NSF-JST Joint Workshop:
Thermal Transport, Materials Informatics and
Quantum Computing

POSTER SESSION

March 25, 2021 5:00 - 7:00 p.m. (US PT); 8:00 — 10:00 p.m. (US ET)
March 26, 2021 9:00 to 11:00 a.m. (Japan Time)

Gather.Town

link sent via email to registrants

National Science || = ) Japan Science and
Foundation (| ==t/ Technology Agency




List of poster titles and presenters in alphabetical order by presenter with
abstracts on the following pages

Voxelized Atomic Structure Potentials: Predicting Atomic Forces with the Accuracy of
Quantum Mechanics Using Convolutional Neural Networks
Matthew Barry, Georgia Institute of Technology

Optimization of an Embedded Phase Change Material Cooling Strategy Using Machine
Learning
Meghavin Bhatasana, Purdue University

Thermal Transport Dynamics in Active Heat Transfer Fluids (AHTF)
Anirban Chandra, Rensselaer Polytechnic Institute

Evaporation and Transport of Liquid Droplets between Two Non-Parallel Hydrophobic
Surfaces
Jiangtao Cheng, Virginia Tech

Linking Microstructure and Thermal Properties via Spectral Density Function and
Gaussian Process Modeling
Jonathan Eweis-LaBolle, University of California - Irvine

Thermal boundary conductance of beyond-graphene 2D materials on amorphous and
crystalline substrates
Cameron Foss, University of Massachusetts — Amherst

Predictive Al platform on thin film evaporation in hierarchical structures
Hadi Ghasemi, University of Houston

Physics-Informed Data-Driven Approach for Optimizing Electrocaloric (EC) Cooling
Jie Gong, Carnegie Mellon University

Data-Driven damage detection and quantification in moisture contaminate polymer
composites
Rishabh Guha, North Carolina State University

Photonic Design for Color Compatible Radiative Cooling Accelerated by Materials
Informatics
Jiang Guo, University of Tokyo

Thermal Resistance of Twist Boundaries and Semicoherent Heterointerfaces
Ramya Gurunathan, Northwestern University

The Soret Effect in Dry Polymer Electrolytes and Predictions from Liquid Mixtures
Daniel Hallinan, Florida State University

Computational Design of Alloy Chemistry for Optimizing Multiple Macroscopic and
Microscopic Properties
Rajesh Jha, Florida International University



Phonon calculations of halide perovskite CsSnX3 (X = Cl, Br, and I): Compressive
sensing of first-principles calculations
Shoya Kawano, Kyushu Institute of Technology

Neural Network Potential for Lattice Dynamics Calculations and Thermal Conductivity
Prediction
Hyun-Young Kim, Carnegie Mellon University

Temperature Distribution Prediction Using 3D Convolutional Neural Network
Daiki Kurihara, University of Notre Dame

Extended X-ray Absorption Fine Structure Fitting using Genetic Algorithms
Miu-Lun (Andy) Lau, Boise State University

Physics-Informed Neural Networks for Solving Multiscale Mode-Resolved Phonon
Boltzmann Transport Equation
Ruiyang Li, University of Notre Dame

Leverage Electron Properties to Predict Phonon Properties via Transfer Learning for
Semiconductors
Zeyu Liu, University of Notre Dame

PI1M: A benchmark database for polymer informatics
Ruimin Ma, University of Notre Dame

Heat/Mass Transport in Porous Media by Lagrangian Scales
Dimitrios Papavassiliou, University of Oklahoma

Development of full-epitaxial superconducting qubit with all-nitride materials
Wei Qiu, National Institute of Information and Communications Technology

Deep Learning Strategies for Critical Heat Flux Detection in Boiling
Arif Rokoni, Drexel University

Deep Learning for Data Analysis of Frequency Domain Thermoreflectance (FDTR)
Wenging Shen, Georgia Institute of Technology

Data Integration with Preference Learning for Accelerating Material Design
Xiaolin Sun, University of Tokyo

Random Forest Regressions for Critical Heat Flux during Boiling on Structured
Surfaces
Brandon Swartz, University of Arizona

Enhanced Robustness of the Silane Self-Assembled Monolayer Coatings during Water
Vapor Condensation
Ruisong Wang, Texas A&M University

Local study of the evaporation mass flux in thin liquid films using experiments and
machine learning
Xiaoman Wang, Carnegie Mellon University



Al Enables New Phase Change Studies
Yoonjin Won, University of California — Irvine

Surface Phonon-Polaritons Enhance Thermal Conduction in SiN Nanomembranes
Yunhui Wu, University of Tokyo

High-throughput Calculation of Materials Properties at Finite Temperature
Yi Xia, Northwestern University

NMR-TS: de novo molecule identification from NMR spectra
Jinzhe Zhang, University of Tokyo

Thermal phonon dynamics: a wavelet transform approach
Zhongwei Zhang, University of Tokyo

High-Throughput Thermal Transport Property Characterization by Structured
[llumination Thermal Imaging (SI-TI)
Qiye Zheng, Lawrence Berkeley National Laboratory



Voxelized Atomic Structure Potentials: Predicting Atomic
Forces with the Accuracy of Quantum Mechanics Using

