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Light-field-driven current control in solids with
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Future PHz electronic devices may be able to perform operations on few-femtosecond time-scales. Such devices are
based on the ability to control currents induced by intense few-cycle laser pulses. Investigations of this control scheme
have been based on complex, amplified laser systems, typically delivering mJ or sub-mJ-level laser pulses, limiting the
achievable clock rate to the kHz regime. Here, we demonstrate transient metallization and lightwave-driven current
control with 300-pJ laser pulses at 80 MHz repetition rate in dielectric media (HfO2 and fused silica), and the wide-
bandgap semiconductor GaN. We determine the field strength dependence of optically induced currents in these media.
Supported by a theoretical model, we show scaling behaviors that will be instrumental in the construction of PHz
electronic devices. © 2021 Optical Society of America under the terms of the OSA Open Access Publishing Agreement
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1. INTRODUCTION

It is a substantial challenge to construct solid-state photonic devices
capable of performing operations on the timescale of the optical
cycles of visible or infrared lightwaves. Such devices are highly
desired for petahertz (PHz) electronics applications [1,2] or to
construct new diagnostic instruments for few-cycle laser pulses.
A PHz electronics device can be based on the effect of transient
metallization of wide-bandgap materials or, alternatively, on the
ultrafast electron transport across vacuum nanojunctions in field-
enhancing nanoarchitectures [3–5]. The effect of metallization has
been already demonstrated in dielectrics [6–8] such as SiO2, CaF2,
or Al2O3, and semiconductors [9,10] such as GaN or graphene
[11]. Unlike nanojunctions, it has the potential to circumvent
technological challenges such as reliable nanojunction fabrication
or the requirement of off-resonant plasmonic nanostructures
[12] to support PHz bandwidth. Few-cycle laser-pulse-induced
femtosecond transient metallization has proven to be a promis-
ing phenomenon, thanks to its unprecedentedly fast electronic
response [13]. Unlike the competitive phenomenon of current
generation via interference of two quantum pathways in the tran-
sitions between the valence and conduction band [14–16], the
transient metallization is considered not to produce real carriers in
the conduction band [2,13], which is advantageous in terms of a

large supporting bandwidth and low dissipation of the deposited
energy. Optically induced currents in materials, however, are
limited to a narrow parameter range of the laser pulses, since strict
requirements must be met with respect to intensity and pulse
length. Even for few-cycle laser pulses where the damage threshold
is increased with respect to longer pulses, the peak intensity is
clamped by optical damage phenomena. This limits the applicable
intensity range to a narrow domain. In spite of these limitations,
first applications of the transient metallization effect have already
been demonstrated in the development of carrier-envelope phase
(CEP) detectors [17] or PHz waveform samplers [18]. These
demonstrations also involved control of optically induced currents
with the carrier-envelope phase of the laser pulses, as a hallmark for
the strong-field nature of this process and its capability to support
PHz bandwidths [1].

The first observation [6] indicated that the phenomenon of the
transient metallization in dielectrics is limited to fields of about
1 V/Å and higher. These fields have been typically provided by
mJ-class laser systems with very low, � kHz repetition rates. The
requirement of high field strength to trigger the phenomenon in
dielectrics would hinder the miniaturization and mass applicability
of potential devices. High-pulse-energy laser systems are bulky and

2334-2536/21/040570-07 Journal © 2021 Optical Society of America

https://orcid.org/0000-0001-6354-197X
https://orcid.org/0000-0003-3567-6468
https://orcid.org/0000-0003-2055-2825
https://orcid.org/0000-0002-1710-0775
https://orcid.org/0000-0002-0736-3512
mailto:hanus.vaclav@wigner.hu
https://doi.org/10.1364/OA_License_v1#VOR-OA
https://doi.org/10.1364/OPTICA.420360
https://crossmark.crossref.org/dialog/?doi=10.1364/OPTICA.420360&amp;domain=pdf&amp;date_stamp=2021-04-19













