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Copper (Cu) interconnects have been widely used to reduce RC delay and power consumption in CMOS 

technology.  However, Cu electro-migration towards interlayer dielectric (ILD) under bias-temperature-

stress (BTS) is a significant reliability issue and causes dielectric failure. Hence, Ta or Ti-based 

materials were introduced as diffusion barriers.  As the VLSI circuits are scaled down, the thickness of 

these diffusion barriers should also be scaled to maximize the Cu/diffusion barrier volume ratio with low 

resistance.[1] Therefore, minimum resistance addition with extended lifetime is a critical criterion for 

selecting the diffusion barrier. In this work, graphene is used as a sub-nm diffusion barrier, and Cu 

Electro-migration (EM) under BTS was investigated using in-situ Scanning Transmission Electron 

Microscopy (STEM).  

 

80nm/1µm in thickness/width of Cu wires were fabricated on 1nm Ta layer/90nm thermal SiO2 /Si 

substrate. Graphene was directly grown on Cu using plasma-enhanced chemical vapor deposition 

(PECVD) at low temperature (lower than 400°C). Then, the hybrid wire was capped with Si3N4 (200nm 

thick). For comparison, CuOx/Cu device was fabricated with the same structure. Plan-view lamella of 

each Cu wires (8-10µm in length) was prepared using focused ion beam (FIB, FEI Nova 200), and 

transferred on a MEMS based electro-thermal chip (Protochips E-chip) using the lift-out method. To 

avoid exposure to air, the lamella was carefully thinned down to keep the Cu wire encapsulated with thin 

Si3N4 and SiO2. Then, each end of the Cu wire is connected to the chip electrode with Pt deposition. 

Both samples were observed using in-situ STEM (JEM ARM200F) under thermal-electrical biasing. 

 

The temperature of both samples was maintained at 300°C during the experiment. No apparent changes 

were observed under thermal stress. The applied electrical bias was gradually increased until the void 

formation is observed. Once a void is formed, the electrical field was slightly reduced to retard the EM. 

A void on Graphene/Cu hybrid wire was initially formed with 500µA. In contrast, CuOx/Cu wire, which 

went through the same annealing process without carbon precursor, had the void formation with 18 µA. 

This huge difference is mainly attributed to the more defective Cu crystalline in the latter sample. The 

void is randomly formed at a defective area and is propagated under an applied bias. However, little 

changes in Cu grains farther from the void was observed, which indicates that the Cu usually migrate 

through grain boundaries and might induce changes in order to reduce grain boundary energy. The 

orientation of grains was slightly tilted by thermal and electrical stress. Additionally, once the void 

grows close to the sidewall of wire, dramatically increased resistance causes the joule heating of 

narrowed Cu wire, resulting in melting and agglomeration of Cu.   

 

Selection of proper electrical field is critical to observe nano-scale lamella sample contrary to the device 

on a substrate. The reaction should be slowed down to have enough time to observe changes. Plan-view 



 

 

sample with well-capped Cu wire is also critical to avoid spurious reaction from the ambiance. [2] 
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Figure 1.  Process steps of plan-view sample preparation   

 
Figure 2.  Sequential STEM images of Graphene/Cu hybrid wire under 500µA at 300°C. This shows 

morphology changes as Cu migrates. 


