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CNT based NEMS CNT based NEMS mamorymamory

Rueckes et al, Science 2000



SiSi--based based bistablebistable FG nonvolatile NEMS memoryFG nonvolatile NEMS memory
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NEMS memory: Operation principleNEMS memory: Operation principle
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Test beam structure fabricationTest beam structure fabrication
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Electrical switching of the beamElectrical switching of the beam
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Fabrication of FG with Fabrication of FG with SiNDsSiNDs
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Fabrication of FG with Fabrication of FG with SiNDsSiNDs
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FG charge initializationFG charge initialization

～ 2 x 1011 cm-2
VG

initial << 0
～ 2 x 1011 cm 2

n+ a-Si

n+ a-Si

SOI

Substrate



Fabrication of FG with SiNDsFabrication of FG with SiNDs
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Fabrication of FG with SiNDsFabrication of FG with SiNDs

Beam width:1 m

Length: 
1m

Cr:100 nm

SiO2:50 nm
Upper:

Beam thickness

pp
150 nm

Lower:
150 nm

500nm

Buckled bridge with SiNDs
Beam thickness:
100 nm



2D simulation of NEMS memory2D simulation of NEMS memory

Structural mechanics Electrostatics Drift-diffusion+ +

Finite element method multiphysics simulation
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Steady state analysis of NEMS memorySteady state analysis of NEMS memory
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Simulated structuresSimulated structures
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Beam displacement and drain current characteristicsBeam displacement and drain current characteristics
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Memory property changes by scalingMemory property changes by scaling

6

8

106

107

V
s [

V]

R
at

io

4

6

103

104

105
V

ol
ta

ge
 V

C
ur

re
nt

 R

2
101

102

103

Sw
itc

hi
ng

 

O
N

/O
FF

 

 Switching Voltage
ON/OFF Current Ratio

0 500 1000 1500
0 100

10

Floating Gate Length L [nm]

S OON/OFF Current Ratio

Scaling limit?

Switching voltage decreases with size reduction. 
C t ti i i t i d 105 106 til L 100Current ratio is maintained 105~106 until L = 100 nm.



Transient response and switching timeTransient response and switching time
Applying pulse voltage and calculating switching response

（Assuming ideal damping factor for each structure)
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Switching time 7 ns @ L100 nm, Vg2.8 V



Estimation of energy consumptionEstimation of energy consumption
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Switching energy variation by scalingSwitching energy variation by scaling
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ConclusionConclusion
 We have performed numerical simulation of NEMS We have performed numerical simulation of NEMS 

memory devices featuring mechanical bimemory devices featuring mechanical bi--stability as a stability as a 
ddmemory node.memory node.

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

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

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


