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Abstract:

and nanometer-scale depth resolution. This project 
developed a program to test the depth resolution of 

GGG) sectioned into depth-dependent slices. The 
program tracks and optimizes atomic coordinates 

positional information supports accurate predictive 

Summary of Research:

electron beam across a sample and capturing the 

encode the phase and amplitude needed to reconstruct 

is now working toward one-nanometer and eventually 
sub-nanometer resolution to detect a broader range of 

depth resolution.
GGG is a suitable test material because it contains 

columns would demonstrate depth resolution better 

columns by branching outward at angles calculated 
from a Vesta GGG visualization. Because of this depth-

The resulting simulated reconstruction reproduced the 

showed a blinking pattern repeating every four slices 
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across all eight columns per unit cell produced a clear 
peak at four slices for the simulated dataset.

improve depth resolution. 

Conclusions and Future Steps:
The program successfully tested depth resolution by 

condition comparison provided valuable direction as 

References:

and roughness in Gate-All-Around transistors via electron 

Figure 1: (a), (b), and (c) show simulated reconstructions of GGG 
based on the ideal crystal structure seen in (d). (a) and (c) are 

shows the four-bright/four-dim pattern among the eight oxygen 
columns surrounding the central Gd/Ga column, caused by a z-axis 

Figure 2: Integrated intensity vs. slice number for single atomic 
columns. (a) A single oxygen column, with peaks marking 

accurate depth resolution. (b) A heavier Gd/Ga column, where only 
the larger Ga–Ga spacing (12.4 Å) is resolved; the smaller 6.2 Å 
Ga–Gd spacing is not detected.

Figure 3: FFTs of oxygen column intensity traces, averaged across 
all eight columns per unit cell. (a) Simulated reconstruction, 
showing a clear 12.4 Å periodicity. (b) Experimental 
reconstruction, showing no corresponding periodicity.

Figure 4: 3D reconstructions of atomic coordinates for the central 
Gd/Ga column and surrounding eight oxygen columns, from 
simulated (a) and experimental (b) data. Colormap indicates 
integrated pixel intensity within each atom's mask.


