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Abstract: We have been studied low-K and low-CTE polyimides (PI) derived from
trans-1,4-cyclohexane diamine (CHDA) and their polymerization reactivity. In all the
systems, salt was formed at the initial stage of poly(amic acid) (PAA) polymerization.
Unexpectedly, only in the 3,3'4,4-diphenylsulfonetetracarboxylic — dianhydride
(DSDA)/CHDA system, a considerably high molecular weight PAA was readily obtained
after stirring only for 2 h without practical salt formation. This means a high production
speed and a very high purity in this PI resin. The bulky steric structure of the DSDA
moiety, which decreases the crosslinking density in the salt, probably contributes to its
smooth polymerization. PI film of DSDA/CHDA displayed a high transparency (cut-off
wavelength = 320 nm), a high Tg at 363°C, and a high thermal stability. In addition, this
PI film was tough (elongation at break > 25 %) in contrast to the fact that most of aliphatic
PI films are very brittle PMDA/MBCHA also gives a transparent and a comparatively
tough PI film. Surprisingly, copolymerization of a small amount of IPDA (10 %) (see Fig.1)
enhanced significantly its film toughness (elongation at break > 50 %). These
transparent/tough PI systems can be applicable to a plastic substrate in flexible film
TFT-LCDs.
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Fig.1 Structures of monomers studied.
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CEEREUZ, —RRIEELI=Zy h2EALZRY 1 I RIIESEICZLNWEN
DNTVBEN . EZ1IZRT LD IZDSDA/CHDA R A 2 R 7 ¢ )L LI BEET I 20%
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Table 1  Properties of CHDA-derived PI systems.

f1) |Cut off|BgBRfh X et 2| REBR S EE | Tg CTE Td°N,|Td*air
B _#k4m|(dL/g)| (nm) (%) |(GPa)| (GPa) [(C)| € [(ppm/K)| 4n | (C) | (C)

DSDA | 143 ] 320 25 351 | 011 |363|288] 55 |0.0030; 450 | 437

6FDA | 0.67 | 315 108 | 263 | 0112 | 333|262 58 |0.0023] 474 | 437

s-BPDA | 1.50 | 370 109 {595 | 0227 [350(3.15{ 10 [0.1831] 499 { 457

CBDA | 440 | 240 1.4 493 | 0136 | ND [266] 25 [0.0199| 437 | 397

ODPA | 1.21 | 344 21 3.34 | 0141 |349(294| 55 [0.0050| 487 | 429

TAHQ [1.14 | 334 4.1 56 | 0177 | ND |3.04] 13 [0.1350| 471 | 423

HPMDA | 0.39 | 240 3.4 2.19 | 0.0513 | 367 {263 60 |-0.001| 436 | 375

BTDA | 058 | 324 5.4 3.24 | 00954 | 337]2.96| 45 |0.0062| 461 | 413

PES - 305 | 40-80 | 25 | 00778 {220 35| 54 - 510 [ -

CHDA ROV ICRIZEDEESEZ2HED, AFL U #EEHE MBCHA (1) #HW0
ROESHERIBESME2%K 2 10RY, i DSDA/MBCHA % Tid. CHDA ZHW\
TR K DERWER RO D . ENTITAML TR - RIS £ T, Dix<
EB6REMMND, L CHDA REHNRTIKRESE THH =, £/, EFES+4
TR, AFL I EBOFEICLD Tg RUOBEERDORADMNAE SN,

2% 2 ITRT LS ITPMDAMBCHAS 2 T& 2 2 < THIEDSDA/CHDA % [F]
BRIZE 8, (E0=38%). EEHM(Cut off=330nm) Z R I TENDMN /-, L~
L. PMDA/MBCHA% TIXESHFICIEERNE 25720, BEERVEEED S TK
EORMND B, ZDMOBER & L TIZODPA/MBCHAZR DB 20% LA 2R L
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Table 2 Properties of MBCHA-derived PI systems.

M) | Cut off |BEBF{HTN | S8 3R | IRHTSHEE | Ty CTE
B k| (dL/ g)| (hm) (‘%) (GPa) | (GPa) {(C)| & |(ppm/K)| An
DSDA 079 | 320 8.4 2.54 0.129 | 280 | 2.83 59 -0.005
6FDA 089 | 320 8.6 2417 0.106 | 267 | - - -
s-BPDA | 140 | 366 10.6 291 0.108 | 232 | 2.93 - 0.0143
CBDA 162 | 250 11.5 2.59 0.103 | 326 | 2.65 63 0.0066
ODPA 1.28 | 350 22.7 2.28 0.1 244 | 2.83 - 0.0027
TAHQ 1.64 | 340 5.3 3.4 0.117 ND |2.92 - 0.0963
HPMDA | 037 | 240 0 - - 301 | 2.58 60 0.0013
PMDA 1.67 | 330 37.6 208 | 0.0845 | 307 | 2.78 55 0.0079
a-BPDA | 061 350 8.6 3.21 0.105 | 277 [ 2.81 - 0.0010
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Fig.2 Transmittance curves of CHDA-based PI films.
L] Ul
Q D n
= © [ i:PMDA/MBCHA i D m:CBDA/MBCHA
o JODPA/MBCHA o P n:6FDA/MBCHA
Dt l I TAHQ/MBCHA D p:a-BPDA/MBCHA
0 } i L SN O O p—— | 0 i OV SRS 000U U S5 — |
A 30 40 0 €0 W » I O I & W W
Wavelength/nm Wavelength/nm

Fig.3 Transmittance curves of MBCHA-based PI films.
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TERDT, BOBMERTARKOBMEC 254, IPDA ZAVWTHRES
2fTo/k, IPDA OEAREEML TN &, EHRE T DB SH 25 [PDA Y
STEDLEEER LSRN, IPDA % 5~20mol%E 3£ E A A Tid IPDA &
ADFHRIC L 0 EMNHELNCHEM L. PMDA/MBCHA & 0 HEVEERED PAA 7
WMERDZ EINTE,

Table 3 Polymerization conditions and properties of PI(PMDA/CHDA:IPDA) films.

. AR | 88t T, | BHER | BEMTAE | Cut off

mar g | R BT Tl B o | o o
IPDA5 13.04-10.77 30 2.0753 | 330 42.1 1.82 0.123 342
IPDA10Q 13.07 24 1.4842 | 323 61.9 1.74 0.093 350
IPDA20 12.94-+9.20 48 2.6458 | 317 57.3 1.8 0.0966 332
IPDA30 12.2 24 0.9927 323 54.4 1.61 0.102 348
IPDA40 13.01 24 1.0452 } 335 26.4 2.02 0.102 340
IPDASO 13.02 24 0.9585 | 338 9.57 2.25 0.113 350
IPDAG0 12.99 24 0.9485 — 6.82 2.09 0.0949 352
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Fig.4 Transmittance curves of
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