Paper 2.3 “Gate-all-around Silicon Nanowire 25-Stage CMOS Ring Oscillators with Diameter Down to 3 nm,”
Sarunya Bangsaruntip,  et al., IBM T. J. Watson Research Center
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The top figure shows a high resolution TEM cross sections (b) inside the gate along the nanowire and perpendicular to the direction of current flow in the nanowire (c) & (d)’s of Effective Diameters (DEFF) down to 2.6 nm in (d).  The ring oscillator characteristics vs. DEFF are shown in the graphs below the top down SEMs of the fabricated Gate-all-around silicon nanowire ring oscillators.
As of today, the workhorse driving the ever increasing amount of computing power from PC’s to mobile phones has been the relentless scaling of the planar MOS transistor, however its continued scaling is approaching a brick wall and alternative solutions are required.
Scaling the device gate length is becoming increasingly challenging for traditional planar devices. Following the conventional scaling laws requires thinner gate dielectrics, shallower junctions and higher channel doping. All of these components are reaching the limit of what is physically possible. However, by moving from the planar architecture to a three-dimensional channel geometry, electrostatic control of the channel by the gate is improved and scaling can be further extended beyond the current limits. A near-term solution being evaluated by the industry is the FINFET device, which improves the electrostatic channel control by putting two gates on both sides of the fin channel. The ultimate evolution of this concept is a gate-all-around nanowire device, which is a silicon wire completely surrounded by a controlling gate. This geometry, therefore, provides the best possible electrostatic channel control. A research team at the IBM Microelectronic Research Lab at Yorktown Heights, NY, was able to produce the world’s first functional ring-oscillator circuits with the gate-all-around silicon nanowire devices, demonstrating that this type of device can yield complex circuits. The silicon wire diameter was made as small as 3 nm with gate lengths down to 25 nm. These results clearly demonstrate a viable scaling path for silicon-based devices.
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