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Hexamethylcyclotrisiloxane (Ds), tetramethylcyclotetrasiloxane (TMCTS)2 5% AA Si-H 282 g3
polysiloxane & Z A€ $/J3t1 allylamine & 28217 amino 712 T YA17] ¥ naphthoquinone-1, 2-diazide-
5-sulfonyl chlorde ¢ ¥+-&*17 naphthoquinone-1, 2-diazide-5-sulfonyl 717} =Y € polysiloxane & 43ttt
Y A 454 24 Ao, FEHLEE 360~450 °C A=gdor =3 BB L backbone
A BrFolY ZuA ] 25 wal g W), Sensitivity < 50~120 mJ/cm? 03 contrast (y) =
14~21 9227 backbone 79| EA}Fo] Z7}3to] wa} oFzk i

Abstract : Polysiloxane copolymers were prepared by copolymerizing hexamethylcyclotrisiloxane with tetra-
methylcyclotetrasiloxane, and then reacted with allyamine. Copolymers containing naphthoquinone-1, 2-diazide-
5-sulfonyl group were synthesized by reacting naphthoquinone-1, 2-diazide-5-sulfonyl chloride with siloxane
copolymers having amino group. Thermal decomposition temperatures of copolymers were 360~450 °C, and
photosensitive characteristics were dependent on the molecular weights of backbone resins and sensitizers.
Sensitivity of copolymers was 50~120mJ/cm® and contrast (y) was 1.4~2.1.
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[1,2]. Siloxane d#E ZE silicone T3
I WpAdo] $rstad —50 °C ol A 250 °C 9
EHeA ALEE 5 e 53] g2ny
> W3 silicone EEE 500 °C o]AHe] T
AHg 7He3ltH3]. Silicone A9 WA
st e FHFRERE FASIY gE 423
LH“?‘*Q vlas] Be | =fx)e] A9 Fa ga
&0l 43 Frhsle 2xE 47=427} 320 °C
Axolil (methylphenyl) silicone FA)7} 520°C &
FAA A4 ol F S48 dHPAL 2=
cone SI3HEE ZBA Mz o)L
829 photoresist 4] 18l1 F& =
o2, 3 Yy pSHF oz o] LH &
71 €. Quinonediazide 73715 2= positive
430 BEE HxE A 8 ne phenol-for-
maldehyde %3 AAE<Q novolak X9 =0
naphthoquinone diazide 715 =) 3} #| 2§ Shipley
AZ 1350 2 &4&lA slom QAT gry o5
8¢t 0] photoresist W} H# PS 78 734 Azw
°1-8-5 31 ATH5,6]. 3 silicone A= O, RIE pla-
sma etching A photomask A 2% 1 E4jo] wojut
RO.Z RHIE0] Qo] silicone FAo] 7BA7=
st 234 Ass o] 887 Y ARE o)
ARAH7~9]. 228} naphthoquinone-1, 2-diazide 7]
< polysiloxane 9] Z o] =Y 3te] 7+44 silicone 7l
sHE& Azt HuF AL Babich[10] So]
it 588 Aslie o)ls9 FHAxA Y} B
S0l tiste] AAsA mud yee o
Ml B AR hexamethylcyclotrisiloxane
(D2). tetramethylcyclotetrasiloxane (TMCTS) & 2%
FAA Si-H 23S 25 silicone block unit 9 di-
methylsiloxane block unit 7} Z8® FZ8¢4=2 %
zZ8ta A TEEA ] =49 naphthoquinone-1, 2-
diazide-5-sulfonyl 71& =3t silicone A 734
TAE T S WY TEPA 98 =48
ST £F 5S8R To)A9) photoresist 2 A}
8317 918 UBELS Loty 98 backbone 3
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2. 1. AIEQI 3y
2. 1. 1. Polysiloxane Copolymer 2| &4
Polysﬂoxane copolymer = Chujo 9] Wi =3}
o 34811, ol ZEW Dy TMCTS 9 trifluo-
roacetic acid(TFAA) & 719 7), wuty], g8wzs),
N 7F229dd, 224 9 A718 o%2 A% 50
mL 4 7 flask o 7}F8}iL 70 °C ol A wFS-A| Ak, T3k
RH3E ANZE 2@l8te]  hexamethyldisiloxane
(HMDS)& #7tste] BAge zAdsdch, v 4
%J8E dichloromethane off §3)A171 & 2842 4
Hoto] AEME AASAT. HeAde) ge cychc
siloxane oligomer & WM& Al¥sx ¢ 273}

