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Investigation of negative photosensitive polyimide resin synthesis through
chlorine-free polyisoimide strategy
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(1. MINSEOA Advanced Materials Co., Ltd., Jinan 250000, China;

2. School of Chemistry and Chemical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
3. School of Chemical Science and Engineering, Tongji University, Shanghai 200092, China)

Abstract: Photosensitive polyimide (PSPI) has a unique role in semiconductor packaging, among them, ester-type PSPIs
containing acrylic acid derivatives are widely used in industry. Generally, the PSPIs are synthesized by the well-established
chloride method, but chloride ions are introduced during the synthesis process, which negatively affects the reaction
apparatus, resin purification, and the environment. For the development of green and reliable synthesis methods, we
explored the reaction process for the preparation of hydroxyethyl methacrylate PSPI by polyisoimide using 4, 4’
-diaminodiphenyl ether (ODA) and 4,4'’-biphenyl ether dianhydride (ODPA) as the polymerized monomers. The effect of
solid content, solvent, and reaction temperature on the gel formation during the synthesis process of PSPI was discussed.
The photolithographic and thermo-mechanical properties of PSPI prepared by the polyisoimide method were investigated.
The results demonstrate that the PSPI prepared by this method has good photolithographic patterning ability (for a film with
thickness of 4.5 um, circular holes can be opened at a diameter of 15 pm, and the film retention rate is 290%) and excellent
thermal properties and mechanical properties (7,5, =471°C , T,=297°C, and tensile strength is 127.5 MPa). There are no
Cl-ions introduction during synthsis process, and the process is green and friendly, and simplified with a short reaction
cycle. The method was extended to the preparation of other four PSPI systems, and the isomerization method is found to be
universal, and this efficient and green synthesis method provides theoretical guidance for the preparation of high-
performance PSPI photoresists in laboratories and enterprises.

Key words: photosensitive polyimide; negative photoresist; green synthesis; polyisoimide; patterning
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5 IR « SR ORI Ji 4 Al ) T SR A AV B IO VAT

21

#*2 AT EREIRE T ODA-ODPA AR
SR MR R R R S IR
Table 2 Photoactive group grafting rate and experimental
phenomena of ODA-ODPA system at different

reaction temperatures

SRR/ C HEMA B4 %/% [N E/h WG
I 70~80 16 ¥IM

40 80~90 16 BIHe

60 >90 12 BIre

80 — 12 R

B o 24 M3 BE N 60°C ), HEMA 3 [ [ 2 6 R ]
1£90% LA bo SR, 24 4% 28 T v BSOS i, A4 &
LI, 3K T] e 2 e i P B8 TR A R T ik ] 2 1)
AZEG N S FTR) . B A BRIER &
U P A (AT A5 230 I EL A A8 106t B, w4 o] S L i
JEE A 3E 24 TR (60°C) , HR hn /b & L B 71
23 KATZHIRZEFEE M ER IR

B Ol 2] R T8 B G BB I L6 51 R R L A B

O

O O
O ’\O

———
| RS

L

O
O A C)O

11k

JnrpveR e

1.

WaStaSesUeuing

5 PSPIXEREE
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Table 3  Other PSPI systems synthesized by isomerization and their photolithographic properties
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/(kg/mol) /% 1% /(°C/min) /pm /(mJ/cm?) /s /pm 1% /pm

PMDA-TFMB 26.1 45 20 100/2 4.12 114 300 3.50 85.0 12
BTDA-TFMB 34.8 56 25 100/2 4.16 112 80 3.64 87.5 12
ODPA-3,4-ODA 28.1 95 25 100/2 4.41 438 25 3.96 89.8 20
a-BPDA-3,4-ODA 21.3 88 30 100/2 4.71 206 15 4.42 93.8 15
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Fig.7 Lithographic patterns of four PSPI systems synthesized by isomerization
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