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Brief History...
How we got to where
we are today?
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Brief History

1990s and early 2000s — UofL, UK, and the State of KY (leveraging
federal and state programs like NSF and DOE EPSCoR) began
investing in the key critical areas of Advanced Manufacturing,
Advanced Materials, and Nanotechnology with the goals of...

a) attracting highly productive faculty
b) increasing university research productivity
c) training the STEM workforce of tomorrow

d) catalyzing economic development
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Example of Investment

Shumaker Research Building (SRB)

» $60M, 120,000 sq ft Research Building

e Opened 2006

e Micro/nano/bio Research Theme

e Interdisciplinary Research
» Engineering
» Physics and Chemistry
» Biology and Medicine

e MicroNanoTechnology Core Facilities

> $30M Cleanroom (10,000 sq ft)

» Design

» Fabrication

» Imaging and Characterization

» Packaging

» Prototyping and Small-scale Production

e Top 20 Cleanroom in USA
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UofL and UK get selected to be part of the NSF NNCI ?

* NNCI — National Nanotechnology
Coordinated Infrastructure network

Funded by NSF for 10 years (2015 to 2025)

Network of 16 premiere nanotechnology
core facility sites in the USA

Goal of the NNCI — provide researchers
from academia, small and large
companies, and government with access
to state-of-the-art university user core
facilities with leading-edge fabrication and
characterization tools, instrumentation,
and expertise within all disciplines of
nanoscale science, engineering and
technology.

(h
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Coordinated Infrastructure

National Science Foundation
National Nanotechnology Coordinated Infrastructure (NNC)
““- A www.nnci.net

University of Washington

Mitly Oregon State University University of Minnesotawin Cities

with North Dakota State University

*

*

Montana State University
with Carlton College

Harvard University

CornellUniversity * *

*

University of Pennsylvania
with Community-Collége of Philadelphia

* Virginia Polytechnic Institute
and State University

x

North Carolina State University
with Duke University and
University of North Carolina-Chapel Hill

ol I Northwestern University
University of Nebraska-Lincoln * with University of Chicago

University of Louisville
with University of Kentucky

Georgia Institute of Technology
with North Carolina A&T State University and
University of North Carolina-Greensboro

Stan niversity

University of California, *

San Diego. S Arizona State University
With. MaricopasGeunty Community College District
and Science Foundation Arizona

University of Texas at Austin

$165 Million
16" National Sites
10 Years of Funding
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Each of the 16 NNCI Sites have a theme

Univergity of Washing

Montana State University

w/ Carleton Collede Univiersity of

" University of
Pennsylvania

: d w/ Community College

o of Philadelphia

( Virginia Polytechnic
%~ Insfitute and State

University w/ Pacific
3 Northwest National Lab

grolina State University

"‘ a; University and University
Carolina, Chapel Hill
Georgignstitute of Technology

w/ North Caroling A&T State
University and University of North
iy, Greensboro

San Diego

-

e KYMULTISCHLE

Thiz NSF NNCI Multi-Scale Manufacturing & Nano Integration Mode

National Nanotechnology

Coordinated Infrasiructure N

(

16 NNCI Sites
16 States
13 Partners
69 Facilities

>2,200 Tools

G J

( )
NSF Funded

2015 - 2025

S165M total
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UofL and UK — Fabrication Capabilities over Multiple Lengthscales

Micro- and Nano Fab Unit Processes @d/Additive P@

mask wrltmg, prOX|m|ty, e-beam melting

+Thin films: ) ( e-beam & ion-beam

PECVD. LPCVD induced processin
Parylene, MVD, :
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+ Multiple
Furnace banks,

2 RTP systems, <
vacuum ovens

fused
deposition

modeling

200 nm
physical vapor
deposition (thermal,
le-beam, sputter)
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metal & polymer
Iaser smterlnq
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reactive ion
etchlng (deep
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KY Multiscale — focus on Multiscale Advanced Manufacturing

www.kymultiscale.net

e “KY Multiscale” is the name of our NNCI site, which is
officially the Kentucky Multiscale Manufacturing and

-
Nanotechnology Integration Node (KYMMNIN). <> = KYMULTISCAHALE

The NSF NNCI Multi-Scale Manufacturing & Nano Intergration Node

* Joint collaboration between UofL and UK meter o scale

* S7M funding from NSF (2015-2025)

Micro/Nano Fabrication

e Theme - Lead the nation in the convergence of Technologies

nanoscience and engineering with emerging advanced
manufacturing technologies (such as 3D printing,
additive manufacturing, roll-to-roll, aerosol jet printing,
etc) that span across multiple lengthscales.