o AAG] FAS AZE LEUHES Aeh,

2. 1. 2. Si-H Z&0| amine 719 £

2.1. 1914 34 € Si-H 28-S $43 polysiloxane
&% A 7.2 g 7 allylamine 2mL 2 toluene ol £33
+ &1 H,PtCls 0.05 g 7V3Fal 40 °C ol A 4 A7
& REAHT SN EL IF ZBAA E2
% ZojE AAsk] A2 aminopropyl 718 2t
polysiloxane A& = z3tg ),

i 2 of 41

2.1. 3. &&= X|&t=

mer 2| &AM

Polysiloxane Copoly-

Naphthoquinone-1, 2-diazide-5-sodium sulfo-
nate(NDSS) 2| &|=

Naphthoquinone-1, 2-diazide-5-sulfonic acid ¢
sodium salt = Reverdine ®8[12]¢ #=35}o 2z
stk ©1Z 8 W 30 % cupric sulfate 589 28 g
2-amino-1-naphthol-5-sulfonic acid 47.8 £(0.2 mole) &
200 mL o] S¥rroll &3 8 g Aol 748} sodium ni-
trate 12g = H7H3 F 4~5°C oA 1 A7 Feb 4
SHA| swbakgith. FzMel WA Ee 01N HCI 10
mL & ¥ol A3} AZITS 10g 9 dsfuEFo R
AAsto] NDSS & #2l8tdth. AA® NDSS &= v
ey ’\P%ﬁ}f’% FH AT F AT siQen
NDSS 9] mp. & 145°C 9o 82 829 Y}

NDSS 2] Chlorination
7]'§7]y ﬂ‘?_}7]a ;%%2}7] N2 }}\E 13&9 '\Q:E.
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A 2 H7LE 2 7] 8 FX 8 37 flask ol chlorosul-
fonic acid 42g 3 NDSS 326g S ¥1i 65~67°C £
4 A7 v g X ¥ 20°C 2 Yadsn 2ARE 4
g4 7t AAES At YAHE FAEES A
Pt YEFFZ AL thE 20~25°CAA 2
Az ), YAHEL ol E 200 mL o £3A170 o}
F ZFF 71ste AAANFeH AAYHES o
F3 o ATARES FA A9 NFYLES
BAHFE 82 %).

2. 1. 4. Naphthoguonone-1, 2-diazide-5-sulfo-
nyl % polysiloxane(NDSP) 2| &M

2. 1. 2914 &4 3 aminopropyl 71 & ¥+ polysilo-
xane 5% %A 2} 2. 1. 3914 34 E naphthoquinone-
1, 2-diazide-5-sulfonyl chloride, 2213 HCI acceptor
2 A) pyridine £ 2. 1. 19 Aol 7}8k3 20 °C ol A
24 A7 ¥HEAIZ) TS 70°C 2 1 A1 B REEAA
#3712 A& polysiloxane & FA3AT WS
AARAEL AEZHs £HE AAZ G I 2

£ d9ler ol ARE FHYh

&
g9} 52484

polysiloxane & #& FFHE 4 sensitizer E
Table 1 3 2] Ab&38le pyridine 50 mL o &3f1%t

& o] & Mo &5 um & EF 5 30 °C 0|39
otaol A ZF desicator o} Wi 24 A TR IF

AZF 70°C M 10 7 o dzsA.

Table 1. Preparation of Photosensitive Polymer So-

lution
Resin (g) Sensitizer (g) Solvent (mL)
NDSP? Picramide or DNA®  Pyridine
1 0.01 50
1 0.05 50

a) Mol. Wt. of NDSP
NDSP -1 3 43200, NDSP—2 ; 175000, NDSP—3
262000

b) DNA : 2.6 dichloro-4-nitroaniline

FTU33, A 2B A4 5, 1991

2.2.2. BEAFA

B2 FAE ARl13)e] FAE Agate] F2A)
AZem BEAE ARE SEF HYB ooz
BH dedA =Bstgch

2.2.3 8 &

Aol 723 Az ALLF Sl FUT &
W& AMgslgon F2A ¥ HE A EE TYE
ZZ8olA dgstdnh. APLET 20+1°C, Y
A7t Zb A8 diste 25 120 22 I T
F3le &ulE AASY] A8 140 °C oM 30 £33
7t AzsYrh.

