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SUMMARY

Recently, materials with a low dielectric constant are required as interlayer
dielectrics for the on chip interconnection of ultra-large—scale integration devices
to provide high speed, low dynamic power dissipation and low cross—talk noise.
The selection of chemical compounds with low polarizahility and the introduction
of porosity result in a reduced dielectric constant. While porous thin film
characterization techniques are beginning to emerge, there is much work to do in
order to understand the structure property relationships in porous low—k thin
films. an the present study, low—k SIOC(-H) films with nano-pore structure were
deposited on p-type Si(100) substrates using UV-source assisted PECVD with a
mixture of oxygen gas and DMDMS. FTIR spectroscopy performed in the
absorbance mode was used to determine the related Si—-O and Si—CHs bonding
configuration in the film, and the bonding structure of the Si—O-C composite films
was analyzed using XPS. The characteristics of nano-pore structure in the
SIOC(-H) films were investigated by using Bruggeman's effective medium
approximation, the dielectric constant of the films was investigated with a metal
insulator semiconductor (MIS, Al/SIOC(-H) films/p-Si) structure at 1 MHz.

The SIOC(-H) dielectric films were prepared with various compositions and then
subsequently annealed for 30 min in a vacuum at 100, 200, 300 and 400 C. The
dielectric constant decreased from 2.43 to 2.18 and the refractive index
decreased from 1.44 to 1.42 in accordance with the increase of porosities from
42.04% to 49.72%. The current voltage analysis indicates that the leakage—current
density is 5.55%10° A/cm® at an applied electric field of 1 MV/cm, and the
dominant conduction mechanism is found to be Schottky emission in as—deposited
and annealed SIOC(-H) films at mid electric field.

The spectra of the Si—-O-Si asymmetric stretching mode for clearly separated
Si-O-Si and Si—O-C bonds indicates the existence of a caged Si—C bond, and this

1s a reflection of the enhanced porosity in the films. Carbon atoms could be

_iv_



incorporated in the SiIOC(-H) films during deposition by —-CHs groups attached to
Si atoms in the Si—O-Si networks, and the Si-O-C substructure. Some types of
CH, were removed from the bulk of the film due to the annealing process, and
some of the Si-O-Si bonds changed into Si—-O-C bonds including ring and cage

links in which C atoms had been incorporated.
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Table 1. The deposition conditions of the SiOC(-H) films.

Plasma Sources

CCP

rf power(W)

600W, 13.56 MHz

Total flow rate 100 scem
Oz gas flow rate 20 sccm
DMDMS gas flow rate 80 sccm
UV wavelength 225~500 nm
Initial pressure ~ 107 Torr
Working pressure 250 mTorr
Deposition time 10 min
Substrate temperature RT

Annealing temperature

100 €, 200 C, 300 C, 400 C

Wafer

p—type Si(100)

_12_
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1. €3l m& vheke] FTIR 4]

Fig. 5& A4 F23k SiOC(-H) ¥k 100, 200, 300 18|31 400 T=
datg] e SiOC(-H) ¥tete] FTIR AFE#Holt}, wavenumber’} 890, 1037.5,
1102.5, 1270 23l 2970 cn ' GGl A vEhd ~HERDLE Si-CH;, Si-O-Si,
Si-O-C, Si-CHs; Z#8]3 CH, (n=1,2,3) bondE °]t}. 18]il wavenumber”}
3720 en”! 2 G A vpEbG AHEZ LS H-OH stretching RE o]t} o]&
A EHLS AP A2 SIOC(-H) Hrepol]l digh Aofar, dxjg] == #AIgle]l &
A3 ~dEY o7 Uelth wavenumberZF 1000 cn ol Al 1250 en”t Y A
ol A= Si-0-Si¢} Si-O-C asymmetric stretching bond7} &3 ¥ o] gt} o]
Ade P49 SiOC(-H) #reteo] Ye-71ES st e v g [10
. gt o2 Yx-71FE zk= SIOC(-H) & 4L A& 7|3 ZHd &
Zg bondEL Si-0, Si-CHs, CH, 182 H-OH $o& 92 $+x2 zZet
olz]gt AAF %ol A Si-CHs bondE Si-O-Si bond +#& #3iL Si-O-CHs 2
ol et ae]ar -CHs group= UE bondt ATEHA 7] wol
SiIOC(-H) Bret ol v=-7]gs G4

