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

④ Conclusions 

③ Simultaneous Tuning of Tunnel Resistance of Nanogaps by Activation

➣ SEM Images of Series-Connected Nanogaps After Performing Activation
・ Separation of gaps was simultaneously reduced to less than 10 nm after activation @ Is = 30 µA.
⇒ Nanogaps with Precisely Controlled Gap Separations

➣ Current-Voltage Properties of Simultaneously Activated Nanogaps Connected in Series
・ Current-voltage characteristics of samples were simultaneously varied from insulating to metallic through tunneling properties.
⇒ Simultaneous Tuning of Electrical Properties of Integrated Nanogaps

➣ Tunnel Resistance of Nanogaps vs. Preset Current during Activation
・ Tunnel resistances of series-connected nanogaps decreased ranging from the order of 100 TΩ to 100 kΩ.
⇒ Self-Regulation with Final Spacing Set by Applied Current
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SEM Images of 
Series-Connected Nanogaps

I-V Properties of Samples 
After Performing Activation

Control Parameters
Temperature: 300 K

Environment: Vacuum
Preset Current Is:

1 nA ~ 30 µA

Samples

③
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Application of Field-Emission Current to 
Nanogaps Connected in Series
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④

Wide Separation of Initial Gaps
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→ Preset Current: Dominant Parameter for Controlling Electrical Properties of Nanogaps

http://www.tuat.ac.jp/~nanotech/index.htm

Activation Procedure with Current Source

Material: Ni
Thickness: 20 ~ 30 nm
Initial Gap Separation
Sample 1: W1 = 114 nm
Sample 2: W2 = 80 nm
Sample 3: W3 = 108 nm  

http://www.tuat.ac.jp/~nanotech/index.htm

-10

-5

0

5

10

-1 -0.5 0 0.5 1
Drain Voltage VD (V)

D
ra

in
 C

u
rr

en
t 

ID
 (

fA
) T = 300 K

Is = 1 nA

-10

-5

0

5

10

-1 -0.5 0 0.5 1
Drain Voltage VD (V)

D
ra

in
 C

u
rr

en
t 

ID
 (

fA
) T = 300 K

Is = 1 nA

-0.5

-0.25

0

0.25

0.5

-1 -0.5 0 0.5 1

D
ra

in
 C

u
rr

en
t 

ID
 (

p
A

) T = 300 K

Is = 500 nA

Drain Voltage VD (V)

-0.5

-0.25

0

0.25

0.5

-1 -0.5 0 0.5 1

T = 300 K

Is = 500 nA

D
ra

in
 C

u
rr

en
t 

ID
 (

p
A

)

Drain Voltage VD (V)

-0.5

-0.25

0

0.25

0.5

-1 -0.5 0 0.5 1

T = 300 K

Is = 500 nA

D
ra

in
 C

u
rr

en
t 

ID
 (

p
A

)

Drain Voltage VD (V)

-0.4

-0.2

0

0.2

0.4

-0.1 -0.05 0 0.05 0.1

D
ra

in
 C

u
rr

en
t 

ID
 (
A

)

Drain Voltage VD (V)

T = 300 K

Is = 30 A

-0.4

-0.2

0

0.2

0.4

-0.1 -0.05 0 0.05 0.1

T = 300 K

Is = 30 A

D
ra

in
 C

u
rr

en
t 

ID
 (
A

)

Drain Voltage VD (V)

-0.4

-0.2

0

0.2

0.4

-0.1 -0.05 0 0.05 0.1

T = 300 K

Is = 30 A

D
ra

in
 C

u
rr

en
t 

ID
 (
A

)

Drain Voltage VD (V)

-10

-5

0

5

10

-1 -0.5 0 0.5 1
Drain Voltage VD (V)

D
ra

in
 C

u
rr

en
t 

ID
 (

fA
) T = 300 K

Is = 1 nA

Insulating Tunneling Metallic

100

102

104

106

108

1010

1012

1014

1016

10-10 10-9 10-8 10-7 10-6 10-5 10-4 10-3

R
1

, R
2,

 R
3,

 R
s,

 d
V

s 
/d

Is
 (


)

Preset Current Is (A)

T = 300 K

Initial Gap Separation                    
 ○: R1 (W1 = 114 nm)       
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 △: R3 (W3 = 108 nm)  ◇: dVs /dIs  
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Activation: Simple and Easy Fabrication Technique of Tunnel Devices
Ⅰ Wide-Range Control of Tunnel Resistance of Nanogaps Ⅱ Ni/Vacuum/Ni Based Ferromagnetic Tunnel Junctions (MTJs)
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