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phenyl) hexafluoropropane (BAPAF)®} 3,3,-diamino-4,4-dihydroxybyphenyl (HAB)E A}8-3}a W&k tiQlstol=
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=21 4,4-(hexafluoroisopropylidene)diphthalic dianhydride (6FDA), pyromellitic dianhydride (PMDA), 4,4-oxydiphthalic

dianhydride (OPDA), 3,3,4,4-benzophenone tetracarboxylic dianhydride (BTDA) % 3,3,4,4-diphenylsulfone tetracarboxylic

dianhydride (DSDA)E A}8-3te] 7184 Zgolu=g A3
FA8FE Z43te] AUtk
RS A A 22d Eelolv| =E §/dshal, photolithography 71<E& ©]8-3t] micro-E & G 3H3lTt

olgatel ZARIGOM, FAYE

chloride &

Polyimides have been investigated extensively and used widely

%FAO]U]EQ AL NMR, FRIR 2 TGAS
B EEA7|E :‘i?ﬁﬂ' Zgolu] =9} methacryloyl

over the past three decades because of their high

performance properties such as excellent thermal, mechanical, and electrical properties. Polyimides are difficult to be

processed because of the aromatic moieties,

imide group, and insoluble nature in most organic solvents. The soluble

polyimides were synthesized from 2,2,-bis(3-amino-4-hydroxyphenyl) hexafluoropropane (BAPAF) and 3,3,-diamino-4,4-
dihydroxybyphenyl (HAB) as aromatic diamines and 4,4-(hexafluoroisopropylidene)diphthalic dianhydride (6FDA), pyro-
mellitic dianhydride (PMDA), 4,4-oxydiphthalic dianhydride (OPDA), 3,3,4,4-benzophenone tetracarboxylic dianhydride
(BTDA) and 3,3,4,4-diphenylsulfone tetracarboxylic dianhydride (DSDA) as aromatic dianhydrides. The polyimides were
characterized by NMR, FR-IR, TGA and the dielectric constant of the obtained polyimides was calculated from storage
of electro-capacity. A novel photosensitive polyimide was synthesized by the reaction of polyimide, containing hydroxyl
group and methacryloyl chloride using triethylamine. The good micro-pattern was obtained with photosensitive polyimide

from the photolithographic technique.

Keywords: soluble and photosensitive polyimide, methacryloyl group, photolithography, micro-pattern
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Table 1. Structure of Diamine and Dianhydride Monomer

Structure Symbol FW/mp (C)
F,C CF
3 \ / 3
H,N c NH,
D/ \Oi 2,2,-bis(3-amino-4-hydroxyphenyl) hexafluoropropane BAPAF 366/243
HO OH
H,N NH,
3,3,-diamino-4,4-dihydroxybyphenyl HAB 216/286~289
HO OH
O, CF
\ N i
/C\ C\
0\ /0 4,4-(hexafluoro-isopropylidene)diphthalic anhydride 6FDA 444/244~247
c— C
] \
o (o}
(0} o
\}: C//
/ N\ o .
o) o} pyromellitic dianhydride PMDA 218/283~286
N\ /
[ C
/ \
o o
Q o
\ o i
/C\ C\
0, o} 4,4-oxydiphthalic dianhydride OPDA 310/288
I \
o o
(o]
(o] o
\ I I
/c\ c\
o. o 3,3,4,4-benzophenone tetracarboxylic dianhydride BTDA 322/224~226
A c/
f 1
o o
o
(o] o
\ I i
/C\ Il C\
0\ o /o 3,3,4,4-diphenylsulfone tetracarboxylic dianhydride DSDA 358/287
c C
1 \
o o

9} thoFsl 329] aromatic tetracarboxylic dianhydride$] (4,4-(hexaflu-
oroisopropylidene)diphthalic dianhydride (6FDA), pyromellitic dianhy-
dride (PMDA), 4,4-oxydiphthalic dianhydride (OPDA), 3,3,4,4-benzo-
phenone tetracarboxylic dianhydride (BTDA), 3,3,4,4-diphenylsulfone
tetracarboxylic dianhydride (DSDA))} WH-EA1A 714 Zjoln| =&
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2.1. Al oF
7184 EF]olm= Fadell ARE-SE Yol 2,2,-bis(3-amino-4-hy-
droxyphenyl) hexafluoropropane (BAPAF, TCI, Japan)$} 3,3,-diamino-