Wavenumber”7} 1037.5 em ‘ol 4 YEl Si-O-Si asymmetric bond2] ¥ o]=
A Ay 22rF SUHgl weEt S4gke & 47F AL, Si-O-C bond
(1102.5 en™He] ¥o]a ZEe #ase B aea Si-CH; (1270 en )<}
CH, (2970 en') bondE& dxe] 2ol #Aglel dA vz Zwg
zka Qlvh. olddk Ade PAE drol dAe] 2=7F FUFE] we
0-Si-CHz¢} O-Si-O bondE°] Yi=-7]¥5 7FAWA cross-linking-network
Fx2 PAPHS ou s} [5]. H-OH stretching bond (3720 cm H)E A g
=oll Aol Feolae] Fe dAstth. Ak o ® H-OH bond= A&E
T gdAgstH F #=yx gerh ey dAE® AZelA H-OH bond7f
vrebd AL wbeh el H-OH bond7F $HrEo] = A ofy™ A& &

(3]
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Fig. 6= Fig. 59 FTIR ~FEH|A wavenumber’} 960cm ' ~ 1235cm™! 4
S THFAIRE dolaR EEE st YERd oty Ao R Si-O-C(-H) bond
+ -ring link, -open link Z8]3l —cage link®] 3F7/F A& R=E z2ta gt} o]
HES2 SIOC-H) Brehe] Azt ye-7]s 3 383 Wt s 51
[10], Si-O-Si(C) bond®] FTIR Z2AFNEZ-S (Gaussian peak fitting 2 5E FXA
& 4= 9lth. Wavenumber”} 1023.8 cm ' F-tollA] YERt ye]== Si-O-Si bond
o]al, wavenumber”} 1056.7, 1103.8 &L 1149.5 cm ' F-ZolA vehd sjo]=
+= Si-O-C bond®] -ring link, —open link “Z8]3 —-cage link ®=o]t} [11]. 7]
A Si-0-Si bond¢} Si-O-C bond®] -ring link 2=+ EA e =%=7 S7Fsel o
2} wavenumberZ} W2 9oz ¥ (red shift) B X3, Si-O-C bond9]
—open link ==+  wavenumber’} & 9o ® #Mol (blue shift) AAro] el
ok ol A2 dAE $-¢] SIOC(-H) ¥rhe] %7} §hag) 4k A2t AQujddEs 9
vjshe, o]z sk ALl oJaA Si-O-Si bonde] -open link =9 F%7} -ring
link R=9] 2= ¥t = 22 on] gt o|2fgh A<= SiOC(-H) Bt At
A Si-CH; X5 EEo A, T3 Y 73 Fgd dAdH

Fig. 7& Fig. 6014 dAg] A 2ko] we} Si-O-C(-H) bonde] A&+ RE=
o] Adid HAHE yepd Aotk A FFE ¥k Si-O-C(-H) bond®
-ring link®} -cage link R2=9] o4 WAH= 23.%9F 22.8% o 400 T=
A gt 5ol 40.8%%F 29.6%= F7F stoitk ey Ao FEE ube
Si-O-Si bond®} Si-O-C(-H) bond®] -openg link E=9] A4 HAR= 21.8%
o} 31.7% ot 400 T2 AT o= 10.2%% 19.1%= #asich
A¥= Si-0-C ring link B=+= @Ae] 2527t 371 55 7139 "t $71st
i, SIOC(-H) ®fdfe] F+x20 2 <Hgdo] < 9ulgtt. dAeg 2=7 S7tst
W, 2% SIOC(-H) =k uiite] g4 927} 0-Si-0 network 739 &2 ¢
2o} AgtslbHA Si-O-C ring link 7-%7F Z7}ske Aol o]& <laf SiOC(-H)

ke ae-7)go] @A FUASRE FAAATE Ao Az | [12]

1o

I
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[DMDMS/(DMDMS+0 )| x 100 = 80%

4 __~ Si-0-Si(C)

Absorbance(arb. units)

1000 1500 2000 2500 3000 3500 4000
-1
Wavenumber(cm )

Fig. 5. FTIR spectra of the SiOC(-H) films prepared with various
annealing temperatures for [DMDMS/(DMDMS+ Os)] flow rate
ratio of 80%.
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Fig. 6.

