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Preparation and Performance of Photosensitive Polyimide Photoresist with
High Sensitivity and High Retention Rate

JI Changwei, LI Xiaojie, WEI Wei, ZHU Ye, LUO Jing, LIU Jingcheng
(School of Chemical and Material Engineering, Jiangnan University, Wuxi 214122, Jiangsu, China)

Abstract: Photosensitive polyimide (PSPI), as a core material in the microelectronics industry, exhibits excellent thermal
stability, mechanical properties, and dielectric characteristics. However, its insufficient photosensitivity (Ew) and retention
rate are critical issues limiting its application in photoresists. Therefore, the development of polyimide photoresists with high
sensitivity and high retention rate holds significant research importance. Using gallic acid derivatives, namely 3,4,5-
trihydroxy-N-(2-hydroxyethyl) benzamide (GEA) and methanol as raw materials, a high-performance polyamic ester polymer
(OGMFPAE) was synthesized via ring-opening reaction with the dianhydride monomer 4,4'-oxydiphthalic anhydride
(ODPA), followed by polymerization with 2,2-bis(3-amino-4-hydroxyphenyl) hexafluoropropane (6FAP). The structure and
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properties of the polymer were characterized using Fourier transform infrared spectroscopy (FT-IR), proton nuclear magnetic
resonance spectroscopy ('H-NMR), ultraviolet-visible absorption spectroscopy (UV-Vis), and gel permeation chromatography
(GPC). The characterization results confirmed the successful synthesis of the polymer, and OGMFPAE exhibited excellent
optical transmittance at 365, 405 nm, and 436 nm. Furthermore, the lithographic performance of the photoresist formulated
with the OGMFPAE polymer was evaluated using a proximity exposure system. Results demonstrated that the prepared PSPI
photoresist possesses high sensitivity (Egy < 50 mJ/cm?) at a film thickness of 2 um, with a developed film retention rate
exceeding 97% and a cured film retention rate greater than 90%. Even at an 11.5 um film thickness, the photoresist maintains
good photosensitivity, achieving a developed retention rate higher than 90% and a cured retention rate higher than 75%. Well-
defined photolithographic patterns with clear line profiles and high resolution were obtained, indicating promising application
potential in organic light-emitting diode (OLED) displays, micro-electro-mechanical systems (MEMS), and chip packaging.
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BB T R (rap, pum/s) : K5 3R A W0 A T T R B8 T (w=25% ) B 1 Tk F 28 1f, 8 120 °C wijdt 120 s J&,
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(T4 s%), Ny Vit 50 mL/min, F}iE 32 20 °C/min, #3575 Bl 25~600 C.,
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A1500)230/(A1375/41500)320, Fo T, (A1375/41500)230 TS 230 C K 1375 em™ 5 1 500 et W58 B HUAEL, (41375741 500)320
FR8 320 °C R 1375 em™! 5 1500 em ! W5 B U AR (2 100% W H L5 .
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Fig. 1 Synthetic route of OGMFPAE polymers

110 g PGME ¥ 55 v, Bt il PSPI G20 e, PR OGZIIE 1620 T 20 R an ] 2 o, b A 45 i€ 2k ( Coating)
A4t (Prebake) . B2t (Exposure) . {252 (Development), Y& ZI EIJE M (Pattern test) | [&4k (Cure) %545 58, HAK A
HEATBEG, Bk A TR

BRUNR: 58, BB ZI RS WOV TR AERE R b, JFAE 120 °C R RITHE 120 s; 85, [ RDC 2N TR, K
TMAH 7KW 23 °C BEk 252 30 s, 985 25 B 7K oh i, 15 B0 52 5 KUE, IR EAT L 2000 e ¥ ik A

BF 230 C B2 A bR 1 h A AR IR PR, FEEATINR . H R4 OGMFPAE-25. OGMFPAE-50

OGMFPAE-75, OGMFPAE-100 il 15 456 ZI 8 43 551 & PR-25, PR-50, PR-75, PR-100.

Pattern test

Coating Prebake Exposure Development Cure
% .

