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NEMS system

6x1 nm2 - 240 atoms 
a = 2.42 Å 
Y = 0.85 TPa 
T = 10 K
Neri, I., et al. "Reset and switch protocols at Landauer limit in a graphene buckled ribbon." EPL (Europhysics Letters) 111.1 (2015): 10004.



Heat production evaluation
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2-DOF potential landscape

5

A2 (Å)

0

-5-10
-5

0

A1 (Å)

5

-4

1

0

-1

-2

-3

10

×10-20

En
er

gy
 (J

)

A1A2

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



Reset protocol
• Objective: move the system from an unknown state to 

known state 
• ΔS = kB log(2) 
• Qmin = kB T log(2)

A1 A1

A2 A2
Neri, I., et al. "Reset and switch protocols at Landauer limit in a graphene buckled ribbon." EPL (Europhysics Letters) 111.1 (2015): 10004.



Reset protocol
Quick and dirty: apply a positive force along Z on all atoms

WRONG: it is not possible to control the velocity!



Reset protocol
Quick and dirty: apply a positive force along Z on all atoms



Reset protocol

Controlled way: apply a set of forces in to gently put the system 
in the desired configuration

t0 t1 t2 t3 t4

f0Up

fMaxUp

f0Dw

fMaxDw
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Controlled way: apply a set of forces in to gently put the system 
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Reset protocol

Controlled way: apply a set of forces in to gently put the system 
in the desired configuration
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Switch protocol
• Objective: move the system from a known state to another 

known state 
• ΔS = 0 
• Qmin = 0

A1 A1

A2 A2
Neri, I., et al. "Reset and switch protocols at Landauer limit in a graphene buckled ribbon." EPL (Europhysics Letters) 111.1 (2015): 10004.



Switch protocol

Controlled way: apply a set of forces in to gently put the system 
in the desired configuration

t0 t1 t2 t3 t4 t5 t6

f0Up

fMaxUp

f0Dw

fMaxDw
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Switch protocol

Controlled way: apply a set of forces in to gently put the system 
in the desired configuration
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Switch protocol

Controlled way: apply a set of forces in to gently put the system 
in the desired configuration
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Switch protocol

Controlled way: apply a set of forces in to gently put the system 
in the desired configuration 
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Switch protocol

Wrong way: apply the switch protocol from the wrong initial state

t0 t1 t2 t3 t4 t5 t6

f0Up

fMaxUp

f0Dw

fMaxDw



Switch protocol

Wrong way: apply the switch protocol from the wrong initial state

Qmin > 2QL



Conclusions

• Studied minimum energy required by reset and switch 
protocols for a bit encoded by a compressed clamped-
clamped graphene ribbon 

• Proposed protocols operate at thermodynamic limit 
avoiding snapping 

• Proposed protocols operate without altering the 
compression of the beam
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