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What is claimed s

1. A reaction mixture for producing a film forming polycarbosilazane polymer or
oligomer, the reaction mixture comprising carbosilanes and amines,

wherein the carbosilanes contain at least two —-SiH,— moisties, sither as terminal
groups (~SiHR) or embedded in a carbosiiane cyclic compound, wherein RisH, aCi o Cs
linear, branched, or cyclic atkyl- group, a Cy 1o Ge linear, branched, or cyclic alkenyi-
group, or combination thereof, and

wherein the reaction mixture is capable of forming the film forming
polycarbosilazane polymer or oligomer,

2. The reaction mixiure of claim 1, wherein the film forming polycarbosiiazane polymer
or oligomer has a backbone that comprises ~Si-N— units, ~3i-N-C~N-Si~ unitg, ~Si-N—
Si— units or combinations thereof, wherein n 2 1, wherein the backbone includes cross-
finked ~Si-N~— units, ~Si-N~C~N-Si~ units, or —~Si~-N-5i~ units, branched ~Si-N- units, —
SN NS uiniits, o -Si-N~-Si~ units, or combinations thereof.

3. The reaction mixture of claim 1, wherein the carbosilane has the formuia:

R 2Si—~{CHz2)e~SiH2R, )
wherein R', R? are independently H, a C, to Cs linear, branched or cyclic alkyl- group, a Cs
o Ce linear, branched or cyclic alkenyl— group, or combination thereof, a=01t 2;b=110
4:c=4~3; 0

R CI(CHz)—SiHRY, (5
wherein R®, R* are independently H, a Cy to Cs linear, branched or cyclic alkyl- group, a Cs
to Cs linear, branched or cyclic alkenyl~ group, or combination thereof, e= 010 2;f=010 3;
g=4-—g o0r

[scaffold]~[~(CHz)m—SiHR%, (i

wherein R®is H, a C, to Cs linear, branched, or cyclic alkyl- group, a C; to Cs linear,
branched or cyclic alkenyl— group, or combination thereof, m=0to 4, n= 210 4, and the
scaffold is a hydrocarbon scaffold; or

R%~1.3,5~trisilacycichexane {IV)

wherein R® is a C to Cg linear, branched or cyclic alkyl- or alkenyl~ group; x = 0 to 2.
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4. The reaction mixture of claim 3, whereain the hydrocarbon scaffold is a hydrocarbon
scaffold including a Ca to Crp cyclic hydrocarbon scaffold containing silyl- group, ~NH
group, ~O- ether group.

5. The reaction mixture of claim 1, wherein the carbosilane contains —~Si—-Ca—Si- unit (n
= 1) unit{s) or a 1,3,5-Irisilacyclohexane (TSCH) backbone.

