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MEMS Memory Devices

HALG: MICRO-ELECTRO-MECHANICAL NONVOLATILE MEMORY CELL
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Figure 1: (a) Llalg’s and (b) Oda’s bistable micro/nano-electro-mechanical memory concepts. (¢)
mcchanical hystcresis in device (b).
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lonescu, Adrian M. "Nano-Electro-Mechanical (NEM) Memory Devices." Emerging Nanoelectronic Devices (2014): 123-136.



NEMS Memory Devices
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Neri, I., et al. "Reset and switch protocols at Landauer limit in
a graphene buckled ribbon." EPL (Europhysics Letters) 111.1
(2015): 10004.




Landauer principle

* Minimum amount of energy
required greater than zero

- Let assume the operation of bit
reset

- # of initial states: 2

- # of final states: 1




Landauer principle

S:kBlOgW
Q < TAS

- Initial condition: two possible

states Si — kB 10g2
- Final condition: one possible

state Sf — kg logl
AS = Sf — SZ — —k310g2

- Heat produced

Q < TAS = —kBTlogQ
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Landauer principle with error: theory

Beating the Landauer's limit by trading energy with uncertainty - L. Gammaitoni - arXiv:1111.2937 [cond-mat.mtrl-sci]


http://arxiv.org/abs/1111.2937
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Landauer principle with error: theory

AS =85 — 5,
Si(Pe) = —kp((1 _Pe) In(1 - P,) + P In(P.))

Beating the Landauer's limit by trading energy with uncertainty - L. Gammaitoni - arXiv:1111.2937 [cond-mat.mtrl-sci]
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Landauer principle with error: theory

AS =85 — 5,

Sf(Pe) = —kB((l - Pe) In(1 - P,) + P, ln(Pe))
—kgT((1—P.,)In(1 — P.,) + P.In(P,)) +
—kBTln(2)

Beating the Landauer's limit by trading energy with uncertainty - L. Gammaitoni - arXiv:1111.2937 [cond-mat.mtrl-sci]
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Landauer principle with error: theory
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AS - Sf . Sz Probability of error
S¢(P) =—kp((1 —P.)In(1 — P.) + P.In(F))

Q(P.) = —kgT((1—PFP,)In(1 — P,)+ P:.In(FP,)) +
—k‘BTln(Z)

Beating the Landauer's limit by trading energy with uncertainty - L. Gammaitoni - arXiv:1111.2937 [cond-mat.mtrl-sci]
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Micro-electromechanical memory bit based on
magnetic repulsion

4.0

' T
e CXP

—muodel

T -

-05 00 D5 -

Micro-electromechanical memory bit based on magnetic repulsion, Lopez-Suarez, Miquel and Netri, Igor, Applied Physics Letters, 109, 133505 (2016)



Micro-electromechanical memory bit based on
magnetic repulsion
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Neri, Igor, and Miquel Lopez-Suarez. "Heat production and error probability relation in Landauer reset at effective temperature.” Scientific Reports 6 (2016).



Reset protocol
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Neri, Igor, and Miquel Lopez-Suarez. "Heat production and error probability relation in Landauer reset at effective temperature.” Scientific Reports 6 (2016).



Landauer principle with error: experimental data
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Landauer principle with error: experimental data
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Landauer principle with error: experimental data
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Landauer principle with error: experimental data
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