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OVERVIEW

Coordinated access to and

training on shared equipment |/ I ‘M ]
I
I
I

housed in 5 Campus faCiIitieS: MONTANA MICROFABRICATION FACILITY

* Montana Microfabrication Facility 4
IC AL) MPMS

* Imaging and Chemical Analysis Lab

* Center for Biofilm Engineering

CBIN
* Center for Bio-Inspired Nanomaterials I CBE
* Metabolomics, Pr:gteomics and Mass \ MONT FaC]l]ty at MSU
SN

Spectroscopy facility
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KEY CAPABILITIES

Core Fabrication I[ iM

MONTANA MICROFABRICATION FACILITY

ICAL CBE

Processes set up for 4-inch wafers and pieces
*  Wet benches

* Spinners — pos, neg photoresists, ebeam resists,
lots of SU-8 work

e Patterning — contact litho; FE-SEM with NPGS,
Dip-Pen nanowriting

* Thermal processing — oxidation and anneal;
solid source diffusion

* PVD - Angstrom Engineering sputter, e-beam
evap, thermal evap

* Dry etching — cryo ICP; RIE; O2 ash;
* Critical point dryer

@ National Nanotechnology
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KEY CAPABILITIES

CBE CBIN  Unique Capabilities for Bio + Nano

Center for Biofilm Engineering
* Incubation capabilities for biofilms,
mammalian cells and thermophiles

* Chromatography and spectroscopy
tools

* Genetic sequencing

* Advanced confocal and fluorescence
imaging — live cell imaging

I\lj National Nanotechnology
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KEY CAPABILITIES

Core Characterization |

* Thin films: Ambios profilometer,
Nanospec, resistivity probes, XRD/GID

* Device characterization: probe stations,
SPA, wire bonders

* Imaging: Metrology and stereo

microscopes, fluorescence microscopes,
SEMs, AFMs, TEM

* Spectroscopy: nanoAuger, TOF-SIMS,
XPS, EBSD, EDX, and Mass Spec capabilities
spanning small to large molecules

@ National Nanotechnology
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FOCUS AREAS

* Program Emphases
* Optical MEMS and Nanosystems - with local s
industrial collaborations 5 A

 Biology and Nanotechnology - Biofilms and
Microfluidics, bio-corrosion

* Novel optical and high temperature
P materials

* Nanoscale characterization - SEM (cryo),
nanoAuger, XPS, XRD, ToF-SIMS

* Education and Outreach emphasizing
undergraduate research, K-12 students/teachers,
web-based education, local Tribal colleges

@ National Nanotechnology
|

Coordinated Infrastructure

© MONT 7




Yearly User Data Comparison

Year 1 Year 2 Year 3 (6 months)
Total Users 125 160 113
Internal Users 96 124 81
External Users 29 (23%) 36 (23%) 32 (28%)
External Academic 6 9 5
External Industry 22 24 26
External Government 1 3 1
External Foreign 0
Total Hours 3599 4713 2538
Internal Hours 2852 3901 2004
External Hours 747 (21%) 812 (17%) 534 (21%)
Average Monthly Users 47 51 60
Average Ext. Monthly Users 8 (17%) 8 (16%) 10 (17%)
New Users Trained 35 58 39
New External Users Trained 1(3%) 9 (16%) 2 (5%)

Coordinated Infrastructure
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USER INFORMATION

External User Affiliations

State &

Fed Gov C.)ther.
3% ~—— University
16%
Large

Company
25%

I\ll National Nanotechnology
Il\l Coordinated Infrastructure

All User Disciplines

Other Physics Process  Geology/
Research\4%_ /_ 2% Earth

3% Sciences

4%

MEMS/Mech ~ Optics
Eng 9%

3%

Medicine
8%

& MONT 9



IMPACT OF NNCI ON FACILITY

* Y3 New Equipment: Electroplater for permalloy, confocal Raman
microscopes (2), AML Wafer Bonder, cryo stage for FESEM

* ion-assist e-beam evaporator on order for October 2018 delivery

* Renovating space to expand ISO 7 (class 10000) footprint to support soft
lithography/microfluidics users

* Funding secured for Talos Arctica 200 kV cryo TEM with Gatan K3 DED
camera (NSF MRI/Murdock Trust/MSU); to be housed in MONT

We continue to leverage our Total investment in first 2.5
NNCI award as match to years is ~31.9M, or

secure State and Private
investment in our facility. 4 ° 8X

our NNCI capital expenditures.

© MONT .o
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IMPACT

* Agile Focus Designs, of Bozeman, MT
is commercializing fast focus and zoom devices to
enable real-time imaging in microscopes, cameras,
and surgical instruments.

