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The UC M cro and Nano Manufacturing Laboratory

The mission of the UC Mcro and Nano Manufacturing Laboratory is to expand
the horizons of what is possible in manufacturing at increasingly snall size
scal es. Each new process studied is intended to pave the way for new
technol ogy to neet the increasing demands of performance and portability
across various industries (nedicine, consumer products, electronics,
aerospace, autonotive, defense, and many others). For exanple, the nassive
computers of the md-20th century have cone a long way to the nuch smaller
and nore powerful smartphones of today, with the possibility of quantum
conmputing coning in the future. Such shifts in technol ogy have been made
possi bl e by ongoi ng research on the harnessing of scientific phenonena to
perform material addition, renoval, and/or nodification at increasingly snal
size scales. These may range fromthat of hair (mcro) down to individua
atons (nano). The UCMAN | ab studi es each process using a two-fold
experimental and conputational approach to build know edge on its behavi or
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El ect rochem cal Additive Manufacturing

One of the processes being studied is el ectrochem cal additive manufacturing
(ECAM. ECAMis a novel, emerging nethod of additive manufacturing (al so
known as 3D printing) that uses | ocalized el ectrochem cal deposition
(localized netal plating) between a tool and a substrate when they are
sufficiently close together in a netal plating bath. Wen conbined with a
positioning and control system this allows for 3D netal shapes to be
created. A video of the process can be seen online at
https://ww. yout ube. com wat ch?v=0ef MAGZI 9XI

Wil e the ECAM process has been extensively studied at the mcro size scale,
the ability to shrink the resolution down to the nano or atomc level is
still in progress. Control of the process at this scale requires an entirely
different set of hardware capable of noving, controlling reactions, and
sensing current at the nanoscal e. Understandi ng of the process at nanoscal e
resolution also requries a shift in perspective. The process is no | onger
optically visible at the nanoscal e, requiring special characterization

met hods to see what is printed. It is also no |onger occuring in a fluid
conti nuum but instead may be understood and nodel ed as the behavi or of

i ndi vi dual nol ecul es.

Proj ect Goal s

The student may choose to assist with either the experinental or
conmput ati onal goals of the work.

Experi nental goal s include:

- Determnation of the effective process conditions in which to run
deposition. This involves testing behavior under different chem cal, voltage,
and geonetrical conditions.

- Designing a nethod of tool path planning to build a 3D CAD nodel under a
gi ven set of process conditions.

- Evaluating the deposition behavior using in-process nonitored signals and
post - process i magi ng and characterizati on nethods.

Conput ati onal goal s incl ude:

- Witing and executing postprocessing codes that connect atonic-scale
simul ation to experinental data by integrating understandi ng of theoretical
concepts and real -1ife behaviors of the setup

- Evaluating effectiveness of different nodeling approaches at the quantum
and cl assical |evels.

- Conparing perfornmance of the experinental and sinulation setups under the
same set of process paraneters, and eval uating what sinulation can explain
t hat experinentati on al one cannot.

Learni ng opportunities for students

Participating in this project will expose the undergraduate student to hands-
on, interdisciplinary research. Students will build have the opportunity to
build rare and valuable skills in studying physical phenonena fromfirst-
principles, experinmentation characterization nmethods, anal og hardware design,
and/ or nodeling of the process at the atom ¢ scal e. Fundanental research
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skills will be covered including literature review, presentation, and report
writing. The undergraduate student will also be encouraged to begin buil ding
a professional body of research work by presenting the work at either a
conference and/or preparing a paper for journal publication.
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