43ksh, A178 A2 E, 2006

4,4-dihydroxybyphenyl (HAB, Chriskew Co. Inc., USA) 3 t]¢ls}o]
ko] =21 4,4-(hexafluoroisopropylidene)diphthalic dianhydride (6FDA,
Daikin, Japan), pyromellitic dianhydride (PMDA, TCI, Japan), 4,4-
oxydiphthalic dianhydride (OPDA, Aldrich Co., USA), 3,3,4,4-ben-
zophenone tetracarboxylic dianhydride (BTDA, Aldrich Co., USA),
3,3,4,4-diphenylsulfone tetracarboxylic dianhydride (DSDA, Chriskev
Co. Inc., USA) T2 3lsto] ARgalth AR8-3 tloplat tijtste]
=efojme] F2, EAF B =4S Table 10 YERAITE
8o 2 ARE-3F N-methyl-2-pyrrolidone (NMP, Junsei, Japan)<}
N,N-dimethyl acetamide (DMAc, TCI, Japan)< Z}Z} P,0s9} CaH, =
ARgale] SRE AAR A 73k FRae] AL, T Al 8
E5A7]19] 28Egol A3t methacryloyl chloride (TCI, Japan)<
Aeke v AHg gt
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Scheme 1. Synthesis of soluble polyimide (6FDA/BAPAF) containing
methacryloyl.

2.2. Polyamic Acid (PAA) 343[10,11]

A2 971 dfellA 100 mL Fekzlel tolrl ) Tjgkato] =eto)
TE F BE Wil A2ox NMPE 3718l 24 h anlsle] wkg-S
Agp3iet. ojw] &9 = TFLo] 15%7F HES sisith

2.3. ZEelm = AE[10,11]
AE Zg]olulalel o]u] r.ﬂ HSo| A A EE B8 A A
5,3—]?_5]—03] NMPQ], o 0]:,] AL /<47]-o]'0:1 160 Coﬂ’ﬂ 5h ¥ ]’

o Felolm|=E Azaloir. xg Je Fejoln|=e] FxE HNMR
= s,
BAPAF/6FDA : 'H-NMR (CDCL, ppm), 6= 9.6 (s, 1H, -OH),

7.9~8.1 (s, 3H, anhydride Ar-H), 7.2~7.5 (s, 3H,
diamine Ar-H)

BAPAF/PMDA : 'H-NMR (CDCL, ppm), 6= 9.5 (s, I1H, -OH),
8.0~8.1 (s, 3H, anhydride Ar-H), 7.0~7.3 (s, 2H,
diamine Ar-H)

BAPAF/OPDA : 'H-NMR (CDCL, ppm), 6= 9.5 (s, I1H, -OH),
7.6~79 (s, 3H, anhydride Ar-H), 7.1~7.5 (s, 3H,
diamine Ar-H)

BAPAF/BTDA : 'H-NMR (CDCL, ppm), 6= 9.6 (s, I1H, -OH),
7.7~791 (s, 3H, anhydride Ar-H), 7.3~7.5 (s, 3H,
diamine Ar-H)

BAPAF/DSDA : 'H-NMR (CDCl;, ppm), &= 9.6 (s, 1H, -OH),
7.6~79 (s, 3H, anhydride Ar-H), 7.1~7.3 (s, 3H,
diamine Ar-H)

HAB/6FDA 'H-NMR (CDCl;, ppm), &= 9.7 (s, 1H, -OH),

7.6~7.8 (s, 3H, anhydride Ar-H), 7.0~7.3 (s, 3H,
diamine Ar-H)
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Table 2. Viscosity and Thermal Properties of Various Polyimides

. [n] Tg Tg” Ta1o” ReSiduoe at
Polymide ey () (©) () 9(2:1/2
BAPAF/6FDA 0.60 309 511 556 53
BAPAF/PMDA 0.48 > 400 513 566 53
BAPAF/OPDA 0.38 310 520 562 48
BAPAF/BTDA 0.42 317 526 575 50
BAPAF/DSDA 0.37 328 512 547 45
HAB/6FDA 0.56 > 400 525 576 52

* Ty : initial decomposition temperature
® Tai0 : 10 Wt% decomposition temperature

Ay Belolv=g Azsignh A4E Yy BelonEe]

