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Single-Electron Device Technology for Ultralow-Power LSIs
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The miniaturization of transistors is a powerful driving force for the rapid progress in silicon LSI technology. Transistors with a
gate length of less than 50 nm have been reported. As the gate length is scaled down, however, it becomes increasingly difficult

both to suppress the short channel effects and to reduce the power consumption.

Recently, single-electron devices, which operate

normally in the nanometer-scale region, have been identified as an attractive future ultralow-power LSI technology.
Toshiba has demonstrated a single-electron transistor (SET) and memory operating at room temperature by developing the

process technology for precise control of silicon nanometer-scale structures.
proposed and SET circuit operation was demonstrated at room temperature for the first time.

The concept of programmable SET logic was
Self-aligned double-stacked silicon

dots were successfully fabricated, making the single-electron memory a possible candidate for a practical high-speed nonvolatile

memory operating at a low voltage.
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Schematic views of single-electron devices
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Atomic force microscope (AFM) image of silicon surface undulated
with chemical treatment
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Single-electron transistor with surface undulation
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Scanning electron microscope (SEM) image of SET/CMOS hybrid
circuit fabricated on single chip
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Operation of multifunctional programmable single-electron transistor
logic
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Single-electron memory with self-aligned double dots as floating gate
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Method of fabricating self-aligned double-dot structure
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Cross-sectional transmission electron microscope (TEM) image of
silicon self-aligned double-dot structure
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Relationship between lower dot size and retention improvement
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