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Introduction
Ferromagnetic Single-Electron Transistors: FMSETs

RC-coupled FMSET[1]

Hysteresis of the Drain Current on Gate Voltage
Enhancement of Tunnel Magnetoresistance
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Experimental Method
Planar-Type Tunnel Junctions with Ferromagnetic Nanogap System

EB Lithography and Lift-off Process
Asymmetrical Butterfly Shape: Induction of Magnetic Shape Anisotropy
Electromigration Method: Stepwise Feedback-Controlled Electromigration (SFCE)[2]

Field-Emission-Induced Electromigration (Activation)[3]

Conclusions
Stepwise Feedback-Controlled Electromigration (SFCE)

Increase of the Resistance: 350 Ω → 183 kΩ
Magnetoresistance of Planar-Type Ferromagnetic Tunnel Junctions: ~4 % @ 16 K

Field-Emission-Induced Electromigration (Activation)
Decrease of the Resistance: Insulating → 95 kΩ
High MR ratio of Planar-Type Multiple Tunnel Junctions: ~300 % @ 16 K
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Interplay of Spin and Charge: Multivalued Functions
DRAM + HDD + Low Power = Universal Memory
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SFCE[4]
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Initial: Insulating

1st Activation:
1.6 MΩ
(Is = 25 µA)

2nd Activation:
226 kΩ
(Is = 65 µA)

3rd Activation:
170 kΩ
(Is = 80 µA)
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1st Activation:
3.2 MΩ
(Is = 6.5 µA)

Initial: Insulating

3rd Activation:
95 kΩ
(Is = 65 µA)

2nd Activation:
420 kΩ
(Is = 25 µA)
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Initial: 350 Ω

1st SFCE:
355 Ω 2nd SFCE:

1.5 kΩ

3rd SFCE:
183 kΩ

-400

-300

-200

-100

0

100

200

300

400

-0.1 -0.05 0 0.05 0.1

D
ra

in
 C

ur
re

nt
 I 

(n
A

)

Bias Voltage V (V)

d
2I/dV

2

Ni: 30 nm
T = 16 K

-60

-40

-20

0

20

40

60

-0.1 -0.05 0 0.05 0.1

D
ra

in
 C

ur
re

nt
 I 

(n
A

)

Bias Voltage V (V)

d
2I/dV

2

Ni: 25 nm
T = 16 K

-800

-600

-400

-200

0

200

400

600

800

-0.1 -0.05 0 0.05 0.1

D
ra

in
 C

ur
re

nt
 I 

(n
A

)

Bias Voltage V (V)

d
2I/dV

2

Ni: 15 nm
T = 16 K

Sample A Sample B Sample C

Electrical Properties 
during Activation
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Electrical Properties 
after Activation
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Magnetoresistance Properties after 
Activation
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