FAL) S =%, 84, AxFo Hgude] dot
de AgY FALE FH3A o5 Hl(L/L) &
FE 73

2. 3. 71718

IR 42 Bomem A4l FT IR & AM&-3le] £4
3l93l, NMR #42 Bruker AH# FT NMR & A}
£3gen, UV 42 Hewlett Packard AH#] HP
8452 & AM&-3FHth. GPC 42 Water AHA] Model
150 CE ©]&3} polysiloxane copolymer & to-
luene ol 0.1wt % 2 £3A 7] o EAFS £33}
fdon, Exg Z3PA AHEE column 2 Bondagel
E-linear column &2 3Pl HEFAEE polysty-
rene & AHE-39 T TGA ¥42 Du-Pont A4l Ther-
mogravimetric Analysis Model 1090 & A}8-3}o] A4
173 Bl s AT

3. do ¥ nH

3. 1. Si-H Z#EE RSl polysiloxane 2| &4

D; & TMCTS & %ol& A8 F3FAA Si—H
B3-S 2= polysiloxane FFHAE A3} Hon
Zvl= TFAA & AH8-8tQ. k&89 D # TM-
CTS ] mole ¥ 0.1319 : 0.0045 & YA &4A 213
h& Table 2o Yehd wgZ2ZA HMDS 9 #
NzAd et BAEe 2Asgth weEd 34
HMDS & 7}§ $ 24 A2t 9k-8- A7) 7 S0l E-apFe
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Scheme 1. Preparation of Polysiloxane Copolymer.
a:D; b TMCTS c: HMDS

Transmittance

illxilAliLllil(lILl
5000 4100 3200 2300 1400 500

Wave Number (cmt)

Fig. 1. IR Spectra of polysiloxane.
Solid line : polysiloxane.
Dotted line © polysiloxane copolymer substi-

tuted aminopropyl group.

33200 F=H o, HMDS & 7HlFE A7 2 4]
4t 5AIZE, 12 A17F, 16 AIZE Foll vsla 24 A7
W& A171 79 polysiloxane & ¥} Z+z} 43200,
67300, 175000, 262000 2 ZF7lste vehgr, =
HMDS 9] #7FAIZ el wht £z} o] F7lete AL
HEbH =t o= termination A71E ZE& e A
o2 whg3t Al 8- Fe A$ FAu-go] W
g s o] Fatgo] golxE Aoz AtgHEHL}, o]0
e ¥HE-& o8 Scheme 1] veERdTE,

333 polysiloxane SF Al FREAL 93
IR, NMR 2 Z43gom 1 A%E Fig 13 Fig.
2 o Ve ATk, Fig. 1 91 A solid line & Si—H 712

10.09.08.07.06.05.04.03.02.01.0 0-1.0
& (ppm)

Fig. 2. NMR Spectrum of polysiloxane copolymers.

&5 & polysiloxane 35 A 2 IR 53 d3}o)il do-
tted line & aminopropyl 717} X #¥ polysiloxane
SEEA g &4 ZAolth Solid line &2 &
Al polysiloxane FF5 A9 IR spectrum < EH
1200~1000 cm ' oA Si—0-Si ¢ &4 FFust
Yety glem 750, 1250 cm ™! ol A Si—CH; & 43
FrHE ERASAT 2150 cm ™! ol M Si—H 719 EA
FFUE #AAAT. &£ Fig. 2914 EE 005
ppm 1A Si—CH; o 719 ¥ proton 9 EA4ESHE
72ppm 1A Si—H ol 7I9H proton FFh7} o g
A eI gle g Fddesgs Si-H 7S
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Fig. 3. IR Spectrum of NDSP.

Absorbance
j:

o 2 L
200 300 400 500
Wavelength (nm)
a : before UV exposure
b : after UV exposure

Fig. 4. UV Spectra of NDSP.

7§ polysiloxane 9 42 #3stgd).

3. 2. &43J|=2 A|EE Polysiloxane EHM

2. 1. 2 oA ¥4 & aminopropyl 717} =Y & polysi-
loxane ¥ A9 F2EL & IRE 439
29 71 A3E Fig. 1 ol dotted line 22 Jehi it}
Allylamine ©] =] ¥ polysiloxane T% &4 9] IR spe-
ctrum & X9 2150 cm™' 949 Si—-H ¢ EA 4
peak 7} ¢k2}E thAl 3300 cm ! A NH, 719 §4
&% peak 7} Vel Qe o Ko} allylamine ©)
EAHASES A 5= ASU

