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Preparation and properties of low-temperature curable positive-tone photosensitive polyimide
TANG Yanchao,ZHANG Cuihong, LI Mingxin
(Pome Technology Co.,Ltd.,Liaocheng 252300, China)

Abstract : Along with the development of rewiring layer semiconductor packaging technology, the requirements for lithogra-
phy performance, mechanical properties, thermodynamic properties and chemical resistance of positive photosensitive materials that
can be cured at low temperature are getting higher and higher. Therefore, a positive photosensitive polyimide material that can be
cured at low temperature was developed. In the N-methylpyrrolidone (NMP) solvent, 4, 4’ -oxydiphthalic anhydride was polymer-
ized with 2, 2’-bis [3-(3-aminobenzamide )-4-hydroxyphenyl ] hexafluoropropane, silicon diamine (SiDA) and 3-aminophenol to
obtain polyamic acid, and then the carboxyl group was esterified to obtain polyamic acid ester (PAE). PAE was dissolved in y-butyr-
olactone with photosensitive agent napthoquinone diazide compounds, phenolic ester type thermal crosslinking agent, coupling
agent KBM-1403 and imidization catalyst 2, 6-dimethylpiperidine to obtain a low temperature curable p-PSPI glue. The water-based
alkaline development performance of p-PSPI was tested. Under the condition of film thickness of 15 wm, the lithography resolution
can reach 10 pwm; after curing at 200 °C, the p-PSPI was characterized by Fourier transform infrared spectroscopy, dynamic thermo-
mechanical analyzer and thermogravimetric analyzer. The results showed that the imidization rate of p-PSPI was more than 98 %,
the tensile strength was 108.4 MPa, the elongation at break was 10.35%, the storage modulus (150 °C) was 2.18 GPa, and the 5%
weight loss temperature was 367.69 °C. After chemical resistance test, p-PSPI has excellent chemical resistance to organic solvents
(NMP, Dimethyl sulfoxide and acetone), to acid-base (30% HNO,, 30% H,SO,, 1% HF and 5% KOH), and oxidant (10% H,0,). It
can meet the process conditions of semiconductor packaging under low-temperature curing conditions.

Keywords : low-temperature curable ; positive-tone ; photosensitive polyimide ; lithographic ; mechanical property ; chem-

ical resistance
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Tab.1 Chemical resistance of low temperature curable p-PSPI film

Chemical agent Condition Test result
NMP 25 °C/20 min A

DMSO 25 °C/20 min A
Acetone 25 °C/20 min A
30% HNO, 25 °C/20 min A
30% H,SO, 25 °C/20 min A
1% HF 25 °C/20 min A
10% H,0, 25 °C/20 min A
5% KOH 25 °C/20 min A

Note: A indicates that there is no crack on the surface, and the

weight change before and after is less than 0.01 g.

3 HHig

& T PAE, A BOEHEAL & H) DNQ  FASZ IR

70 HEAETR 2, 6- P RENRWE Ak o A IR Jm 8 T A

HLEA T GBL H , 2 1 [ AL R AT IE N 15 wm B p-

PSPI UL, 280 P /K ik S R WU 5, 0 B aA

#1110 wm; 7EAKIE 200 °CIE AL A& R REW 1L ] 98%

DA BIERE AL R s BAT I R B9 2R fE PR e Tk,

PAK A 27 R T o 3k LU 1R BE RE % i 2 Rt [T £k

FUBT AL R ) T LA EOR e R B b B

RLAFAY R RS

S %

[1] MASAOT. Polyimide[M]. London:Intech Open,2022:1-16.

[2] YUTARO K, YU S, KEIKA H, et al. Development of novel low-
temperature curable positive-tone photosensitive dielectric materi-
als with high reliability[C]//2019 IEEE 69th Electronic Compo-
nents and Technology Conference. Las Vegas, NV, USA: Institute
of Electrical and Electronics Engineers,2019:346-351.

[3] FE¥k, BEME, AL, 55 OCHEERAIFTEM BT BUR S & R
) M RHTR(A),2020,34(10):19 183-19 189.

WANG Tao, LI Jinhui, ZHAO Yaxu, et al. Research status and
development trend of photosensitive polybenzoxazole[J]. Material
Reports(A),2020,34(10):19 183-19 189.

