Si-SiO: Interface Defect Density Characterization by fm-AFM
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As silicon-based devices continue to shrink to the nanoscale, traps at the Si-Si02 interface pose
increasing challenges to device performance. Knowledge of the precise location of such traps
aids in understanding their influence on device performance. Frequency-modulated atomic
force microscopy (fm-AFM) can spatially map locations of interfacial traps through dissipation
scans [1, 2]. In this presentation, we demonstrate how this method can be used to spatially map
and quantify traps in both conventionally prepared (“pristine”) silicon samples and those
processed under ultra-high vacuum for hydrogen resist lithography (HRL). We confirm
previous studies demonstrating hydrogen passivation of traps and find that hydrogen
termination further reduces the donor-like trap density [3]. We also observe a significant
reduction in two-level donor-like traps in the hydrogen-terminated samples compared to
pristine silicon samples. These findings suggest that HRL-prepared silicon may offer
advantages for high-performance nanoscale and atomic-scale devices due to reduced trap
densities. More broadly, this fm-AFM technique provides a non-destructive, spatially resolved
tool for probing defect landscapes in nanoscale devices.
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Figure 1. fm-AFM dissipation scans reveal rings due to traps. Shown is a dissipation scan
done on (a) a non-annealed pristine silicon sample and (b) a pristine silicon sample annealed
in N>+H> forming gas, each conducted at a bias of -3 V and A f setpoint of -300 Hz. Scalebar
is 200 nm.
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