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Preparation of mesoporous silica/polyimide composite films and their properties
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Abstract : In order to develop low dielectric constant polyimide (PI) composite materials to meet the needs of high-frequency
and high-speed microelectronic packaging, hollow mesoporous silica microspheres(HMSMs)/PI composite films doped with differ-
ent hollow mesoporous silica microspheres (HMSMs, mass fraction is 0-2.5 wt% ) were prepared by in-situ polymerization, their
properties were characterized by Fourier transform infrared spectroscopy, thermogravimetric analysis, scanning electron microsco-
py, water contact angle and dielectric properties test system. The results show that with the increase of HMSMs content, the dielec-
tric constant of the composite film decreases from 3.40 of pure PI to 1.90 at 2.5 wt% HMSMs(a decrease of 44.1%), and the dielec-
tric loss is stable below 0.005. The thermal decomposition temperature of the film is always higher than 470 °C, and the hydropho-
bicity is significantly enhanced (the water contact angle increases from 65.5° to 99.7°). The mechanical properties show non-
monotonic changes, and the tensile strength of films reaches a peak of 161.7 MPa (elastic modulus 1 311 MPa) at 1.5 wt% of
HMSMs, and excessive filling causes microsphere agglomeration, resulting in a decrease in mechanical properties. The conclusion
shows that 2.5 wt% HMSMs composite film has both low dielectric constant (1.90) and high hydrophobicity while maintaining
mechanical strength.
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Fig. 1 FTIR spectra of HMSMs/PI composite films with different
HMSMs mass fractions
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Tab.1 Mechanical properties of HMSMs/PI composite films with
different HMSMs mass fractions

Samples Tensile Tensile elastic- Elongation at
strength/MPa ~ modulus/MPa break/%
PI-HMSO 80.05 1105.47 26.71
PI-HMS1 90.42 1265.64 32.98
PI-HMS2 96.78 1287.83 35.69
PI-HMS3 161.65 1311.04 32.46
PI-HMS4 102.79 1204.71 17.73
PI-HMS5 85.66 811.33 17.49
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