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Topics

ÅPhysics of computing: zero power micro e nano devices

Å2D materials for computing and sensing
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LandauerR. IBM Journal Of Research And Development, Vol. 5, no. 3, 1961

Information
is

physical
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Landauerprinciple

ÅMinimum amount of energy 
required greater than zero

ÅLet assume the operation of bit 
reset

Å# of initial states: 2

Å# of final states: 1
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Landauerprinciple

Initial condition: two possible states 

Final condition: one possible state

Heat produced
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Landauerprinciple
experimental verification

¢ƘŜ ǇƘȅǎƛŎǎ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴΥ ŦǊƻƳ aŀȄǿŜƭƭΩǎ ŘŜƳƻƴ ǘƻ Landauer- Eric Lutz - University of Erlangen-Nürnberg
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Landauerprinciple
experimental verification

Neri, Igor, and Miquel López-Suárez. "Heat production and error probability relation in Landauer reset at effective temperature." Scientific reports 6.1 (2016): 1-7.
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Logically irreversible devices 

LandauerR. IBM Journal Of ResearchAnd Development, Vol. 5, no. 3, 1961

We shall call a device logically irreversible if the 
output of a device does not uniquely define the 
inputs. We believe that devices exhibiting logical 
irreversibility are essential to computing. Logical 
irreversibility, we believe, in turn implies physical 
irreversibility, and the latter is accompanied by 
dissipative effects. 
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Information is Physical

Rolf Landauer, 1961. Whenever we use a logically irreversible gate we dissipate energy into the environment.
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Solution = Reversibility

ÅCharles Bennett, 1973: There are no unavoidable energy consumption 
requirements per step in a computer.

ÅEnergy dissipation of reversible circuit, under ideal physical 
circumstances, is zero.
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OR logicgate

www.randomwraith.com
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OR logicgate

Landauerlimit
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Going nano: 2D material
http://www.hqgraphene.com/
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Fast MoS2 thickness identification by 
transmission imaging 

I. Neri et al. "Fast MoS2 thickness identification by transmission imaging" Applied Nanoscience(2021).
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Fast MoS2 thickness identification by 
transmission imaging 

I. Neri et al. "Fast MoS2 thickness identification by transmission imaging" Applied Nanoscience(2021).
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MoS2 straintronic

Electronic transport modulation on suspended few-layerMoS2 under strain, I Neri, M López-Suárez, Physical Review B 97 
(24), 241408, 2018
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MoS2 straintronic

Electronic transport modulation on suspended few-layerMoS2 under strain, I Neri, M López-
Suárez, Physical Review B 97 (24), 241408, 2018
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MoS2 straintronic

Electronic transport modulation on suspended few-layerMoS2 under strain, I Neri, 
M López-Suárez, Physical Review B 97 (24), 241408, 2018
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Memory unit

Piezoresistive memories based on two-dimensional nano-scale electromechanical systems [in preparation]

�‰Low energy consumption
�‰Readout current ~100nA
�‰Writing energy ~7eV


