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My project was fabricating Schottky diodes to tin (II) sulfide by 
depositing titanium and aluminum as metal contacts and analyzing its 
electrical properties using current versus voltage (I-V) measurements. 
I learned how to deposit metals using electron beam evaporation and 
make I-V measurements using the four-point probe. The electrical 
properties of tin (II) sulfide were studied, because tin (II) sulfide is a 
candidate for an absorber layer in solar cells due to its optimal 
bandgap for absorbing solar radiation, high absorption coefficient, and 
use of earth abundant and nontoxic materials. 

This REU program was a great experience in learning how to 
research for a new project rather than a project well in progress. My 
role in this project was to provide more data on tin (II) sulfide to see if 
the material can be considered for solar cell applications. 
Consequently, I learned how to read papers more efficiently, predict 
material behavior using mathematical models, and design 
experiments. This experience gave me an idea of what graduate 
school in the field of material science and physics will be like, and I am 
grateful for this program and my mentors this summer.
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Piezoelectric materials are useful for their 
ability to convert mechanical deformations into 
electrical charge. Currently, one of the most popular 
piezoelectric materials is lead zirconate titanate (PZT), 
however, more demand has pushed for the study of 
environmentally-friendly lead-free materials such as 
K0.5Na0.5NbO3 (KNN).  This particular study 
concentrated on the domain structures of KNN thin 
films subjected to various anisotropic misfit strains, 
which can provide a guide for experimentalists to 
understand the phase stability and complex domain 
structures due to anisotropic strains in KNN thin films, 
as well as prove useful to the design of nanodevices
with enhanced piezoelectric properties.

For this project, I used computational modeling to develop three-dimensional phase-field 
simulations of equilibrium domain structures subjected to various anisotropic misfit strains. From these 
simulations, an anisotropic strain phase diagram of KNN thin films was developed, and the resulting phase 
diagram was analyzed for symmetry and strain effects on polarization domain, then compared with a strain 
phase diagram generated by thermodynamic analysis. This experience allowed me to gain insight into 
research at the graduate level as well as strengthened my desire to pursue a career in the research field.



Data Analysis of Local Waves in Two-Dimensional Images
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Analyzing data often requires extracting 
information from noisy signals. In microscopy, 
periodic structure is very common, but 
inhomogeneous “semi-periodic” structure is hard 
to analyze with standard techniques. Here we 
use a Machine Learning (ML) approach to 
analyze STM images of the features of waves in 
2D images. 

My contribution to the project is important 
because my code is used to train the model used 
to analyze the waves. This summer research 
helped me understand how important research is 
to the improvement of our daily lives. During my 
research, I have also grown an interest in 
Machine Learning and will like to further explore 
that field in the future.
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Emulsions are mixtures of immiscible liquids and are used for various
applications such as, pharmaceutical, cosmetics, food, and, among others.
This been thermodynamically unstable, two ways to stabilize them are
adsorption of either surfactant or particle at the interface to lower the
surface tension. Surfactants, in comparison to particles, are more toxic
and are less able to stabilize emulsions. Been the main reason as to why
the last few decade the Pickering emulsions, emulsions stabilize by
particles, to substitute the surfactants. A recent studied demonstrate
that one way to stabilize Pickering emulsion is through the depletion
effect. This is an attractive force between two large colloidal particles
when suspended in a solution of small colloidal particles. This effect
have not been well explored in stabilizing emulsions, and therefore we
want to explore depletion effect by studying the stabilization of oil-in-
oil emulsions and in oil-in-water emulsions.
The results were made were that polyethylene glycol, in different molecular weights and certain weight
percentage, can have an effect in the depletion attraction in oil-in-water emulsions. As well, Fomblin Y and
Kryptox oils make stable oil-in-oil emulsions, however, overtime the droplets become unstable. This results
contribute to the wider understanding of the oil-in-water emulsions and the achievement of stabilizing oil-
in-oil emulsions through the depletion effect. This research is one that has been exceptional in learning the
importance of patience and facing the challenges.
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This summer I worked on a random laser project. Random lasers are 
exciting because they have the potential to be smaller and 
cheaper than traditional lasers. Additionally, we believe they 
could add new functionalities not yet seen in traditional lasers, 
such as polarized emission. My specific contributions included 
synthesizing gold nanowires using electrodeposition methods, 
glass coating the wires with SiO2 using a sol-gel method, 
analyzing the wires with a transmission electron microscope, 
assembling the wires using electric-field directed self assembly 
methods. 