Convolutional Neural Networks

Matthew Barry

Georgia Institute of Technology

We present the Voxelized Atomic Structure (VASt) machine learning (ML) framework for
developing interatomic potentials. The VASt framework utilizes a voxelized
representation of the atomic structure directly as the input to a convolutional neural
network (CNN). This allows for high fidelity representations of highly complex and diverse
spatial arrangements of the atomic environments of interest. The CNN implicitly
establishes the low-dimensional features needed to correlate each atomic neighborhood
to its net atomic force. The selection of the salient features of the atomic structure (i.e.,
feature engineering) in the VASt framework is implicit, comprehensive, automated,
scalable, and highly efficient. The calibrated convolutional layers learn the complex
spatial relationships and multibody interactions that govern the physics of atomic systems
with remarkable fidelity. We show that VASt potentials predict highly accurate forces on
two phases of silicon carbide and the thermal conductivity of silicon over a range of

isotropic strain.



Optimization of an Embedded Phase Change Material

Cooling Strategy Using Machine Learning

Meghavin Bhatasana

Purdue University

Phase change materials (PCMs) have been widely investigated to function as a thermal
buffer, particularly for components experiencing transient power loads. PCMs absorb
some of the heat generated during periods of high-power dissipation and can enable
longer periods of use before throttling of the processor or shut-off is required to prevent
damage. Many PCM studies have focused on the functionality of PCM laden heat sinks
and, although these studies demonstrated extensions in high power operating times
before the system overheated, the thermal pathway between the PCM-laden heat sink
and heat source prevents their effective use as the heat generation rates increase. This
study explores the concept of integrating PCMs at or near the silicon chip level near the
heat source. Machine learning algorithms generate optimized patterns for balancing high
heat storage zones and high thermal conductivity pathways within the embedded cooling
layer on the backside of the silicon die. Significant improvement in performance
parameters highlights the effectiveness of embedded cooling and the machine learning

algorithms provide a robust, efficient method for optimizing performance.



Thermal Transport Dynamics in Active Heat Transfer Fluids
(AHTF)

Anirban Chandra

Rensselaer Polytechnic Institute

We present results of molecular dynamics (MD) calculations of the effective thermal
conductivity of nanofluids containing self-propelled nanoparticles. The translational and
rotational dynamics observed in the simulations follow the behavior expected from the
standard theoretical analysis of Brownian and self-propelled nanoparticles. The
superposition of self-propulsion and rotational Brownian motion causes the behavior of
the self-propelled nanoparticles to resemble Brownian diffusion with an effective diffusion
coefficient that scales quadratically with propulsive force and can exceed the standard
Brownian value by a factor of several thousand. As a result of the enhanced diffusion
(and the convective mixing resulting from the motion), we observe a discriminable
increase of the effective thermal conductivity of the solution in the self-propelled case
compared to pure Brownian motion. While the increases we observe are in the range of
several percent, they are significant considering that, without propulsion, the nanofluid
thermal conductivity is essentially not affected by the Brownian motion and can be
understood within the effective medium theory of thermal conduction. Our results
constitute a proof of concept that self-propelled particles enhance thermal transport
through the liquid in which they are immersed, an idea that could ultimately be
implemented in a broad variety of cooling applications.



Evaporation and Transport of Liquid Droplets between Two

Non-Parallel Hydrophobic Surfaces

Jiangtao Cheng
Virginia Tech

Physical transport and thermal evaporation of liquid microdroplets are two essential
phenomena in various scenarios such as bio/chemical analyses and colloidal materials
assembly. On one hand, inspired by the “genius design” of nature, several strategies
including introducing Laplace pressure, wettability gradient and external force field, have
been adopted to achieve predefined manipulation of microdroplets. On the other hand,
droplet evaporation has been widely used in the syntheses of colloidal
micro/nanoparticles and in the sampling matrix preparation for bio/chemical sensing.
However, during the past two decades, these two techniques were developed separately
and used independently. Less attention has been paid to combining this two mechanisms
together to simplify the platform system. In this work, we studied the asymmetric
evaporation of microdroplets in a V-shaped groove in which evaporation and transport of
droplets could be achieved simultaneously. Similar to droplet evaporation between two
parallel surfaces, the evaporation of droplets between two non-parallel hydrophobic
surfaces has also been greatly suppressed. However, due to the geometric confinement
of the V-shaped groove, the contact line motion of droplet is not symmetric and the droplet
finally moves towards the cusp of the groove during evaporation. However, the droplet
locomotion is not always in the same direction, which seems to be dependent on the
position of the droplet in the groove. To explore this phenomenon, we used the open
access software Surface Evolver to obtain the equilibrium shapes of droplets with various
volumes at multiple positions. Then we conducted force analysis and we found the
direction of motion is determined by the competence between the Laplace pressure-
induced force F_p and the adhesion force F_n on the contact line. Once the dihedral
angle and droplet volume are fixed, a metastable state at a local equilibrium position will
prevail when F_p is balanced by F_n. As the droplet volume continues decreasing during
evaporation, the equilibrium position is gradually moved towards the cusp, which could
explain the lateral motion of the evaporating droplet. We believe this study could deepen
our understanding of confined droplet evaporation in a complex geometry, and provide
us an effective method to manipulate evaporating droplet in various scenarios and
applications.



