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1 - (polyethylene-polyethylene oxide
block copolymer), 2 - (polyethylene
oxide-propylene oxide block copolymer), 3 - -

(polyethylene oxide-propylene oxide-polyethylene oxide triblock copoly
mer), 4 (cyclodextrin) , 5

(polycarprolactone dendrimer)
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1] Il m 0_3 y n 1_10
(hydroxy group) (Hydroxy gr
oup)
. , (triethyl amine)
0~200 |, ~110 . 1 ~100 ,
2~24
(matrix precursor) 400
, . (silicon), (carbon), (oxygene), (
Hydrogen) D (silsesquioxane), (2) SiOR4, RSiOR3 R2SiOR2 (silane)
, 2 500~20,000
(alkoxy silane sol) [ R 1. (3 (cyclic) (cage)
(siloxane monomer) SiOR4, RSiOR3 R2SiOR2 (silane) ,
2 1000~1,000,000
(siloxane based polymer )

, (poly(amic acid)), (poly(amic acid
ester)) (imidization) (polyimide) , (polybenzocyclobuten
e) , (polyphenylene), (poly(arylene ethers)) (polyarylene)

(organic polysiloxane) (silsesquioxane)
(hydrogen silsesquioxane), (alkyl silsesquioxane), (aryl silsesquioxane),
(precursor) (cyclic) (cage)
, Si-OH 10 % , 25 %
, (organic polysiloxane)
1
10 L
10
R
|
[ & _
CHo(CH2)nSiX XoXs
R , C1~-C3 (alkyl group), C3~C10 (cycloalky group) C6~C15
(aryl group) , X1, X2, X3 C1~C3 , C1~-C10 ,
,p 3-8 ,m 0~10 , X1, X2 X3
11 13 )
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1-1: A
2,4,6,8- -2,4,6,8- (2,4,6,8-tetramethyl-2,4,6,8-tetravinylcyclotetrasi
loxane) 29.014mmol(10.0g) (0)-1,3- -1,1,3,3-
[platinum(0)-1,3-divinyl-1,1,3,3- tetramethyldisiloxane complex(solution in xylenes)) 0.164g
, 300ml . -78 ,
127.66mmol (17.299g) , . 20
, 0.1torr , 100ml 1
(celite) , . 0.1torr ,
[-Si(CH 3)(CH ,CH ,SiCl 3)0-]1 , 95% . 11.28mmol(1
0.09) 500ml , (triethylamine) 136.71mmol(13.839)
-78 . 136.71mmol(4.38Q) .
15 , (celite) , 0.1torr
. 100ml 1 (celite)
0.1torr , 17
A 94%
17
H,
[ ]
S
7 °—;
CH.CH.Si(OCH,),
2 -
2-1 A: A
A 9.85mmol(8.218Q) , 90ml ,—78
( 35% ) 100ml:8.8ml 1.128mmol
, 393.61mmol(
7.0849) . 70 16 .
(separatory funnel) , 90omi ,100ml 5 ,
( )(sodium sulfate anhydrous) 5g 10
, 0.1torr ,
A 5.3g
2-2 B: A
(methyltrimethoxysilane) 37.86mmol(5.1589) A 3.79mmol(3.1629)
, 100ml , - 78 ( 35% ) 100
ml:0.12ml 0.0159mmol ,
529.67mmol(9.5349)
70 16 . ,
100ml , 100ml 5 , ( )59 10
) 0.1torr
' B 5.5¢
3 -
(gel permeation chr
omatography, Waters ) , Si-OH(%) (NMR, Bruker
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) , 1
[ 1]
MW MWD Si—OH (%) Si-OCH 5 (%) Si-CH 5 (%)
(A) 14000 3.51 31.5 0.5 68.0
(B) 4194 28.9 28.9 0.7 70.4
Si-OH  , Si-OCH3  , Si-CH3 (NMR, Bruker )