For this  research project I worked to design and produce a random 
laser. I had the opportunity to learn make, modified, all aspects 
of my random laser cell. Part of what this such a fun project 
was the large variety of laboratory techniques required. In the 
picture, I am about to enter the nanofab cleanroom where I 
learned about photolithography, contact printing, and vapor 
deposition techniques that we use to make the quadrupole 
electrodes for our assembly cell. Through this REU I have had 
the opportunity to learn new methods, as well as hone my skills 
with technologies I had previously worked with. This summer I 
was given more research responsibility and independence, and 
for that I am grateful. Thank you NSF, for giving me this 
incredible learning opportunity.



Magnetically Doped Topological Insulators
Kaleb Slaatthaug, Department of Physics, Grove City College

Morteza Kayyalha, Cui-Zu Chang, Department of Physics, Penn State University

Topological Insulators (TIs) are a unique class of material that function primarily as 
insulators but conduct electricity exclusively along their surface. This property is 
useful, as it is maintained despite potential impurities within the sample and retain 
function even if disrupted. Under certain conditions, a TI can become a 
superconductor, but requires a very low temperature and exposure to a magnetic 
field. Through magnetic doping, however, the quantum anomalous Hall (QAH) 
effect can be used to simulate a continuous external magnetic field. This, like all 
potential superconductors, has the potential to be revolutionary in computing and 
general electronics. 

My role was analyzing data from tests of the QAH effect for various TI samples, to 
aid in the development and refinement of future samples. In addition to aiding in 
the preparation of the measurement of samples, connecting the TI to detectors, 
this consisted primarily of plotting graphs of data taken from samples, and 
comparing the measured data to what the ideal TI would measure as, thereby 
giving the sample synthesizers a reference for which variables should be adjusted 
for future TI samples. 

This summer didn’t teach me many new skills, though I did manage to refine 
several of my existing skills, including Java programming and learning new features 
and techniques for graphing data. In addition, I learned the basics of LabView, as 
well as proper use of a PPMS.



Photonic Bound States in the Continuum without Index Confinement
Kanchita Klangboonkrong, Department of Physics, The Pennsylvania State University

Alexander Cerjan, Prof. Mikael C. Rechtsman, Department of Physics, The Pennsylvania State University

In this project, an explicit example of symmetry-
protected bound states in the continuum (BICs) is 
demonstrated to still exist even with an absence of index 
confinement. Numerical simulation is used with 
homogenous environment and non-homogenous 
photonics crystal slab. Bound states in the continuum 
have been used in various applications, for example 
sensors and lasers. This study leaves broader conditions 
for the material and the environment such that the bound 
states would occur, giving more possibilities in creating 
bound states in the future. 

Using a simulation software MEEP, I simulated 
structure of photonic crystal slab, at different refractive 
index to see whether bound states in the continuum still 
exist and to prove that it is a symmetry-protected BICs. 
My summer project helped me learn how to work as a 
researcher; I have learned many skills, including 
problem solving, programming planning, and how to be 
organized. This project inspired me to pursue Physics in 
graduate school. 



Comparative Chemical Vapor Deposition Synthesis and Characterization of MoS2
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Transition metal dichalcogenide (TMD) monolayers have been a recent and 
exciting field of 2D materials, popular for its promising optical and 
electronic properties. It is composed of a transition metal layer sandwiched 
between two layers of chalcogens, making it only a few angstroms thick. 
Molybdenum disulfide (MoS2) in its monolayer form exhibit a direct band 
gap, making it practical for optoelectronics and electronics. With such 
potential, the research and application of monolayer MoS2 depends on 
effective synthesis methods. This summer was spent on using two different 
synthesis methods, specifically water-assisted chemical vapor deposition 
(CVD) and a salt-assisted CVD to produce monolayer MoS2.