[DMDMS/(DMDMS+OZ)]X100 = 80%
~400°C
300°C
200°C
100°C
5 RT
Open Link Si-O- -
S O
950 1000 1050 1100 1150 1200 1250
Wavenumber(cm'l)
Deconvolution of Si—-O-C bonding mode in the wavenumber

range from 960cm ™’ to 1235cm™' post annealing was done at
100 C, 200 T, 300 T and 400 T for 30 min in Ar gas

ambient.
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| [DMDMS/(DMDMS+0,)|x100 = 80%

‘; —m— Si-O-Si network

> —e— Si-0-C ring link ®

2 40 1 Si-O-C open link /

= —v— Si-O0-C cage link [

.2 ./

~—

30

2 N 4 D2N%Y

= ',,.v/v :

i 20 B | A

> \*"I5~m

£ .l

) -

o 10 |
0 100 200 300 400

Annealing Temperature ( 'C )

Fig. 7. Relative absorption areas of the Si—-O-Si, Si-O-C ring link,
Si-O-C open link and Si-O-C cage link mode of the SiOC(-H)
films prepared with various annealing temperatures for

[DMDMS/(DMDMS+ O5)] flow rate ratio of 80%.
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Fig. 82 A& Akatet (Si0n)9F SiOC(-H) ghetel A 0-Si-0, Si-0-Si 1
2lal O0-Si-C bond Atele] AFZHS vepdl EAE oty 7|4 6,7 6,+=
SiOz B4 0-Si-09F Si-O-Si bond Atele] Agtzt o]a, 6,9 6,=
SiOC(-H) uFetell A O-Si-C9} Si-O-Si bond Abo]e] AgHzt ojt}, Uutx o=
FTIR ~FEdA = A2 2t (Si02)2 Si-0-Si bonde] AF7HS 120°
2 o]FWA HEEe] symmetric stretching bonde ¥o]=7} veEbdTh 18
U SiOC(-H) ¥re 0-Si-C¢F Si-0-Si bondZ AgEo] 7] wio] o]&
bond Apolell o] AFZEL athel ©rao] WY SAE Aold oste] A7}

< t2A vEhva w9 Agtxrt vk [3]. Fig. 9% SIOC(-H) ®hete] o
Ag Lxo] wel Si-0-CéF Si-0-Si bonde] Z¥2z wWss Yehl A ol
o

AY7he v=pfsing| & olg3t] AMTAL. o71A, o= AR o, 4e

1135.6 cm™ 24 A& dakslete] wavenumber ©]il, » & SiOC(-H) =het
9] FTIR &= E"&o| A wavenumber ©|t}. ZZ¥Ho|A Hi= ZAAHH Si-O-C bond
Aol Azt (o, Fig.8 (b) =) dAg &%7F AL, 100 283l 200 T
ol 152.8°, 153.2° Zg|al 153.3°2 F71e ey 3009 400 ColAde=
153.2°2 oF7F 743k lth. Si-0-Si bondol Aol A&7 (4, Fig.8 (b) Fx)
gy X7 A3 100 CollA 128.8°¢F 128.1° o]ar, 200+ 300 TCeollA
124.4° 28] 400 ColME 127.4°%2 oF7k 7Faskgivh [13,14]. ] AL Fig. 6
o] Az} o] dA g 3 Fo= Si-0-Si bond BE2] wavenumber”} Zo}A]
T FoF olwdtt FE £ dAAH HAHA dAE =7t AR w
Si-O0-Si Aol 4 s Tz L ARSI o] 2a ZobAal Jlag ov|eh
th oA dA Y Hele 4

A AL oulsy, dxg F9 SiOC(-H) vahe At 945 F4o
ATrzollA] 1 ARSI ZEo] Aol o v A EH5ES
AFNZHE Si-0-C-H) AT+ A 227t T/l wet Si-0-Si 4
7 Brh Si-0-C AgZo]l F7ta skl vYw-7]ge] A7|7F AXE Aelth
b stH O-Si-O bondell AFE -CHzx= terminate ¥7] wjo] chain

networkE ©o]FA & wIxtgRF ZEXWA Yx-7]Fo] A EHE= Aot}
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Si-O-C bond®] ZgZolu} Si-0-Si bond Agzte] dA g &x7t S71gl
upe} #popAl= A& Fig. 59 AAA7 FAE SiOC(-H) w2 O-Si-CHs%t
0-Si-O bondE°] Yx-7]3S 7FAWA cross-linking—network 7%= ¥4
H4E5 o g