Aminopropyl 717} X 8¥ polysiloxane & AZ3
Fo 2. 1. 3914 AZx% NDSS & ASAA Az
NDSP ¢} IR #4Z3E Fig. 31 JehAt}. Fig
34 B 2150 cm ' 9} 2220 cm ' )4 o-quinone-

A3, A2A A4 5, 199

100

80

60

40

20

Weight Residue (%)

0 1 1 L
0 200 400 600 800
Temperature (°C)

Fig. 5. Thermal stability of NDSP.
a:Mw= 43200, b : Mw= 175000,
¢ : Mw=262000

o
-

diazide 9l 7198 C=N9 &4 & g
A3l 1720cm oM C=09 B4 & st
Ao, =3 A 23 NDSP 2 Z2AF Al 2831y
UV 2 £33 Fig. 49 Jepdded, 1A
H3 260 nm, 330 nm 2+ 400 nm A naphthoquino-
nediazide 712} 54 peak 7} 734 YeEl} & v
BEA}L o] Tl = o] 5 EAESUI) okalEa glof
polysiloxane 35 &2 4 naphthoquinonedia-
zide 717} E4EY d5S & F AU

3. 3. NDSP& Hordy

Photoresist & plasma '} ion etching A etching
mask & A}E-2 o} polymer & AF F w9 F93
o] detA dolt}. Hiraoka 5¢ Kile] ojalA B &
FA 9 GE-H2=7} 150 °C o4& Hojok photore-
sist 2 AM&3= ol FEsittn g A o4l
A€ NDSP o GE3| 252 Fig. 5 9 Hehlig el
TGA data & B £2130] 43200 ¢ o] QRS2 &
360 °C o] l.e.8] 24l 175000 Y o) GESHLEE
420 °C 2 Jeistch =g 2xlako) 262000 Y o &
B 450 °C Aok weba] B Aol Az
NDSP = Aol JoAM A™F photoresist 2
ALg-371o AR Roz wod),
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Normatized Thickness (L. Lo)

(=}

Fig. 6. Effect of picramide on the normalized thick-
ness remaining according to log dose in
NDSP.
a: none (Mw=262000), b : picramide 1 wt %,
c : picramide 5wt %

N 100}
@ -
2 80
@
s
S 60
u L
- c//fb
.
40 a
2
[
N
Z 20}
=3
<
s o X .
z 10 102 103

log Dose (mJ/cm?)

Fig. 7. Effect of DNA on the normalized thickness
remaining according to log dose in NDSP.
a:none (Mw=262000), b:DNA 1wt %,
c:DNA 5wt %

3. 4. ZHUEY
3. 4. 1. Sensitivity
Photoresist 9] sensitivity ©= polymer ] 7+%7] @

Table 2. Preparation of Polysiloxane Copolymer

Reaction conditions — Yield
Sample o, (°C) Time (hy T 10
1 70 24 0.332 71
2 70 26 0432 70
3 70 29 0.673 68
4 70 36 175 72
5 70 40 2.62 68

Mole ratio of reactants
D3 : TMCTS © HMDS=0.1319 : 0.0045 : 0.0025

100

80

60

40 F a

O -l i
10 102 103
log Dose (mJ/cm?)

Normalized Thickness (L/Lo)

Fig. 8. Effect of molecular weight on the normalized

thickness remining according to log dose in

NDSP.
a: M= 43200, b: M=175000,
¢ : M=262000

SHA Y sensitivity ol A 4 wow, EF
z29 EA% ol 9¥S 2ith. Negative photore-
sist & 7ol sensitivity & FZA} ¥ 50% cross-
link 2 2] log dose(D*) 2 VY EbATE, Sensitivity S
FAA Y TR EAFgo] wel AuRd 983 ¢
ok AM&E FHAE FZ3A4AMA picramide(m.p.
190~191 °C) ¢} 2.6 dichloro-4-nitroaniline (m.p. 194~
195°C) 8 F F/E Table 29+ #o] A28},
FHA FFH s d3 sensitivity & Lotr 7
2J3ke] backbone =21 2] ¥-2}#ko] 2620002 sample &

N o
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AeEeh. Fig 62 5724 E picramide & A8
744-2] picramide Z43-% 221329 log dose o TH&
NDSP ¢ #et4=&& el =d 24 picramide 9
¥57} 75kl what sensitivity(D*) & 50 mJ/cm?
A 30 mJ/cm® 2 FFFH O, picramide o Z4 0]
1wt % Qo sensitivity 7} 40 mJ/cm? o141 5wt % <]
%ol 30 m/em® 2 FFEAT. Fig 79 d¢E
Z7+4 & DNA & AH&& 7$E uvehli=dl picra-
mide & % $-9} wb@NAR F3A Y 240l 1wt %
Ao sensitivity 7} 45 mJ/cm? oA 5wt % 9 7359l

