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CNT based NEMS mamory

Rueckes et al, Science 2000




Si-based bistable FG nonvolatile NEMS memory
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NEMS memory: Operation principle
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Test beam structure fabrication

P
T 2=
Anisotropic and

_ |sotropic etching
Si Wafer

Resist SiO,(Thermal)

SEM image of a beam Naturally upward-bent bridge
structure observed

Release of stress at Si/SiO,
Interface after undercut

—

— > — — — — -7~ — —>

Thermal Isotropic Bent
oxidation etching upward
J. Appl. Phys. 100, 094306 (2006)




Electrical switching of the beam
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Mechanical bistability of a self-buckling beam



Fabrication of FG with SINDs
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Fabrication of FG with SINDs

TEM image of a nc-Si dot
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FG charge initialization
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Fabrication of FG with SINDs
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Fabrication of FG with SINDs
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2D simulation of NEMS memory

Finite element method multiphysics simulation

Structural mechanics + Electrostatics + Drift-diffusion
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Steady state analysis of NEMS memory
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Simulated structures
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Beam displacement and drain current characteristics

Miniaturization
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Memory property changes by scaling
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Transient response and switching time

Applying pulse voltage and calculating switching response
( Assuming ideal damping factor for each structure)
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Estimation of energy consumption

Estimating energy consumption from total energy
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Mechanical energy
B> :Lig-odv =W xj Eg-odS
2 S 2
o : stress ¢ : strain
Kinetic energy

o =L%pv2dv =W x'[s%pvzds

Electrostatic energy

E, :L%E-de :WxLéE-DdS

Damping loss
E, = [ Fy - vdtdv

X t 4 oo 0¢
=W XJ‘S J‘O(apv +ﬂagjdtds

o.: mass damping factor
B: stiffness damping factor

Charging loss
E; = E.(t)-E.(0)



Switching energy variation by scaling

V, 6.7 V step voltage (L = 1 um)
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Conclusion

We have performed numerical simulation of NEMS
memory devices featuring mechanical bi-stability as a
memory node.

Memory performances enhance with decreasing
suspended floating gate length L from 1000nm to 100nm,
where switching voltage of 2.5V, switching speed of 15ns,
and switching energy of 0.2fJ are projected.

However, at 50nm, memory window collapses in this
device structure. Although not suitable for ultra large
scale integration, the fast and ultra low power NEMS
memory, which does not require current flow for
switching, may find suitable application in mobile
terminals.

Alternative structure, e.g., CNT, may extend scalability.



