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The introduction of a monochromator can drastically reduce the energy spread of the incident electron
beam, and, thus, improve the energy resolution of electron energy loss spectroscopy (EELS). This
becomes particularly important for exploring the optical properties of two-dimensional materials using
low-loss EELS, where the optical absorption features are typically very weak and could easily be
overwhelmed by the tail of the zero-loss peak (ZLP). Furthermore, combined with the imaging power
available on an aberration-corrected scanning transmission electron microscope (STEM), simultaneous
study and direct correlation of the local atomic structure and optical properties at the nm scale becomes
feasible, a power not achievable with optical microscopy and spectroscopy methods.
In this study, we use twisted bilayer graphene (TBG) as a model 2D material system to demonstrate the
simultaneous study of the local atomic structure and optical properties with monochromatic
STEM-EELS. The experiment was performed on an aberration-corrected Nion UltraSTEM, equipped
with a cold field emission electron source and a newly designed monochromator [1], operated at 60 kV
accelerating voltage.
Figure 1 compares the ZLP acquired with and without the monochromator. The monochromator
improves the energy resolution from 300 meV to 60 meV with 1 minute acquisition time, while 12 meV
energy resolution is achievable with ms acquisition [1]. Importantly, even though the energy resolution
is improved only by a factor of 5, the relative intensity of the ZLP tail below 1eV drastically decreases
by more than two orders of magnitude when the monochromator is switched on, as shown in the inset of
Figure 1. This suggests that for 2D materials, where plural scattering is negligible, the Nion
monochromator can increase the information transfer capability by a factor of 100 for optical response
in the near- and mid-infrared regime. This is further demonstrated in Figure 2, where the low-loss EEL
spectra for a few TBG samples acquired with and without the monochromator are presented. The spectra
clearly reveal the presence of additional optical absorption peaks (highlighted), which shift consistently
as a function of the twisted angle in TBG and can be well described by tight-binding calculations.
Noticeably, without the monochromator, this additional optical feature can only be identified in the
visible and ultraviolet regime, while monochromatic EELS provides access to this new feature all the
way down to the mid-infrared regime, superior to previous optical studies [2]. Other examples on h-BN,
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as well as important technical details and probe-position-dependent monochromatic EELS results, will
also be presented [3].
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Figure 1. Comparison of the ZLP taken
on the Nion UltraSTEM with and
without the monochromator. The main
figure is normalized to the integrated
intensity, while the inset is normalized to
the maximum intensity of the ZLP.
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Figure 2. (Left) Experimental ADF images of twisted
bilayer graphene with different misorientation angles.
Scale bars: 1 nm. (Right) Low-loss EEL spectra of the
TBG acquired using the Nion UltraSTEM with and
without the monochromator. The misorientation angles
are labeled on each spectrum.