In the lab, I focused on optimizing the parameters of both CVD growths. There 
were parameters such as gas flow, temperature, heating time, and substrate 
position that had to be considered. From there, a few characterization 
techniques were used to analyze the samples. Optical and fluorescence 
microscopy were used to look at the quality of the growth. Raman and 
photoluminescence spectroscopy were used to check for monolayer growth and 
direct band gap. The data was compared to existing literature about monolayer 
MoS2 to confirm the quality of MoS2 that was grown. After this summer, I feel 
more confident about material characterization, data analysis, and experimental 
design. In addition to technical skills, this experience has taught me about the 
independence, professionalism, and expectations in a research group.
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My project was essentially determining how to use 
the ellipsometer and how to get accurate models 
using ellipsometry data. This is important to my 
research group because they can use my models 
and methods as a means of determining models for 
future samples or other materials. This summer 
impacted my development as a researcher 
immensely. It helped me decide that pursuing a 
career in research and a PhD in Physics is what I 
want to do in the future. It also allowed me to 
experience what working in a well-funded lab is like, 
and what experimental condensed matter actually 
looks like. This summer has led me to decide that I 
want to pursue my PhD research in condensed 
matter physics in the future. 

Bismuth telluride and its alloys are widely used as materials for thermoelectric 
and spintronic devices. If properties of bismuth antimony telluride such as 
thickness and composition can be determined by ellipsometry, it can be used 
as a tool to improve growth parameters in real time, improving throughput and 
precision when growing these materials. 



Study of Carrier Density and Mobility Dependence of 2D Electron Gases at SrTiO3 (111) Interface on 
Materials Fabrication Parameter
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Two-dimensional electron gases formed at insulating SrTiO3 (STO) interface can 
display many emergent physical phenomena, which do not normally occur in 
traditional semiconductor electron gases. This is largely due to the competing 
interactions between strong electron-electron correlation, Rashba spin-orbit 
interaction, and orbital orders. Our group has previously discovered that when SiO2 
is deposited onto SrTiO3, a 2D electron gas forms at the interface between the two 
materials. Using photolithography, we can create STO/SiO2 samples to our desired 
condition. One condition we can change on the sample is adding an insulating 
buffer layer. This changes the characteristics of the sample, but a systematic study 
of how the thickness of the buffer alters the sample has not been performed. This 
study was conducted to determine how a specific buffer layer thickness between 
the STO/SiO2 interface affects its carrier density and mobility.

During my time here I was able to fully learn the photolithography process and create my own STO sample. I 
was also able to learn the sputtering process and deposited SiO2 onto my STO sample to create a sample that 
was completely made by me. I then measured this sample along with other samples with different buffer layer 
thicknesses to get data on the carrier mobility and density of each sample. Through this program I was able to 
learn new skills that I never would have been able to get at my own school. It has provided me with a better 
understanding of research and the work that goes into it. 



Enhanced Nonlinear Optical and Piezoelectric 
Properties from Symmetry-Breaking Strains

Bailey Nebgen, Chemistry Department, University of Minnesota Twin Cities
Rui Zu, Venkatraman Gopalan, Department of Materials Science and Engineering, Penn State 

University
Piezoelectric materials are typically toxic, solid lead solutions that generate a buildup of charge in 
response to strain and are used in a wide variety of modern technological applications as sensors and 
actuators. These applications include microphones and speakers, MRI, CT and ultrasound imaging, and 
nanoscale positioning and sensing in research. In the pursuit of sustainable alternatives to these materials, 
recent studies have used temperature, applied voltage, applied pressure, compositional changes, and 
other methods in lead-free ferroelectric crystals to produce enhanced piezoelectric properties near phase 
boundaries. During the REU, I investigated changes in symmetry, polarization, and domain structure near 
phase boundaries in BaTiO3 crystals and BaTiO3-xBaSnO3 thin films in order to gain a better understanding 
of the mechanism of property enhancement with different external stimuli and replicate the property 
enhancements in versatile thin films.

I used Second harmonic generation (SHG) polarimetry to determine point group symmetry and 
polarization direction and scanning SHG microscopy to reveal domain structure in BaTiO3 crystals and 
BaTiO3-xBaSnO3 thin films. Measuring response to changes in composition, temperature, and applied 
voltage reveals that strains generate lower-symmetry domains with enhanced piezoelectric properties. I 
found that enhanced piezoelectric properties can be tuned in BaTiO3 crystals through applied voltage, 
allowing for variable property enhancement and higher functionality. I also found that enhanced 
piezoelectric properties can be achieved in BaTiO3-xBaSnO3 thin films by approaching the a compositional 
quasi-quadrupole point on the phase diagram. This opens the possibility of sustainable thin film 
piezoelectrics, which are suited for integration into a wide variety of electronics.

