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Creating functional materials with intelligence

Multifunctional Materials

Endless possibilities: energy harvesting, sensing, memory and logic

New Modalities of Strain Engineering

Strain Engineering Composition and Strain Gradients
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Perching ferroelectrics near structural in- Designing novel polar topologies — Novel

Multimodal Characterization
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Atomic-level synthesis with real-time control
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Ferroelectric Hysteresis

@
1
—~F 4 ~F L! e
) ) U
< < 11
N— ~ 1 1
S L 18l "o .
3 3 1 \
B 2
<_ | - '<_ _Llld T ]
@fxﬂma‘;[
1 1 1 I IF 1 1 1 I

Voltage (V) Frequency (w)

stabilities — Enhanced susceptibilities ferroelectric susceptibilities Ipigial Wit Erase
Teaching an old dog new tricks Observing the unobservable
Machine Learning
Data Management Automated Analysis of Spectroscopy
Future Workflow
S IS @
ynthesis &= -
—
—
- -
- Communal >
— P ﬁ
5 Analysis Efm o
ARRR Characterization
/ Notes [=
Y R —
Open Database ®p O .\ &=
= t
—
—
—
L . .
x File Conversion
# ) . ) v ot
Visualization R
#‘u |n\ J o ey -
¥ /=
=
A&
EPANS) .
Data pipe Analysis
v
ML+DL
° ° ° @@ N @')’ N @3 N @ N ~~
Real-Time Machine Learning c8 58 o s w8 B papers
@© © 2 ) ® T 1. J. C. Agar, B. Naul, S. Pandya, S. van der Walt, J. T. Maher, Y. Ren,
O Specsﬁ[ralfﬁsf I @) ~ L-Q. Chen, S. V. Kalinin, R. K. Vasudevan, Y. Cao, J. S. Bloom, and
_— docker (@] 8 B L. W. Martin. Revealing ferroelectric switching character using
- 2] deep recurrent neural networks, Nature Communications, 10
C p u ’ ki K
Data Aqglsiey LogNA . Federated DaEEEES o < F 4809, (2019), doi: 10.1038/541467-019-12750-0; GitHub Repos-
& . — @) = itory, doi: 10.5281/zenodo.3405660; Data, doi: 10.5281/zeno-
) Keras —— - 5 - 8 ] do.1482091
Geometric Cesium-ML  Deep Learning D__ Q 2. ). C. Agar, Y. Cao, B. Naul, S. Pandya, S. van der Walt, A. I. Luo, J.
3 . . . nd T. Maher, N. Balke, S. Jesse, S. V. Kalinin, R. K. Vasudevan, and L. W.
J - - Martin. Machine detection of enhanced electromechanical ener-
S N N ~N ] ® N @© o~ T T gy conversion in PbZr0.2Ti0.803 thin films, Advanced Materials,
/ R T R T 1800701, (2018), doi: 10.1002/adma.201800701; Github Repos-
] ) Physics-Based ~ Semi-Automated Automated = X 4 } = S X 7 itory,doi: 10.5281/zenodo.1242656
[acieseerie Multi-H§ RaCADenlor Featurization © © = & & == _ 3. A. R. Damodaran®, S. Pandya* J. C. Agar* Y. Cao, R. K. Vasude-
8 ] 7 8 - 1 van, R. Xu, S. Saremi, Q. Li, J. Kim, M. R. McCarter, L. R. Dedon, T.
Rl b s S - 2(\ - cC 1 Angsten, N. Balke, S. Jesse, M. Asta, S. V. Kalinin, and L. W. Martin.
cr % 4—\—/“2 @ F 2 41 Three-state ferroelastic switching and large electromechanical
Synthesis g . - g ; L2 | responsesin PbTiO3 thin films, Advanced Materials, 29, 1702069,
Cloud Testing ML-Model . nl <\'Y 1 - ‘. ] & 1{\) “ 4 (2017).doi: 10.1002/adma.201702069
! ! Q T~ - Q — - 4.).C Agar, S.Pandya, R. Xu, A.K Yadav, Z. Liu, T. Angsten, S. Saremi,
Fund’ng Gnd CO”GbOI’Gt’OﬂS 52@_@:m1m nd - nd ’ M. Asta, R. Ramesh, L. W. Martin. Frontiers in strain-engineered
VOltage (V) Voltage (V) multifunctional ferroic materials, MRS Communications, 6, 151-

Turning data into actionable information

2% Fermilab

166, (2016).doi: 10.1557/mrc.2016.29

5.J.C. Agar, A. R. Damodaran, M. B. Okatan, J. Kacher, C. Gammer,
R.K.Vasudevan,S. Pandya, L.R. Dedon, R. V. K. Mangalam, G. A. Ve-
larde, S. Jesse, N. Balke, A. M. Minor, S. V. Kalinin, and L. W. Martin.
Highly mobile ferroelastic domain walls in compositionally graded
ferroelectric thin films, Nature Materials, 15, 549-557,(2016). doi:
10.1038/nmat4567

Getting in Touch: www.m3-learning.com jca318@lehigh.edu




