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X03SfiJ:btf ±§EIBHiitaz&o lz&m^tiz<Dffi.m%± 

mm iz#m t&zt tf&m $ n & 0 

[0065] ±§E^^PdrHt>«h LT(i, =f-)\,V*s • *V~ > (HM 
DSO) zti*>& 
WfflLTfectUo £±>\£s A$I£5£Jt£<fctM 
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i nt&t, HMDso 

o 

[0066] ±$^>^y^'XtLXUs S i H 4% S i H C I 3, SiH2CI2 

„ S i H3C U S i C I 4% S i B r4, Si I 4% S i F 4% Si (OC2H 

5) Z.Ub(D^X^ 

i UAXfoZ>0 

[0067] LT(i, 02, N 2 tl%0 &fc\ It 

x&2it(DM£rjjxi-afcMsXfcZo ztib0^xi^izB^ L^0(iO2 

, gfctt N20tiX(DM'£j3XXfcZo 

[0068] mm (tfvvisiL) jimz-D^xi 

±IEj^lim©S i 0 2 litis J I S BO 6 0 1 

(200 1 ^) R a Xft£ L < & 0. 5 n m£l 

"K L<£0. 3 n m&TXfc&Z.tmiS IA\ 

[0069] L^L4^^±IEL/ci:9(C70^X^CVD)i-eS i 0 Jl^El L/cif^-

% — s i 0 Its 

B££tl£0 ^(DtcSb, S i 0 < s S i 0 JlCDfiffliHCil 

tZ>fi^%:&mTZ>lZ&s ±IEL/ci;9(CS i 0 -

lANo 

[0070] t/cj^iimtcs i Ozmzmmtzm-Stes s i o 

Xfflliu ±§EmH©¥>iJt (±§Eil®flJt) <h&£i:9(c-ttU£<U\ * 

mmmmcDs \ 
mi*. mB'ty vtmmz 

=? 'j -%H^xm£ijfmTtii££i\ mmi±2ites 4 o~ 15 0 g 

f / c m 2% jfU]5£Jttt, 4 0-1 6 0 c m/m^fktttl^^^o 

[0071] imm 

*mMm?M(Ds i 02ii^ii^ti/c7;u$-0ASfe^ mmmmwt 
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iz^t&t>(D-e$>Zo s •• oH/CTA< 

& IZ&tco T(is S 

n^rffM UT, immmm^m&t%z.t#-c$ sQ 

[0072] (cil^&f§il®&ij£r^LT£y, J^TCDJ;? 

tctc Us *fSBjmJ2TF Rg;£ 

£tit\ s-etJ&iN 

o 

[0073] J5"$ 6 . OA 

mJjLtCDS i OzlW^U^titzT^^-OA&mXh^Xs fulBS i OJl 

ttmUB^US-^AStSfe 1 5 0°C~3 7 CCmMLT. 

Vj£&-ZtiXVZZ£%ftm£TZo 

[0074] £©J;9&*ijfcJ:yN 

^©0iJi©s i (8?£u<&3 

0 0°C£l±, J:ySfSL<tt3 5 0'CJil±, HfC&i; L < It4 0 0°C£Lt) 

tm& (»tL<(i4. OGPa^Lt, OGPaJJi±) 

s (8f£KteN i P#)o $£IWW&±) 

tSo i Lt, 

tScU, SfJ^-r^ii^tCcfcoT, <fc 

y ^®¥>f ttT7 JU $ - 0 AS® £ J-i&T- $ £0 

[0075] U/c7b^T^B^0S i fitSLlBti 

m#£ Ltffii^y, IS&7S/7. hlB^^4^0i;a«^IB®^lf^0 

<&fiiTzz£&z*t*&0 

[0076] gfc, 7JU$-^AS^tCfelNT. ±13fl*gJ5£fll 

7:?XTCVD%T$>ZZ£tfB£Ll\ ^XvCVD^tfiJcM b 

fcs i o JI&. 
s ^ zpftmvm%$i±zz £&-?$, {wntcm^ifm^izm 
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btl£>1)xb>Xifb£>o 

ty. m^mwuzm 
z>zs ttib 

It IN t ti t ©&tfiWi50 (c £ ti Z o 

mmm 
[0078] mm. 1 

^1 -m. s i oji^ii^jt^s i o2m<Dm^t(Dmimm^tc0 
[0079] (4. 21f%Mg-i^: A I £ 

<fctf^RTjgto^Mtl) s ta*:^65mm, ^^2 Omm, Jl^^O. 