Beyond the specific research goals, I also accomplished my personal goals towards developing my career 
in research. I studied a completely new field and learned its main theory while also learning new 
spectroscopic techniques that I will use in graduate school and beyond. This experience has opened my 
knowledge to a new area of research that I have found very rewarding and a possible research topic for 
me in the future. I have also had the opportunity to experience a new lab setting and make connections 
that I will be able to use for collaborations or even a PhD or postdoctoral program in the future. Perhaps 
most importantly, I have been challenged to dive into a new field of study, understand it, and make 
valuable contributions in a relatively short amount of time. This is an extremely valuable skill for a 
researcher and I will continue to use and refine this throughout my career.



Cation Exchange Conversion on Metal Phosphide 
Hybrid Nanocrystals for Photocatalysis

Joseph Veglak, Department of Chemical Engineering, Rose-Hulman Institute of Technology,  
Emil Hernandez, Prof. Raymond Schaak, Department of Chemistry, Penn State University

This project focused on synthesizing Ni2P-CdS hybrid nanocrystals to 
be used as an earth abundant alternative to platinum hybrid 
materials in the Hydrogen Evolution Reaction (HER). Replacing 
platinum with nickel phosphide as a catalyst could lead to more 
accessible production of hydrogen fuel and clean energy. My 
contributions specifically focused on synthesizing the hybrid 
nanocrystals from a starting material of Ni2P-PbS via cation 
exchange. 

Direct synthesis of Ni2P-CdS has been met with little success, so I was 
tasked this summer with developing the synthetic methodology 
required to preform successive cation exchange reactions to 
arrive at the desired hybrid material. This summer program 
allowed me to learn more about synthetic inorganic chemistry and 
realize chemistry and more specifically this field of chemistry is 
what I want to study in grad school. I couldn’t have achieved all of 
this without the help of my incredible mentor, Emil Hernandez, 
and Connor McCormick, a first year graduate student, both of 
who went out of their way to teach me about inorganic synthesis 
along with various characterization techniques including X-Ray 
Diffraction (XRD), Transmission Electron Microscopy (TEM), and 
Energy Dispersive X-Ray Spectroscopy (EDS) used in analyzing 
inorganic synthetic products. 

This program also provided multiple seminars and panels, one of which 
focused on life after graduate school where I was able to meet 
research scientists in industry and discover a career path I would 
eventually like to explore, but never knew existed.



Predicting and Synthesizing Photosynthetic Materials
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The production of renewable hydrogen by splitting water 
into oxygen (O2) and hydrogen fuel (H2) is an attractive technological 
option to accelerate the global transition to a sustainable energy 
supply. The development of cost effective, efficient, and stable 
semiconductor photocatalysts is crucial to deploying these water-
splitting technologies. To accelerate the discovery of new 
photocatalytic materials, high-throughput computational methods are 
used, enabling one to predict and understand their electronic 
properties. By utilizing density functional theory, I calculated the band 
gaps and band structures of potential photocatalysts to predict their 
electronic properties. 

My contributions to this project include the electronic 
structure calculations of over 30 materials along with synthesizing 
some of the predicted photocatalysts. Julian Fanghanel in the 
Chemistry Department aided me in characterizing the synthesized 
materials and Dr. Kielbart aided me in the computational work. My 
summer research experience has helped me find a field in which I can 
contribute to material science while taking advantage of the theory 
and programming I have learned in the classroom. I hope to continue 
working in computational physics and am very grateful that this REU 
has given me the opportunity to explore this field more in depth.   



Pulsed Laser Deposition of (K0.5Na0.5)NbO3 Thin Films
Kaleb Sterling1, Donovan Moses1, Nathan Bishop1,2 and Susan Trolier-McKinstry1,2
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Piezoelectric thin films enable low voltage actuation and high
sensitivity sensing in microelectromechanical systems
(MEMS). Lead-based thin films, namely Pb(Zr,Ti)O3 (PZT),
have been extensively utilized due to their high dielectric and
piezoelectric properties. (KxNa1-x)NbO3 (KNN), a solid
solution of KNbO3 (KN) and NaNbO3 (NN), possesses slightly
lower properties relative to PZT, but without the environmental
concerns initiating from the usage of lead. The fabrication of
high quality KNN films can lead to piezoelectric based MEMS
that can be manufactured on a large scale and introduced to the
general public. This project focused on experimentally
determining the optimum parameters for the pulsed laser
deposition (PLD) of high quality KNN thin films at x = 0.5,
the morphotropic phase boundary.

