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SETSET--NEMS: extended functionalities to SETs NEMS: extended functionalities to SETs 

Nanowire SET

Movable Gate VG2

I ds
 (n

A
)

Vgs=12 V

Vgs=-12 V
-100

0

100

200

I ds
 (n

A
)

Vgs=12 V

Vgs=-12 V
-100

0

100

200
Coulomb oscillationCoulomb oscillation

VG2

Vact

VG

S

D

Actuation Electrode Vact

Vds (V)

Vgs 12 V

-0.04-0.02 0 0.02 0.04
-200

Vds (V)

Vgs 12 V

-0.04-0.02 0 0.02 0.04
-200

VG (V)

I ds
 (n

A
)

-5.0 0 5.0 10.0-10.0

25

20

15

10

5

0

Vds=10 mV

6 mV6 mV

2 mV2 mV

PullPull--in operation of movable gate in operation of movable gate 

Simple Beam:
tgap0 = 200nm

A = 12µm x 1µm
overlap area = 4µm2

tgap△V C

kS

tgap△V C

kS

nm
)

x4 x2
Actuation 

electrode Area

Pull-in voltage
Vpi

x1/√4 x1/√2

t ga
p

(n

Vact (V)

Vpi

TwoTwo--state capacitive switch state capacitive switch 

Cgap

Cox

Gate 2 (G2)

Drain (D)Source (S)

Ve
CG2

Gate down

~Cox

CG1

Gate 1 (G1)

CD , TDCS , TS

Gate up

Gate down

Pull-in

A 20nm thin oxide covers the region underneath (G2).
(G2) actually acts as a two-state capacitive switch.



2008/7/21

6

Unique switching properties of SETUnique switching properties of SET--NEMS NEMS 
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B. Pruvost, H. Mizuta and S. Oda, IEEE T-Nano 6, 218 (2007)
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NEMSET(1): Mechanically modulated NEMSET(1): Mechanically modulated tunnellingtunnelling raterate

Silicon Nanobridge (SiNB) SET
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J. Ogi, Y. Tsuchiya, S. Oda and H. Mizuta, submitted to MNE2007

NEMSET(1): Mechanically modulated NEMSET(1): Mechanically modulated tunnellingtunnelling raterate

IDMultiple tunnel junctionMultiple tunnel junctionTunable multiple tunnel junction
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Electromechanical modulation of Electromechanical modulation of 
tunnelling rate?tunnelling rate?

SiNB SET with a multiple 
quantum dot (QD) cavity

J. Ogi, Y. Tsuchiya, S. Oda and H. Mizuta, submitted to MNE2007

NEMSET(1): Mechanically modulated NEMSET(1): Mechanically modulated tunnellingtunnelling raterate

Si nanochain
(in collaboration with 
Cambridge Univ.)
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Acoustic Strain absorption effectStrain absorption effect
Uno, Mori, Nakazato, Koshida and Mizuta, J. Appl. Phys. 97, 113506 (2005) & Phys. Rev. B72, 035337 (2005) 

NEMSET(3): Even more exotic phenomena ..…?NEMSET(3): Even more exotic phenomena ..…?

Phonon blockade of singlePhonon blockade of single--electron tunnelling electron tunnelling 
Single electron tunnelling induces mechanical 
excitation as a localized cavity phonon

VzcLph μ73/3 =≈Ω hh

Energy gap in Coulomb 
diamond ε0 ～100 μeV

Quantization of mechanical motion?Quantization of mechanical motion?

A. Gaidarzhy et al., Phys. Rev. Lett. 94, 030402 (2005)

Thermal occupation number Nth =kBT / hf

f = 1.49 GHz, T = 110mK 

Nth ～ 1 : quantum regime

E.M. Weig et al., PRL92, 046804-1 (2004)

Electronic DevicesElectronic DevicesElectronic DevicesElectronic Devices
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Macroscopic Macroscopic 
scalescale

Macroscopic Macroscopic 
scalescale

Electromechanical DevicesElectromechanical DevicesElectromechanical DevicesElectromechanical Devices

Studied Studied 
wellwell

Studied Studied 
very littlevery little

Studied Studied 
quite wellquite well
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SUMMARYSUMMARY
Fusion of Si Fusion of Si nanodevicenanodevice and NEMS may and NEMS may 
provide enhanced performance and even new provide enhanced performance and even new 
functionalities to ‘conventional’ Si devices for functionalities to ‘conventional’ Si devices for 
information processinginformation processing

NEM memory with highNEM memory with high--speed operation & speed operation & 
superior superior nonvolatilitynonvolatility: any chance to compete : any chance to compete 
with other emerging memories?with other emerging memories?

SETSET--NEMSs and NEMSETs with more NEMSs and NEMSETs with more 
functionalities and new switching principle: functionalities and new switching principle: 
still lots of space to explore !!still lots of space to explore !!
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