» Agile Focus Designs uses MONT to fabricate
voltage controlled micro-electro-mechanical
systems mirrors capable of rapid focusing.

* Agile Focus Designs has ongoing R&D efforts,
including recent NSF SBIR awards 1548737 and
1819493 and projects through the Montana Board
of Research and Commercialization.

* The company broadens participation and diversity -
in engineering by exceeding the national company ~ © Kelly Gorham
average (13%) of practicing female engineers with a  Dr. Sarah Lukes, founder and CEO, in the MONT
50% ratio of women to men. facility inspecting a micro-electro-mechanical

systems (MEMS) mirror capable of electronically
actuated focus control.

0. Agile Focus Designs, LLC, Bozeman, MT Sarah Lukes, CEO
AGILE FOCUS Work performed at Montana State University, MONT facilities MMF and ICAL

© MONT ..
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IMPACT

Advanced Neurofluidic Devices for

Neurodegenerative Disease Studies
*  Studying neuronal cell growth “on I rigure 1: Two-step

. 3y . . photolithography to
chip” to elucidate complex guidance I I fabricate microchannels in
cues. poly-dimethylsiloxane
« A neurofluidic device comprises (PDMS) for axon/dendrite
icrofluidic channels specificall SN corrarmentaization and
mlC.I”O uidic channets speci .lca y Glassslide directed growth in brain cell
designed to compartmentalize cultures.
different cell body parts of neurons. Figure 2: Phase contrast

*  Microchannels in PDMS are fabricated microscope image shows

from a molding master. We use the microfabricated
o1 channels after casting into
standard silicon wafers and a two-step ~ ' PDMS. Shallow channels
\

photolithography with KMPR 1005 and reflect upright light more
1050 to achieve channel depths of 7 then deeper channels.
um and 70 pm, respectively. "'E
« This project tests growth and R8.5E15
transport behavior of degenerative
signals in primary cortical neurons.

Kendra Hergett, Anja Kunze, Montana State University
Work performed at Montana State University, MONT facility: MMF

N National Nanotechnology 7@ M NT '
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Research Highlights

Advanced Neurofluidic Devices for
Neurodegenerative Disease Studies

Calcium

FIONT

<o
=

=

5um

Figure 1 (left): Live-
cell, false-color
fluorescent
microscope image of
axonal growth through
narrow microchannels
generated from
cortical rat neurons
(E18). After 8 days in
culture axons are
reaching the larger
perfusion microfluidic
channel. Axons were
stained with Fluo4, a
live-cell, viability,
calcium marker.

Figure 2: False-color TIRF microscope
image shows axonal growth from several
hundred neurons through a microfluidic
channel to study mitochondria and
calcium dynamics. (accepted at BMES,

2018, Atlanta)

Kendra Hergett, Prof. Anja Kunze, Montana State

University

Work performed at Montana State University,
MONT facility: MMF



IMPACT

80 /
70

60 ! —  EYRWL

80 Publications total

* 41 Journal Articles

50 L —

» 37 Conference papers

* | Book chapters 30
* |patent ”
Up 31% over 2016 . 1 |

e

Journal Conference Books/Book Patents
Articles Papersand  Chapters
Presentations

Aggregate
Products
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MARKETING

* Workshops and Meetings
— Inviting local industry association members to Annual User’s Meeting
poster sessions
— Workshop for industrial affiliates of Center for Biofilm Engineering

* On-Campus Department Visits

* User Grants for Project Initiation
— ~$2500 credit for facility use

— Y3 awards
* Marketa Hulkova, visiting Fulbright Scholar, Masaryk Univerzity, Czech Republic
e Biomodum LLC, genetic analysis platform
» Stephan Warnat, Assistant Professor, Mechanical& Industrial Engineering
— NSF proposal pending

@ National Nanotechnology
|
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EDUCATION AND OUTREACH

In cooperation with Carleton College Science
Education Resource Center (SERC):

CO-convened nano/geo workshops at the Geoscience Society’s

Goldschmidt Conference (2017 and 2018) and 2018
NanoEarth

* Catalytic events to a) aggregate resources from expert

leaders; b) develop new resources and teaching

activities; ¢) disseminate to workshop participants and

larger Earth Science community.
*  Workshop and webinar support

Teaching Nanoscience Across the Undergraduate Earth and

Environmental Science (E&ES) Curriculum VWebsite

*  “What”,”Why” and “How” to teach Nanoscience;
leverages NSF investments in Starting Point, On the

