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Circuit technology and architecture for ultralow-power high-speed integrated
circuits using beyond-CMOS devices
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Ultra-low voltage operations of complementally CMOS logic systems are
considerably effective at reducing power dissipation. However, their operation speed is severely
degraded for the ultralow-voltage operations, since the current drivability of the transistors
deteriorates at low voltages. A new piezoelectronic transistor (PET) is proposed for
ultralow-voltage high-speed integrated circuits. The device is comprised of a cylindrical
piezoresistive (PR) channel and a torus-shape piezoelectric (PE) gate. The PR channel can largely
change its resistivity owing to the metal-insulator transition. The PET can achieve high current
drivability even at ultralow voltages. Design methodologies and architectures of
complementary-PET-based basic circuits for logic applications are developed. Performance and
behavior of these PET-based circuits are analyzed using an equivalent circuit of PETs. The
Somplementary PETs can exhibit high-speed (several GHz operations) and low-power performance at 0.2

Beyond-CMOS ultralow voltage
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