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(1) Precession: Transfer of spin
angular momentum from Heff

(2) Gilbert Damping: Rotation of
moment into alignment with Heff

(3) Spin Orbit Torque: Scattering of
electron spin to produce spin-
polarized electrons through Spin
Hall or Rashba Effect

Our model was verified by comparing single STT-MTJs vs. SOT-
MTJs and found that their ratio in switching time and current 

agrees with literature [2]

SPICE Model

Prototype Flip-Flop SOT-MTJ Logic
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Flip-Flop SR Latch Logic Operation for Spin Orbit Torque-Magnetic Tunnel 
Junction Circuitry

Conclusion
In this work, a SPICE SOT-MTJ model is developed and a prototype Flip-Flop SR latch logic based on SOT-MTJ is proposed. The proposed SOT-flip flop
exhibits faster switching time and smaller energy delay. Flip flops are useful in many applications; other than random access memories logic, flip flops are
used in registers and digital counters, which makes them suitable candidates for future logic circuit technology.

Introduction
In recent years, spin transfer torque (STT)-magnetic random access memory (MRAM) was seen as one of the most promising candidates for next-generation
non-volatile memory. STT-MRAM was seen as a potential candidate to replace complementary metal oxide semiconductor (CMOS)-based memory in the
field of logic-in-memory. However, STT-MRAM also faces challenges such as high energy consumption and weakened reliability due to a common access
path for both read and write operations. This compels the search for a new spintronic concept known as spin orbit torque (SOT)-MRAM. The core of a MRAM
is the magnetic tunnel junction (MTJ) cell. A SOT-MTJ is a three-terminal device which has its read and write paths isolated, and it consist of better overall
properties as compared to an STT-MTJ, making SOT-MTJ a suitable novel paradigm for logic applications. In this work, we demonstrate a prototype SOT-
based MTJ SR-latch circuit which has faster switching time and shorter energy delay as compared to conventional semiconductor counterparts.

Comparisons between Spin Transfer Torque and Spin Orbit Torque
Spin Transfer Torque Spin Orbit Torque
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SOT-MTJ isolated read 
and write operations

In SOT, scattering of conduction 
electron spin is used to produce 

spin-polarized electrons

STT-MTJ read and 
write operations

In STT, a polarizer is used to orient 
electron spins in a particular direction

TMR ratio = 100% (1kΩ/2kΩ)
Switching current = 11.5mA

SR Latch Proposed Circuit Results
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• A latch is a device consisting of two
stable states

• SR (set/reset), (1/0) latch depends on
the states of S and R

• Can be produced by two NOR/NAND
gates consisting a cross-feedback loop,
a loop (circuit) in which one input
state is affected by the other and vice
versa

SR-Latch Switching Time & 
Energy delay comparisons [3]

S (dominated)-Latch        R (dominated)-Latch

Two cycles of current changes when MTJ states changes as shown
in the Write Current in MTJ3 vs. Switching Time graphs. The red
dotted line represents the minimum switching current.
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where

Properties
STT-

switching
SOT-

switching
Reason(s)

Reliability Low High
SOT switching has isolated access
paths for read and write
operations

Write current High Low High current through STT-MTJ
causes stress on memory cell,
resulting in high energy
consumption

Endurance Low High
Energy 

Consumption
High Low

Lifetime of MTJ Short Long
STT-MTJ oxide degraded by
time dependent dielectric
breakdown