Cutting Edge, and InTeGrate
* Need and opportunity to teach Nano in E&ES

* Tutorials on Analytical Methods, Instructional
Resources

*  Nano topics ready to be integrated into E&ES
curriculum

» Over 450 resources vetted by experts, organized

by topics, advice and resources for faculty to
integrate into Intro and courses for majors

'Nl\ National Nanotechnology
II\J Coordinated Infrastructure

Time-of-Flight Secondary lon Mass Spectrometry (ToF-SIMS)

David W. Mogk, Montana State University

What is Time-of-Flight Secondary lon Mass Spectrometry (ToF-S

Time-of-Flight Secondary lon Mass Spectrometry (ToF-SIMS) is a surface-sensitive analytical method that uses a pulsed io
to remove molecules from the very outermost surface of the sample. The particles are removed from atomic monolayers ol
These particles are then accelerated into a "flight tube” and their mass is determined by measuring the exact time at which
time-of-flight). Three operational modes are available using ToF-SIMS: surface spectroscopy, surface imaging and depth p
of ToF-SIMS include:

Mass resolution of 0.00x amu. Particles particles with the same nominal mass (e.g. Si and C;Hz, both with amu = 28 ) are easily
distinguished from one another because as Mr. Einstein predicted there is a slight mass shift as atoms enter a bound state.

Mass range of 0-10,000 amu; ions (positive or negative), isotopes, and molecular compounds (including polymers, organic compounds,
and up to ~amino acids) can be detected.

Trace element detection limits in the ppm range.

Sub-micron imaging to map any mass number of interest.

Depth profiling capabilities; sequential sputtering of surfaces allow analysis of the chemical stratigraphy on material surfaces (typical
sputtering rates are ~100 A/minute).

Retrospective analysis. Every pixel of a ToF-SIMS map represents a full mass spectrum. This allows an analyst to retrospectively produce
maps for any mass of interest, and to interrogate regions of interest (ROI) for their chemical composition via computer processing after
the dataset has been instrumentally acquired.

Fundamental Principles of Time-of-Flight Secondary lon Mass Spectrometry
(ToF-SIMS)

ToF-SIMS uses a focused, pulsed particle beam (typically Cs or Ga) to dislodge chemical species on a materials
surface. Particles produced closer to the site of impact tend to be dissociated ions (positive or negative). Secondary
particles generated farther from the impact site tend to be molecular compounds, typically fragments of much larger
organic macromolecules. The particles are then accelerated into a flight path on their way towards a detector.
Because it is possible to measure the "time-of-flight” of the particles from the time of impact to detector on a scale
of nano-seconds, it is possible to produce a mass resolution as fine as 0.00X atomic mass units (i.e. one partin a
thousand of the mass of a proton). Under typical operating conditions, the results of ToF-SIMS analysis include:

1. @ mass spectrum that surveys all atomic masses over a range of 0-10,000 amu,
2. the rastered beam produces maps of any mass of interest on a sub-micron scale, and
3. depth profiles are produced by removal of surface layers by sputtering under the ion beam.

ToF-SIMS is also referred to as “static” SIMS because a low primary ion current is used to "tickle” the sample surface to liberate ions, molecules and
molecular clusters for analysis. In contrast, "dynamic” SIMS is the method of choice for quantitative analysis because a higher primary ion current results
in a faster sputtering rate and produces a much higher ion yield. Thus, dynamic SIMS creates better counting statistics for trace elements. Organic
compounds are effectively destroyed by "dynamic” SIMS, and no diagnostic information is obtained.

Time-of-Flight Secondary lon Mass Spectrometry (ToF-SIMS) Instrumentation -
How Does It Work?

ToF-SIMS instruments typically include the following components:
_ . _ S— 3y
o _An ultrahiah vacuum svstem. which is needed to increase the mean free path of ions liberated in the /




EDUCATION AND OUTREACH
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Leachi Yanotechrology Actoss the Undergrac) ety Nanoscience in the Earth and Environmental
Sciences--Needs and Opportunities

MONT User Meeting | Nanotechnology is an exciting emerging field of research with

Goldschmidt applications in all STEM disciplines including the physical, chemical, life, Earth and Whatis

Workshop 2017 environmental sciences and allied disciplines in materials science and engineering. Nanotechnology . ) )

Mont Webinar Nanotechnology provides unprecedented opportunities for frontier research at the Wh NaHOSCIence IS one Of the great, rEIatlvely unexp|0red