Fig. 102 Fig. 99 A¥=3E dxz &% wE Si-0-C bonde] A=A}

EWlE (dipole moment)E YERH Zlolt}, o] 7|4 Si-O-C A7t A=ARHE

T fsi-o-c= \/(MSi—c>2+(M5i—o>2_2 Mswc)(#swo)cose/’\ﬂ]giy"ﬂ At g 9l

BA pgo o= 2.5%107°Y € e mOlAL, pg o2 2.0x107° Cem oL,

ol
<2
|
@)

9} Si-O bond AFole] AFrzb o]t} Ao Ao I RHAIEE 1.164x107%
CemAOo} dxa €57 100 CAAE 1.151x107°° ¢« m=Z F2A3) 243}
G, 200 T2 dAad AL AE 1.148%107%° ¢v m=z k7 4390 1

U} dAELEE 3009 400 CZ 3 AoAE 1.150%x107° ¢« m=E F7F
Z7bet et o]¢ 28 FAS SiOC(-H) vFgol A dxe w7t ZF7ebd vhat

yiol -CHs groupe]l &7Fetal, -CH,o] O-Si-O bond®} AFEHHA Si-0-C
bondE At4e} B4 PGAbe] wharE o2 <ldle] Si-0-C bonde] AFSlZto] #HX]|
7] WiEelth. wEbA Si-O-C bond®] A§7zte] AW A=2F HullEx ZHolA| a1
Bheby o] ve-7] 7] o] SUkske] fraddrE 2
3 FI mdES] WalE 29 SiOC(-H) vl o] gha A9k A4 P49
47154 % (electronegativity)e] zFolol oJs]A AT [16].

Fig. 112> d48 X w& Si-CH; bond9] A4 FZ=HE Uehd Aol

b
>
N0
X
rob
iy

o]

2

A }
t}. Si-CHs bond®] A4 FZH|& A ﬁ X 100(%) 0.2 AArE 4 9l
C o

o} o714, 4.5 wavenumber”’} 888 cm '# 1270 cm'¢ 3] Si-CH;
bond®] o]z WA oli, 4,5 wavenumber’} 960 cm 'elA 1235 cm ' ¢
g2l Si-O-Si bonde] ¥oj=a wAelry, A2er e Si-CH; bonde] dth4
FTEHE SEE AdE 6.3% o 100 TR A} 4ol s 6.6%=

F243] =718tk 2 2009 300 CAAME 6.7%= DA, 400 C=
At HIAME 6.8%= S7F stk o] A= Fig. 73 109 239} &
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rot

Ao Si-CH; bonde] A4 wu|7} 27} 3842 Si-O0-C(-H) bond
o A} -ring link mode”} &7}e& ¢n|gtt}. webA Si-CHz bond9] 2 th ]

FEAZE S7F EE Y- BEF SUbete 3t adn [17].
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(a) Si—O-Si (b) Si-O-C

Fig. 8. The bonding angle of the (a) Si-O-Si and (b) Si-O-C.

129.5

[DMDMS/(DMDMS+0,)|x100 = 80% |

—
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N
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- — = §8i-0-C {1280 ¢
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Annealing Temperature (OC)

Angle of the Si-O-C link (deg.)
\
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127.0

Fig. 9. Si-0-Si(C) bonding angle of SiOC(-H) films prepared with
various annealing temperatures for [DMDMS/(DMDMS+ Os)]

flow rate ratio of 80%.
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11.65 [DMDMS/(DMDMS+0,)] = 80 %
11.63
11.60
11.58‘-
11.55
11.53‘_ [y

11.50-_ \ /.7.

|
11.48

Si-O-C Dipole Moment (X10”°' C-m)

0 100 200 300 400
Annealing Temperature ("C)

Fig. 10. diopole moment of SiOC(-H) films prepared with various

annealing temperatures for [DMDMS/(DMDMS+ Os)] flow rate
ratio of 80%.
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65/ [DMDMS/(DMDMS+0,)|x100=80% g

