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Abstract

It opens a new horizon on spintronics for the potential application of MTJ as a universal logic element, to employ the
magneto-logic in substitution for the transistor-based logic device. The magneto-logic based on the MT] element shows
many potential advantages, such as high density, and nonvolatility. Moreover, the MTJ element has programmability and
can therefore realize the full logic functions just by changing the input signals. This magneto-logic using MT] elements
can embody the reconfigurable circuit to overcome the rigid architecture. The established magneto-logic element has been
designed and fabricated on a triple-layer MT]. We present a novel magneto-logic structure that consists of a single layer
MT]J and a current driver, which requires less processing steps with enhanced functional flexibility and uniformity. A 4-bit
gray counter is designed to verify the magneto-logic functionality of the proposed single-layer MT] and the simulation
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results are presented with the HSPICE macro-model of MT] that we have developed.
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Table 1. Logic operations of the magneto-logic device
based on a single-layer MTJ with a current
driver.

C B A AF | AR
0D | 0C¢D | 0D =3[ |0 (Ru)
0D | 0D | 1G-D -T 0 (R
0CD | 1GD | 0D -I 10 Ry
0CD | 1GD | 1GD +1 |1 (Rw
1¢D | 0D | 0D - 0 (R
1D | 0D | 1D +1 |1 (Rn)
1D | 1GD | 0D +1 |1 (Rw)
1D | 1D | 1 (+D +31 |1 (Rw

e
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Fsense

a2l 4. Sense amplifiere] 3|2%
Fig. 4. Schematic of sense amplifier.
E 2 S/A° == MEE

Table 2. Truth table of S/A operation.
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Table 3. Truth table of 4-bit gray counter operation.

Dygxr
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0001
0011

0010
0110
0111
0101
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1101
1111
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1000
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Fig. 6. Schematic of S/A with serially connected MTJs.
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Fig. 7. Schematic of 4-bit magneto-iogic gray counter.
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