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ABSTRACT : This research clarified the anomalous electric resistance change of ultrastrained multi-walled carbon nanotube (MWCNT), as well as its mechanical properties,
using the Electrostatically Actuated NAnotensile Testing device (EANAT) mounted on the in-situ SEM nanomanipulation system. The Young’s modulus of MWCNT and its
shear stress during interlayer sliding deformation were estimated from the load-displacement curve. The electrical resistance of the MWCNT was 215 kQ without strain, which
was similar to the previously reported value, however the anomalous resistance change was observed under enormous strain. Although the resistance change ratio was almost
constant during interlayer sliding of the MWCNT, it specifically showed a sharp raise at the end of the sliding in spite of the MWCNT not breaking mechanically. The molecular
dynamics (MD) simulation provided a good understanding that the atomic reconfiguration due to the hard sticking at the edge of extracted outer layer of MWCNT might induce
the sharp raise of resistance without its mechanically breaking. This result reported here is extremely important for reliability of MWCNT interconnects.
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@We carried out classical MD simulations using the bond-order empirical potential
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Sample No.1 | No.2 | No.3 | No.4 | No.5 | Na.§
Length (um) 171 | 552 | 510 | 7.09 | 591 | 4.4
Diameter (nm) 515 | 300 | 313 | 359 | 323 | 335

Young's Modulus (GPa

625 | 594 | 362 | 384 | 518 | 44l
628 | 517 | 386 | 516 | 440 -
- — | 403 464 | -

the 1* increment
the 2nd increment
the 3rd increment
Tensile Strength (GPa) | 3.72 235 278 2.81 3.56 333
Fracture Strain (%) 1.02 1.36 329 2.80 1.05 178

@The unit ring of carbon cylinder model with the minimum diameter of 1.59 nm is
also shown in the figure, which is composed of zigzag structures in the longitudinal
direction. The single CNT shell corresponds to 30 unit rings, and its length is
13.05 nm (=£). Thus, the total length of the telescopic MWCNT models is 19.6
nm (=1.5£) since the overlap region between the outer and inner shells is defined
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@The Young’s modulus and the shear stress during the
interlayer sluqu showed 418 GPa, and 60.1 MPa,
t of MWCNT was

2 1 5 kQ wnhout strain. However, the anomalous
t change was ob d under strain in
the figure in spite of the MWCNT not breaking

mechanically. The resistance change ratio was almost
constant during the interlayer sliding, but it showed a
sharp raise at the end of the sliding without breaking.
@The MD result ted that the ist:
change of MWCNT without mechanically breaking in the
experiment was caused by the atomic reconfiguration due
to hard sticking at the edge of the outer layer.
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