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Proj ect Description

1. Area of research

Wth the advancenent of high-performance conputing and nuneri cal

met hodol ogi es, simnul ati ons have becone an i ndi spensable tool to investigate
various physi co-nmechani cal phenonena. |In particular, atonistic sinulations
where material systenms are explicitly nodeled with discrete atons interacting
wi th one another have led to an inproved understandi ng of the fundanental
mechani sns underlying various material behaviors and properties. For exanple,
nmol ecul ar dynami cs (MD), which is one of the nost popul ar and powerfu

atom stic sinulation tools, can provide the positions and nonenta of all
atons at all instances of sinmulated tinme interval, which is not possible in
experinents. This information, in turn, can be used to better understand the
underlyi ng mechani sns of observed physical phenonena. This route of research
has proven to be very effective and productive in studying materials

behavi ors and properties fromthe fundanental |evel

2. Research tasks the student will be perforning

The student will construct conmputer nodels for atom stic systens and perform
MD sinul ati ons usi ng LAMVWPS, a popular atomi stic simulation tool devel oped at
Sandi a National Lab. The student will also analyze the sinulation data using
post - processing tools such as OVITO VMD. In particular, the student will be
i nvolved in one of the foll owi ng NSF-funded projects.

[Project 1] Friction of graphene

Graphite is a popular solid lubricant because its lanellar structure and weak
interaction between | ayers provide low sliding resistance. In this respect,
graphene, one-atomthick graphite, is an ideal solid lubricant for MEMS
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| ubrication. Indeed, a nunber of studies have shown that graphene can reduce
friction and wear at both nano and nicronmeter |ength scales. The objective in
this research is to use atonmistic conmputer sinulations to study tribol ogi ca
properties of polycrystalline graphene.

[Project 2] Brittle-to-ductile transition of silicon

Silicon is the nost commonly used semni conductor material and has played a
critical role in the recent advances in nanotechnol ogy as a building materi al
for MEMS (micro-el ectro-nechanical systens). Silicon on small |ength scales
often exhibits conpletely different behaviors fromits bulk counterparts and
one of the nost inportant size-dependent properties is the brittle-to-ductile
transition (BDT), that is, brittle silicon becones ductile above a critical
tenmperature. The plastic deformation of silicon has a profound inpact on the
reliability of MEM5S as the applied | oads and operating conditions become nore
severe. Also, due to the brittle fracture, silicon-based structures cannot be
machi ned, but should be fabricated in a variety of artful ways. In recent
years, several experinments have found that silicon-based structures on sub-

m croneter scales exhibit plastic deformati on even at roomtenperature.
However, our current understandi ng of the size-dependent BDT phenonenon of
silicon still remains far fromconplete and it is not rare to find that
experinmental observations are contradictory to each other and reasonable

expl anations are not provided. In this research, we plan to study the size-
dependent BDT of single-crystal silicon using atom stic sinulations.

[Project 3] Nanoscale cutting of ceramic materials

Ceramic materials have found various applications, especially under harsh
conditions, thanks to their superior nmechanical, electrical, optical

chem cal, thermal, and bi oconpatible properties. However, since cerarmcs
shatter upon inpact rather than deform manufacturing ceram c devices of
conpl ex shapes and high-quality surfaces is a challenge. Utra-precision
machi ning of ceram cs has found a way to overcone this challenge by cutting
or renoving very tiny amounts of material. However, its productivity is not
sati sfactory and an understandi ng of the material behavi or under cutting,
especially at atomc scale, remains elusive. This project is to find

optim zed machining conditions for ceramic materials based on an i nproved
understandi ng of material failure. This understanding is obtained by a
conbi ned strategy of state-of-the-art experinent and atom stic sinulation
appr oaches coupled with machine | earning algorithms. This approach
facilitates the machining of advanced ceramics wi thout the need for extra
post - processi ng, which is expensive and tine consum ng and, thus, achieves
i ndustry-required productivity. Moreover, by inproving the fabrication
process and damage control of ceramic materials, high quality ceranic
conmponents such as engi ne bl ocks, camera |enses, high energy |asers, and

bi onedi cal inplants are possible, which benefits U S. industry and econony.
This award engages students from historically underrepresented groups in
research experiences, |everaging G aduate Engi neering Research Schol ar and
Wbnen in Science and Engi neering Prograns.

3. Training that the nmentor will provide to the W SE student
In addition to LAMMPS and OVITO the student will learn basic conputer skills
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(Li nux, parallel conputing) and sone theoretical background know edge (e.g.
mul ti -body dynami cs, statistical nechanics, nunerical nmethods, etc.) that are
needed to performatom stic simulations. The student will cowork with a
graduat e student who can help the student to conduct this research. The
student will also be invited to join our groupa€™ weekly neeting where
graduate students give a tal k about their research areas.

4. Specific requirenents:

There is no specific requirenent, but the followi ng skills and know edge wil |
be hel pful; conputer program ng, parallel conputing, Linux operating system
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