8. The reaction mixture of claim 1, wherein the carbosilane is selected from the group
consisting of Si—{(CHz)~8iHzla, SH~(CHz)x~SiHals, Si—{CHa)s~SiHsls, and Si{—{(CHz)e~Sikal4,
RISI[—(CHz)~SiHz]s, R'Si[—(CHz)o~SiHs]s, R'Si[~{CHa)s—SiHs]s, and R'Si[—~(CHz)4~SiHals,
H3Si~CH-SiH~-CH-SiH; (bis{silyimethyl)silane), HiSi—{CH2)a~SiHa—(CHz)z—SiHs
(bis(2—silylethyhsilang), HaSi~{CHy)s~SiHz~(CHa)a—SiHz (bis{3~silylpropylisilane), and
HaSi—{CH2)a~SiHz~(CHz)a~SiHs (bis{4-silylbutyiisilans), C[-SiMs)s (tetrasilyimethane), C[-
{CH2-SiHa]s (2, 2-bis(silylmethybpropane—1, 3—~divi)bis(silane)), C[{CHz)-8iHzsls (3,3~
bis(2—silylethyhpentane~1,5-diyl)bis(silane)), and Cl~(CHz)a~SiH3}s (4,4-bis{3~
silylpropybheptane—1, 7-diyhbis(silane)), R'C[~S8iHals, R'C[~{CHz)~SiHals, R'C{~{CHajz~
SiHzls, and R'Cl~(CHa)a—-SiHals, HaSIi-CH~SiHa (bisilylmethane), HsSi-(CHa)s-SiHs (1,5~
disilylpentane)), and HaSi—~{CHz)r—5iHa (1, 7-disilylheptane)), 1,3~disilylcyclopentane, 1,2~
disityleyclopentane, 1, 4~disilylcyclohexane, 1,3~disilyicyclohexane, 1, 2-disilylcyclohexane,
1,3, 5-risilyleyclohexane and 1,3, 5-trislilylibenzene, 2-Me~TSCH, 2-Et-TSCH, 2—Pr-
TSCH, 2-nPr-TSCH, 2-nBu~-TSCH, 2-tBu-TSCH, 2-sBu-TSCH, 2-iBu-TSCH, 2 4-Mex—
TSCH, 2,4-Et~TSCH, 2,4-iPra~TSCH, 2, 4-nPr-TSCH, 2,4-nBu-TSCH, 2,4-iBus—
TSCH, 2,4-tBuy-TSCH, 2,4-sBu~TSCH, 2,4,6-Mes—TSCH, 2,4,6-E:-TSCH, 2,4,6-iPra—
TSCH, 2,4 6-nPra~TSCH, 2,4 6-nBus~TSCH, 2,4,6-Bua~TSCH, 2 4,6-1Bus-TSCH, 2,4 .6—
sBux~TSCH, and combinations thereof, wherein R is H, a C~Cs linear, branched, or cyclic
atkyl- group, a G—Cs linear, branched, or cyclic alkenyl- group, or combinations thereof.

7. The reaction mixture of claim 1, whereain the carbosilane is 1,3 5-trisilapentane
{CAS No.: 5637-88-0) or 1,3,5-trisilacyclohexane (CAS No.: 281-27-0).

8. The reaction mixture of claim 1, wherein the amine is selected from one or more ¢of
ammonia, amiding, hydrazine, hydroxylamine, monoalkylaming, diamines including
gthylene diamine, or polyamines, which polyamines contain at least two N-H bonds sither
or the same nitrogen atom or on separate nitrogen atoms.
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Q. The reaction mixture of claim 1, whereain the reaction mixture comprises a polysilane
that contains more than two -SiFH:R function groups, wherein R is H, a Cy o Cs linear,
branched, or cyclic alkyl- group, a Cq o Ce linear, branched, or cyclic alkenyl— group, or a
combination thereof.

10.  The reaction mixiure of any one of claims 1 to 9, wherein the polysilane is selected
from one or more of neopentasiiane (Si(SiHs)), n—tetrasilane (SiHx{SiH2)28iHa), 2-siiyl-
tetrasilane ((SiHa)x(SiH:)SiH,), trisilylaming (N{SiHs)s), or trisilyamine derivatives.

1. A method of forming a silicon and carbon containing film on a substrate, the method
comprising the steps of;

producing a film forming polycarbosilazane polymer or oligomer by a polymerization
of a reaction mixture of carbosilanas with amines;

forming a scolution containing the film forming polycarbosiiazane polymer or
cligomer; and

contacting the solution with the substrate via a spin—-on coating, spray coating, dip
coating, or shif coating technigue to form the silicon and carbon containing film,

wherein the carbosilanes contain al least two ~SikHz~ moisties, either as termminal
groups {(-SiH:zR) or embedded in & carbosilane cyclic compound, whersin RisH, aCi 1o Cs
linear, branched, or cyclic alkyl- group, a Gy {o Cs linear, branched, or cyclic alkenyi-
group, or a combination thereof,

12, The method of claim 11, further comprising the step of

pre-baking the silicon and carbon containing film under N, atmosphere at a
temperature ranging from approximately 50°C to 400°C; and

subseguently hardbaking the silicon and carbon containing film by a heat~induced
radical reaction or a UV-Vis photo induced radical reaction in an atmosphere of O, O,
H20, H202, N2O, or NO, air, compressed air, or combinations thereof at a temperature
range of 200-1600°C to convert the silicon and carbon containing film to a Si0C or SIOCN
cortaining fitm.

