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Preparation and properties of high-sensitivity and low-temperature curing positive photosensitive polyimide
WANG Ke, SHENG Zedong, GONG Congcong, LI Mingxin, CHEN Cunhao, FENG Baojin,ZHANG Yiteng
(POME Technology Co.,Ltd.,Liaocheng 252300, China)

Abstract : The soluble polyimide (PI) resin was synthesized using raw materials such as 2, 2-bis (3-amino-4-hydroxyphenyl)-
hexafluoropropane (6FAP),2,3,3',4'-tetracarboxydiphenyl oxide dianhydride (a-ODPA), 5, 5'-ethylene-5, 5'-carbonylbis (4, 7-meth-
anooctahydroisobenzofuran-1, 3-dione)(CpODA) and itaconic anhydride. A high-sensitivity , low-temperature curing positive photo-
sensitive polyimide (PSPI) was prepared by compounding the resin with photosensitizers, sensitizers, silane coupling agents, cross-
linking agents, and solvents. The properties of materials were characterized by fourier transform infrared spectroscopy, dynamic
thermo mechanical analyzer, etc. The results show that a soluble PI resin with high transmittance and end capped with itaconic anhy-
dride is successfully synthesized. The coating film obtained by baking positive PSPI solution at 120 °C is developed after exposure
at 200 mJ/cm’ i-line energy. The pattern resolution is 5 wm, indicating high-sensitivity. When the silane coupling agent KH-560 is
used together with the other (QX-335), the adhesion of the cured film on the silicon substrate is optimal. The tensile strength of the
film obtained by curing at 200 °C is 150 MPa at a testing temperature of 30 °C, and the elongation at break is 11.4%, indicating
excellent mechanical properties. The temperature at 5% thermal weight loss of the cured film is 341 °C, the temperature at 10%
thermal weight loss is 398 °C, the cured film still maintains a high quality retention rate of 78% at 500 °C, at the same time, the glass
transition temperature is 270 °C and temperature corresponds to peak tangent loss value is 316 °C, demonstrating excellent thermal
stability. The cured film maintains good chemical stability in N-methylpyrrolidone, acetone, 10wt% KOH solution, and 1wt% HF
solution. In summary, this material can meet the process and performance requirements of high-sensitivity and low-temperature
curing required for semiconductor advanced packaging.
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Tab.1 Adhesive solutions containing different structure of

coupling agents

Samples Types of coupling agents
PSPI-1 None

PSPI-2 KH-560

PSPI-3 QX-335

PSPI-4 KH-560+ QX-335

148 TG 47

AL AR 3 24 10 mg, FHEE R A 10 °C/miin,
2 TR THE 2 600 °C, &SR
1.49 DSC 47

({41 R BT 529 10 mg, FHELE 4 10 °C/min,
2 TR THE 2 400 °C, &SR
1.4.10 fh= &% M

I £ T B 1) 1 2% i 32 1 D o 2 2% [ 4
ORI R TR UAUER UYL N b R LA T K e
FIAE NMP ., N i o2 36350 15 min, 76 080 ME 7 )
10% KOH H 40 °Ci#Z i{d 10 min, 78 FRPE VK 1% HF
MR R 15 min 5, A8 1 KIE VT, T
J E S T RS ] Ay AR T A O
2 FER5iFR
2.1 PI#Ag&RAE
2.1.1 M

AN [ B AR ) 45 PYAR AS 76345 75 NMP 1 GBL
H BB L L 20 R 2 T, A4l PI-1 A
i i e vy, 2 E A T a-ODPA A H T ODPA A1{Y
HA F b R B R X ARE5# , IRl CpODA H
H RN GREER , 43 F 5 B FURL R B B3R, 4 F4%
[B] A B R 0855 , PR e 5 T B PI-1 26 A Bl
TR S R RE

R2 R A R RS AR AR A

Tab. 2 Solubility of resin composed of different monomers

Samples Monomer Solubility/ | Solubility/ |
[g+(100 g NMP) '] [g+(100 gGBL) ]
PI-1  a-ODPA,CpODA 40 33
PI-2 ODPA 26 22
PI-3 ODPA,CpODA 35 30
PI-4 a-ODPA 30 27
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Tab.3 Molecular weight data of resin

Sample M M PDI

PI-1 17 625 11 806 1.49
PI-2 17 358 11738 1.48
PI-3 17721 11 825 1.50
PI-4 17 524 11753 1.49

Notes: M is weight average molecular weight; M, is number aver-

age molecular weight; PDI is polydispersity index.
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Fig. 4 Transmission UV-vis spectra of PI resin films (10 um thick)
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Tab. 4 Adhesion between cured films containing different structure

of coupling agents and silicon substrate

Samples Coupling agent Adhesion performance
PSPI-1 None Poor

PSPI-2 KH-560 Good

PSPI-3 QX-335 Good

PSPI-4 KH-560+ QX-335 Excellent
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Fig. 6 Tensile strength and breaking elongation curve of cured film
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Tab.5 TG parameters of cured film
o o Mass residual rate at
Sample T,,/°C T\00/°C 500 °C/%
Cured film 341 398 78

Notes:T,, is temperature at 10% thermal weight loss; T, is temper-

ature at 10% thermal weight loss.
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Fig. 9 DSC curve of cured film
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chemical resistance test
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Tab. 6 Chemical resistance of cured film in various chemical

reagents
Reagent Condition Curing film Film tl}ic.lcness
surface variation
NMP RT/15 min No change <1%
Acetone RT/15 min No change <1%
10%KOH 40 °C/10 min No change <1%
1%HF RT/15 min No change <1%
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