8 4mm©P3Mf'f7,^) P V A5S5"C5ffiU J±MlrZ & J1&P& 

SLfc. flMDHCtt, Speed Faml16 U 

MJJ±;*J : 80 g f / c m 2% JgK&Jt :80c m/®l*ft\,\ y ©P&£ 

M : J^J 2 0 /A m £ Us fiJflitilCD — 0 AS^CDff^^O. 8 0 0m 

m £&£ <fc 9 L/co MJ&© - 0 Ali©«I^ £Mit>£"C 

mfeLtctZZs R a = 1 2nm^^c0 J5£ll0t©S^Jt £ 8 

o°c~3 5 o°c©p^-c^b£i±£<h^c (in ™i0ts^]t (°C) 
J ) s TIB^#©7°^X^' C V D)i(Ci: o "Cliff 3 . 5yu,m~1 0. 5 yu, m 

<Ds i O2II^J^IIL/C0 $H0#©s^a£tt. 
tt /c 7 JU $ - 0 ASI % m ̂  X J$I£gS© IS^at £ £<DffiM&& 

SbXs ZLniZftVJ&mft<D&fai&g.tfpftM<Di&g.lZtj:2>£:?lZ#m[;tco J^C 
mm. ^t"C^LT7;U$-0ASte^®(CS i 02ll^ll^tl/ciS,i^ 
%&tk%tc0 

[0080] (^7^7C V D &©$!££#) 

=£j*s=?y£ mmcow^nw t wmtmm 
rtzbk : s i H4/N2=1/9 ;|i :80sccm, N20 : 5 6 

seem 

J±2J : 1 3 3 P a 
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R FA7— : 1 5 OW 

[0081] cs i o2m<D$tmm) 
i o2ii(cfe 

^©InHs fel^iiJit 

[0082] cs i o2mmm) 
S i 0 2 nanomet r i cs %±M n a n o s p e 

c/AFTmode I 51 00 L/c0 

[0083] (S i 0211©®S) 
&tiifcfa©S i 0 2&<Dm&.*i- J 4 a 

o MiktfMZl&l- J -f y^y^— (Ag i I ent Techno I ogyt 

iNano Indenter X P/D C M) L/c0 MMl* 

s JS^JSKifc : 4 5 H z, j^JSEMi : 2 n m% : 0. 0 5/#, 

: 2 000 nmt1^fco 

[0084] (ItfittM) 

IS^Jt*tllZfe^Xim&<DSS£ L /c 

jpf^mc§&i^£jiAu 30m I±1 
(2 5 °C) (C^^fe^L/co 

[0085] ^T-eiS^©^®tt^(C^lNTlE^L/c0 

^^"F-eroS^ (fe^: 5 0mt/2 0 0^ n-
y Sfel^JWlpPs ^Jlpl^C'^^TiS-'fEEItCD 5 ffip/r) (CTS i 02 

mvmwv^ms &£xf7j\s$=vA&mts \ oMtommommiz-D^ 
-cm*. TiBiftniifc (^1 ̂  ) o 
o: s i o2mznm^mm,mmbnt£fr^tc 
0)E 1 : S i 0 2lMZ%M^MWhHl&fcibntt-fr-otc1f, iMS^3 0 0 

°c^©$y 
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X;i2 : 
X : S i 0 bUtc 

[0086] 5 
roj M©$y&, rxj mn 

^nM^mmmmbutc^^^tco mt£NO. 13, um 3 
2 5°C£T-©ItfittM& roj Zh-otcif (No. 1 3) , M(C2 5°C# 

L /c 3 5 0 °C Tii T X J (No. *\ 4) £t£-itcZ.£$:^to 

[0087] (MttttM) 