(o] | =2eaNe]
Z 'H-NMR¥} FT-IRZ etk
'"H-NMR (CDCl;, ppm) : 6= 5.7 (s, 1H, -CH=), 6.1~6.2 (t, 2H,
=CH,), 1.8~2.1 (m, 3H, -CHs)
FT-IR : v (em) = 1760 (methacryloyl C=0),
1650 (methacryloyl C=C)
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Table 3. Solubility of Polyimide with Various Organic Solvents

Polyimide DMAc DMF DMSO THF

CF MEK

@)
jas}

BAPAF/6FDA
BAPAF/PMDA
BAPAF/OPDA
BAPAF/BTDA
BAPAF/DSDA
HAB/6FDA

OO0O0OO00O0
OO0O0O00O0
OO0O0O0O0O0
OO0O0OO00O0

X X

X X

OOOOOO%
OO0O0OO0O0O0|a
OO0O0O0O0O0
OO0O0O00O0

O: soluble, A: swelling, x: insoluble, DMAc: N,N-dimethylacetamide, DMF:

N,N-dimethylformamide, DMSO: Dimethylsulfoxide, THF: Tetrahydrofurane, DCM:

Dichloromethane, NMP: N-methyl-2-pyrrolidone, CF: Chloroform, C: m-cresol, MEK: Methyl-ethyl ketone, CH: Cyclohexane
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Table 4. Water Absorption of Various Polyimides

Polyimide Fluorine Contents (%) Water Absorption (%)
BAPAF/6FDA 28.1 0.25
BAPAF/PMDA 19.5 0.53
BAPAF/OPDA 16.8 0.66
BAPAF/BTDA 16.5 0.69
BAPAF/DSDA 15.6 0.68
HAB/6FDA 17.2 0.58

Table 5. Dielectric Constants of Various Polyimides

Electric layer Electric Fluorine  Dielectric

Polymer thickness Capacity Contents  Constants
(10° m) (nF) (%) ()
BAPAF/6FDA 0.04 3.14 x 107 28.1 3.11
BAPAF/PMDA 0.04 3.90 x 107 19.5 3.90
BAPAF/OPDA 0.03 5.55x 107 16.8 4.12
BAPAF/BTDA 0.03 12.90 x 107 16.5 9.58
BAPAF/DSDA 0.02 13.59 x 107 15.6 6.73
HAB/6FDA 0.02 6.70 x 107 17.2 3.30

d (m) x ¢ (F)

(8.854x10™ F/mxS (m’)
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Table 6. Solubility in Unexposure and Exposure Areas to Various Solvents of Photoactive Polyimides

DMAc DMF DMSO THF DCM
a b a b a b a b
BAPAF/6FDA - Methacryloyl O A O A O A O A
BAPAF/PMDA - Methacryloyl O A O A O A O A x x
BAPAF/OPDA - Methacryloyl (@) A O A O A O A x x
BAPAF/BTDA - Methacryloyl (@) A O A O A O A x x
BAPAF/DSDA - Methacryloyl @) A O A O A O A x x
HAB/6FDA - Methacryloyl O A O A O A O AN X X
NMP CF C MEK CH
a b a b a b a b a b
BAPAF/6FDA - Methacryloyl O VAN x x O A A x O x
BAPAF/PMDA - Methacryloyl O A x x O A x x O x
BAPAF/OPDA - Methacryloyl O VAN x x O A A x O x
BAPAF/BTDA - Methacryloyl O A x x O A x x O x
BAPAF/DSDA - Methacryloyl O A x x O A A x O x
HAB/6FDA - Methacryloyl O A x x O A x x O x

O : Solble, A : Swelling, x : Insoluble
a; unexposure, b; exosure

DMAc: N,N-dimethylacetamide, DMF: N,N-dimethylformamide, DMSO: Dimethylsulfoxide, THF: Tetrahydrofuran, DCM: Dichloromethane, NMP: N-methyl-2-
pyrrolidone, CF: Chloroform, C: m-Cresol, MEK: Methyl-ethyl ketone, CH: Cyclohexanone
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—-@— BAPAF/6FDA
{0 BAPAF/PMDA
—w- BAPAF/BTDA
—7 - BAPAF/OPDA
—i- BAPAF/DSDA
—{J- HAB/GFDA

Insoluble fraction (wt%)

[
o
N

i 2 3
Trradiation time (min)

Figure 1. Insoluble fraction of the polyimides at various irradiation
times (UV intensity : 6.3 mW/em® at 365 nm).
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