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Topics

• Physics of computing: zero power micro e nano devices

• 2D materials for computing and sensing
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Landauer R. IBM Journal Of Research And Development, Vol. 5, no. 3, 1961

Information
is

physical
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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
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Landauer principle

Initial condition: two possible states 

Final condition: one possible state

Heat produced
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Landauer principle
experimental verification

The physics of information: from Maxwell’s demon to Landauer - Eric Lutz - University of Erlangen-Nürnberg



Micro and nano devices for computing and sensingIgor Neri

Landauer principle
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 

Landauer R. IBM Journal Of Research And 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

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

• Energy dissipation of reversible circuit, under ideal physical 
circumstances, is zero.
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OR logic gate

www.randomwraith.com
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OR logic gate

Landauer limit
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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-layer MoS2 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-layer MoS2 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-layer MoS2 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
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Simulation with ReRAM simulator
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Simulation with ReRAM simulator
System Architecture Specification

NEMS only system (NEMS) 1GB NEMS

ReRAM only system (RRAM) 2GB ReRAM

DRAM only system (DRAM) 2GB DDR4 DRAM (Four 4Gb x8 DRAM devices)

DRAM only system with refresh disabled 
(DRAM_noREF)

2GB DDR4 DRAM (Four 4Gb x8 DRAM devices)

PARSEC benchmark suite



Micro and nano devices for computing and sensingIgor Neri

Simulation with ReRAM simulator
PARSEC benchmark suite

Memory Type Energy per Access (pJ/bit) for streamcluster

RRAM 3.87

NEMS 1.84

DRAM 29.6

DRAM without Refresh 26.6
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Tunable MoS2 strain sensor

• Sensors require 
direct relation 
between two 
properties

• Not direct relation 
between Eg and 
strain

• Solution: exploit 
piezoelectricity (only 
odd-layered)
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Heat rectifier

For bulk

Expected              ~5% for T=300 K and ΔT = 100K 

~20% for T=300 K and ΔT = 400K negative
Interface driven thermal rectification in a graphene–bilayer graphene junction from nonequilibrium molecular dynamics, M López-Suárez, I Neri, R Rurali, Journal 
of Applied Physics 124 (22), 224301 (2018)
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Heat rectifier

positive
Interface driven thermal rectification in a graphene–bilayer graphene junction from nonequilibrium molecular dynamics, M López-Suárez, I Neri, R Rurali, Journal 
of Applied Physics 124 (22), 224301 (2018)
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Heat rectifier

Dames’ model

Thermal boundary
resistance (TBR) 

Interface driven thermal rectification in a graphene–bilayer graphene junction from nonequilibrium molecular dynamics, M López-Suárez, I Neri, R Rurali, Journal 
of Applied Physics 124 (22), 224301 (2018)
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Conclusions and Foresights

• Ambito/i del PTSR interessato/i: Ambito 5: Nanoscienze, Ambito 6: 
Energy harvesting e ICT

• Azioni collaborative di Ateneo coinvolte: Azione 4 (Digitale. Industria e 
Spazio), WP 4.2: Nanoscienze e nanotecnologie
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Thank you for your attention