A full deposition cycle composed of preparing the bulk KNN target, cleaning and adhering the platinized silicon substrate, aligning the
substrate to the target in the vacuum chamber, pumping down the system to 1 μTorr, then finally performing the deposition. Over the
course of the summer we successfully conducted almost two dozen depositions. We varied both the deposition pressure and the target to
substrate distance and obtained phase pure films at 400 mTorr and 5.7cm. I look forward to continue work on this project during the
upcoming semester to improve the microstructure of the obtained films in order to enable electrical measurements.



Optimization of MoS2 Film Via MOCVD
1Kevin Diego-Perez, , Riccardo Torsi2, Dr. Frank Gomez1, Dr. Joshua Robinson2
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Molybdenum disulfide (MoS2) has shown to be a promising 
sensor for Point of Care (PoC) devices. Currently PoC devices 
are single use only. Next generation sensing materials, such 
as MoS2, are needed to achieve higher device performance 
due to its . To exploit the detection performance of MoS2, 
however, high-quality 2D films must be synthesized. The 
intended purpose of this study is to form a fully coalesced 
2D layer of molybdenum disulfide via metal organic 
chemical vapor deposition (MOCVD) suitable for PoC
detection. By changing critical synthesis parameters such as 
temperature, growth time, pressure, and the precursors 
flow rate, we hope to develop high quality film that may one 
day be used in (PoC) devices such as hydrogen peroxide 
biosensors.

Through this Research experience I was able to learn 
technical skills such as raman spectroscopy, 
photoluminescence spectroscopy, and atomic force 
microscopy. I used these skills to characterize the MoS2 films 
and further optimize the key parameters in the growing 
process. By the end of the summer we were able to grow a 
nearly coalesced film of 2-dimensional MoS2. 



Conductivity of Nafion 117 in Electrolytic Solutions for 
Advanced Batteries

David Reyes-Ramirez, Department of Mechanical Engineering, California State University Los Angeles 
Nayan Saikia, Clara Caparelli, Michael A. Hickner, Department of Chemical Engineering, Penn State University

A redox flow battery is an electrochemical device with 
great promise as a large-scale energy storage technology. A flow 
battery converts chemical energy to electrical energy through a 
process of reduction and oxidization of an electrolyte solution. The 
battery itself consists of anode and cathode electrodes that are 
submerged in the electrolyte solution that is flowed through the 
cell. The half cells are separated by an ion conducting membrane. 
The most widely used membrane is Nafion, a perfluorinated
sulfonic acid polymer. 

My work was to test the conductivity of nafion in 
different solutions to optimize conductivity and at the same time 
try to simulate the conditions with in a redox flow battery. This 
summer has really encourage me to pursue a graduate degree. 



Surface-enhanced Raman Scattering Characteristics of Gold Nanoparticle-
Decorated WS2 and MoS2 Nanosheets

Jason D. Orlando1, Basant Chitara1, Tej B. Limbu1, Yin-Ting Yeh2,3, Ana L. Elias2,3, Mauricio Terrones2,3, and Fei Yan1
1Department of Chemistry, North Carolina Central University;  2Department of Physics, Penn State University; 3Center for Nanoscale Science, Penn State University 

Due to their tunable and intriguing optical properties 2D layered materials have recently 
emerged as potential substrates for chemical sensing. The fields of medicine, 
environmental science, chemistry, and biology have increasing interest in being able to 
detect trace levels of biochemical molecules. Surface Enhanced Raman Spectroscopy 
(SERS) is a powerful vibrational spectroscopy technique that boasts nondestructive sensing 
reaching down to few molecule sensitivity. Electromagnetic fields can be strongly 
enhanced in engineered plasmonic structures by coupling noble metal nanoparticle with 
2D materials. The decoration of 2D materials with noble metal nanoparticles such as gold, 
silver and copper etc. offers a unique approach to achieve desirable surface functionality 
for the immobilization of appropriate receptors for binding.  

