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Abstract of Thesis

Copper nanowires (CuNWs) have become an irreplaceable conductive material in the field of flexible
electronics due to their cost-effective as well as high conductivity and transparency. However, the fast
degradation of CuNWs in ambient conditions largely overshadows their practical applications. Therefore, three
strategies have been provided in this dissertation to enable CuNWs based conductors with outstanding
conductivity, oxidation resistance, as well as flexibility: encapsulating or embedding CuNWs into a plastic
substrate to achieve a composite structure; formation of the core—shell structure that encapsulates Cu with
an inert shell; the combination of embedded structures and core—shell structures.

At first, CuNWs are fully embedded into the surface layer of poly(dimethylsiloxane) (PDMS) and followed
with a high-intensity pulsed light technique. The light energy absorbed by the film not only removes the oxides
on the surface of nanowires but also enhances the inter—nanowire connection to achieve high conductivity.
Due to the outstanding stretchability of PDMS matrix and the strong adhesion between CuNWs and PDMS substrates,
CuNWs/PDMS conductors could maintain high conductivity after 1000 stretching cycle tests. Compared with
traditional semi—-embedded conductors, the fully embedded CuNWs/PDMS conductors could maintain their high
conductivity unchanged even at a high temperature of 85 °C and high humidity of 85 % for 12 h.

After that, a facile adsorption and decomposition process is developed for galvanic replacement free and
large-scale synthesis of highly stable Cu@Ag core-shell nanowires. The introduced Ag-ammonia complex
(Ag[ (NHoR) 2]") as silver source adsorbs on the surface of CuNWs to form Cu@Ag—ammonia core—shell structure
and block the traditional galvanic replacement between Ag” and CuNWs. Through a simple thermal annealing process
under air, the Ag—ammonia complex shell can easily decompose into pure Ag shell, and form Cu@Ag core-shell
nanowires. The thickness of the Ag shell can easily be controlled by adjusting the concentration of Ag—ammonia.
The obtained core-shell nanowires exhibit high stability for at least 500 h at high temperature (140 °C) and
high humidity (85 °C, 85% RH) due to the protection of Ag shell.

Finally, CuNWs—core/Ag-shell nanowires are fabricated first and then transformed into Cu@Ag alloy
nanowires with dense surfaces and strong interfaces between CuNWs—core and Ag—shell by using high—intensity
pulsed light (HIPL) technique. The HIPL also selectively softens the surface layer of the stretchable substrate
and results in fully embedded structures of Cu@Ag alloy nanowires. The combination of alloy nanowires and
embedded structures greatly improve the thermal stability of the transparent electrodes that keep high
conductivity unchanged in both high temperature (140 °C) and high humidity (85 °C, 85% RH) for at least 500
h, which is much better than previous reports. The transparent electrodes also exhibit high electro—mechanical
stability due to the strong adhesion between alloy nanowires and substrates, which remain stable after 1000
stretching-relaxation cycles at 30% strain.

To sum up, this dissertation proposes feasible and effective strategies to greatly improve the stability
conductivity, and flexibility of CuNWs-based transparent conductors, which is promising for the application

in next—generation wearable electronics
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