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Supplementary Materials
S1. Determination of the Relationship between d25%-75% and dFWHM

The point spread function (PSF) of a focused beam can be determined by scanning it across a sharp edge and measuring the profile of either the transmitted or emitted signal as a function of position.  In the case of a transmitted beam, the measured intensity goes from 0% when the beam is fully occluded to 100% when it no longer strikes the edge surface, with values somewhere in between when the beam partially covers the edge. If a detector is above the beam monitoring an emitted signal, such as secondary or backscattered electrons in the case of an electron beam, it will measure the complement of the transmitted signal ranging from 100% when fully on the knife edge to 0% when no longer intersecting it. A typical profile is shown below:

                                                          [image: image1.emf]
A common metric for the beam size is to drop a vertical line from the point at 25% of the maximum intensity to the x-axis (the scan direction) and second line from 75% of the maximum intensity and then refer to distance between the two points of intersection as d25%-75%. This value obtained in a one-dimensional scan is sometimes used as a surrogate for beam size, but it is not unambiguous because different beam shapes can give rise to the measurement of 50% (25%-75%) of the signal. For example, an elliptical beam will give one value if measured along its long axis and another in a direction perpendicular to it. Even if a beam is Gaussian and has circular symmetry to determine the FWHM, it is necessary to divide d25%-75% by 0.57. This relationship is mentioned in a paper by Kolosova et al. (2015) referenced in the main article. What follows is an independent derivation of the relationship between dFWHM and d25%-75% for the specific case of a two-dimensional Gaussian beam profile.
First consider the following:

The normalized PSF is given by:
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The error function is defined as:
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Imagine a knife edge blocking 75% of the beam whose center is at (0,0). If a backscatter or secondary electron detector measures a signal above the knife edge, then the signal will be emitted from 75% of the area.  If a transmission detector is placed below the knife edge then it will see 25% of the signal. The first part of the problem is to determine the value of x’ such that this can happen for a Gaussian beam whose total intensity has been normalized to 1. It is first noted that 50% of the beam’s footprint extends from [image: image7.png]


  to  x = [image: image9.png]


 and 25% from  [image: image11.png]


  to  [image: image13.png]


 .  This also means that 25% of the beam corresponds to the distance from  [image: image15.png]


  to [image: image17.png]


 or  [image: image19.png]ds505-759 = 2x'



  as a result of symmetry about the y-axis. 

The problem is therefore to find [image: image21.png]2x’



 and relate it to the FWHM of the beam. Using equation (1), the total area [image: image23.png]


 of the beam between [image: image25.png]


  to  [image: image27.png]


  is given by:
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Both the integrals have a form similar to that of the error function. Starting with the integral in y:
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then:
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Also:[image: image43.png]
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Therefore:
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In the case of the integral in x:
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then:
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Combining equations (9) and (10) with (4) gives:
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For [image: image58.png]A=0.25



 , that is 25%

[image: image59.png]12)




Therefore:
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= 0.50 which from the error function table
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From [image: image65.png]das0,—7505 = 2%
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To find σ, we start from equation (1):
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In polar coordinates, it is:
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since
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It has a maximum value when [image: image71.png]


 given by:
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Half of this value is
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The corresponding value of [image: image75.png]


 is therefore given by:
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Inserting this value of σ into equation (15) yields:
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S2. Effect of Working Distance
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Figure S2-1. Working Distance Series PSF FWHM Contours at 10kV and 20kV. The 10kV contours are shown on the left, and the 20kV contours are shown on the right. The best focus image of the calibration sample was found at multiple working distances (WD). Probe current was held constant at all WD. PSF size increases as WD increases, which matches probe size expectations. The effect is more noticeable at lower beam voltages.
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Figure S2-2. Focal Point Diagram for Through Focus Series. The stage was held at a constant height, and the beam was moved through focus to simulate a change in working distance. Changing the beam afforded more accurate focal intervals than changing the stage height.
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Figure S2-3. Through Focus Series. Top to bottom, the images on the left side correspond to the contours on the right side, respective with the following order. From outer contour to inner contour, the red contours represent -24μm, -12μm, -6μm, and 0μm (best focus). From inner contour to outer contour, the blue contours represent 0μm (best focus), +6 μm, +12 μm, and +24 μm.
S3. Characterization of Astigmatism
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Figure S3-1. Astigmatism Series at 2kV. A box containing a contour plot is shown for each point spread function (PSF). Each box has size 85nm x 85nm. The contours shown are 0.9Imax (inner contour), 0.5Imax (middle contour), and ~0.1Imax (outer contour), where Imax is the maximum intensity for the PSF within the box.
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Figure S3-2. Astigmatism Series at 5kV. A box containing a contour plot is shown for each PSF. Each box has size 85nm x 85nm. The contours shown are 0.9Imax (inner contour), 0.5Imax (middle contour), and ~0.1Imax (outer contour), where Imax is the maximum intensity for the PSF within the box. Minor artifacts from the PSF determination process were minimized in the outer contours of a small number of PSFs to avoid distraction from the series as a whole.
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Figure S3-3. Astigmatism Series at 20kV. A box containing a contour plot is shown for each PSF. Each box has size 85nm x 85nm. The contours shown are 0.9Imax (inner contour), 0.5Imax (middle contour), and ~0.1Imax (outer contour), where Imax is the maximum intensity for the PSF within the box. Minor artifacts from the PSF determination process were minimized in the outer contours of a small number of PSFs to avoid distraction from the series as a whole.
S4. Restoration of Astigmatic Images
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Figure S4-1. Observed Images of Gold-on-Carbon from 10kV Astigmatism Series. Two regions were imaged: one region depicted in the central cross, the other region in the four quadrant images. For each tested stigmator combination, the calibration sample and gold-on-carbon sample were imaged using the same beam shape. The corresponding PSFs for these images are shown in Figure 7 in the main article. The restorations of these images are shown in Figure S4-2. Scale bar in central (best focus) image is of length 100nm.
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Figure S4-2. Restored Images of Gold-on-Carbon from 10kV Astigmatism Series. These restorations correspond to the observed images in Figure S4-1. Each observed image was restored using the PSF with corresponding stigmator settings (Figure 7 in the main article). Scale bar in central (best focus) image is of length 100nm.
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