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Particie morphology Particle cracking Surface reconstructions
Cell CBD distribution Grain properties Crystallography
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Operando Electrochemical
Freezing Cryo EM Unique Value
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Tescan Solaris Ga-FIB
10’s um cross-sectional milling

Unique Value

Precision milling with ion
beam for site-specific
cross-sectional imaging
and mapping

X-ray Mapping of
Degradation on
Solar Cells

Cryogenic state enables
sample preparation of
beam sensitive interfaces

Cryogenic preparation of
samples for scanning
transmission electron
miCcroscopy
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Unique Value

* Large-area milling with
various ion beams for site-
specific cross-sectional
imaging and mapping

* Cryogenic state enables
sample preparation of
beam sensitive interfaces
for scanning transmission
electron microscopy

* Slice-n-view allows 3D
reconstruction over large-
areas of composites

Helios Plasma FIB
100’s um cross-sectional milling
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Harrison et al., ACS Appl. Mater. Interfaces 13, 31668 (2021)

Li Metal Morphology for Batteries

R. Gannon et al., (2024) In Preparation
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Helios Laser Plasma FIB
10 — 4,000 um cross-sectional milling
fs laser mills 15,000x faster than Ga-

ion FIB

Unique Value

* System-level milling fs-
laser and 1on beams for
site-specific cross-
sectional imaging,
compositional mapping,
and 3D reconstructions

* Cryogenic state enables
sample preparation of
beam sensitive materials

lithium
separator

N = SEl/electrolyte B8
® Copper

Ui Deposits
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4D — Scanning Diffraction Analysis
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Savitzky et al. Microscopy and Microanalysis, 27, 4 (2021)
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Nanoscale Strain Map Across a Grain Boundary

Virtual bright field STEM image (290 x 18 pixels, 1.73 nm/px)
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Functional Thin Films

Site Specific
Metrology

STEM

Focused lon Beam

SPURGEON ET AL. CHEM MATER, 28.11. 3814-3822. (2016). NREL | 14



We can directly resolve interfaces in epitaxially integrated oxides and semiconductors.
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We can interpret such interfaces through image simulations based on atomistic models.

Increasing crystal thickness

—
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This approach allows us to better understand interface reconstructions, defects, and
intermixing that affect properties and performance.

1 x 1 Reconstruction 2 x 1 Reconstruction
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However, to build even more accurate models for synthesis and degradation
we must make sense of large, multi-modal data.
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NATURE MATER, 20(3), 274-279. (2021).  NREL | 18
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We have developed few-shot
machine learning models
that allow us to rapidly build
statistical models for atomic
motifs and defects.

Original image

Segmented image

AKERS ET AL.
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NPJ COMPUTATIONAL MATERIALS, 7(1), 187. (2021).
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Scientists can rapidly train an ML model through simple graphical user interfaces.

& ponl / pychip_gui =

i Code  (E) lwm B

P omate = P iboech T30 T
W sererrapurgeos |t SEADLE mf
. Vileou
B docs

. rrunuengt image
W oty

01 Resamory

O ggrame

O gpmabs eyl

[ Dl AnaR

[ iSCERSE

[ BiADML

O READRM 0 00 Clase bowree

N Pt O Agion [ gt D Sty

| sk s
] n wfunke i
350 W wPurke
sulsle reparmrnity
i whusle gus
w8 an ke
wkl ' wFuale aa
acl i whwile sl
e n wPwsls e

Wpader HIADRA] e

DOTY ET AL.

(=

£ oo e

FINTT 3 puan age ¥ i Comvmms
¥ el e
§ o s
1 ey i
B fyrwri dji
§ i g
1y agn
B iy i
! youry acm
¥ o g

¢ o Egn

COMPUTATIONAL MATERIALS SCIENCE, 203, 111121. (2022).
HTTPS://GITHUB.COM/PNNL/PYCHIP_GUI

) ractns sramm W orew 3 o e A -

[ o - - IR

Py CHaF i g tool for vegrmentaton and
featers ClMECEton ) DansmEson
| ! fry (TEM] images baned
ot ol wsae-prewided

o i armall
eamplen
L
FaYPun TR

M Vadie

W e e
Hp Ry

1 Custom properses
1 Hrites

o i ]

Y Fhein

Bp] PRy

Rela gy

M ey el

NREL

20



F. 8 P 5 - Ks LR - &
N N . TN N Y r (
k. r N r e, . P e - " < % S caL Microscory %,
. r y r o [ 4 4 i r ' r o (I

. 4 r F -
. 4 . 4 N k4 b y ; ‘@% o . ERiMAGHG SCIENCE =

We classify complex synthesis products and degradation of materials microstructures.

Original HAADF Image Support Sets Segmented Image Pixel Fraction

]

V| 3
| 8 8

-

Domain 1

LR Domain 2

AKERS ET AL. NPJ COMPUTATIONAL MATERIALS, 7(1), 187. (2021). NREL | 21
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We can quickly and reproducibly extract microstructural descriptors by task.

MoOs Organic Photovoltaic Precursor

Manual Analysis Few-Shot
10 minutes Task 2
8 seconds

DOTY ET AL. COMPUTATIONAL MATERIALS SCIENCE, 203, 111121. (2022).
AKERS ET AL. NPJ COMPUTATIONAL MATERIALS, 7(1), 187. (2021). NREL | 22
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We can describe degradation signatures in an unsupervised manner using graph
neural network models, informing more accurate statistical models.

Raw HAADF Image Network Graph Cluster Analysis

Disordered Region

TER-PETROSYAN ET AL. PROC. THIRTY-SEVENTH CONF. ON NEURAL INFORMATION PROCESSING SYSTEMS
(NEURIPS). (2023). DOI:10.48550/ARXI1V.2311.08585 NREL | 23
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We can describe degradation signatures in an unsupervised manner using graph
neural network models, informing more accurate statistical models.

SrTiO3

Increasing Dose

TER-PETROSYAN ET AL. PROC. THIRTY-SEVENTH CONF. ON NEURAL INFORMATION PROCESSING SYSTEMS

(NEURIPS). (2023). DOI:10.48550/ARXIV.2311.08585 NREL | 24



ARTIFICIAL INTELLIGENCE-GUIDED
TRANSMISSION ELECTRON MICROSCOPE
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Through these approaches,
we can curate large libraries
of statistical defect
information across length
scales to inform properties
and performance.

LT

TER-PETROSYAN ET AL. PROC. THIRTY-SEVENTH CONF. ON NEURAL INFORMATION PROCESSING SYSTEMS
(NEURIPS). (2023). DOI:10.48550/ARXIV.2311.08585 NREL | 26



NREL is advancing PV interface science
through new world-class instrumentation
and the development of Al-guided
materials science workflows.
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AC36-08G0O28308. The views expressed in the presentation do not necessarily represent the
views of the DOE or the U.S. Government. The U.S. Government retains and the publisher, by
accepting the article for publication, acknowledges that the US. Government retains a
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