40 m)/cm’® 2 FFH AT FAA FRol e se-
nsitivity ¢ 7% DNA 2th= picramide & AH:-3-&
w2} sensitivity 7} B Z A Vo, FHA 24
wWE sensitivity & XA FA 0] F/ESFE T
k. B AFA sensitivity & FEA L] 2A0]
prcramide 5 wt % & AH& RS9 /b8 £A4 JERs T
=3k 221gko] ulZ NDSP 9 sensitivity & A4HE.7]
218} log dose ol T3t Z2H4=8-S NDSP o #2} %l
w2} Fig. 8 ol Yell Atk NDSP 4=41¢] backbone
Babaro] 43200, 175000, 262000 A sensitivity £
ZY7k 120, 60, 50 mJ/cm® 2 WERGTH & EapEol
Z7}sha sensitivity © /3= Ao

3. 4. 2. Resolution

Lithographic resist 9 resolution & polymer °ll %=
49 73719 Z 7 backbone A9 A e
J—TX}-J TZH EAH =3 resistd] A, A
o, BEA}ET 22 processing A FFE T
o resolutlon«] @& H% contrast(y) s} #AZ}
QAL F 4HA ok 53] Lai 52 negative
resist 9] contrast(y) & U3 #o] HIdFIT
[151.

y=[log D*D']!
‘3’47]"1 D' = phoresist 7} ZZAbell 23] crosslink
1 A&g dose & VERW, D& D¥ 9 D'E

ez d43te Fbpgo] 100 He H 9 dose &
Yetdth, webx] B g% NDSP & 53
A9 FF, FA 2 24, backbone FA] 9] ¥}
o} 2. 2. 1LolA A2 #E FRALE] BE film
FA9 WstE #4389 1 AL Fig 6, Fig. 7, Fig.
8ol Yeh]AUT}.

Fig. 6 914 ¥, backbone ¢| %=}3Fo] 262000 U

FdsHE, Al 23 A43, 1991

2] %S contrast © 721
‘45}5&0“‘] FAAE AHEE B9 centrast =
picramide 24°] 1wt% ¥ @ y=16,5wt% 4 ™
y=18% Yehlidh .x.‘} Fig. 7°91X= 324
DNA E #7189 & 9] contrasyE Y EFU SV DNA
o] 240l 1wt % Ul y=155 oM 5wt % U 1.6
< yehlidd. ey FAe Jrhek F33A 9
FEE F71g2 24 resolution ©] FFEE &
At} Fig. 8olA= NDSP & #A-&o] & cont-
rast & YeERNEH EA%EF(Mw) o] 43200 99 cont-
Yehfa #aaF(Mw) el 1750009
wjo] contrast ¥ y=16 2 YEbgtch £3 B}
(Mw)©] 262000 ¥ 2] contrast & y=14 °I3lch. &
E2peo] Z718H9 contrast & 24314 resolution ©]

Fads ¢+ Aok

rast © y=21%

[/

4. =

Hexamethylcyclotrisiloxane(D;), tetramethylcyclo-
tetrasiloxane (TMCTS) # hexamethyldisiloxane
(HMDS)E 8+# Si—H 2%+
xanes ¥4 3k3 amino 71& =9 A7 naphthoqui-
X ZA|A NDSP & A=
FFEFNN Q& ZEL

&3 polysilo-

nonedisulfonyl chloride &

3i o5 EHEAR H 3
<34 20,

1. D;, TMCTS ¢ HMDS off TFAA & #H7lstal ¥hg-
AlA 70% F5E 2 copolymer & FA3I1L allyla-
mine & ¥H$A1A copolymer 9l aminopropyl 715
T4t A7le) FFIR NDSS% WEAIA F
S& 82%9 HFTAYE NDSP & A=At

2. NDSP 9| €& exe Aol %4% F7heH
o 360 °C~450 °C 2 bt

3. NDSP 9] sensitivity © 2233 Z749] Z 7o)
e} chdlon FFAIZEE 12022 & AlH9
F7AE 5pm & ™ 50~120 mJ/cm? FEZ Y
Blton Eatgo] 4% EA ekt

4. NDSP 9 contrast & y=14~21% YEedon
2ol 245 724 29 do] F71d
5 ot FUkEA.
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