6.7 H—N

—=

6.6 - |

6.5

Relative Carbon Content
[(Si-CH3)/(Si-O-Si(C))+(Si-CH3)]X100%

6.4

6.3 - |

T T T T u T T T
0 100 200 300 400
Annealing Temperature('C)

Fig. 11. Relative carbon concentration of SiOC(-H) films prepared with
annealing temperatures for [DMDMS/(DMDMS+ O2)] flow rate
ratio of 80%.
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2. SIOC(-H) ®¥rate] A 49 A3t de &4

Fig. 12, 137} 14+ A-2oA F2Hgk SiOC(-H) 95 100 €, 200 C, 300
T 183 400 T 4A & ¥ SiOC(-H) B#e] O 1s, Si 2p, C 1s A% AR
of )&k XPS narrow scan 2=FEZ o]t}

Fig. 112 O 1s A% A ~FEHo 2N do]la= 0-C¢ O-Si bond® 4
Btk O-Si®k O-C bond®] AFUx= dAe 2&=d #AIgle] oF 532.6
eVel 530.6 eV olth. Agox F2g A=l O-C bonde] oA WAH|=
4.26% o1}, X 2%7F 100, 200, 300 28]3L 400 TZ I g 3 B¢
NME 4.49, 547, 5.25 23 8.01%= F7FeRnt. ey Ao FA3
A8 Si-O bond?] Aty WA= 95.73% o), dA2 %7} 100, 200,
300 zEal 400 CTZ 9Ag g AoAE 9550, 94.52, 94.74 181
91.98% =% 7FA3FtE. o] ZAi:= CHs groups® Si—-O-Si networks 7|a

Si-0-C T4 PN B A7) Fero] ZAGEE 0-C AFREE 37}
331 0-Si AR = 71435 Aol o] AR Fig. 79 Aot s},

I 200 T2 A3 A gl Si-04, Si-C-03 28] Si-C»-02 bond?] 3
7} bond7} 102.97, 102.17 Z12]aL 101.15 eV 9] Agvxol A Yetwtl.
gt 3009+ 400 TelA dA=g AlgelAe] Si 2p A=A 2FHEHS
Si-0s bond (103.1eV), Si-C-03 bond (102.1eV), Si-C»-02 bond (101.1eV)
7183 Si-C3-0 bond (99.7eV)E F3H = o] Utk o A 2=oA dEd
Si-C3-0 bond+ O-Si-O bondel| -CHjz group®| Aol &gt so=z Azbsir)
kst Fig. 13914 ®E ZAAH 3009 400 T2 IA23 A]JgolA Si-04
bonde] AdlA WAHE AT A XS A8 M 46.14% A 35.79% =
Aag AL Si-0-C(-H) A=A 0-Si-O bond+= FH4Aski O-Si-CHs
bond7} Z7}8l7] wjEolth, A gstA] &S AlFolA e Si-C-03 bonde] AHtj
A WANE= 36.6% Ao 400 T2 A AlBdAME 44.8%= 7138131
o} olg e A¥E SiOC(-H) ¥ihs dA e shd Si-O4 bond9] AbA a7t 9
oA yrba 1 Ao gA AATE AgsiA Hel Si-0-C 7E2E e A



ojm] g} [16].

Fig. 142 C 1sol W3k A= ®z 2 Eoe|ty, Iy yehlls dolds
C-H, C-0O (284.6 eV), Si-C (283.4 eV) 18]a C-0-C (286.5 eV)2] Al 7}
A Gz EeEn A2dA TS AR Si-C bondé WA WHAH=
14.65%°]31 dxg] &x7} 100, 200, 300 Z#]al 400 C= IAg 3 45
20.37%, 15.05%, 20.54% 12131 22.03% % S7}ekdch. 1g]al A-2ox F2
3 AlZ9] C-H, C-09 C-0-C bond®] A% WAn= 70.299 15.05%°] i,
400 T2 dAHS AlgolA C-H, C-09 C-0-C bonde] & wHAW =
66.079F 11.88%%2 743ttt SiOC(-H) ulutel A gxo] o] F71ghol] ut
2 Si-0-C 7x8 A4 HaL, 2k 7] $4% 35K W2 17 &4
T 252 zZtE B4R <8 Si-09 Si-0 Atele] whitrE BT Si-0$}F Si-C A}ol
of whae] o] AXA Hu FANFE IFE a9t doh B3 IA] A-F
glakol Si-O-C(-H) bond®] %% W3li= -open link7} -ring link® W 3}o]