13, The method of claim 11, wherein the film forming polycarbosilazane polymer or

oligomer has a backbone that comprises —Si-N— units, ~Si-N-Cp—N-Si— units, —Si—N-Si—
units or combinations thereof, wherein n 2 1, wherein the backbone includes cross—linked —
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Si=N— units, ~Si~-N-Cp~N-5i~ units or -5i-N-Si~ units, branchad ~Si-N- units, ~Si-N~Cp~
Ne-Si— units or -Si=N=-Si— units, or combinations thereof.

14. The method of claim 11, wherein the carbosilane has the formula:

RSi—(CH2)o—SiHR%. B
wherein R', R? are independently H, a C+ to Cs linear, branched or cyclic alkyl- group, a G4
to Cs linear, branched or cyclic alkenyl— group, or combination thereof, a=0t0 2;b= 110
4 c=4-a or

RZCI~{CHz)~SiHzR*Y, {5
wherain R?, R*are independently H, a Cq to Cs linear, branched or cyclic alkyl- group, a C;
to Cg linear, branched or cyclic alkenyl— group, or combination thereof, e =010 2, f= 010 §;
g=4-—a or

{scaffold]~[~(CH2)mSiHzR", (i

wherein R®is H, a C to Cs lingar, branched, or cyclic alkyl- group, a C+ to Cs linear,
branched or cyclic alkenyl- group, or combination thereof, m=0to 4, n= 2to 4, and the
scaffold is a hydrocarbon scaffold; or

R8—1,3,5-trisllacyclohexane (V)
wherein R? is a Cy o Ce linear, branched or cyclic alkyl- or alkenyl- group; x = 0o 3.

15, The method of ciaim 11, wherein the carbosiiane is selected from the group
consisting of Si{—(CHz)-SiHsls, SI{—~{CHz)z-SiHals, Sil—{CH2)s—SiHsls, Sif~{CHz)s—SiHzls,
RISH~(CHz)~8iHs]z, RISI[~(CHa)~-SiHs)s, RISI—~{(CHa)s~SiHsls, RISI~(CHa}e~SiHsls, H3Si~
CHr-SiH~CH-SiHa (bis(silyimethyhsilane), HiSi~{CH)o—SiH~(CH2)o~SiH; (bis(2—
silylethylisilane), HsSi—~{CHz)s—SiH—{CHo)s—~8iHs (bis(3-silylpropylisilane), and HaSi-
{CH2Y e SiH~{CHz)a~SiHs (bis{d-silytbutyl)silane), C[-SiHs}s (tetrasilyimsthane), Cl~(CHa)~
SiHzly (2,2-bis{silyimethylpropane—1, 3-diylbis(silane)), Cl-{CHa)z-SiHs]s (3,3-bis{2-
silylethylipentane—1,5-diyhbis(silane)), and C[-{CHz}:~5iHa} (4,4-bis(3—
silylpropybheptane—1, 7-diyhbis(silane)), R'C[~S8iHals, R'C[~{CH2)~SiHals, R'C{~{CHajz~
SiHzls, and R'C[—(CHa)s—SiHss, HaSi—-CHz~SiH; (bisityimethane), HySi—(CHa)s-SiH; (1,5~
disilylpentane), and HaSi—{CH)7—SiHs (1, 7—disilylheptane), 1,3~disilylcyclopentane, 1,2~
disilvleyciopentane, 1, 4-disilyicyclohexane, 1,3-disilvicyclohexane, 1, 2-disilvicyclohexane,
1,3, 5-trigilyleyclohexane and 1,3, 5-trisllyibenzene, 2-Me-~-TSCH, 2-Et~-TSCH, 2—iPr-—
TSCH, 2-nPr-TSCH, 2-nBu~-TSCH, 2-tBu-TSCH, 2-sBu~-TSCH, 2-iBu~-TSCH, 2 4-Mex—
TSCH, 2,4-E1~TSCH, 2,4-iPre-TSCH, 2 4-nPra-TSCH, 2,4-nBux-TSBCH, 2,4~iBus—
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TSCH, 2,4-tBux-TSCH, 2,4-sBux~TSCH, 2,4,6-Mex~TSCH, 2,4,6-Et:~TSCH, 2.4 6-iPra—
TSCH, 2,4,6-nPra-TSCH, 2,4 8-nBus-T8CH, 2,4,8-iBus~TSCH, 2,4,6-18us-TSCH, 2,4,6—
sBus-TSCH, and combinations thereof, and wherein R' is H, a C+—Cs linear, branched, or
cyalic alkyl- group, a C+~Cs linear, branched, or cyclic alkenyl~ group, or a combination
thereof.