S L
'Ry}
=

K2 SRR TR
Fig. 2 Lithography process flow of the photoresists
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6F AP 4 BE R 43 B L e 0 e A 3R (SR Bl A 3R A ad FE OGMEPARTS :
2GRS WAL ), R A ODGEA) 4331 g \ L

25%. 50%. 75%. 100% I}, A 5EFR fIODGEA) . . . . . . .
14 12 10 8 6 4 2 0
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K AZ 26271 ODGEA & —F Z M 3L G, B AODGEA) W3S i, B ¥R 3k S 55 R vk, vl 7 Bk &l 52 i
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ROV 45 SR 5 D R A B S8 23 i e A1 T 0 5 et o 8 e B0 R T TR R {15 4, ODMA i (1% FE R R 45 44
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—— OGMFPAE-50 Table 1 Molecular weight and of OGMFPAE polymers
40l —— OGMFPAE-75 warwelg "an poy
' —— OGMFPAE-100
Polymer M, M, PDI rap/(pmes ")
(9]
g 30 OGMFPAE-25 37260 22580  1.65 0.227
=)
—
o
220 OGMFPAE-50 29530 16 680 1.77 0.593
< 436 nm
405 nm OGMFPAE-75 20180 11 660 1.73 >0.7
1.0 365 nm
OGMFPAE-100 13970 8310 1.68 >0.7
0

275 325 375 425 475
Wavelength/nm

K5 %49 OGMFPAE [ UV-Vis j[&]
Fig. 5 UV-Vis spectra of OGMFPAE polymers
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ZAIAETE IR RV VA 6007 « B 4 T A (R 5 U P i AT, I S B P (A Ay B 10 6, FE PO B LRI VE R, ot X
B 75 2K 3 G S 1A N, DT AE 5% 2 B P s i R I 22 . PR G 20 Je 14 % 88 I (8 5% BR I R AN /] 6(b) o,
Al UL PR-25 R0 A8 5 ) SRR (46 m/em?) FIMA 5 1) (5 B ASE R (97.7% ), i %5 fCODGEA ) ¥ i, X 1 i) S %1
JRE IR AR TL, R B R R I, 24 AODGEA) 35 3] 50% i, B8R 6 20 e 40 A H s iR 3 (8 mi/em?) , H B 5% ¥
JECRALN 72.1%, QK248 )0 fALODGEA) 3] 75% F1 100%, K51 i I i 5 1 B, TOReAR i, Naefi i . 274 L Fnid,
L OGMFPAE-25 2 J5UBHBC il i) PR-25 ELAT b Ak i FHINME . 1] 6(c) >l PR-25 JEZI 1 y £, IR AT LA
B b, Hoy (o0 2.18, B R O DI 5 35 B X Al 1 it S 22 580K, TIIE s 20 B 0 2 K %
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Fig. 6 (a) Reaction mechanism between PAC and the polymer during exposure, (b) developed retention rate and Eg, and (c) y curves of PR
series photoresists
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2.5 RZIEHBIREFIHIERE

REWAE W AL I 2 230 H T 4 it 2= geoe t, 7 e fb 26 im0 1 2R A 0 ml ol 28 s MR R G 21 e 24281, 4
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R R IR B 97.70%, [ 1k B B IK 3] 90.23% (R 5 WMz 1 750 56 20 e 8 52 B3 SR AR AR T 90%, [ 1k 7 A
RALTF 80%)20-221 W H A 5 1) B3 IO, X St F7E A2 B BY, OGMFPAE-25 H 4 & B Vs %, PR L T ol
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AR B 43 ) U A 1 2 i 7 0 A1 2 O B TN B, 2 B S ME AL S, W15 S B e 8 A A AR B R L . e A, BRI
AR ORI G A, R TR T AR IR i g e M . 1325 T OGMFPAE-25 MRS IG5 15 11 (155 25 B (R R IR 454
15 R W R L D BEHEAR ), R )ZE B4 RAF AT B (T=271 C, Ty, 50=346 °C), 1 /& PSPI ' Z1 2 Ay i £4
PR (1 7(c, d)) o
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