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What is Skyrmion?

In Field theory Skyrmions are the topological stable
solution of the non-linear sigma model.

Sigma Model is a field theory that describes the field as a
point particle that can move on a manifold
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What is a magnetic Skyrmion

In condensed matter physics Skyrmions are the two
dimensional object which can be exteneded in the third
dimensions trivially. For the direction
of magnetization is opposite on the boundary compared to
the center of the structure.
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Moore's Law had break down in early 2000s due to
heating of the sigle core processors.

Example (Transistor on
chip)

For the past five decades, the number of transistors per microprocsssor
chip — a rough measure of processing power — has doubled about every
two years, in step with Moore’s law (tap). Chips alsa increased their ‘clock
speed', or rate of executing instructions, until 2004, when speeds were
capped to limit heat. As computers increase in power and shrink in size, a
new class of machines has emerged roughly every ten years (bottom).
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Why Magnetic Skyrmions are important?

Two adopted solution to tackle the chip heating problem :

@ An upper limit to the clock rates — how fast the microprocessor
executes the instruction

@ Each chip contains more than one core (processor)
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These solutions are not enough now

@ In early 2020s the Moore's Law ceased to be satisfied due to
quantum effects arising in the circuits. Hence one can not use
the simple ballistic transport regime of electrons to represent the

bits.

Three solutions are available:

@ Milivolts switch
o Use electron spin states to represent the bits. It is known as

milivolts switch.
@ 3D stacking of transistors in the processors
@ Integration of processors and the memory units on the same chip

Kaushal Kesharpu Skyrmion January 22, 2023 7/12



Magnetic Skyrmions fits the bill

Magnetic Skyrmions are one of the promising candidate for

data storage as:

@ Their structure depends on electronic spin

@ Highly stable due to topological protection
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Skyrmion based race track memory device
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Topology and characterization of Skyrmion

Bloch sphere
. Magnetic skyrmions
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Topology

Topological charge

Nsk:/nskd2r (1)

Toplogical charge density
1 [8m(r) 8m(r)} _

flsk = Em(r) Tax dy

m(r) = my(r)x + my(r)y + m,(r)z.

)
In terms of spherical coordinates it can be represented as

o Polarity

e Vorticity
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Stabilizing Mechanisms

Dzyaloshinskii—Moriya Dipole-Dipole interactions
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