This summer research project provided a valuable guided 
independent experience. It allowed me to further my skills in 
experiment design, data evaluation, and gaining insight from other 
research group’s expertise. In addition to proficiency on these 
broader topics I attained greater expertise on the topic of this 
specific project. I was able to learn more about the properties of, 
and the growth of transition metal dichalcogens. Along with deeper 
understanding of SERS mechanisms, the growth of gold 
nanostructures, and further hone my instrumental skills.



Rapid Imaging of Grain Boundaries in 
Transition Metal Dichalcogenides Films

Michael Cruse1, Dr. Tanushree Choudhury 2 and Dr. Joan Redwing2
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My research team starts the process by growing the 
single crystal transition metal dichalcogenides 
monolayer epitaxial films of Tungsten disulfide 
(WS2) and Molybdenum disulfide (MoS2) in a wafer-
scale. Transition metal dichalcogenides are 
important in the development of flexible and 
transparent technology. The most difficult step in 
growing the transition metal dichalcogenides is 
trying to minimize the grain boundaries that can 
negatively effect on the mechanical, electrical and 
other properties of the materials; the experiments 
will also help in establishing the relative stability of 
these materials. 

Rapid imaging of grain boundaries using Field 
Emission Scanning Electron Microscopy (FESEM) 
and Atomic Force Microscopy (AFM)  of TMDs will 
enable understanding long-range defect distribution. 
The observations will be used in comparing optical 
and electrical properties of these materials with the 
grain structure.  I hope to gain more insight on 
different problem solving and viewing methods.



Exploring Diluted Organic Semiconductors to Improve Solar Cell Efficiency
Shayla M. Chavis, Darlene K. Taylor, Department of Chemistry and Biochemistry,North Carolina Central University
Jonathan Schrecengost, Noel C. Giebink,Department of Electrical Engineering, Penn State University 

Boron subphthalocyanines (Bsubpc) are a class of molecules that possess photophysical properties of 
interest for organic electronic devices. This material’s range of properties presents a possible 
alternative to the current silicon solar cell devices. It has recently been suggested that diluting 
organic semiconductor molecules, such as Bsubpc, in an insulating polymer host matrix can 
counterintuitively lead to improved electrical transport that could potentially improve the 
performance of photovoltaic devices. We developed a series of experiments to test this hypothesis by 
blending Bsubpc at different weight ratios into the insulating polymer polymethylmethacrylate 
(PMMA) and fabricating single layer solar cell devices. I grew the devices via spin coating and 
vapor deposition. Additionally, I characterized the devices by measuring their current-voltage 
characteristics in the dark and illumination (xenon lamp). This work strongly supports Space 
Technology NASA Mission Directorate. Organic solar cells could be used as to alleviate the use of 
fuel for space vehicles as well as advance the use of solar propulsion. Efficient, alternative energy 
sources will propel next generation science missions as well as grow the U.S solar industrial base. 

This project has allowed me to explore the direct application of adding molecules to various 
polymers. Additionally, I was able to gain knowledge in a different field as well as 
communicate with Engineers. This research experience was an exciting way to learn more 
about the application of material science. 



Graphene Enhanced Raman Spectroscopy for Biomolecules
Lauren Odom1, Alex Silver2 ,Shengxi Huang3, and Fei Yan4

1Department of Chemistry and Biochemistry, North Carolina Central University;  2Department of Chemistry, Penn State University; 3Center for 
Nanoscale Science, Penn State University,4Department of Chemistry and Biochemistry, North Carolina Central University

This summer, I did research in the applications of graphene in biosensing. Graphene can
be used for enhanced Raman spectroscopy which can be beneficial for research in biosensing.
Currently, biosensors struggle to achieve both high sensitivity and selectivity at the same time. The
use of graphene-enhanced Raman spectroscopy allows for single-molecule sensitivity and spectral
fingerprinting of molecules, displaying great potential for usage in biosensing. My research aimed to
see if mechanically exfoliated graphene was able to enhance the detection of hemoglobin when a
substrate, silicon, was coated in it. Enhancement was observed when graphene was exfoliated on top
of hemoglobin. Graphene having a two-dimensional structure helps to provide a large detection area
and enables smooth and consistent functionalization. Using Raman spectroscopy allows for graphene
to be useful in the potential detection of biomolecules. This could help aid in the development of
biosensors that have the potential to produce quicker diagnosis of infectious diseases and timely