Advanced Additive
sz=Mapezfackysing a0 nal

* Leverages, engages and promotes 8 key Advanced
Manufacturing Core Facilities at UofL and UK

Saan el AicroiNano; AR
Solutions and Products

National Nanotechnology /@i e <
@ ~ = KY MULTISCALE :
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http://www.kymultiscale.net/

KY Multiscale — Core Faclilities

?ﬁ Additive

g Manufacturing

Micro/nano n MNTC  CeNSE [ AMIST

. . ‘ 7 ol Micro and Nano Nanoscale Science Additive Man Inst for ) Saelil) 20 |
fabrication i i ¥y | Technology Center and Engineering Science and Tech

EMC CAM =l A Material

Electron Microscopy - Center for

Center Advanced Materials “ ‘ ‘ DeVEIOPment
Imaging and

Characterization

HICL CAER CCRE

Conn Center for ‘ R = -,"7 Energy

Huson Imaging and Center for Advanced - : ; a
Characterization L2 Energy Research R gty ml - E R h
e Research $ okt g esearc
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KY Multiscale — Core Facilities

MNTC — Micro Nano Technology Center

* Located in the UofL
Shumaker Research
Building

* Designed in 2005 by world
renown AGI| Associates

« S$10M 10,000 sq ft class
100/1000 facility

» ~S20M of state-of-the-art
fabrication equipment
(over 100 tools)

* Used each year by about
75 unigue users (~45
internal, ~30 external)

* Contact — Dr. Julia
Aebersold

NASA CubeSAT micro-satellite Explosive detector Lab on a chip for
(with Morehead) bedside diagnostics

Smart IOP lens Cochlear implant Retinal implant for the blind

@ Natfional Nanotechnology 1R, < KYMULTISCAHALE www.louisville.edu/micronano 10
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http://www.louisville.edu/micronano

KY Multiscale — Core Faclilities

* Located in the UofL
Shumaker Research Building

« 1,000 ft2

* S3M of state-of-the-art
imaging and characterization
equipment

* Used each year by
approximately 50 unique
clients (~30 internal, ~20
external)

e SEM, AFM, Thermal Imaging
Microscopy, Parylene
Coatings

e Contact — Dr. Julia Aebersold

QFl Therﬁl imaging Microscopy Smart Materials Atomic Force Microscopy

"'",..:-' KY MULTISCAHLE www.louisville.edu/micronano 11
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http://www.louisville.edu/micronano

KY Multiscale — Core Facilities

AMIST — Additive Manufacturing Institute for Science and Technology

e Located in the UofL Vogt Bldg
and AMIST Training Bldg

e ~20,000 sq ft

* Both a Research Center and a
Core Facility

* Over S10M of state-of-the-art
3D printing and characterization
tools for AM processing of
metals, polymers, and ceramics

e Multiple staff with over 20 years
of experience

* Faculty Director — Drs. Li Yang
(IE) and Tom Berfield (ME)

e Contact — Ed Tackett

www.louisville.edu/amist

e KYMULTISCHLE 12
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http://www.louisville.edu/amist

KY Multiscale — Core Faclilities

CCRER - Conn Center for Renewable Energy Research

e Multiple locations on the
UofL Belknap Campus

e QOver 25,000 sq ft

* Both a Research Center and
a Core Facility

* Over $15M of state-of-the-
art material development
and characterization tools

* Focused on solving global
energy problems

* Highly interdisciplinary

* Emphasis on scale-up and
commercialization

* Faculty Director — Dr.
Mahendra Sunkara

* Contact — Dr. Jacek Jasinski
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http://www.conncenter.org/

KY Multiscale — Core Facilities

. Located in the ASTeCC CeNSE - Center for Nanoscale Science and Engineering

building on U.K.'s central
campus.

