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◆We proposed a newly investigated activation method using Current Source Mode (Isource).
⇒ Single Activation Procedure: Process time was about 18-20 times shorter than that of Vsource.

・Activation @ Is = 10-14 A → 10-6 A⇒ Gap Width: 78 nm → <10 nm
⇒ Multiple Activation Procedure: Electrical properties during and after activation were similar to those of Vsource.

・Decrease of Resistances: A Linear Relation with a Slope of -1
・Transition of I-V Characteristics: Insulating→ Tunneling→ Metallic

These results indicate that Current Source Mode is suitable for activation procedure.

◆ Field-Emission-Induced Electromigration (so-called “Activation”) 
Activation process is based on moving atoms induced by Fowler-Nordheim (F-N) field emission current.
⇒ The motion of moving atoms is completely controlled by the field emisssion current at nanogaps.
⇒ Conventional Activation Scheme: Field Emission Current Induced by Voltage Source (Vsource)
Advantages: ① Wide-Range Control of Tunnel Resistance of Nanogaps[1-3]

② Magnetoresistance Properties of Ni/Vacuum/Ni System[4-5]

Disadvantage: Relatively Long Process Time for Activation
⇒ Newly Proposed Activation Scheme: Field Emission Current Generated by Current Source (Isource)
⇒ Continuous current flow may shorten the process time for activation due to directly applying to the nanogaps.
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② Activation Methods: Voltage Source Mode vs. Current Source Mode 
Newly-Proposed Activation 
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③ Resistance Control of Nanogaps Using Activation with Current Source Mode 

④ Conclusions 

◆ Multiple Activation◆ Single Activation

Process Time for Activation
Vsource⇒ TVsource = 4918 sec
Isource⇒ TIsource = 281 sec

(TV source : TIsource = 18 : 1)
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Preset Current Is: 10-14→ 10-6 A
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Activation Parameters

Is: Preset Current
Vs: Voltage (Stop) 
Rs: A Resistance (=Vs/Is)
dVs/dIs: Differential Resistance
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Schematic of Newly Proposed 
Activation Procedure  

In order to improve 
the process efficiency of activation ・・・,
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