DIST: Defect Analysis and Statistics Toolbox
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Defects Matter The Challenge! DIST Development

For any electronic device, co.ntr.olling | How long would it take you to Stial"t: * Needed a way to automatically identify and analyze defects in STM images.
defects present in the material is crucial : : Raw image (1) * Used MATLAB’s built-in contour generation function to isolate bright and dark
for understanding its properties count all the black dots in this extrema
. , . , :
STM image: . Wha:t if you7had to " Wrote algorithms to reduce background noise, filter contours, and compare
Atomic defects occur when atoms in the count them in 20 images: shapes of different defects.

Reduce background

crystal structure are removed or displaced, * Challenge: each image is different and requires different processing depending

. " noise . .
or when impurities are present. 3 (2)/ on the size and density of defects.
. . . Original Modified
* Defects disrupt the crystal lattice, which . | | -
alters how electrons propagate through Al of th ; . Right: Solution to. background noise.
ol Th ductivity of of these are Add heisht-based * Created a user interface that allows for
a mate.rla. e con u.c lvity of a atomic defects % flexible processing
mate.r.lal depends on its electron we care about i contours (3)/ * Sliders make for fast and easy alterations
mobility. analyzing! * Processed image updates as you change the
settings
4 . Y o '
Single-layer (ZD) Semiconductors = - = il & Flltel‘  Lower and upper parameters o v H
* Many 2D semiconductors have high . contours/shape 4 determine the range of pixel values that are oy SomEBE
electron mobility, making them DIST processes images to make ) matching ( )/ set to the mean pixel value of the image. Fiished R T
applicable for fast transistors. defects stand out, and
» Defects have a greater effect on the automatically identifies and - N Left: User decides on Left: The contours
properties of single-layer materials. locates them. TR O NI bright or dark defects, remaining after shape
K : Y then contours are comparison and filtering
* Knowing how defects alter the — — (5) SOl
. . : S C S > generated around all are the identified defects.
electronic properties of a material " o, % « ¢ .* | Howlong A
I devel hods f I TR T Id it tak the extrema The user can add or
a .OW'.‘; us to deve OP methods tor EREE .’ g would It taxe - ~ delete contours that were
tailoring 2D materials. “. :, LA now? Alllerar EE incorrectly identified.
. P ' 2 .Y v 5
: ? R S correction (g 4
How do we characterize defects! SR . - The defects are . ( )/ | Left: Line profiles from identified defects.
l’ L . . - . - A- ol ) .
e Scanning Tunneling Microscopy PR B ; s - mbUCEh more : B e, Each line represents a cross section of a
. e S -f ~ . ODVIOUS agalnst a B004 ettt 5 L,
(STM) generates atomically resolved - U e S, e . 8 " A d?feCt' ,
: £ th ‘ £ material co, -f L. %, + uniform End: Lol e g Right: Plot of apparent heights of defects.
lmages © € surfaces or matcrials. | J 0 LI background. OLIt ut defect 0_01_-: """""""""" °:‘ — = | _ Apparent height data tells the user how
Tunneling 1__l;f P . " s w w wm m W » @ “m wm s w w» w»  deepin the material the defects are.
current _reey Could you calculate the precise i statistics ~ (7)
Loop ° °
orientation of all the dumbbell
Voltage shapes in this image?
} source
O*» These two defect
ese two defects
Tunneling electrons have the same

Best Cost Histogram

m Conducting sample pointing in
nanoscience.com Above: STM image of graphene. different
The hexagonal lattice structure is directions.

clear in this image. Dark spots
indicate places with no atoms.

Left: STM image of MoTe2.The
large white circles and small

Top left: user-
selected template
contour. The purple
plots indicate the
best-matching shape
out of a group of
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Moving forward, we will transfer the entirety of the program
into a MATLAB GUI (as seen under DIST Development).VVe
will also be improving the program’s generality, so that it can
be used with images outside of STM.

MATLAB has included some new region-of-interest (ROI)

(6)

Defect counts

black dots are two types of (green) nested 0 o 02 o8 oz features and tools that may aid in isolating defects in images
atomic defects. The spots occur contours. oSt costparamert and shape comparisons.We hope to implement the changes
because of changes in the | DIST isolates Above: histogram of to make the toolbox smoother and easier to use.
charge density on the sample. identified defects to Right: the template results of shape-matching. Additionally, we are going to implement batch-processing
Usi STM i automatically shape (red) is being Y-axis is defect count. features for analysis of multiple images at once.
SINg Images, we can compute statistics compared to a Lower values on the x-axis
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