Si-OH(%)=Area(Si-OH)+ [Area(Si-OH)+Area(Si-OCH3)+Area(Si-CH3)]>100,

Si-OCH3(%)=Area(Si-OCH3)+ Area(Si-OH)+Area(Si-OCH3)+Area(Si-CH3)>100,

Si-CH3(%)=Area(Si-CH3)+ Area(Si-OH)+Area(Si-OCH3)+Area(Si-CH3)><100

4 -
4-1 A
Brij35P( [Aldrich], C 12 H 55 (OCH , CH ,) 45 OH)
) (THF) 60ml
10 . (THF) 40ml
siliane) 2.4mmol(0.475g) O .
5 , 0.1torr
A 2.0g
4-2 B
Brij35P (surfactant) 6mmol(4.079)
ml 10mmol (1.39ml) 10
mi 2,4,6,8- -2,4,6, 8-
- tetrachlorocyclotetrasiloxane)  6mmol(5.0g) O
(Methanol) 66mmol (THF) 50mlI
, 0.1torr
4-3 C

glycol-polyethylene glycol triblock copolymer, Mn=8400)

(surfactant) 2.4mmol(1.63g)
10mmol(1.39ml)
(triethoxychloro

. (THF) 200
: (THF) 40
(2, 4, 6, 8-tetramethyl -2, 4, 6, 8

70mmol(9.7ml) 10
5
, B 9.0g

(polyethylene glycol-polypropylene
(surfactant) 0.6mmol(5.009)

, (THF) 150ml 1mmol(0.14ml)
10 . (THF) 40ml (triethoxychlorosilian
e) 1mmol(0.198g) O . 5
, 0.1torr ,
C 5.0g
5 —
2 , 4
(propylene glycol methyl ether acetate) 2
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, (boron) (doping) P- (silicon
wafer) 3000rpm (spin-coating) . (hot pl
ate) 150 1 ,250 1 (soft baking) ,

(Linberg furnace) 420 60 ,
(prism coupler) 2
[ 2]
Sol. @) |Porogen @ ()
5-1 (A) Brij35P 30.0 30 8691 1.3459
5-1 (A) A 30.0 30 10916 1.2579
5-2 (A) A 30.0 30 12748 1.3175
5-2 (A) PEO-PPO-PEO 30.0 30 nm @& |nm @
5-3 (A) C 30.0 30 12621 1.2823
5-4 (B) A 25.0 30 9594 1.2801
5-5 (B) B 25.0 30 12118 1.3482
Sol. (1) (wt%)=(( (g)+Porogen (9)) x 100)/[PGMEA + (g) + Porogen
@]
Porogen (@ (wt%)=(Porogen (g) x 100)/[Porogen (9) + (@)
nm ® : /PGMEA
6 - / (modulus)

(boron) (doping) P- (silicon
wafer) 3000 (Metal evaporator) (titanium)
100 (Aluminum) 2000 5 3

. Imm (hard mask) Imm
(Aluminum) 2000 MIM(Metal-insulator-metal)
. Probe station(Micromanipulatior 6200 probe station) PRECISION LCR METER(HP
4284A) 100 kHz, (Capacitance)

k=CxA/goxd

k: (dielectric ratio)

C: (Capacitance)

€ O: (Dielectric constant)
d:

A:

(modulus) (nanoindentor; MTS

)

- 10 -
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[ 3]
Sol.(1) |Porogen(2) |, (%) ( (K) (GPa)
1 6 (A)  |Brij3sp 30.0 |30 14.8 2.35 2.05
-1 6 (A) A 30.0 30 34.8 2.17 3.43
5 6 (A) PEO-PPO-PEO 30.0 |30 n.m @ nm 4
2 6 (A) C 30.0 30 28.9 2.27 4.88
_3 6 (B) Brij35P 25.0 30 17.7 2.60 2.14
3 6 (B) A 25.0 (30 32.7 2.38 2.54
6
_4 (B) B 25.0 30 18.7 2.55 2.71
Sol. @) (wt%)=(( (g)+Porogen (9)) x 100)/[PGMEA + (g) + Porogen
()

Porogen (@ (wt%)=(Porogen (g) x 100)/[Porogen (9) + (9)

%) ® = Lorentz-Lorentz
nm @ : /PGMEA

7 -

5 Ellipsometry Porosimeter [EP10, XPEQT ]

4 50
[ 4]
Porogen (2 (wt%) ()

7-1 (A) A 30.0 32.0

7-2 (A) B 30.0 32.6

7-3 (A) C 30.0 13.6

50 ) )
) , k 25

- 11 -
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(57)

1.
2.

1 , ( (matrix precursor) +

) 100 0.1-95

3.