* (Class 100 cleanroom

* Diverse 2, 2.5, and 3D
manufacturing capabilities:
From two-photon
polymerization 3D Printing to
scanning electron beam
lithography and traditional
photolithography.

* Full suite of etching and
depositions tools

* Fundamental Metrology
capabilities

* Contact - Prof. Todd
Hastings

N National Nanotechnology * B
IN, Coordinafed Infrasfructure
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https://cense.engr.uky.edu/

KY Multiscale — Core Faclilities

EMC - Electron Microscopy Center

 Located in the UK
ASTeCC Building

* Materials, chemical, and y ' I
ellos

biological e FIB-SEM
characterization in SEM,  Hezs ;%N &
TEM, XPS, microCT, and P

more ¢ RN ) a

* Fully staffed instruments
for assisted work,
training, and data
analysis

e Contact — Prof. John Balk

lon beam
polisher
(with cryo)

-
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http://emc.engr.uky.edu/

KY Multiscale — Core Facilities

CAM - Center for Advanced Materials

Cababilities:
e Helium liquefier

* Multitarget sputtering

47-‘.:-"1:'#_1;__?_7_‘" ‘;M;.:\_ .
ASERAE k| Ll i * floating-zone furnace for single-crystal
5% growth

* Bruker X-ray diffractometer

* Quantum Designs Physical Properties and
Magnetic Properties Measurement

Systems, AFM/MFM
* Location: UK Chem./Physics Building (behind * Crystal orientation analyzer, glove box,
ASTeCC) dicing saw, ...

e Contact - Prof. Lance De Lon
& https://pa.as.uky.edu/tag/center-advanced-materials

N National Nanotechnology /7@ o
IN, Coordinated Infrastructure

-

*= KYMULTISCAHLE 16

Thiz NSF NNCI Multi-Scale Manufacturing & Nano Integration Mode



https://pa.as.uky.edu/tag/center-advanced-materials

KY Multiscale — Core Faclilities

CAER - Center for Applied Energy Research

‘ A AR 3 e % ~5
s < £ y ¥ B

Location: UK Research Park TR RN VR i

Capabilities:

* Dry room for battery and organic
electronics research

* Growth of large, free-standing
vertically aligned MWCNT arrays

* Mixing equipment for composites

Contacts - Prof. Rodney Andrews
and Dr. David Eaton

= . Al e | |
@ Nafional Nanotechnology 4 < = KYMULTISCALE www.caer.uky.edu 17
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http://www.caer.uky.edu/

KY Multiscale — Growth In External Users

Number of External Users

- N

100 * Total users have increased
40% (from 278 to 389)

80

60 * External users have increased
54% (from 72 to 111)

40 K j

20

B Outside School B Small Company M Large Company

o

W State and Federal Gov H Foreign

N National Nanotechnology 488K
Coordinated Infrastructure
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KY Multiscale — Increased Revenue

USER FEES

M Internal M External
K Total generated user feeh

have increased by 65% since
joining the NNCI

$609,820 I

e 60% of our total revenue
comes from External users

$516,635

$414,188

e But our core facilities still
remain ~50% subsidized by

our universities
YR1=$718,869 YR2=$944,732 YR3=$1,093,011 YR4=$1,183,495 \ /

National Nanotechnology /4. < <o
@deinm’red Infrastructure - KYMULTISCHLE 19

Thiz NSF NNCI Multi-Scale Manufacturing & Nano Integration Mode

$428,097 $483,191 $487,293
$304,681




KY Multiscale — Diverse Demographics

Total Users by Discipline

Physics
7%

Chemistry
13%

Proc...

