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Investigation of Electromigration Process of Nickel Nanochannel
Using Stepwise Feedback-Controlled Electromigration

1. Introduction

& Fabrication of Nanogaps Using Feedback-Controlled Electromigration (FCE) Scheme

= Nanogaps were obtained by only passing a current through metal nanowires(* 2

=> Significant deviation from Constant Power Dissipation Model (= Joule Heating Model) was observedl3]
# Investigation of Electromigration (EM) Mechanism of Metal Nanowires

= Power dissipated at contact during EM process was estimated by Joule Heating Model!l

=>» Surface Diffusion Potential was observed in Quantum Point Contact (QPC) regimel3l
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2. Stepwise Feedback-Controlled Electromigration (SFCE
SFCE Mechanism Experimental Condition SFCE Process During 6th SFCE Step

Fabrication Method: 5 : i
EB Lithography and Lift-off Process Material: Nickel T=300K
SFCE Process: in Vacuum (102 10+ Pa)
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SFCE Procedure |
Voltage is increased by Vg, - |[|Final Resistance:

Voltage is decreased at G, by Vi Pmi-egs';nﬂme?z Ro | Successive Control of Resistance in QPC Regime
These process are repeated until 26min| — High Controllability of Channel Resistance

channel resistance achieves R - Observation of Smoothly Constricted Ni Nanochannel after SFCE

3. EM Mechanism in QPC Regime
Histogram of V. along Evolution of G, Vc-R; Characteristics SFCE Process in QPC Regime
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Ry Junction Resistance (@) (G, <70 Gy) (P*=0.4 mW) those of Surface Diffusion Potential of Ni
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— P*: Critical Power (W) [4] R. T. Tung, et al., Surface Sci. 97, 73-87 (1980).

b 2 il i) Observation of Constant Power Dissipation in “QPC Regime”
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& Controllability of Channel Resistance Using Stepwise Feedback-Controlled Electromigration (SFCE)
= Quantum conductance was observed at room temperature
= Channel resistance was successively controlled using SFCE procedure

# Investigation of SFCE Process of Ni Nanochannel in QPC Regime by Joule Heating Model
=>» Mechanism of EM was changed at G, = 70 G, (G, < 70 G,: Constant Power Dissipation)
= SFCE process was stable even in QPC regime, suggesting Joule Heating Mechanism (P*: Constant Value)

Possibility of Universal Control of Electromigration Using SFCE Process
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