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Low voltage SEM or LV-SEM (<5 keV) is particularly useful when observing insulators and beam
sensitive materials, as well as for delineating fine surface structure [1]. Obtaining quality images at low
beam energies can be challenging, however, because chromatic aberrations cause significant increases in
the probe size. Since the probe size increases with the source energy spread, field emission guns (FEGS)
or Schottky sources are preferred over thermionic sources. However, chromatic aberrations are still a
problem because they lead to an increase in the probe size when the probe energy is decreased. To
overcome this, manufacturers often use relatively high gun energies (>5 keV) and introduce a retarding
field at the end of the column to lower the landing energy of the electrons.

In this study, the beam retardation requirement is eliminated by working with a larger beam than the
resolution needed and recovering the resolution by the method described by Lifshin et. al. [2] in which
the point spread function (PSF) of the electron beam is determined and used to deconvolute a blurred
image formed by a large probe. The PSF determination is based on a comparison between a reference
image and an observed image acquired with the chosen operating conditions. In the previous work, the
reference image was obtained with a high resolution microscope at a magnification approximating pixel
level resolution. The blurred image was then obtained at the same beam energy and magnification, but
with a larger probe size on a lower resolution microscope. In the current study, a single high resolution
microscope is used where a reference image is obtained at high beam energy with pixel level resolution
and used to establish the PSF for low beam energies. This requires knowledge of the materials in the
reference standard and their respective secondary electron yields [3] so the image can be corrected for
beam energy dependence. Furthermore, suitable adjustments for brightness and contrast were made. These
corrections were used to calculate an approximate reference image at the lower beam energy and the
subsequent PSF (Figure 3) from the low energy image. Figure 1 shows an Au-C Pella® image (c)
calculated for 2 keV from a reference image taken at 20 keV using a TESCAN MIRA®. The measured
image at 2 keV is given in (a) and the restored image in (b). The PSF obtained in this way was then applied
to a Sn-C Pella® sample as shown in Figure 2 where (a) is the observed 2 keV image, (b) is the restored
image and (c) is a high resolution 20 keV image taken of the same area for comparison of detail. The
improvement in image resolution in the restored images can be estimated based on their contrast transfer
functions (Figure 4) using the method developed by Joy [4].
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Figure 1. Au-C Pella® sample: (a) 2 keV image, (b) restored 2 keV image, (c) 20 keV pixel level
resolution image recalculated at 2 keV.
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Figure 2. Sn-C Pella® sample: (a) 2 keV image, (b) the restored 2 keV image, (c) same area at 20 keV.

. Au 10° Sn 10° /
al _ ~ i)
"E 0’ % 1
o > >
\J,m_ % h é 0
20 = 10 - = 10’
20 KV Reference & 20 KV Reference
2 K Restoration 10 2 K Restoration I2.71
0r 2 K Original 2 KV Original
@ 0 0 W w @ 161 15‘ 16“ 162 16‘ 15“
(nm) Feature Size (nm) Feature Size (nm)
Figure 3. The PSF determined Figure 4. The contrast transfer functions for the Au and Sn
from the 2 keV observed image 20 keV and 2 keV images and the 2 keV restorations.
relative to the 2 keV reference
image.
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