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Fig. 1. (color online) All spin logic device.
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Fig. 2. The branch of spin circuit.
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®1 ASL ST RS

Table 1. Simulation parameters for ASL devices.

ZH 1 ZH 1 ZH i

lrm 50 nm lcontanct 10 nm ACu 350 nm [26]

WEM 20 nm Weontanct 20 nm PCu 34 Q-nm [27]
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Abstract

The need for low-power alternatives to digital electronic circuits has aroused the increasing interest in spintronic
devices for their potentials to overcome the power and performance limitations of (CMOS). In particular, all spin logic
(ASL) technology, which stores information using the magnetization direction of the nano-magnet and communicates
using spin current, is generally thought to be a good post-CMOS candidate for possessing capabilities such as non-
volatiliy, high density, low energy dissipation. In this paper, based on nano-magnetic dynamics described by Landau-
Lifshitz-Gilbert-Slonczewski (LLGS) equation and transport physics of spin injection and spin diffusion, a coupled
spin-transport/magneto-dynamics model for ASL is established. Under different channel lengths and applied voltages,
the switching characteristics of ASL device comprised of Co and Permalloy (Py) nano-magnets are analyzed by using
the coupled spin-transport/magneto-dynamics model. The results indicate that the switch delay, energy dissipation and
thermal noise effect of PyASL are lower than those of CoASL. The main reason is that the saturation magnetization of
Py is less than that of Co. Under the same applied voltage, the maximal channel length of PyASL is longer than that of
CoASL when ASL device can switch accurately. Moreover, the two ASL devices’ switching delay can be reduced by re-
ducing channel length or increasing applied voltage, and the energy dissipation can be reduced by reducing channel length
or applied voltage, whereas there are no optimized applied voltages to minimize the energy-delay product. In addition,
the influences of thermal noise on switching delay and energy dissipation can be improved by lowering channel length,
but increasing applied voltage can only improve the influence of thermal noise on switching delay. The above-mentioned

conclusions will supply essential guidelines for optimizing the ASL devices’ materials and configuration.

Keywords: all spin logic, spin transfer torque, spin transport, Landau-Lifshitz-Gilbert-Slonczewski
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