1 0 g % £/c&5 0 g©^fi£JP;i/c7^ =p7,(D%^ (¥^0. 1 m 

m©^yKS£) %ummm (^EI^EIM) 
fco (5mm/#) % 1 5mmhlfc0 

iibfco 

[0088] Oiifil Og, 5 0 g (Dl^f tit t N i P Sb $ <h m^UT(D& 

A : ^fi1 0 g-e&N i P«)9$^lfmi>5^5 0 gTiiN i Pt$b 

•o y tzz> 

X :^fi1 Og-etN i Ptsb-o^&y fatfm < && 

- : +fitmm^if%bnt£fr^tctctsb (it^ttM rxj K i 
iZ-Dl^X &PMI L^iT-otco 

[0089] 1 (C^lTo 

[0090] 
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[H1] 

No. mm 
(v rn) SJSTO 

fifJS 
(GPa) 

mmmm 
^jf 
(°C) (°C) 

mm®. ItJfttttt 
ifffi 

1 80 7.5 275 195 Oai X 

2 
80 7.5 

300 220 X -

3 
150 7.8 

375 225 o X 
4 150 7.8 400 250 X -

5 
200 8.3 

400 200 o X 
6 200 8.3 450 250 X -

7 3.5 
250 8.7 

450 200 o X 

8 250 8.7 
500 250 X;±2 -

9 
300 8.8 

460 160 o X 

10 300 8.8 
500 200 X;±2 -

11 
350 8.9 

460 110 O X 

12 350 8.9 
500 150 x ;±2 -

13 
150 8.0 

325 175 O A 
14 150 8.0 350 200 X -

15 
6.1 200 8.4 

375 175 O A 
16 6.1 200 8.4 400 200 X -

17 
250 8.8 

400 150 O A 
18 250 8.8 

450 200 X -

19 
200 8.5 

325 125 O o 
20 200 8.5 350 150 X -

21 
10.5 250 8.8 

375 125 O o 
22 

10.5 250 8.8 400 150 X -

23 
300 9.2 

400 100 O o 
24 300 9.2 

450 150 X -

[0091] 1 (D roj i o2m(Dmmmz, 
S (<- X El 1 k-<J\ L/Co El 

1 ^ msb(om ( r3 oo°ciij, r3 5 o°ciij, mmmt] ) izmm 
}MS (<- & J/S ~t~ 5o 

[0092] 13-2 4 mm 
3 0 0°C£l±) , (A£l±) fccfctf. filJt (4 

. OGPa^Lt) IZ&tlT^tco ftlZS i 0 1 0/xmJ,Ua/c 

No. 1 9-2 4-m, I1J16. 1 jxrriih LfcN o. 1 3 ~ 1 8 £ Jzt^T <fc 
lJ IStl/cItSlEtt'lWt# btl/co 
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[0093] -15. 

[0094] $0g0#0g^at (8 0 °C) (No. u 2) , 2 1 b°CX(D 

btltcif (No. 1 ) % 3 00bft&fr 

-otc (No. 2) 0 

[0095] t/cS i 02m(Dmm (3. 5 Mm) (No. 3-12), 30 
0 btl&&©©s fc0 

[0096] ^2 

2 TiiS i 02|l<hIti5S{\ttt©M#(CdNTIi^</co 

[0097] ±§E^®n tfffl Lfc7J^-^ASI^2 5 OtHCflDf&U SiO20g© 

11)1^3. 5 M m (tSglfal) , 6. 1 yu,m (tti£fa2) % 9yu,m (tti&fa 

3) , 10. 5 Mm (§iUf^4) (CL/c£l^£±§EH«yi 

t^7X7CVDST7J^-^AMSI (Rfittf-f^^) (CS i 02flg 

£ J5&I1 L T IS,Itfa £ ̂  L /co 

[0098] 0%(DtcSb, ±§E^i$1 

N i Pab?t*&fa%&%m2£LXMMLfco 
[0099] N i PA&oStt, jjftflg (±^lli: AD-68F) , !£&;#• (±^H 

1: AD-1 07F) , Vy>T- KMH (±^Hi : AD-301 F 3 

-X) Jkft-otclk, N i (±Mlii:-AfVHDX-7G 

: H D X - A ©;f^)S) $ JS £ & 1 0 M 

m "C& o fc0 

[0100] (MttttStit) 

1 0 g % £/c&5 0 g©^fi£JP;i/c7^ =p7,(D%^ (¥^0. 1 m 

m©^yKS£) %ummm (^EI^EIM) ic&M^-ttTjfUjs-ti-
fco (5mm/#) % 1 5mmhlfc0 

2 (C^1"0 

[0101] @2J;y^©c^:^fr9/co £.ts S i O JlOElJS^: 3 . 5|xmHfc 

^n^i #^yi (7J^-^AMII) <t 
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h-otc2 (N i <fcy t&o-c£y, 