16. The method of claim 11, wherein the carbosilane is 1,3,5-risilapentane (CAS No.:
5837-99-0) or 1,3,5-trisliacyclohexans (CAS No.: 281-27-0).

17.  The method of 11, wherein the step of the producing the film forming
polycarbosilazane polymer or oligomer comprises the step of adding & catalyst io the
reaction mixture, wherein the film forming polycarbosilazane polymer or oligomer is
produced by a polymerization of the reaction mixiure through a catalytic dehydrocoupling
{DHC) reaction.

18. The method of claim 17, wherein the catalyst is NH.CL

12.  The method of 11, wherein the step of the producing the film forming
polycarbosilazane polymer or oligomer comprises the step of adding a polysilane that
corttaing more than two ~SiHR function groups to the reaction mixiure for enhancing the
polymerization of the carbosilanes with amines, wherein R is M, a G4 to Cs linear, branched,
or cyclic alkyl- group, a Gy to Gs linear, branched, or cydlic alkenyl- group, or a combination
thereof.

20, The method of 18, wherein the polysilana is selected from one or more of
neopentasitane (or 2 2-disiyltrisitane) (SI{SiHa)4), n-tetrasilane (SiH(SIH,L81Hs), 2-sliyl—
tetrasilane ((SiH)a(SiH2)5iHa), trisilylamine (N(SiHs)s), or trisilvamine derivatives such as
alkylamino—substituted trisilvlamines or coligomers of trisilylamines.

21, The method of any one of claims 11 to 20, wherein the film forming
polycarbosilazane polymer or oligomer is produced by the polymerization of the
carbosiianes with amines through the catalytic dehvydrocoupling (DHC) reaction selected
from one or more of
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i two carbosilanes with two amines, wherein one of the two carbosilanas
contains the at least two ~-SiHz—- moisties, either as the terminal groups (-
SitbR) or embedded in the carbosilane cyclic compound;
i) two carbosilanas with two amines, wherein one of the two amines contains
more than two N-H bonds; and
iif) more than two carbosilanes with more than two amines,
wherain R is H, & Cs to Ce linear, branched, or cyclic alkyl- group, a C to Cs linear,
branched, or cyclic alkenyl- group, or a combination thereof.

22, Asilicon and carbon containing film forming composition comprising:

a film forming polycarbosilazane polymer or oligomer that has a backbone
comprising —Si-N— uniis, ~Si-N-C~N-Si~ units, ~Si-N~Si— units or combinations thereof,
wherainn = 1,

wherein the backbone includes cross—linked —Si-N— units, ~Si—N-C—N-8i— unils or
~Si-N-Si~ units, branched —Si—-N-— units, ~Si~-N—-Cp—N~Si~ units or ~Si-N~-Si— units, or
combinations thergof.
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