I learned many valuable skills that I would be able to apply to my experience at my university. I
learned that sometimes you have to work through something even it is not your favorite thing in the world. It is
necessary to broaden the scope of your mind and learn things that you may not be familiar with. Coming into this
program having just completed my first year in college posed many challenges, mainly because I had not taken
physics or organic chemistry. However, I worked through it and got the job done. I was able to make the most
out of my experience and make sure the summer program was worthwhile.

administration of suitable treatments, both important factors that promote clinical outcomes and overall public
health.



Improved modelling of Cherenkov light produced by neutrino interactions in the South Pole ice
Emily Thyrum, Justin Lanfranchi, Dr. Philipp Eller, Dr. Doug Cowen
Department of Physics, Penn State University

Neutrinos are ubiquitous but not well understood fundamental particles that come 
in three flavors: electron, muon, and tau. When a muon neutrino collides with the nucleus 
of an atom, another fundamental particle, the muon, is often created. The IceCube
Neutrino Observatory, located in the South Pole ice, detects light from charged particles 
(including muons) when they travel faster than light does through the ice. We use this to 
reconstruct the lengths (which translate into energies) and directions of the muons, from 
which we infer the original neutrinos' energies and directions. Our goal is to augment our 
model of a muon's light deposition to include that of particles created when the muon 
undergoes stochastic interactions in the ice. This should lead to more 
accurate reconstructions of energy and direction. In this project, we simulate muons 
interacting in ice, record the particles emitted, and parameterize their light output to 
inform our model.

My contributions to this project are not completely realized yet as I am continuing this research 
throughout the upcoming school year. We expect to make improvements in reconstructions at higher 
muon energies first. This project has helped me to realize that I will probably be applying to a physics 
PhD program where I am doing computational experiment rather than theory. I appreciate the 
opportunity to work in a lab like this where I can start refining my research interests as an undergrad.



Tunneling in the Inverted Harmonic Potential
Alex Vizcarra, Department of Physics, Penn State University

Dr. Martin Bojowald, Department of Physics, Penn State University

Quantum tunneling is an incredibly important phenomena in Quantum Physics. Additionally, many 
systems have regions that are approximately inverted 
harmonic potentials. Moreover, experiments have 
been able to resolve the dynamics of particles at the 
attosecond scales. As a result, studying tunneling in 
the inverted harmonic potential and determining 
whether it takes time for tunneling to occur is 
important.
Using a semi-classical approximation and 
approximations of the post tunneled wavefunction, I 
determined the time evolution of quantum 
fluctuations and equivalated them. Additionally, I 
determined the time evolution of higher order 
moments and used our approximation to resolve the time evolution of a reflected and tunneled wave 
packet. With these methods, I found restrictions to parameters that will help predict a time for tunneling 
delay.
This research experience has given me more insight as to how theoretical physics is done and has taught 
me how to overcome setbacks, communicate effectively, and tackle problems. With this in mind, I intend 
to continue working on this research problem and similar topics in the future.



Observation of Unidirectional Magnetoresistance in the 
Topological Insulator/Ferromagnetic Half-Metal Heterostructure

Zhengxi Yan, Ling Zhang, Fei Wang, and Cui-Zu Chang
Department of Physics, Penn State University 

Nonlinear unidirectional spin Hall magnetoresistance 
(USMR) is of great fundamental and practical interest, 
particularly in the context of detecting the magnetization 
states in spintronics devices with two-terminal geometry. 
Recently, an enhanced USMR has been demonstrated 
through replacing the heavy metal with a topological 
insulator (TI) forming a ferromagnetic metal/TI 
heterostructure, which inspired us to pursuit a more 
efficient heterostructure by utilizing ferromagnetic half-
metal lanthanum strontium manganite (LSMO) with 
special spin properties.

For this summer, my research focus was on the 
resistivity measurement of the heterostructure samples 
under varying parameters such as the temperature 
(down to 2 Kelvin) and the magnetic field (up to 8 Tesla) 
using the Physical Property Measurement System 
(PPMS) and the lock-in amplifier. The resulting data was 
analyzed, and further research plans were discussed in 
our research group. The experience has shaped me to 
think systematically and critically, which help me to 
overcome many challenges in the experiments.



