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Wide-Range Control of Tunnel Resistance of Nanogaps[1-3]

① Introduction: Field-Emission-Induced Electromigration (Activation)

④ Conclusion 
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③ Integration of Single-Electron Transistors by Activation

Simultaneous Control of Tunnel Resistance of Two Nanogaps by Preset Current
・ Tunnel Resistance R: 100 TΩ→ 1 MΩ (Preset Current Is: 1 nA→ 30 µA)

Controlled Fabrication of SETs Using Field-Emission-Induced Electromigration (Activation)
・ Fabrication of SETs with Single or Multi Island Using Activation
・ Control of Charging Energy of SETs by Preset Current 

Integration of SETs Using Field-Emission-Induced Electromigration (Activation)
・ Coulomb Blockade Voltage of Each Device was Obviously Modulated by The Gate Voltage @ 16 K

Simultaneous Control of Charging Energy of Integrated SETs by Preset Current
・ The Charging Energy of Both SETs Decreased Simultaneously with Increasing The Preset Current @ 16 K

② Control of Electrical Properties of Simultaneously Activated Tunnel Devices

Initial Nanogaps Application of Field-Emission 
Current to Nanogaps
Connected in Series

Magnetoresistance Properties of Ni/Vacuum/Ni System[4, 5]

Simple and Easy Fabrication of Single-Electron Transistors (SETs)[6, 7] [6] 友田他、電子情報通信学会信学技報. ED2008-232. 47 (2009).
[7] W. Kume et al., J. Nanosci. Nanotechnol. (2010), in print.
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●: Sample A-1
     (Winitial = 41 nm)
▲: Sample A-2
     (Winitial = 59 nm)

T = 300 K
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電界放射電流誘起型EMによる単電子トランジスタの集積化の検討
Integration of Single-Electron Transistors Using Field-Emission-Induced Electromigration
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■ Control of Electrical Properties of Tunnel Devices by Only Adjusting Applied Current During Activation

■ Activation: Electromigration Method Induced by Field-Emission Current Passing Through The Nanogaps
→ Simple and Easy Fabrication Technique of Tunnel Devices

Metallic
Is = 30 µA

Tunneling
Is = 1 µA

Simmons     
Model[10]

Insulating
Is = 1 nA

Electrical Properties of 
Integrated SETs @ Is = 1.5 µA

SEM Images of Before/After 
Performing Activation
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∆VG = 0.5 Vstep

µ

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

-12 -8 -4 0 4 8 12
-20

-10

0

10

20

D
ra

in
 V

ol
ta

ge
 V

D
 (V

)

Gate Voltage VG (V)

D
rain C

urrent ID (fA
)

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

-12 -8 -4 0 4 8 12
-20

-10

0

10

20

D
ra

in
 V

ol
ta

ge
 V

D
 (V

)

Gate Voltage VG (V)

D
rain C

urrent ID (fA
)

102

103

10-6 10-5

C
ha

rg
in

g 
En

er
gy

 E
c (

m
eV

)

Preset Current Is (A)

●: Sample X-1
      (Winitial = 81 nm)
▲: Sample X-2
      (Winitial = 69 nm)

T = 16 K
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Integration of Tunnel DevicesMigration of Atoms at
Each Nanogaps

Initial Nanogap Preset Current
Is = 10 uA

Initial Nanogap Preset Current
Is = 10 uA

Simultaneous Control of 
Charging Energy
by Preset Current
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W = 0.36 nm
     = 4 eV

T = 16 K
● : Experimental
 　: Theoretical
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Simultaneous Control of 
Electrical Properties[8, 9]
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Is = 1.5 µA

VG =-14 V~14 V
∆VG = 0.5 Vstep
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Current Source mode
Preset Current: 

Is = 100 nA→ 10 µA
Temperature:
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