[4] YU S,KEIKA H, YUTARO K, et al. Low stress and low tempera-
ture curable photosensitive polyimide[J]. Journal of Photopolymer
Science and technology,2021,34(2):195-199.

[5] REINA O, TAKANOBU T, KAZUVUKI I. Thermally and
mechanically reliable photoresist for redistribution layer for

advanced packaging[J]. Journal of Micro/Nanolithography,



12

AR

2024 4F 45 52 45 45 10 1)

[6]

[7]

(8]

91

[10]

(1]

[12]

[13]

MEMS, and MOEMS,
JMM.17.4.043503.
TOMIKAWA M, OKUDA R, OHNISHI H. Photosensitive poly-

2018, 17(4). DOI: 10.1117/1.

imide for packaging applications[J]. Journal of Photopolymer
Science and Technology,2015,28(1):73-77.

TAKAHASHI H, SUZUKI E, SUZUKI K, et al. Low stress, high

modulus, photosensitive polyimide[J]. Journal of Photopolymer

Science and Technology,2015,28(2):215-218.

FUKUKAWA K, OGURA T, SHIBASAKI Y, et al. Thermo-base

generator for low temperature solidphase imidation of poly(amic

acid)[J]. Chem. Let. 2005,34(10):1 372—1 373.

IWASHITA K, HATTORI T, MINEGISHI T, et al. Study of poly-

benzoxazole precursors for low temperature curing[J]. Journal of

Photopolymer Science and Technology,2007,19(2):281-282.
HIROKO Y, TADAMITSU N, DAISAKU M, et al. Dissolution
contrast improvement of low temperature curable positive tone
photo-definable material[J]. MES,2017,27:135-138.

YEH Y M, KARAPALA V K, UEDA M, et al. Low-temperature-
curable and posotive-type photosensitive polyimide with high
mechanical strength, high resolution and good pot-life based on
chain extendable poly(amic acid), thermal degradable crosslinker,
chain extender, thermal base generator and photoacid generator[J].
Journal of Photopolymer Science and Technology, 2012, 33(6):
623-630.
HASHIMOTO K, MASUDA Y, ARAKI H, et al. Novel low-
temperature curable positive-tone photosensitive polyimide mate-
rials with high elongation[J]. MES2,2017,27:131-134.
TANIMOTO A, AOKI Y, KIMURA M, et al. Development of

[14]

[15]

[16]

[17]

(18]

positive-tone photodefinable material for redistribution layer[J].
Journal of Photopolymer Science and Technology, 2017, 30(2):
281-288.

TR, Tk S R, A RGO IR R (R,
FHHERED]. R 2> AP RBL A 5 TR, 2023, 39(10):173-181.
WANG Sien, ZHANG lJiahao, FU Zhinan, et al. Recent progress
of positive photosensitive polyimide[J]. Materials
Sciense and Engineering,2023,39(10):173-181.

SRFR AHIEE, mEE R . CHOR B C 2 BRI 5 ik J 1], b
JAR2,2021,9(38):1 119-1 137.

GUO Haiquan, YANG Zhenghua, GAO Lianxun. Research prog-

Polymer

ress of photosensitive polyimide photoresist[J]. Chinese Journal of
Applied Chemistry,2021,9 (38):1 119-1 137.

SCHUCKERT C, MURRAY D, ROBERTS C, et al. Polyimide
stress buffers in IC technology[C]./Advanced Semiconductor
Manufacturing Conference & Workshop. IEEE, 1990. DOI:
10.1109/ASMC.1990.111222.

XN, 31 30, kA, 5 BV CHOR B RIS -5 10 ik
JE(—)[J]. L5 E2 2008, 8(12):1-6.

LIU Jingang, YUAN Xiangwen, YIN Zhihua, et al. Research and
development of positive-working photosensitive polyimides(1)[J].
Electronics & Packaging,2008,8(12):1-6.

X M, ) 3C, TPAEAR S5 TEPE G BCR IR b5 5 T
JE(C)H]. iS5 E%,2009,9(1):7-11.

LIU Jingang, YUAN Xiangwen, YIN Zhihua, et al. Research and
development of positive-working photosensitive polyimides(2)[J].

Electronics & Packaging,2009,9(1):7-11.