March 2017 interfaces between these STEM disciplines by studying the properties of materials on the VTeaCh frontiers in the Earth and Environmental Sciences. However there are
nanoscale (~1 billionth of a meter!). The development of engineered nanomaterials has Nanotechnology

very few curricula, courses, or even chapters in textbooks (Mineralogy,
Petrology, Geochemistry, Hydrology....) that focus on nanoscience. (See

Mont Webinar Dec | - applications in such diverse fields as energy capture and storage devices, delivery of

2016 pharmaceuticals, environmental health and safety (related to both natural and engineered How to Teach

Nanotechnology in STEM > Methods it : et
i the Virginia Tech Nanoscience program as one example). This is
— . . .
Tutoria 50 Met ods USG in Nanotec nolo unfortunate because nanoscience addresses entirely new lines of
Nanotechnology in I f h d d h | g
STEM y fundamental research about the Earth system, and it also addresses
What s h ical Analvtical | d important application i
weenaey | Browse Geochemical Analytical Instruments an on Earth, The purpose Nanomaterias and Crystallzation: New Understanding of Processes and
Why Teach h H | Pathways
Nanotechnology Techni ques approaches and appli
N Classic theory of nucleation and growth of crystals assumes that crystals grow by ordering Juinion (Jraune
How to Teach prOVIde resources to 4 atoms (monomers) one at at a time in prescribed positions in the crystal structure. ',' W Az::::’nl
Each of these pages contains information about each instrument or technique including what it is, ! : However, moden studies of growth mechanisms of crystals shows that crystals more D Wi
Nanotechnology i) tal p. 9 s i % licati " th d limitati q I 9 ti ’ dat EnV|r0nmen[a| SC|enCE typically grow by aggregation of nanoparticles. Crystallization pathways may involve M’"m"‘/rfl.t AN g
Ethi e sl dalodlaes, e, el Sosiplis el aieis, sl P aeien ekl . L formation of multi-ion complexes from dissociated ions, to organization of these 4
cs collection, results, and preparation, and if available, literature and teaching activities/resources. interested in introduc complexes into solated nanoparticles with very short range order, to oriented aggregates e oy I
of nanoparticles, and ultimate formation of macroscopic crystals. Examples of this type of
Nanoscience In the researCh)- crystallization pathway of crystals forming from aggregates of nanoparticles can be found
- Ean_h and in calcium carbonates, calcium phosphates, ferric hydroxides and hydroxyl-sulfates, and S
Environmental X_ ray C rystal I og rap hy aluminosilicate nanoparticles. For a more detailed description of crystallization by particle i e >
Sciences attachment (CPA), see DeYoreo et al., 2015, Crystallization by particle attachment in synthetic, biogenic, and geologic environments, Science, vol 349, ===
o Single-crystal X-ray Diffraction--Christine M. Clark, Eastern Michigan University and Barbara L. Dutrow, issue 6247, 2aa6760-1.
Method:
e S " . .
Louisiana State University « See the Powerpoint presentation by Dr. Manual Caraballo, University of Chile, o Clowicl v Non-ClicalNucewion end el Gronih
i i . . L. . ) e Crossroads in analytical chemistry and non-classical crystal nucleation J
i':‘a::;;"’s:i‘:nzzp"s o X-ray Powder Diffraction (XRD)--Barbara L. Dutrow, Louisiana State University and Christine M. Clark, Eastern N A
Michigan University nucleation presented at the 2017 Goldschmidt Nanoscience Workshop. R
Instructional o Caraballo, M. A,, Michel, F. M., and Hochella Jr, M. F., 2015, The rapid
Resources . expansion of environmental mineralogy in unconventional ways: Beyond the
EI ect ro n M |C ro beam accepted definition of a mineral, the latest technology, and using nature as #
Goldschmidt our guide: American Mineralogist, v. 100, no. 1, p. 14-25."
Workshop 2017 o Electron Probe Micro-analyzer (EPMA)--John Goodge, University of Minnesota-Duluth Environmental mineralogy is rapidly expanding in technological directions Nowpatiedigmen by Moupric
that allow for the detection, characterization, and understanding of non- Sykiom b ol P k7

crystalline and poorly crystalline phases, crystalline-amorphous mixed ""“"“{,‘.,,‘,.,,,,m.,,.,,,,,.d,

phases, and nanosized naturally occurring materials. Specifically, this article i postlsolorchd N
provides a perspective view of the broad range of structural
complexity/heterogeneity observed in environmental minerals and Cassalvlor-Clsial Cysal Gowth @
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EDUCATION AND OUTREACH

Green boxes show activities which were evaluated.