Semiconducting transition metal dichalcogenide (TMD) monolayers are one of the most promising materials 
for next-generation optoelectronic due to its unique direct bandgap structure that can provide a high on/off 
ratio for optoelectronic device. When two different TMD monolayers are brought together, a new bandgap 
structure might even have a new direct bandgap structure which is due to photoluminescence quenching 
effect. In this summer, my main goal for this project is focusing on fabricating a hetero-bilayer device 
comprising WS2 and WSe2, and studying its optical and electrical properties.

In this summer, I learnt how to use chemical vapor method to grow large area for both WS2 and WSe2 with 
high quality (high intensity on photoluminescence). Besides that, I also learnt how to use a Scanning Electron 
Microscopy to study the structure of the materials, and use it for e-beam lithography to pattern and deposit 
metal contact onto the materials to make a device. In order to stack the materials, I learnt the technique of 
transferring TMDs from the growth substrate onto different substrate to release the strain on the surface or 
for more other purposes. For characterization,  I used the Raman Spectroscopy machine to obtain  Raman 
plots and photoluminescence plots for the materials to identify the materials and its optical properties.

This summer REU project not only provides me a chance to learn more about the TMD materials’ different 
properties, but also allows me to have a opportunity to work in a research lab with lots of intelligent and 
dedicated scholars to have a better understanding on working academically in a research group.

Artificially Stacked WS2/WSe2 Hetero-bilayers: Synthesis, 
Manipulation and Spectroscopy Studies

Zhuohang Yu1, Felipe Cervantes Sodi2, Tianyi Zhang3, Nestor Perea López1, Ana Laura Elías1, Mauricio Terrones1,3,4

1Department of Physics and Center for 2-Dimensional and Layered Materials, The Pennsylvania State University;  2Department of Physics and Mathematics, 
Universidad Iberoamericana Ciudad de México, México; 3Department of Material Science and Engineering, The Pennsylvania State University; 4Department of 

Chemistry, The Pennsylvania State University



Autofocus of Yeast Cell’s Phase-Contrast Imaging with 
Convolutional Neural Network for Regression

Yujie Yan, Department of Physics, Penn State University
Fan Zou, Manyu Du, Dr. Lu Bai, Department of Biochemistry and Molecular Biology, Department 

of Physics, Penn State University

Microscopic autofocusing is an
essential technique for long-period image
acquisition process. The hardware
autofocus of the microscope, using an
optical system, detects small drifting
distances of the stage on which the sample
is placed. However, when hardware
autofocus fails (e.g. with unevenly coated
coverslip), some software autofocus
program is needed. My research focuses
on training a deep learning model to predict
how far the sample is away from the focal
plane.

.We took over 5000 phase-contrast images of yeast cells at different axial
distances from the focus for training and testing. The first round of training estimated the
ability of the model in distance prediction and gave us some future directions in data
processing and model modification. By individually conducting the majority of this project, I
improved communication and research planning skills. This challenging interdisciplinary
task allowed me to understand both experimental and computational research topics in
biophysics. I thought in a more critical way whenever there was a failure

.



Exploring the Memory Capacity of Embedded 
Synfire Chains

Sarah Greberman, Department of Physics, Penn State University
Yevhen Tupikov, Dezhe Jin, Department of Physics, Penn State University

Memory is a long-studied property of neural systems 
that is not well understood, yet essential for the 
success of any living animal. Synfire chain is a popular 
sequence generating model which was long 
hypothesized to represent a building block for neural 
computation and memory. Our research was 
conducted to explore what affects the storage capacity 
of memory networks composed of embedded synfire 
chains.

Using computational modeling, I compared the memory capacity of synfire chain 
networks for two different neuron models: Leaky Integrate-and-Fire (LIF) and Izhikevich. 
To explore how different parameters affect the memory capacity, I systematically varied 
the strength of global inhibition, strength of excitatory connections between neurons in 
synfire chains, amplitude of membrane potential fluctuations, neuronal refractory period, 
and width of each chain for LIF. For Izhikevich, I varied the strength of global inhibition 
and the strength of excitatory connections between neurons. This experience helped 
me better understand what research and graduate school is truly like and helped me 
better understand what I want to do after college.
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