Linking Microstructure and Thermal Properties via Spectral

Density Function and Gaussian Process Modeling

Jonathan Eweis-LaBolle

University of California - Irvine

Linking the characteristics of a material's microstructure to its macro-scale properties is a
problem of great interest to the field of materials science. However, microstructures are
very high dimensional, which inhibits design and modeling, and obtaining data is
expensive and often requires synthesis of novel materials. To overcome these
challenges, we solve the problem computationally and employ dimensionality reduction
via a spectral representation. The spectral representation also enables rapid
microstructure reconstruction and the generation of a large dataset. We employ machine
learning via gaussian process modeling to fit the parameters of the spectral
representation to thermal and fluid properties of the material. Finally, we use this model
to develop a pareto frontier for competing material properties in order to solve the multi-

objective optimization problem of finding microstructures that satisfy desired constraints.



Thermal boundary conductance of beyond-graphene 2D

materials on amorphous and crystalline substrates

Cameron Foss

University of Massachusetts - Amherst

An ongoing concern for 2D materials is their ability to thermally couple with an underlying
3D substrate which acts as the primary pathway for heat removal in 2D devices. Here we
use first-principles calculations and phonon interface transport modeling to calculate the
TBC of beyond-graphene 2D materials, such as; silicene, hBN, BAs, and blue and black
phosphorene on various substrates. Our results show that with encapsulation, the TBC
of several beyond graphene 2D materials can match or exceed reported values for
graphene, hBN, and numerous TMDs. We report TBC in the range of 60-150 MW.m-2.K-
1 at vdW spring coupling strengths of Ka=[2,4] N/m for silicene, BAs, and blue
phosphorene. We also identify group I11-V materials with ultra-soft ZA branches as being
promising 2D materials for thermal isolation and energy scavenging applications when

matched with crystalline materials.



Predictive Al platform on thin film evaporation in

hierarchical structures

Hadi Ghasemi

University of Houston

The trend in miniaturization and enhanced functional performance of integrated circuits
and power electronics and photonics has amplified the generated thermal energy in these
devices making thermal management a bottleneck for further advancement in these
fields. A range of geometries of hierarchical structures are developed and examined to
address this challenge. However, the numerous form factors and dimension of
hierarchical structures in addition to cost and time-consuming synthesis and test
procedures make it unfeasible to explore bountiful variations of hierarchical geometries
through experimental methods. Here, we introduce a general Atrtificial Intelligence (Al)
platform to address this challenge and guide discovery of hierarchical structures for
extreme thermal management of high-performance photonics/electronics. The Al
platform is based on Random Forest (RF) algorithm, a robust Al method, and was trained
using a large collected experimental data set corresponding to thin film evaporation in
various forms of hierarchical structures. Four geometrical dimensions of the hierarchical
structures and two dimensionless numbers governing heat transfer and fluid dynamics in
these structures were used as independent variables to predict heat flux in these
structures. The trained model’s performance was analyzed using statistical metrics and
showed an excellent prediction of heat flux for all the structures with various working
fluids. The performance of predictive Al platform was further validated by two independent
studies of different research groups. This predictive platform provides a foundation for
rational discovery of hierarchical structures and working fluids to address the ongoing
challenge of thermal management in broad spectrum of technologies including
electronics, hypersonic aviation and electric vehicles.



Physics-Informed Data-Driven Approach for Optimizing

Electrocaloric (EC) Cooling

Jie Gong

Carnegie Mellon University

Electrocaloric (EC) cooling offers great potential to build efficient solid-state cooling
devices that are quiet, low weight, and compact. However, the physics behind the EC
temperature change are elusive. The current search for effective EC materials relies on
the instincts of experts and brute force experimental synthesis of ceramics, polymers, and
composites. There is no robust physical model to predict the EC temperature change
based on material properties.

In this regard, we are developing a physics-informed machine learning model to predict
the EC temperature change based on the material composition and easily-measured
material properties. This work is the first application of machine learning to EC cooling.
We gather experimental data of EC ceramics from literature and design the descriptors
to account for the physical origins of the EC effect. These descriptors contain information
from a macroscopic perspective and an atomic level. We build a random forest regression
model on the data set. The resulting predictive model will help to accelerate the
exploration of new EC materials by enabling the prediction of the EC temperature change

from properties available in the literature.



Data-Driven damage detection and quantification in moisture

contaminate polymer composites

Rishabh Guha

North Carolina State University

Non-destructive evaluation techniques in composites is becoming extremely crucial in
determining the location and extent of damage for in-service polymer composites. In this
work, an attempt has been made to use the relative permittivity of moisture as an imaging
agent to detect damage in a polymer composite. Localized damage is induced in the

laminate specimens via low velocity impact damage of 9 Joules.

A split post dielectric resonator coupled with a vector network analyzer has been used to
determine the spatial variation in relative permittivity across the composite laminate.
Generally, results show significant increase in relative permittivity towards the damage
location compared to surrounding undamaged areas. This increase is indicative of
internal damage as a result of micro-crack formation around the point of impact and the
new free volume in the damaged area is primarily occupied by “free” water molecules
which are characterized by a higher relative permittivity; driving a local increase in the

permittivity due to the higher ratio of free to bound water.

The tendency of polymer composites to absorb moisture in almost all environments
coupled with the high sensitivity of our technique makes this relatively simple non-

destructive examination novel, especially for the early detection of damage.

For this work, we have tried to use unsupervised machine learning to perform a clustering
analysis on the permittivity data collected to detect the damage spot and delineate a

damage boundary.



