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The search for new low-k dielectric materials has always been dictated by industrial needs, resulting
in a strong connection between fundamental research and technology. With the development of
flexible ultra-large-scale integration (flexible ULSI) in the microelectronics industry, an urgent need
for high-performance flexible low- and ultralow-k dielectric materials (low-k: k ≤ 2.5; ultra-low-k: k ≤
2.0) has arisen because such dielectrics would reduce the capacitance between the metal interconnects,
the resistance-capacitance delay, the line-to-line crosstalk noise, and the power dissipation. More
importantly, such dielectrics could be used in roll-to-roll processing to achieve large-scale production,
improve the productive efficiency, and minimize the processing costs. So far, the most important
method to obtain ultralow-k materials is by incorporating nanosized air voids (with a k value of
approximately 1) into low-k matrices. The k value of these porous materials can be less than 1.5.
However, the method itself is complicated, difficult to control, and expensive. Moreover, the pore
structure, size and distribution will greatly affect the homogeneity of the materials, which makes this
technique difficult to be used in large-area production. The porosity tends to dramatically reduce the
mechanical strength and gas tightness of the materials, thereby making them too fragile for practical
use. Thus the acquisition of high-performance intrinsic ultralow-k materials remains one of the most
important bottlenecks restricting the leapfrog development of the whole microelectronics industry. .
Here we introduce the recent advance in the research of high-performance intrinsic ultralow-k
polyimide films in our laboratory [1-8], by considering the polarizability and the free-volume theory
from the molecular level (Figure 1-4). The intrinsic ultralow-k property was obtained by the molecular
design and the control of the steric and aggregation structure of the polymers, which led to the
formation of uniform distributed free-volume holes with sizes at the Ångström scale, measured by
positron annihilation lifetime spectroscopy (PALS). Such a strategy is beneficial for lowering the k
value and simultaneously maintaining the overall properties of polyimide, such as excellent
mechanical properties, thermal properties, and good processing properties.

Figure 1 Intrinsic low-k polyimide films containing triphenylethylene and tetraphenylethylene moieties.
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Figure 2 Intrinsic low-k polyimide films containing triphenylmethane moieties.

Figure 3 Intrinsic ultralow-k polyimide films containing fluorene moieties.

Figure 4 Intrinsic ultralow-k polyimide films containing triphenylethylene and triphenylamine moieties.

The financial support by the National 973 Program of China (No. 2014CB643605), the National
863 Program of China (No. 2015AA033408), the National Natural Science Foundation of China (Nos.
51373204 and 51233008), the Science and Technology Project of Guangdong Province (Nos.
2015B090915003 and 2015B090913003), the Doctoral Fund of the Ministry of Education of China
(No. 20120171130001), and the Fundamental Research Funds for the Central Universities (No.
161gzd08) are gratefully acknowledged.

References

Proceedings of the 12nd China-Japan Seminar on Advanced Aromatic Polymers (2016)



3

[1] Y. W. Liu, Z. X. Zhou, L. J. Qu, Z. Q. Chen, Y. Zhang, S. W. Liu, Z. G. Chi, X. D. Chen, J. R. Xu, Materials
Chemistry Frontiers, 2016, DOI: 10.1039/c6qm00027d..

[2] Z. X. Zhou, L. J. Qu, T. T. Yang, J. L. Wen, Y. Zhang, Z. G. Chi, S. W. Liu, X. D. Chen, J. R. Xu, RSC
Advances, 2016, 6, 52798-52809..

[3] W. X. Chen, Z. X. zhou, T. T. Yang, R. X. Bei, Y. Zhang, S. W. Liu, Z. G. Chi, X. D. Chen, J. R. Xu, Reactive
and Functional Polymers, 2016, DOI. 10.1016/j.reactfunctpolym.2016.04.011.

[4] Y. W. Liu, C. Qian, L. J. Qu, Y. N. Wu, Y. Zhang, X. H. Wu, B. Zou, W. X. Chen, Z. Q. Chen, Z. G. Chi, S. W.
Liu, X. D. Chen, J. R. Xu, Chemistry of Materials, 2015, 27, 6547-6549.

[5] H. W. Sun, Y. Zhang, W. Yan, W. X. Chen, Q. Lan, S. W. Liu, L. Jiang, Z. G. Chi, X. D. Chen, J. R. Xu,
Journal of Materials Chemistry C, 2014, 2, 5812 – 5817.

[6] Y. W. Liu, Y Zhang, X. H. Wu, Q. Lan, C. S. Chen, S. W. Liu, Z. G. Chi, L. Jiang, X. D. Chen, J. R. Xu,
Journal of Materials Chemistry C, 2014, 2 , 1068 – 1075.

[7] Y. W. Liu, Y. Zhang, Q. Lan, Z. X. Qin, S. W. Liu, C. Y. Zhao, Z. G. Chi, J. R. Xu, Journal of Polymer
Chemistry Part A: Polymer Chemsitry, 2013, 51, 1302-1314.

[8] Y. W. Liu, Y. Zhang, Q. Lan, S. W. Liu, Z. X. Qin, L. H. Chen, C. Y. Zhao, Z. G. Chi, J. R. Xu, J. Economy,
Chemistry of Materials, 2012, 24, 1212-1222.

Proceedings of the 12nd China-Japan Seminar on Advanced Aromatic Polymers (2016)




