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Nanoscale Optical Field Samplers 
with Attosecond Resolution

L ight-based techniques for characterizing 
samples are powerful tools for science and 

applications. Ideally, these techniques enable 
measurements with superior spatial and tempo-
ral resolution without damaging the sample. Yet, 
while advances in super-resolution microscopy 
enable non-destructive imaging with sub-
wavelength spatial resolution, high-sensitivity 
measurements with temporal resolution better 
than the cycle time of visible and infrared light 
remain challenging.

This challenge limits our ability to explore 
many important light–matter interaction dynam-
ics. For instance, the transfer of energy from light 
to electrons in photovoltaics and photosynthetic 
systems occurs on femtosecond and potentially 
sub-femtosecond timescales. Visualizing such 
fast dynamics requires temporal resolution on 
the order of a few femtoseconds or less. The 
methods for achieving such resolution require 
large, high-power lasers, vacuum environments 
or extreme ultraviolet light, severely limiting 
applications. 

To overcome these limitations, we have 
developed a compact, integratable sampling 
technology1 that measures visible to near-infrared 

optical electric-field waveforms directly in 
the time domain. This technology achieves 
sub-optical-cycle, sub-femtosecond resolution 
using only picojoule-level pulse energies. Since 
the time and frequency domains are correlated by 
a Fourier transform, complete spectral informa-
tion (both amplitude and phase) is also retrieved 
from these measurements. 

To measure optical fields with sub-cycle 
resolution, our devices use arrays of electrically 
connected resonant nanoantennas2 in combina-
tion with few-cycle optical driver pulses. These 
nanoantennas enhance the driver’s incident opti-
cal fields to achieve strong-field photoemission, 
creating attosecond electron bursts that enable 
petahertz-level sampling bandwidths. Scanning 
a weak electric field from a signal wave of inter-
est across the device in time causes a change in 
the detected current depending on the direc-
tion of the signal field. The current then flows 
out through the devices to an external detector, 
where it is recorded—providing a perfect replica 
of the signal wave in time. 

Similar time-domain spectroscopy systems 
operating in the THz regime3 are commer-
cially available, and are commonly used for 

industrial and scientific applications such 
as chemical and material analysis. Such 
systems often prove superior to conven-
tional frequency-domain techniques, 
but have not yet scaled to the visible and 
near-infrared regions due to fundamental 
technology limitations. We believe the our 
method will provide a compact platform 
enabling sub-cycle characterization of 
low-energy optical electric-field waveforms 
for time-resolved spectroscopy and imaging 
in the visible to near-infrared. That platform 
could, in our view, enable new insight into 
light–matter interaction dynamics, with 
applications in areas such as photovoltaics, 
biology, medicine, food-safety, gas sensing 
and drug discovery.  OPNTop left: Schematic of the device. Top right: Depiction of the optical-field sampling process. 

Bottom left: Photograph of the nanocircuit embedded on a printed circuit board. Bottom 
right: measured field (blue) compared with reconstructed expected field (red).
Adapted from M.R. Bionta et al., Nat. Photon. 15, 456 (2021)
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