1 , ( (matrix precursor) +
+ ) 100 20 99.9 , 50 95
4,

1 1

(halogenized silane compound)

5.
4 , (triethylamine)
6.
4 , (hydroxy group) 1
- (polyethylene-polyethylene oxide block copolymer), 2
- (polyethylene oxide-propylene oxide block copo
lymer), 3 - -
(polyethylene oxide-propylene oxide-polyethylene oxide triblock copolymer), 4
(cyclodextrin) 5 (polycarprolactone de
ndrimer)
[ 1]
H3C T CH2)a tOCH,CH,)mOH
[ 2]

HO‘(‘CHZCHZO')',,—('CHz?HO')'nTOH
CHs

[ 3]

HO‘('CHZCH20‘)|—(‘CH2?HO')m_(‘CH20HQO)n_OH
CH;,

[ 4]
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OH OH

TR
X_/Sl_(_(]:_)?S\_
RO R OR

I 2-200 , m

8.
4 1
(monosilane compound),
9

[ 6]

XSi(OR) 3 ;R ;

[ 7]
TR
X_/SI—(_?_)?S\_
RO R OR
[ 8]

R T R
X—/Si_(‘o_?i‘);O—‘Si\_X
RO CHs OR

[ 9]
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,h 2-200 , g
0~200 ~100
(halogenized silane compound) 6
7 (disilane compound), 8
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Ro XS SiXRam
R , C2~C30 (acyl group), C1~C5 (alkyl group) C3~C6
(cycloalky group) X (F) : «cn \n )
3 Iy m 0_3 y n 1_10
9.
1 , (silsesquioxane), (alkoxysilane sol)
(siloxane based polymer)
10.
9 , (hydrogen silsesquioxane), (alkyl sils
esquioxane), (aryl silsesquioxane) .
11.
9 10 16
1
R
|
o _
|__ Sl O —Ip
CHo(CH2)nSiX XXy
[ 10]
10 R , C1~-C3 (alkyl group), C3~C10 (cycloalkyl group) C6~
C15 (aryl group) X 1, X 5, X 3 C1-C3 , C1~C10 ,
,p 3"'8 , M l~lO y Xl,Xz X3
[ 11]

X3XpX4Si : o\S'Q,é%:smxzx3
xaxzx,Si*‘)‘// \ /
Q \ .
Si H SIX1X2X3
XXX, 51 \;5’ \oaé%'\(::%

. SiX XoXs
XaXoX4Si ~o—S n

[ 12]

- 14 -
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nSiX1X2X3
Si .
- SiX1XoX
pe 07'@3:, ' }A(;,smxz&
_ Si ’S'\o Si n
X3X2X1S| Ovo \ /\(SIX1X2X3
So n
x3x2x13i‘(")\/ N .
H %l'\o’gl/o n SIX1X2X3
X3X2X¢Si A i
32 Nsl\ofé|mslx'|)(2x:3
XaXoX4Si
[ 13]
Sz(fnga
[ sixxexs

Si SiX XX
) 1X2X3
| Sjm— quzx1xzx3
X3X2X135~§,)n/\[0é N
i
(y RWSIX,XZX;,
i
~,
X3XZX1SIN% O_SI wSIX“XZXS
N
xaxzx,s|N °~S'

SiX1X2Xa
? SiX1X2X3
11~13 X 1,X5,X 3 C1-C3 , C1-C10 , N
l~10 5 X 1 X 2 X 3
[ 14]
SiX 1 X oX 33X 4
[ 15]
R 1SIX {1 X 52X 3
[ 16]
R ;1R ,SIX X,
Ri1,R>» , C1~-C3 (alkyl group), C3~C10 (cycloalky
group) C6~C15 (aryl group) X 1, X 5, X 3 Cl1-Ci10 ,
12.
11 , Si-OH 10 %
13.
1 , (polyimide), (polybenzocyclobuten
e), (polyarylene), (polyarylene ether), (polyphenylene)
14.
1 , (anisole), (xylene), (mesitylene)
; (methyl isobutyl ketone), (acetone) ;

- 15 -
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(tetrahydrofuran), (isopropy! ether)

(propylene glycol mono methyl ether acetate) ;
(dimethylacetamide), (dimethylformamide) ; (y -buty
rolactone);

15.
12 , , , )
16.
12 , 1.0~1
00.0 0~200 1~100
17.
1 1 1 ’ 1
, 150" 600
18.
18 , 1000 5000rpm
19.
1
20.
16

- 16 -
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