[0102] -J5s S i 02S1©S1J1^:6. 1 yum (tti$fa2) % 9yiim (tti$fa3) , 

10. 5 M m (iS,itfa'4) <h L/cif-ns 1 (7il/$-^Ap#Si) 

t/c^fi1 0 g CDi§n\ tti$fa2~ 

4 ©jfni^^ 2 <h iti#-es> y. LT^/C0 M 
(C^fi 5 0 g (Dmtis mmt 2 (SIB 6 M m) 2 <fc y 

Sti$fa3 (HJ19yu,m) % tti$fa4 (Elff 1 0. 5yu,m) CD 
2 j: y ty, <t y & c: «h 

ifJofr-Dtzo 
[0103] mm 3 

L/cS i («¥»Ra) 
[0104] S i Ozm<DmB%7 Mm, S^Jt2 5 0°C<h L/c£l^£±§EHi$ 1 

Vtc7)\,5i = VJx&mz, X^XvCVD^JCcfcy S i 0 2{££${£ UTS*®! 

fa^M^L/co 
[0105] S i 02|l^J^|l-r^fu(C, 

L fco £ t\ 7 JU $ - 0 tut R a 

(Atomic Force Microscope; 

A F M) "CMJ/i: L/c0 AFM<hLT(is Nano Science Ins 

t r u m e n t ttMCD TNanosurf easyScan2 Flex 

AFMJ zm^tc mm^fxmn) 0 

[0106] &fc\ ±§E^/5$im^fl£ R a &s US ^$§¥^11 £ R 
a [J I S B0601 (2001$) ] IZ&^T L/c0 

^/t>^¥±H*I^R s i 02H^j^|l-r^tu©7;U$-0A 

SfeCD^/5i§¥£]#l£ R a (i, 8 . 9 n m Xfo n tca 

[0107] )xiz, TJiss^tAgmzmmLfcs i o2m<Drpfom¥®m$Ra&M£ 
Lfc o ^tCDftnMs S i 0 2EilCD|4q/L>$ll^i£]$l^ R a (i 8 . 9 n mt'fey (H33 
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[0108] mi^rs i (Speed Fam|9 

-y K (Pj-iU'^lRN 

— H/^'^K) (7'>"$iCompo I 2 0^17 7 'J-) 

mmtz>m(D3kmmmi±ti i oogf/cm^ iftasut 
6 0c m/®£ U ffiMwM-ZOn&M.fcfr'b v 'J £01® ̂ Jt ( 
2. 2 g / cm3) 

[0109] s i o 2m% o. 39 ix Ltcmzm^ u^/i>$i¥^$i£ R a & o. 
4 5 n m-e&y, S i 0 

0 

[0110] mcs i o2n^o. 6oRa& 

0. 2 7 n mfJ)^, tf £ o £ T\ +^(C¥ 

/it "o tl& Z. b. tltco 

[0111] o©l±lM^ 2 0 1 2^1 2ft 2 7 

01 2-2 8 5 7 6 0^tfSt©tS>l 

Z>t*(D-?:foZ> o 

[0112] #fgB££^t-£fcg>lC\ 

ilux^Bj^Mjfro+^Hci^ u/cjb^ 
£ ̂ H&tf/X (c 4 L ti 3 £ £ T? £> £ <h s§s$f /< $ t? 
$>&o ii^oifiis 

•5>o 

[0113] 

m ̂  ©t^^i £ mi 1- * (c a IN T, u E RTI^ 
t£o 
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HacOlfiH 
[11^111] JS£6. 0 jLtmJ^±0S i 

fulES i 0|l(ifulB7;U$-0ASte^ 1 5 0°C~ 3 7 OtHCiM 

1 T . mnj&mfc ic £ y $ ntc t © •-e $> % z t %M 11 % m% 
Alfto 

[11^112] 7°^X^CVD)i-eS)^II^IIUC|B®©7;U 

^z^AlSo 

[II^t<II3] tulBS i 02flg©JI*tf1 5. 0 jx miilT"CS)'2)s Il^cljt 1 ^/c(i 

2 ZJU $ — 7 ASfto 


