. The nethod of claim50, where the perchloro
polysilane is linear, branched, cyclic or three dinensionally bridged. 52.
The nmet hod of claim50, where the perchloro polysilane conprises

20per chl or oneopent asi | ane. 53. The net hod of cl aim50, where H2Si Cl12,

HSi C13, or a conbination thereof, is added in step I). WO

2011/ 053551PCT/ US2010/ 053946 54. The net hod of claim 50, where a sol vent
i's usedd.n skefnéthod 6&claikhs0, ehods@ert iyl dstepiere step 1) is perforned
neat. 5 56. The nmethod of claim50, further conprising Il) heating the
product of step I) in an inert environnent at an el evated tenperature,

t her ebyz4 ncr. | : I f. lLymer. 10 57. A met hod
conprié?hg:rﬁgﬁ?gggy?%g%gl%%P@ﬁ#%?%ogéfégﬁﬁgﬁgqﬁéVing at least 2 silicon
atods per nolecule with a silazane, thereby preparing a copol yner

consi stjng essentially of - - Rl
56. gl“he method of cPa/lim 50, further comprising II) heating the product of step 1) in an inert
environment at an elevated temperature, thereby increasing molecular weight of the

copolymer.
10 57. A method comprising:

I) reacting a perchloro polysilane having at least 2 silicon atoms per molecule with a silazane,

thereby preparing a copolymer consisting essentially of

a polysilane unit of formula , and

a polysilazane unit of formula , where

15 R! and R2 are each independently selected from H, Si, and N atoms,
R3 is selected from H, Si, or C atoms,
a>1,
b>1,and
a quantity (a +b) > 2.

20

38. The method of claim 57, where the perchloro polysilane is linear, branched, cyclic or

three dimensionally bridged.
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1S 12 R_ _a a polysilane unit of formula, and a polysilazane unit of
formula__ , where b 15Rl- and R2 are each independently selected fromH,
Si, and Nvetonms3fk3 is selected fromH, Si, or C atons, pa®/ub010»5H46 and a
guantity (a + b) > 2. 20 58. The nethod of claim57, where the perchloro
polysilane is linear, branched, cyclic or three dinensionally bridged. WD
2011/ 053551PCT/ US2010/ 053946 59. The net hod of claim57, where the

perchl oro pol ysil ane conpri ses perchl oroneopentasilane. 60. The nethod of
cl ai m 5%, re H25i C12 i C13,.0or a combjnation,theregf,. i s added 5in
Step 110 Gaier BEocof of ot al T 57 0 GiRerbt a TeaMEHy £ O dabEaPRTEp 1)
62. Theer@ildiosedpbn@sitingd 57, where step |) is performed neat. 63. The

met hod of claim57, further conprising Il) heating the product of step I)
in an inert environnment at an el evated tenperature, thereby increasing

mol eCUlé%)r. V\Bhﬁ%etﬂj)d E)Pglaﬁﬁ) 89,' YH&E ‘HpSiClp, HSiCl3, or a combination thereof, is added

S5 instep D).
61. The method of claim 57, where a solvent is added in step I).

62. The method of claim 57, where step I) is performed neat.

10
63. The method of claim 57, further comprising II) heating the product of step I) in an inert
environment at an elevated temperature, thereby increasing molecular weight of the

copolymer.
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