Photonic Design for Color Compatible Radiative Cooling

Accelerated by Materials Informatics

Jiang Guo

University of Tokyo

Passive radiative cooling can dissipate heat load directly through the high transparency
atmospheric window (8-13um). The conventional strategy for radiative cooling has mainly
focused on simultaneously blocking the total solar heating and enhancing the infrared
emission which makes the appearance either specular or diffusive white. Recently
proposed colored radiative cooler can realize the colored radiative cooling, but with limited
color gamut. In this work, we propose both transmission mode and reflection mode color
radiative cooler designs which show ultra-wide color gamut through the highly efficient
material informatics optimization. The optimal structures can be always identified by only
evaluating less than 1% in total by Bayesian optimization which is 2~3 magnitude higher
efficient than random search. The optimized transmission mode color radiative cooler can
produce the standard additive type color and realize the sub-ambient cooling effect at
moderate environment conditions. The reflection mode color radiative cooler is highly
transparent in visible light range and can largely reduce the thermal load as well as

enhance heat dissipation by thermal radiation.



Thermal Resistance of Twist Boundaries and

Semicoherent Heterointerfaces

Ramya Gurunathan

Northwestern University

Traditional models of interfacial phonon scattering take into account the bulk properties
of the material surrounding the interface, but not the structure and properties of the
interface itself. However, several low-energy interfaces common to engineering materials
are composed of an underlying array of dislocations, which produce periodic strain fields
that strongly couple to phonons. We present a formalism for phonon scattering due to
periodic dislocation arrays and apply this method to calculate the thermal resistance of
low-angle twist grain boundaries as well as semicoherent heterointerfaces. An additional
source of scattering stems from the long-range deformations induced by grain
boundaries, such as the grain rotation produced at a twist boundary. We demonstrate a
method to treat these deformations within our scattering framework as a source of
acoustic mismatch at the interface. A common feature of this model is a crossover in the
defect scattering mechanism: low frequency phonons undergo planar-defect scattering
while high frequency phonons interact with the underlying dislocations leading to linear-
defect scattering. The model reproduces several key observations from both experiment
and molecular dynamics simulations, including a dependence of the thermal resistance
on the grain boundary angle and interfacial strain energy. The physical treatment for
phonon-interface scattering described here can enable nano/microstructure engineering

strategies in thermal materials.



The Soret Effect in Dry Polymer Electrolytes and Predictions

from Liquid Mixtures

Daniel Hallinan

Florida State University

The Soret Effect occurs in non-isothermal mixtures and results in a concentration
gradient. It tends to be a small effect, but has been found to be more significant in mixtures
containing macromolecules. Similar to the Seebeck Effect in semiconductor-based
thermoelectrics, it can be used to convert heat into electricity in thermogalvanic cells.
Motivated by the possibility of a dry, lithium-based thermogalvanic cell, we studied the
Soret Effect in a dry polymer electrolyte. The steady-state cell potential was used to
measure the concentration gradient as a function of temperature difference. This allows
the calculation of the Soret coefficient, which gives insight into the direction and
magnitude of the mass flux of lithium salt in the polymer electrolyte due to thermal
diffusion. Experiments were conducted at an average temperature of 80 °C. Different
concentrations of the lithium salt (bis-trifluoromethylsulfonimide, LiTFSI) in a polymer
(poly(ethylene oxide), PEO) were investigated to determine the effect of average salt
concentration on the Soret coefficient. Voltage-current sweeps were also conducted to
probe thermogalvanic cell power. The results are interpreted in the context of the wide-
range of other types of mixtures (simple liquids, liquid electrolytes, polymer blends, etc.).
In fact, liquid mixtures were examined closely in an attempt to predict the magnitude of
the Soret coefficient from pure component properties. The Soret coefficient was found to
tend to large negative values with increasing mole-fraction-weighted activation energy
difference of the pure component self diffusivity. In addition to waste heat recovery, this

work could impact the efficiency of batteries.



Computational Design of Alloy Chemistry for Optimizing

Multiple Macroscopic and Microscopic Properties

Rajesh Jha

Florida International University

This work will focus on application of statistics, artificial intelligence and multi-objective
optimization algorithms in the domain of materials science. Alloy design is a complex task,
where a slight deviation in chemistry or manufacturing protocol can significantly affect the
stability of a single or combination of several desired phases (microstructure). A slight
deviation in microscopic phenomenon (microstructure) can significantly affect multiple
macroscopic properties. Thus, optimizing alloy chemistry along with manufacturing
protocol is important for achieving desired macroscopic properties needed for application
of material. This approach has been tested in our group on several alloy systems,
including aluminum, titanium, nickel-base superalloys, steel, amorphous/bulk metallic
glass, hard and soft magnets. Additionally, we have developed a software (GUI/APP) for
developing Al-based models capable of predicting indentation depth/load-displacement

curve and indent image obtained through atomic force microscopy (AFM).



