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High-field phenomena:

Optical fields are comparable to or 
stronger  than  atomic fields
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Dielectric Nanofilm ~1-10 nm

1. Grazing incidence: field almost normal to the nanofilm 

2. Capacitor geometry (e.g., gate oxide of a MOSFET)

Dielectric Nanofilm ~1-10 nm
Metal electrode

Metal electrode

Electric field

Electric field
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Field ~1-10 V/Ǻ: Electron acquires the band-gap energy within
the unit cell
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Kronig-Penney model with applied electric field:

M. Durach, A. Rusina, M. F. Kling, and M. I. Stockman, Metallization of 
Nanofilms in Strong Adiabatic Electric Fields, Phys. Rev. Lett. 105, 
086803-1-4 (2010)
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Band structure of the solid (lines) and nanofilm (dots) 
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Band structure of nanofilm in applied adiabatic (quasi-stationary) field 

Metallization of Dielectrics in 
Strong Adiabatic Fields

Web: http://www.phy-astr.gsu.edu/stockman

E-mail: mstockman@gsu.edu

7/6/2011 10:10 AM
p.8



Department of Physics and Astronomy
Georgia State University
Atlanta, GA 30303-3083, USA

Valence band states in a moderate field
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Valence band states in a strong field: all states are localized
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Band transparency collapses in moderate fields
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Anticrossing of the valence and conduction band
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Splitting of bands as a function of the film thickness (number of 
unit cells) has an exponential dependence
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Adiabatic metallization: electrons remain in the ground state and are 
transferred in space from one boundary to another . Now interband 
transitions are allowed due to the wave function overlap
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Developed metallization: From quantum bouncers to Wannier-Stark 
ladder of localized states, transition between which are the Bloch 

oscillations
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The 2010 SPIE Meeting Metal 
Nanoplasmonics Conference
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Spectra of nanofilm in moderately strong fields: metallization
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Oscillator strength and low-frequency dielectric permittivity of 
nanofilm as functions of the normal electric field
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Recent Results: Dynamic Metallization

Numerical solution of the density matrix 
equations (optical Bloch equations) for 5 
monolayers (approx. 2 nm) nanofilm with 
bandgap approx. 5 eV. This simulates 
diamond or GaN ( a wideband 
semiconductor).
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Adiabatic excitation: 
reproducing previous results
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From non-adiabatic to adiabatic 
excitation
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Effective permittivity of a dielectric subjected to a 
strong-field femtosecond pulse  
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Residual Electron Population of the Conduction Band: Ramsey Fringes 
as an Effect of the Adiabatic Phase
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Conclusions on Dynamic Metallization

•For long pulses or non-metallizing (weak) fields, the
dynamics is adiabatic, following the pulse field.

•The results of adiabatic metallization are fully
reproduced

•For short pulses and/or high amplitudes, there is a
severe breakdown of adiabaticity: the system is left
with a large electron population in the conduction
band and a large polarization oscillating after the
pulse end



Department of Physics and Astronomy
Georgia State University
Atlanta, GA 30303-3083, USA

Department of Electrical Engineering 
University of Michigan, Ann Arbor

Web: http://www.phy-astr.gsu.edu/stockman

E-mail: mstockman@gsu.edu

Wednesday, January 
20, 2009 4:10-5 pm        

26

THE END
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