& 1t} o183k SiIOC(-H) ¥hehe A2
A et ubdte] AA et B Fol H-OH7|7F whAurbar, ahakgie] 4
deo] WalE A geS 4 F At 2RH o= Si-C bond 7t F7F 5
Ui 7]Fo] FAHA 7|FEC] Tt ste AS & F A o|Z At fHE
o] Yold AL 7| 4= glu}. 0149 Si 2p, C 1s, O 1s AX9 Ax AdHE
He] A%s T3 2W dA"g F9 SIOC-H) #he] Fx+= Si-0-Si
network %7} Si-0-C F+Z&2 vi¥l=d 948 2%7F 571 &4% Si-CH,
group® H¢} Si-O-Si network %9 AtA 947t A& AgEo], g4 A
A Dxo gsted px7F g "l o] A dAe 2x U 4
Si-O-Si open link T+%7} Si-O-C rink link 7% % W3l= AS =
o|al FT-IR A¥¢} I &t
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[DMDMS/(DMDMS+0,)|x100=80% O 1s
400°C

\\
| 300°C
200°C
15 100°C

| . O-Si
@4 Iz ! RT
528 530 532 534 536 538
Binding Energy (eV)

Fig. 12. The XPS O 1s orbital spectrum of the as—deposited and the
annealed SiOC(-H) films prepared with [DMDMS/(DMDMS+ O5)]

flow rate ratio of 80%.
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[DMDMS/(DMDMS+0,)|x100=80% Si 2p

300°C

200°C

100°C

RT

96 98 100 102 104 106 108
Binding Energy (eV)

Fig. 13. The XPS Si 2p orbital spectrum of the as—deposited and the
annealed SiOC(-H) films prepared with [DMDMS/(DMDMS+ O5)]

flow rate ratio of 80%.
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[DMDMS/(DMDMS+0,)|x100=80% C 1s

400°C

300°C

200°C

100°C

RT

280 282 284 286 288 290
Binding Energy (eV)

Fig. 14. The XPS C 1s orbital spectrum of the as-deposited and the
annealed SiOC(-H) films prepared with [DMDMS/(DMDMS+ O»)]

flow rate ratio of 80%.
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Fig. 1562 A2dA dA ¥ SiOC(-H) ==t 100 C, 200 C, 300 T =17
31400 CT® dAEE SIOC(-H) ®hehe] dxp zAulolrh. AoA F2te
SIOC(-H) ko] 4ba Axp 2A4dHl= oF 46.02%% 21 100, 200, 300 1] iL
400 CE GAE 3 Azl = 46.7, 48.02, 44.76 18] 40.06 %Atk 200
o} 300 TZ IAT 3 A9 7t T oy Aoz & o aad

A zAuE dAe exd e gasts Ao tehg 2 AeoA]

27 e 9 2ARE ok 26.81%F ot 100, 200, 300 Zg]al 400 T
A3t A7 AE= 27.09, 27.20, 29.42 183 29.82%= Z7}8gth. A

AR M= ALo|AE 27.15% 93, 100, 200 18]aL 300 ColAE
26.19, 24.76 1281 25.81%% 7t 7rASt= A

o
ot

S KA, 400 TZ €43
3 AR AT 30.11%= Folth olEgt AdeE FF

Si-CHs bondE°] dxg]2o] wa} chain netrworko & ZAstabHA 2Ag] &9
AgtE o= Akt whA Urbr] ol Si-O-C(-H)=E ZAdEo] & vy
o] Ak Bl FAstal B4 FErb Z71stE Aotk wEks A%
FTIR¥} XPSe] A 4dxe} dX3H, Si-O-C(-H) chain networke €3 &

o wEt AgaE2rt Auidde & = du [19]
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Fig. 15. Atomic concentration of SiOC(-H) composite films with various

annealing temperaturs.
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3. SIOC(-H) ¥rerel vie 71 54 &4