Phonon calculations of halide perovskite CsSnX3 (X = Cl, Br,

and 1): Compressive sensing of first-principles calculations

Shoya Kawano

Kyushu Institute of Technology

Halide perovskites have been investigated as a photo absorber for solar cell devices in
recent decades. In these studies, ultralow lattice thermal conductivity in all-inorganic
halide perovskites has reported. Hence, all-inorganic halide perovskites are considered
attractive as thermoelectric materials. Therefore, we focused on all-inorganic halide
perovskites to understand their lattice thermal conductivity. We have investigated their
lattice dynamics in the cubic phase that is the high-temperature phase of perovskites, by
using first-principles phonon calculations with the self-consistent phonon (SCPH) theory
implemented in ALAMODE. The least absolute shrinkage and selection operator
(LASSO) technique was employed to estimate force constants for phonon calculations.
We calculated the lattice dynamics of cubic all-inorganic halide perovskite CsSnX3 (X =
Cl, Br, and I) and CsPbl3. Our calculation results were as low as those of the experiment,
which resulted in the orthorhombic or rhombohedral phase although the crystal phase
was different. The systems with the heavier atoms indicate low lattice thermal conductivity
due to the low group velocity. However, CsSnCI3, which is the lightest system, shows a
similar value to CsSnBr3. We found that this is caused by the shorter phonon lifetime of
CsSnCI3 than other calculated perovskites. We speculate by chemical bond analysis that
the unusual phonon lifetime of CsSnCI3 was caused by the difference in covalent
bonding.



Neural Network Potential for Lattice Dynamics Calculations

and Thermal Conductivity Prediction

Hyun-Young Kim

Carnegie Mellon University

The primary heat carriers in insulating and semi-conducting crystals are quantized
lattice vibrations called phonons. The properties of phonons can be predicted using
lattice dynamics calculations, with force constants as the primary input. Density
functional theory (DFT) allows for an ab initio method to obtain these force constants
accurately. The DFT calculations, however, can be computationally expensive. This is
not an issue in simple materials (high symmetry and small primitive cell), where
relatively few DFT calculations are necessary. In more complex materials, however, the
number of calculations required will increase significantly and tax computational

resources.

We attempted to address this issue by training a high-dimensional neural network
potential (NNPs) with a training set that is smaller than the required number of
calculations. The cheaper NNPs were then used to calculate the force constants and
the phonon properties. Silicon was used as a test case, with accuracy quantified using
phonon frequencies and thermal conductivity in addition to the standard force and
energy metrics. We were able to obtain accurate frequencies for most training sets and
hyperparameters. We found, however, that the same training set and hyperparameters
can result in a range of thermal conductivities, with an accurate average value but
significant variance. We attempted to reduce the variance by using an adaptive
selection scheme to build a training set that covered a larger phase space, but this was

unable to significantly affect the variance.



Temperature Distribution Prediction Using 3D Convolutional

Neural Network

Daiki Kurihara

University of Notre Dame

A convolutional neural network (CNN) which enable predictions of 3D temperature
distribution in solid bodies under shape and topological modifications was developed.
Accuracy and prediction capability of the developed CNN model were evaluated in this

work.



Extended X-ray Absorption Fine Structure Fitting using

Genetic Algorithms

Miu-Lun (Andy) Lau

Boise State University

We have addressed the issue of improper and unreliable analysis of synchrotron data by
developing an artificial intelligence based methodology that can reliably and more
efficiently analyze experimental results from Extended X-ray Absorption Fine Structure
(EXAFS) measurements. Our methods can help address growing reproducible problems
that are slowing research progress, discouraging the quest for research excellence, and
inhibiting effective technology transfer and manufacturing innovations. As such, we have
developed a machine learning system with the capabilities to automated analysis of
EXAFS spectroscopy measurements. The software first relies on using a genetic
algorithm to efficiently uncover sets of structural parameters that lead to high quality fits
of the experimental spectra, afterward it searches the large multidimensional space of
combinations of these materials to determine the set of structural paths using the
theoretical standards that best reproduces the experimental data. Our software is able to
be applied on measurements from third-generation synchrotron radiation facilities on
various data such as synthetic, single crystal, complex compounds and irradiation

damage spectrum.



Physics-Informed Neural Networks for Solving Multiscale

Mode-Resolved Phonon Boltzmann Transport Equation

Ruiyang Li

University of Notre Dame

Boltzmann transport equation (BTE) is an ideal tool to describe the multiscale phonon
transport phenomena, which are critical to applications like microelectronics cooling.
Numerically solving phonon BTE is extremely computationally challenging due to the high
dimensionality of such problems, especially when mode-resolved properties are
considered. In this work, we demonstrate the use of physics-informed neural networks
(PINNSs) to efficiently solve phonon BTE for multiscale thermal transport problems with
the consideration of phonon dispersion and polarization. In particular, a PINN framework
is devised to predict the phonon energy distribution by minimizing the residuals of
governing equations and boundary conditions, without the need for any labeled training
data. Moreover, geometric parameters, such as the characteristic length scale, are
included as a part of the input to PINN, which enables learning BTE solutions in a
parametric setting. The effectiveness of the present scheme is demonstrated by solving
a number of phonon transport problems in different spatial dimensions (from 1D to 3D).
Compared to existing numerical BTE solvers, the proposed method exhibits superiority in
efficiency and accuracy, showing great promises for practical applications, such as the

thermal design of electronic devices.



