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Carbon-based nanostructures such as carbon nanotubes (CNTs) and carbon nanofibers (CNFs) are 

candidate materials for next-generation integrated circuit technologies due to their high current-carrying 

capacities and excellent electrical, thermal, and mechanical properties [1,2]. Since the via resistance 

depends on the number of conductive CNTs inside the via, it is important to investigate not only the 

characteristics of the via but also the individual CNTs inside [3]. In this paper, we report the use of a 

SEM imaging technique to detect defective CNT vias and identify CNTs contributing to the conducting 

process. 

 

We have designed and fabricated test devices for vertical CNT interconnect vias [4]. A cross-sectional 

schematic of via test devices is shown in Fig. 1(a). A bottom-up process using plasma-enhanced 

chemical vapor deposition (PECVD) for CNT growth was used to yield vertically aligned nanotubes and 

to mitigate the difficulties in high-aspect-ratio device fabrication [5].  

 

Figs. 2(a) and 2(b) show secondary-electron (SE) images of CNT vias at 30 kV and 0.5 kV acceleration 

voltages, respectively. To extend our previous work on via characterization [4,5], we identify detection 

mechanisms based on observations of beam-induced specimen charging. 30 kV SE image shows a 

strong geometry contrast around the via edges. In comparison, the 0.5 kV SE image has a clear voltage 

contrast from the potential barrier created by the SEs and the large resistance between the ground plane 

and the surface. Thus this voltage contrast suggests the failure of the via under test, most likely caused 

by excessive current stressing. 

 

Figs. 3(a) and 3(b) show AFM topological and tunneling-current images at a bias voltage of 10 V, while 

Figs. 3(c) to 3(f) show high-magnification SE images of CNT vias using 0.1 kV, 0.5 kV, 5 kV, and 30 

kV acceleration voltages, respectively. For CNTs inside vias indicated by the arrows, the contrasts in 

tunneling-current AFM and 0.1 and 0.5 kV SEM images are weaker than those at higher voltages, since 

higher-energy incident electrons have longer penetration depth, and the electrons reaching the embedded 

CNT relax the charging of dielectric residue surrounding the CNT due to electron-beam-induced 

conduction [6,7]. This result suggests that low-energy imaging is effective in observing unexposed 

CNTs below the via top surface. 

 

In summary, SEM imaging of defective structures in fabricated CNT vias has been presented. The 

voltage-contrast imaging is shown to be effective in identifying failed vias, while low-energy imaging is 

a viable technique to observe unexposed CNTs. The use of these imaging techniques is potentially 

valuable for via characterization and for the eventual functionalization of CNT via interconnects. 
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Figure 1.  Cross-sectional schematic of CNT via test structures. 

 

   
Figure 2.  Top-view SEM images of CNT vias with (a) 30 kV and (b) 0.5 kV electron acceleration voltages. 0.5 

kV image reveals a voltage contrast from the potential barrier created by the SEs and the small resistance between 

the ground plane and the surface. The images with less contrast in (b) correspond to failed vias. 

 

 

 
 
Figure 3.  High-magnification AFM (a) topological images and (b) images obtained with tunneling current for the 

same CNT vias. High-magnification top-view SEM images with (c) 0.1 kV, (d) 0.5 kV, (e) 5 kV, (f) 30 kV 

electron acceleration voltages for the same CNT vias. For CNTs in vias indicated by the arrows, the contrasts in 

tunneling-current AFM and 0.1 and 0.5 kV SEM images are weaker than those at higher voltages, since higher-

energy incident electrons have longer penetration depths. 


