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Abstract: Soluble polyimides having pendant carboxyl groups were prepared by a direct one-pot
polycondensation of various acid dianhydrides and 3,5-diaminobenzoic acid as a key diamine monomer
in the presence of y-valerolactone/pyridine catalyst using 1-methyl-2-pyrrolidone (NMP)/toluene mixture
as the solvent at 180°C. The pendant carboxyl groups were blocked with photopolymerizable
(meth)acrylamides, N-[3-(dimethylamino)propyl]acrylamide (DMAPAA) and N-[3-
(dimethylamino)propyl]methacrylamide (DMAPMA), through ionic bonding. The ionic-bonded
photosensitive polyimide (PSPI) films containing photosensitizer Michler’s ketone and ethylene glycol
dimethacrylate as an external multifunctional cross-linker gave negative behavior by near-UV irradiation
followed by development with 10% ag. NaOH at 25°C. The SEM photograph of the resultant images
showed fine patterns with ~15pm in thickness. The sensitivity of PSPIs with DMAPAA or DMAPMA
was higher than that of PSPIs with (meth)acrylate esters such as 2-(dimethylamino)ethyl acrylate
(DMAEA), 3-(dimethylamino)propyl acrylate (DMAPA), 2-(dimethylamino)ethyl methacrylate
(DMAMA), and 2-(diethylamino)ethyl methacrylate (DEAMA).
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Scheme 1. Preparation of pol&imides having pendant (meth)acrylamide groups or
(meth)acrylate esters.

Table 1. Preparation and characterization of polyimides having pendant carboxyl groups I-IV.?

Reaction Yield MW/COOH?” . Imidization T, ¢ 7,/ Transmittance ¢

ianhydri 3 ¢ ¢
Pis Dianhydrides time (h) (%) (g/mol) n M, M, /M, ratio ¢ (%) CC)  (C) @ 365 nm (%)
1 BCD 30 9% 1000 10300 23700 2.3 100 236 407 81
I 6FDA 2.0 85 1401 9,700 17,500 1.8 93 270 462 52
BCD/BTDA 1/1
" Golarratio) 20 % 1083 11,400 41,000 3.6 93 258 426 15
v BTDA 1.5 9% 1157 8100 30,800 3.8 97 265 457 2

Polyimides were prepared from DABz/mBAPS 1/}(molar ratio) as diamines.

Molecular weight of repeating unit containing one equivalent COOH group; calculated values based on feed ratio.
By GPC using UV detector (based on polystyrene, solvent: DMF).

By 'H-NMR in DMSO-d;.

By DSC at a heating rate of 10°C/min under N,

By TGA at a heating rate of 10°C/min under N,

By UV-Vis spectrophotometer (film thickness: ~10um).
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Fig.1 Sensitivity curves of ionic-

bonded negative PSPIs with

DMAPAA system: .
O BCD-basedS'yS o Dy < 450 ml/em? Fig.2 SEMs for L/S patterns of PSPIs with
A 6FDA base;i' DO'S 800 mi/em’ DMAPAA system: dependence of image on

) ’ 05 dianhydride structure;

< BCD/BTDA-based; Dy s 800 mJ/cm? a) BC}]/)-based; b) 6FDA-based;
00 BTDA-based. ~ Dys2,000 mJ/em®  ¢) BCD/BTDA-based; d) BTDA-based.

Normalized film thickness

100 e 1000 10000 [
Exposure dose (mJ/cm2)
Fig.3 Sensitivity curves of BCD-based
ionic-bonded negative PSPIs:
O DMAPMA; Dy5300 mJ/cm?
@ DMAPAA; Dys450 ml/cm’
< DMAPA;  Dy52,500 mJ/cm?
A\ DEAMA;  Dys3,000 mJ/cm?
O DMAEA; Dy56,000 mJ/cm?
¥V DMAMA. Dys10,000 mJ/cm?

Fig.4 SEMs for L/S patterns of BCD-based PSPIs: dependence of image on
pendant photosensitive groups; a) DMAPAA system; b) DMAPMA system;
¢) DMAEA system; d) DMAPA system; ¢) DMAMA system; f) DEAMA system.
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DIEFREEIZH T DMAPAA % PSPI OF Nidfd Taly, —F . BAXE TIZ, DMAPA
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Fig.5. Dissolution behavior of irradiated/unirradiated BCD-based ionic-bonded PSPIs having
pendant aminoalky] acrylamide or acrylate ester:
@ DMAPAA system unirradiated; O DMAPAA system irradiated;
€@ DMAPA system unirradiated; & DMAPA system irradiated.
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