Leverage Electron Properties to Predict Phonon Properties

via Transfer Learning for Semiconductors

Zeyu Liu

University of Notre Dame

Electron properties are usually much easier to obtain than phonon properties. The ability
to leverage electron properties to help predict phonon properties can thus greatly benefit
materials-by-design for applications like thermoelectrics and electronics. Here, we
demonstrate the ability of using transfer learning (TL), where knowledge learned from
training machine learning models on electronic bandgaps of 1,245 semiconductors is
transferred to improve the models, trained using only 124 data, for predicting various
phonon properties (phonon bandgap, group velocity and heat capacity). Compared to
directly trained models, TL reduces the mean absolute errors of prediction by 65%, 14%
and 54% respectively for the three phonon properties. The TL models are further
validated using several semiconductors outside of the 1,245 database. Results also
indicate that TL can leverage not-so-accurate proxy properties, as long as they encode
composition-property relation, to improve models for target properties — a significant

feature to materials informatics in general.



PI1M: A benchmark database for polymer informatics

Ruimin Ma

University of Notre Dame

Open-source data on large scale are cornerstones for data-driven research. In this work,
we build a benchmark database called PI1M, which contains ~1 million polymer

structures, to accelerate the research in polymer informatics.



Heat/Mass Transport in Porous Media by Lagrangian Scales

Dimitrios Papavassiliou

University of Oklahoma

Dispersion in porous media is often expressed as a function of the Peclet number, which
is based on a length scale characteristic of the porous medium geometry. In this study,
we examine hydrodynamic dispersion with a Lagrangian approach, using Lattice
Boltzman methods (LBM) to simulate flow in different porous media configurations. In
addition, Lagrangian particle tracking (LPT) is applied to track of the position and velocity
of particles dispersing in the porous medium as a function of time. The Schmidt number
of the particles is in the range from 100 to 10,000. While the trajectory data of particles
allow the direct calculation of hydrodynamic dispersion coefficient, their velocity with time
leads to the determination of Lagrangian length and time scales by calculating the
Lagrangian velocity autocorrelation coefficient. Results of the LBM/LPT method provide
the effective diffusivity (De) within the porous medium at zero flow velocity. The ratio of
the hydrodynamic dispersivity (Dh) over the effective diffusivity, given as Dh/De, can be
correlated to the Peclet number. This ratio is linearly dependent on the effective
Lagrangian Peclet number. The slope of the line depends on the porous medium structure

in a way that is amenable to Machine Learning analysis.



Development of full-epitaxial superconducting qubit with

all-nitride materials

Wei Qiu

National Institute of Information and Communications Technology

There is an extremely crucial need to eliminate the unknown decoherence mechanisms
associated with the materials being used to develop the superconducting qubit (including
JJs, interfaces, substrates, etc.) for a large-scale quantum circuit (> 1000 qubits)(1). A
full-epitaxial growth superconducting qubit platform (such as full-epitaxial, nitride-based)
can provide an ideal solution to address the materials related (TLSs) decoherence in the
Al-based (AI/AIOx/Al) superconducting qubit(3), but only observed sub-microsecond
coherence time limited by the substrate. To replace by a low-loss Si-substrate, a new
fabrication process has been developed by integrating electron-beam (e-beam)
lithography and a chemical mechanical polishing (CMP) to develop full-epitaxial
superconducting qubit circuit(4), with a significant enhanced qubit coherence time(5).

1) W. Oliver, et al., MRS Bulletin 38, 816 (2013).

2) Y. Nakamura, et al., Appl. Phys. Lett. 99, 212502 (2011).
3) J. Lisenfeld, et al., npj Quantum Information 5, 105 (2019).
4) W. Qiu, et al., Appl. Phys. Express 13, 126501 (2020).

5) S. Kim, et al., 2021 (submitted).



Deep Learning Strategies for

Critical Heat Flux Detection in Boiling

Arif Rokoni

Drexel University

Image-based deep learning models are developed to detect boiling regimes in pool boiling
experiments. Transfer learning is utilized to increase multi-domain generalization. Under

data scarcity scenarios, transfer learning (TL) models outperform convolutional neural

network (CNN) models.



Deep Learning for Data Analysis of Frequency Domain
Thermoreflectance (FDTR)

Wenqing Shen

Georgia Institute of Technology

Frequency-domain thermoreflectance (FDTR) is a popular technique to investigate
thermal properties of bulk and thin film materials. The FDTR data analysis involves fitting
experimental data to a theoretical model whose accuracy may be affected by improper
fitting approach and by convergence to local minima. In this work, we developed a novel

data analysis approach using deep learning to improve the accuracy of data fitting.



Data Integration with Preference Learning for Accelerating

Material Design

Xiaolin Sun

University of Tokyo

Machine learning applications in materials science are often hampered by shortage of
experimental data. Integration with external datasets from past experiments is a viable
way to solve the problem. But complex calibration is often necessary to use the data
obtained under different conditions. We present a novel calibration-free strategy to
enhance the performance of materials ranking prediction and Bayesian optimization with
preference learning. The entire learning process is solely based on pairwise comparison
of quantities (i.e., higher or lower) in the same dataset, and experimental design can be
done without comparing quantities in different datasets. We demonstrate that both
ranking accuracy and Bayesian optimization is enhanced via data integration and the
model also show descent ability in extrapolation situation. Our method increases the
chance that public datasets are reused and may encourage data sharing in various fields

of physics.



