Developments in scan strategies for high-speed and
low-dose microscopy
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* Scanning transmission electron microscopy (STEM) is a widespread and useful technique in the materials scientist’s toolbox. However serial imaging is slow,
exacerbated by imperfect scan coils require additional wait times, increasing the sample’s exposure to the electron beam.

« Several strategies have been proposed to improve acquisition times (e.g. compressed sensing, novel scan paths [1]), though these do not remove effects from the

scan coils, becoming particularly evident at lower dwell times.

» We explore a range of scan strategies to increase imaging times, increase scan efficiency, and reduce beam damage, whilst maintaining crystallographic precision.

STEM Scan Efficiency

» Conventional STEM imaging scans from left to
right, returning to the left before scanning the next
line.

« To account for hysteresis/beam lag, long flyback
(>500 ps) wait times and pre-scanning are
needed to avoid distortions.

« Scan efficiency expresses the fraction of
acquisiion time that produces usable data.
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n, - line pixels
ny,  -number of lines Ty zp - line flyback
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Above Schematic of STEM showing the
conventional scan path

« point electronic’s TEM scan controller
(DISS6) scan controller allows full control
of the scan by using a Python API.

» New scan paths can eliminate wait times

* Dwell times as low as 10 ns are
possible.

* Images appear relatively distortion |
free at 10 ps per pixel, but significant |
distortions present at 1 ps per pixel - e
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magnifications controller
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Left Images of SITiO, using a
Hilbert space-flling curve [2]. Data
from Nion UltraSTEM 200.

Left Images of SrTiO; using a
square spiral scan, scan spiral
inwards, then outwards to avoid
large scan displacements. Data
B from Nion UltraSTEM 200.

Left Images of a cross-grating using
a serpentine scan [3]. Scan goes
from left to right, then top to bottom
Frames alternate scanning up then
down. Data from Thermo Fisher
Titan G2

10 ps per pixel 1 s per pixel

Below Two sparse scan strategies
with full image reconstruction using
compressed sensing. Top images
from Thermo Fisher Titan G2,
bottom from Nion UltraSTEM 200
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S corrected serpentine
images.

« Serpentine scanning produces an offset the can be correced in post
» Image can be cropped or reconstructed, but can it be corrected in the scan?

« Offset follows inverse dwell time
relationship, can be predicted.

« Distortions present at faster scan speeds,
may still require additional wait time.

« At very fast scan speeds (100 ns per
pixel), get additional distortion in y.
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Schematic of scan
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w0 Left Fit of offset of
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Dwell time (ps) on a Nion
UlstraSTEM 200
Images have beel
Below Images of cross-grating acquired at 100 ns splitinto left and righ
per pixel on a Thermo Fisher Titan G2. Images scanning

time.
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Right Series of
images of SrTiO,
acquired using

500 ns per pixel
7.

show both left and right scan lines
using bilinear Additional distorti to form
in the y-direction are present.

200 ns per pixel
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Conclusions

» Novel scan strategies provide a promising way to reduce unecessary beam
damage in STEM by improving scan efficiency

« Serpentine is a promising method to significantly reduce wait times whilst
maintaining compatability with existing registration methods and
crystallographic fidelity

« Imperfect scan coils still limit scan speeds, and will require more advanced
scan control
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