MSU location of MONT

# Participants

K-12 Students 370

MAP Student Engagement 14
3
7

Science Olympiad

Public Events

Total

Coordinated Infrastructure
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|

Fifth graders explore NanoLand

Agree Strongly
0 6
0 6
0 7
18



NETWORK ACTIVITIES

Network-Wide

* Participation in subcommittees (New Equipment and Research, Entrepreneurship, Assessment
and Evaluation) and working groups (Microscopy, SEl and Education), resulting in shared reports

and best practices
* Attendance at REU convocation and NNCI annual conference
* Participation in Nano Day activities
Multi-Site
* Proposals pending leveraging access to aberration-corrected TEM at nano@stanford

» User support and staff technical interactions with SDNI, MINIC, nano@stanford and CNS

* Working with SENIC, leveraging their expertise and investment in facility [fS—=—_ ‘?n';?.';e;egse?ﬁ

management software Techl/syste

* Workshop organization with NanoEarth (2018 Goldschmldt Conference, NanoEarth
2018 workshop) . “:i:-

On Behalf of the Network
* Helped with NNCI exhibit booth at TechConnect 2018

N National Nanotechnology 74 MONT
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SOCIETAL AND ETHICAL IMPACT

M

MONTANA

STATE UNIVERSITY

Montana Nanotechnology Facility

Montana Nanotechnology > RCR

Responsible Conduct of Research

David Mogk, Montana State University

What is
Nanotechnology Much of the ethics training in the STEM disciplines is focused on the Responsible Conduct
of Research (RCR). This training is now a requirement for graduate students and
Why Teach
Nanotechnology post-doctoral fellows supported by research grants from the National Science Foundation.
The following is a collection of resources that support training in RCR.
How to Teach
Nanotechnology & M
- s General Resources that Inform Responsible
ourses an
MONTANA
Curricula Conduct of Research i Ve ity
Instructional o Sigapore Statement on Research Integrity= Montana Nanotechnology Facility
Resources » Show Background [Montana Nanotechnology > Professionalism
Methods « USDA Scientific Integrity Policy Handbook - July 2013 and updated March 8, . . . 2
Applications 2016. "USDA is committed to a culture of scientific integrity.. Science, and EthICS and PrOfeSSIonahsm |n NanOteCh nO|Ogy
Piotiles public trust in science, thrives in an environment that shields scientific data Nanotechnology . X . X
and analyses and their use in policy making from political interference or inappropriate influcuence. Sciel What is Professionalism in the geosciences refers to the
Ethics should not be suppressed or altered for political purposes.” Nanotechnology behaviors and attitudes of geoscientists as they interact with
e c in the work i and with the public in serving a
RCR * Integrity of Scientific and Scholarly Activities-United States Department of the Interior Na:m:::nology wide variety of societal needs. The following topics address -
MONT Activities issues of professionalism that impact the ability of 5
How to Teach scientists to do their work and for Science to progress. Please use
Responsible Conduct of Research Key Topics That Need to be
Goldschhmndt P y p Nanotechnology this module as a guide for self-assessment of your classes, lab, é '
Workshop 2017 * Responsible Conduct of Research modules from Ethics Core-a series of interactive tutorials available at n Courses and department or program. Are there issues that you should be aware %\C’
Mont Webinar educallonal or other non-profit institutions. Curricula of? The goal is to help identify instances of unprofessional conduct, o
March 2017 P to prevent these from becoming major issues, and to provide the (1}
e The T of Data and Data ey support to encourage scientists to act to mitigate and resolve these =
issues.
Methods
Applications
Profiles.
Start the conversation: in your classes, in the coffee room, in departmental meetings and seminars. These issues cannot remain an
Ethics "open secret" and demand to be explicitly Consider the topics, use the following resources to discuss with
RCR and for r ion. Are you doing all you can to ensure that your work environment ascribes to the
highest standards of professionalism?
MONT Activities
Goldschmidt
Workshop 2017
Pr|nC|pIes of Professionalism
Mo ebinar Comity. C Whatever you call it, we all have to get along in the workplace and life. In this module we look at the
Responslb!e Conduct of Scientists: the professional behaviors, attitudes and interpersonal relations of scientists at work. It's a simple matter of

https://serc.carleton.edu/msu_nanotech/index.html

MONT .
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PANEL DISCUSSION THOUGHTS - RESOURCE ALLOCATION AND NEW EQUIPMENT

* Equipment Roadmap
— Equipment Committee — local stakeholders
— Opportunistic acquisitions (startup agreements)
— Shiny new toys vs. tired workhorse tools

* In-house vs. network access; how specialized can we get?
* |s leasing an option!?

* Space, equipment decommissioning, user relations

@ National Nanotechnology
|
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