Random Forest Regressions for Critical Heat Flux during

Boiling on Structured Surfaces

Brandon Swartz

University of Arizona

For convection research, one important topic is the maximum practical heat flux achieved
on a boiling surface, known as the critical heat flux (CHF). This phenomenon is
characterized by the formation of a blanket of heat-blocking vapor on the surface. Over
several decades, numerous surface structures have been fabricated to enhance the CHF
for various high-power cooling applications. However, the complexity of the CHF
enhancement restricts the prediction of the CHF using theoretical models. In this work,
random forest regression was employed to predict the CHFs for a given surface modified
with micro-structures. The importance analysis algorithm developed for random forest
models facilitated efficient discovery of the most important descriptors for predicting the
CHF. One key descriptor used in these models was the mean beam length (MBL), a
terminology borrowed from radiative heat transfer, which effectively described the

characteristic spacing between adjacent surface features.



Enhanced Robustness of the Silane Self-Assembled

Monolayer Coatings during Water Vapor Condensation

Ruisong Wang
Texas A&M University

Vapor condensation is prevalent in various industrial and heat/mass transfer applications,
such as power generation and conversion, water harvesting/desalination, and electronics
thermal management. Dropwise condensation has been demonstrated to have better
heat transfer performance due to faster condensate removal (i.e., droplets shedding), as
compared to the traditional filmwise mode, which occurs on typical metal oxide condenser
surfaces. The key to enhanced condensation is a thin (< 100 nm) coating with low contact
angle hysteresis. Thin low surface energy coatings (e.g., self-assembled monolayers or
SAMs) have been utilized to promote dropwise condensation with minimum coating
thermal resistance for over half a century. While research has focused on developing
distinctive ultra-thin (<5 nm) low thermal resistance coatings with new
materials/chemistry, all thin coatings degrade within hours during condensation of water
vapor. After coating degradation, condensation transitions from the efficient dropwise
mode to the filmwise mode. Despite research focused on developing novel low surface
energy coatings, failure/degradation mechanisms currently remain unknown and
unproven for these SAM coatings. In this work, we elucidate the factors leading to
condensation-mediated degradation of organofunctional silane SAM coatings on silicon
through an understanding of the molecular bonding at the coating-substrate interface.
We present a controlled synthesis/deposition protocol for a pristine organofunctional
silane SAM coating on silicon surfaces, which exhibits a higher coating conformality and
lower contact angle hysteresis compared to traditional deposition techniques.
Additionally, the SAM coating prepared by our proposed method demonstrates superior
long-term robustness during condensation of water vapor in the dropwise mode. Various
nano-to-macroscale surface analysis techniques and condensation heat transfer testing
are utilized to characterize the coating surface/interface properties. This work sheds light
on the degradation mechanisms of low surface energy monolayer coatings during water
vapor condensation, and provides durable solutions for industrial applications with
enhanced heat transfer performance.



Local study of the evaporation mass flux in thin liquid films

using experiments and machine learning

Xiaoman Wang

Carnegie Mellon University

Thin film evaporation is especially important in designs for microscale heat pipes. Theory
suggests that with smaller film thickness, the local evaporation mass flux will increase
due to increasing interfacial temperature. However, this mass flux will sharply decrease
to zero in the non-evaporating region due to interface forces that inhibit the escape of
vapor molecules. We also present the first experimental effort to locally determine the
evaporation mass flux. The microscale lateral extent of the meniscus and sub-Kelvin
liquid-vapor temperature differences (superheats) challenge conventional thermometry.
Here, we use Frequency Domain Thermoreflectance (FDTR), a non-contact laser-based
method with a lateral resolution of micrometers. It has widely been employed for setups
with uniform film thicknesses and thermal properties. In order to account for meniscus
thickness profile and evaporation interfacial heat transfer coefficient profile, we use a finite
element simulation performed with ANSYS. A machine learning framework that uses
neural networks is then used to find the optimal combination of meniscus thickness and
evaporative heat transfer coefficient distribution to match the ANSYS model to the

experimental data.



Al Enables New Phase Change Studies

Yoonjin Won

University of California - Irvine

Phase changes are observed in our everyday life in nature and many industrial
applications ranging from dew condensation on insects, water droplet harvesting,
electronics immersion cooling in data centers, climatology prediction, and materials
manufacturing. Unveiling the thermofluidic principles that can make efficient use of phase
changes in these systems has been a daunting challenge for a long time. Central to this
understanding is the extraction of interpretable and rich datasets from dynamic liquid-
vapor interfaces, which are represented as bubbles or droplets. These challenges for
extracting physics out of complex, dynamic, and fast-moving objects may be addressed
by the use of revolutionary intelligent vision. Therefore, one of my research interests is to
build a data-driven framework based on live-image data by converging the recent
advancements in artificial intelligence (Al) vision, data science, and materials science, to
push the boundaries of knowledge about thermofluidic physics. To further discuss about
data-centric thinking, innovations, and opportunities, | will showcase key technologies and
three examples, in this poster: 1) modular frameworks that enable high-throughput fast
data acquisition, streamline automatic data processing, and create spatiotemporal
thermal mapping at extreme resolutions; and 2) machine learning models that learn,

understand, and predict dynamic thermal transport processes.