TH=de ¥ 58 SAHsk= &k ol &9t Fig.162 A=dA T
& SiOC(-H) ¥=he 100 , 200 , 300 18] 400 CE 4 @ dhute] 7%
dx yepdl Aotk o714 7lE3&S 4 (BDE ol&ste] Axlsiltt. A=A
T2 AR 7|EES 42.06%°]13, €48 =%=7F 100, 200, 300 ¥
400 T2 g & A9ole 43.86, 46.91, 48.46 712]al 49.72%= F713H3
t}. SiOC(-H) ¥e Si-0-Si chain networkel]l —CHs groupsel 93] Si-O-C
TZE gAsl=d o7]A -CHs groups2 Si-0O-Si chain networks 7¢]
O-Si-CHs bondZ ZA#¥ 31, O0-Si-O bond® A3l Si-O-C(-H) bondZ
network®lt}. o]7]A4 O-Si-CHs bondell4] -CHjs group> ™ bonde} Z3HE
] @31 terminate¥ o] ZA| Si-O-C(-H) chain network FZAA Yx-7]F&
A "o olgdt dA2 Fig. 12, 133 149 O 1s, Si 2p 283 C 1s
AxE Az =2FERAAM AA A o] A 27t S7F FFF v@aAg
2R A3 Si-04 bondE FrAE L, Si-C3-0¢F Si-C-03 bonde] ZF7he] Ax
2 3l & & glen, ®3 Fig. 59 7¢ FTIR A#ol A% Si-O-Si bond9}
Si-O-C bond®] 3 2=FEHI} Si-0-Si bond2} Si-O-C bond®] open link
mode”} #F4st= thal Si-O-C bond®] -ring link®?} -cage link mode”} &7}
gk Akl dA g

Fig. 17 71% &°l tg Si-O-C bond9] A modee] A4 Fw&HlE
Bl Aolt}. 7]1F &9] 42.06%°01 4 Si-O-C bond® -ring link®} -cage link
mode?] A FEH]= 2359 22.8%°]3l, Si-O-C bond®] -open link
mode®} Si-O-Si asymmetric stretching bond®] A4 FEH|= 31.73
21.8%°ltk. =3 7] &o] 49.72%°14 Si-O-C bond®] -ring link¢} -cage
link mode® Zdl# F=HlE 40.8% 29.6%% F7Fstil, Si-O-C bond?]
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-open link mode®} Si-O-Si bond® A4 HEH]+= 19.17 10.2%% A5
A}, o]xte] AFoA Si-O-C bond® -ring link®} -cage link mode?] o)
A FEHlE 7lF2d wel 7F45kar, Si-O-C bond?] -ring link®} -cage link
mode®] Ath# FER= SUteke AR Ytk ozl dAy $9
SIOC(-H) H"behe] +27F ghaef AbA Ao Awid S on|abm, o2 gk Anj
Aol 9sfA Si-O-Si bond®] -open linked mode T%7} Si-O-C bond¥]
-ring link mode®] == W3tE= AS ov] b o]¥ g A= SiOC(-H)
vhuto] Ao A Si-CHs s RE=o] #AET. SiOC(-H) ¥t o] vie-7]
F9 47|17 Si-CHs group®] Si-O-Si bond®} AFel] ok Az} upuhyj
oA F5F 4747} -H-OH bond¢} Aoz AAEHE H0 #27F dA7] 2=
of ofs wrutuj oA wAU7FEA P Y. 183l Si-O-C(-H) bond F-%9
A Si-O bond¢} Si-C bond AFS1Zte] E7}3tA Ura-7]8¢] B o] Z7}3taL

X 7]:519] 3_7]94' 4_11*_—7]:51 :9:_;-0] %.7}_(‘5}1:_‘ zio]]:}

_34_



501 [DMDMS/(DMDMS+0 )|x100 = 80% 0
c\. 48 /
= O
<
~ 46 -
s
~N—
©
S
44
~ [ |
(=5 /
42 - [ |
T T T L T 4 T 15 T
0 100 200 300 400

Annealing Temperature (OC)

Fig. 16. The porosity of SiOC(-H) films prepared with various annealing
temperatures for [DMDMS/(DMDMS+ O») flow rate ratio 80%.
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Fig. 17. Relative absorption areas of the Si—-O-Si,

Si—O-C ring link,

Si-O-C open link and Si-O-C cage link mode of the SiOC(-H)

films prepared with various porosities.
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Fig. 19. Leakage current density of SiOC(-H) films prepared with

various porosities.
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Fig. 20. Transition of flatband voltage shift according to porosities.
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