Surface Phonon-Polaritons Enhance Thermal Conduction in

SiIN Nanomembranes

Yunhui Wu

University of Tokyo

Thermal conduction becomes less efficient as structures scale down into submicron sizes
since phonon-boundary scattering becomes predominant and impede phonons more
efficiently than Umklapp scattering. Recent studies indicated that the surface phonon-
polaritons (SPhPs), which are the evanescent electromagnetic waves generated by the
hybridation of the optical phonons and the photons and propagating at the surface of a
polar dielectric material surface, potentially serve as novel heat carriers to enhance the
thermal performance in micro- and nanoscale devices. In this study, we measured
thermal conductivities (TCs) of submicron SiN films. Our measurements show that the
thermal conductivity of membranes thinner than 50 nm doubles up as the temperature
rises from 300 to 800 K, while thicker membranes show a monotonic decrease.
The results presented here have future applications in the field of heat transfer, thermal

management, near field radiation and polaritonics.



High-throughput Calculation of Materials Properties at

Finite Temperature

Yi Xia

Northwestern University

Thermal transport phenomena are ubiquitous and play a critical role in the performance
of various microelectronic and energy-conversion devices. Binary rocksalt and zinc
blende compounds, despite their rather simple crystal structures, exhibit an extraordinary
range of lattice thermal conductivity (LTC) spanning over 3 orders of magnitude. A
comprehensive understanding of the underlying heat transfer mechanism through the
development of microscopic theories is therefore of fundamental importance, yet it
remains elusive because of the challenges arising from explicitly treating higher-order
anharmonicity. Recent theoretical and experimental advances have revealed the
essential role of quartic anharmonicity in suppressing heat transfer in zinc blende boron
arsenide (BAs) with ultrahigh LTC. However, critical questions concerning the general
effects of higher-order anharmonicity in the broad classes and chemistries of binary solids
are still unanswered. Using our recently developed high-throughput phonon framework
based on first-principles density functional theory calculations, we systematically
investigate the lattice dynamics and thermal transport properties of 37 binary compounds
with rocksalt and zinc blende structures at room temperature, with a particular focus on
unraveling the impacts of quartic anharmonicity on LTC. Our advanced theoretical model
for computing LTC embraces current state-of-the-art methods, featuring a complete
treatment of quartic anharmonicity for both phonon frequencies and lifetimes at finite
temperatures, as well as contributions from off-diagonal terms in the heat-flux operator.
We find the impacts of quartic anharmonicity on LTC to be strikingly different in rocksalt
and zinc blende compounds, owing to the countervailing effects on finite-temperature-
induced shifts in phonon frequencies and scattering rates. By correlating LTC with the
phonon scattering phase space, we outline a qualitative but efficient route to assess the
importance of four-phonon scattering from harmonic phonon calculations. Among notable
examples, in zinc blende HgTe, we identify an unprecedented sixfold reduction in LTC
due to four-phonon scattering, which dominates over the three-phonon scattering in the
acoustic region at room temperature. We also demonstrate a possible breakdown of the
phonon gas model in rocksalt AgCl, wherein the phonon states are significantly
broadened due to strong intrinsic anharmonicity, inducing off-diagonal contributions to
LTC comparable to the diagonal ones. The deep physical insights gained in this work can
be used to guide the rational design of thermal management materials.



NMR-TS: de novo molecule identification from NMR spectra

Jinzhe Zhang

University of Tokyo

De novo molecular generation methods has been developed to generate molecules with
desired physical properties. We believe similar approach can be applied to actual physical
measurement of molecule structure, such as NMR spectra. Conventionally, the molecular
identification methods for NMR spectra using experimental chemical shift database,
guantum chemical calculation, and machine learning have been reported. In this study,
we aimed to develop the de novo molecule generation algorithm from NMR spectra by
combining molecular simulation technology based on quantum chemistry with Al

technology.



Thermal phonon dynamics: a wavelet transform approach

Zhongwei Zhang
University of Tokyo



High-Throughput Thermal Transport Property
Characterization by Structured Illlumination Thermal Imaging
(SI-TI)

Qiye Zheng

Lawrence Berkeley National Laboratory

In the past decade, the rapid advance in the computational tools with the aid of artificial
intelligence has enabled the prediction of thermal properties of materials with high fidelity
and efficiency.1-3 Meanwhile, the recent development of autonomous robotic techniques
enabled a high-throughput (HT) experimental development of many materials and
chemicals.4,5 However, compared with convenient electrical and optical spectroscopy
characterization, the HT measurement of thermal transport in a variety of materials is still
challenging. For bulk materials, traditional steady-state method is limited in speed while
transient methods based on electrothermal detection such as 3w and transient plane
source method are relatively fast but not spatially resolvable. Pump probe laser based
methods allow spatially resolved study (e.g. time domain thermoreflectance, TDTR) but
suffer from the need of mirror smooth surface and a low efficiency when applied to large
sample area. Here, we present a new thermal characterization tool which can significantly
improve the measurement throughput based on structured illumination thermal imaging
(SI-TI) via a convenient control of the shape and frequency of heating light pattern and a
large area temperature mapping by thermoreflectance imaging. SI-TI enables (1)
paralleled measurement of multiple samples which is never achieved in existing methods,
(2) sample adaptive heating pattern which improves the sensitivity of the measurement
for anisotropic materials. This tool is also more tolerant to sample surface roughness due
to the large area signal averaging from thermal imaging. This work highlights a new

avenue in the HT thermal characterization for “materials by design.”
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