Other Research
22%

Electronics
8%
Educational Lab

o — Use
3%

Optics
1%
Geology/Earth
Sciences
MEMS/Mechan 0%
ical Eng
18% Life Sciences
Medicine Materials 5%

2% 20%

We serve a broad and diverse
technical community.

National Nanotechnology 488K
Coordinated Infrastructure

External User Affiliations
Foreign Other

1% University

15%

4 Year College
1%

State and
Federal Gov
1% 2 Year College
0%

Pre-College
0%

Large Company
34%

Small Company
48%

Largest components are small
companies, start-ups, large companies
and other universities.
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KY Multiscale — Supporting In-state Academic Users

Schools in Kentucky
that use our Core

Facilities P
UNIVERSITY OF
LOUISVILLE @it
T'E&'.“ﬂtl’&'!','ﬂ —
&Sulllvan o
UI::EXefEbS},ny T % VOREHEAD STATE
NIVER
0\\.\ VA O
EREA %
OLLEGE?
%, _05;
”];” 10 S""'A
°
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KY Multiscale — Supporting Out-of-State Academic Users

Schools around the World that use our Core Facilities

UNIVERSITY OF
MICHIGAN

MA

AL

COLLEGE

lQE KYUSHU 1640y
PURDUE University of ‘,.-_UN1v;znsnwm;mmmﬁ IIIIIIIIII

@fio BROWN “
UNWERSITY CINCINNATI
ILLINOIS |NST|TUT§I// @ TEXAS UNIVERSITY  tHE UNIVERSITY OF
OF TE C H N O LO GY The University of Texas at Austin of TULSA TENNESSEE
KNOXVILLE
N National Nanotechnology /@i e < KYMULTISCALE
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KY Multiscale — Supporting Industry Users

Gimaf“ THIN METAL _/3
g0 (intel
Engineered Materials™

Science.

' “’ SIM onicd toLife.”
Qmeeiigent  LINAK' ) FUJFILM pohed oLife.
’ Raytheon

A @ -
techs IIn‘InEJ;Ee. Integrate. Inspire. . ‘ W
symmetry surgical” /
Valvoline. P
NAVAJAIR (/) FUNAI CORPORATION
pmcoorganometallix’ Catalent " ;, CYPRESS
- EMBEDDED IN TOMORROW™
sSIBLE MONSANTO %f € o Je
JmpO ()BIECTS BIOTECHNOLOGY &) Me!‘ldla" ThermoFisher
. innovation - collaboration- speed B:osc:enceflnc. SCIENTIFIC
National Nanotechnology /@i e <
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KY Multiscale — Catalyzing Startups

® ADVANCED
. ENERGY clience
Intellirod spine. MATERIALS .
Guiding Innovations for Spinal Surpgery ﬁmo YYOW IO P technologies

Breath i P8 bluegrass
E[)iagnostics> Al'PEE'JEf N Hodtt] spsiv

materials
S NEXT GEN
0"y . I ]
BAPIQ  BERL  assenmLic ST e
%" SEMICONDUCTOR THIN FILMS. ™
NN R \\1. ff"/, \\\ : /’sabfj
=, = J B0 FUnidleed
Y NAUGANEEDLES SIMONSOUNDS  Tumenari = 2\ S
7NN
Power lech
—WATER—
COULSENSE, LLC < West Wind Power ULTRATRACE
DETECTION, LLC
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KY Multiscale — Seed Programs for New Users

KY Multiscale Seed Programs

KY Multiscale Seed Program Overview

In support of its vision to strengthen and accelerate discovery in micro/nanotechnology and advanced
manufacturing across the US, KY Multiscale has established the KY Multiscale Seed Program. This
program allows members from the microtechnology, nanotechnology, and larger scientific communities
limited free access to the UofL KY Multiscale facilities to aid in research, obtain preliminary data, conduct

proof of concept studies, or for educational purposes.

This program is open to new, first-time users of KY Multiscale facilities from both inside and outside the
University of Louisville. Consistent with the mission of the National Science Foundation (NSF) to broaden
participation, we encourages applications from non-traditional users of micro/nanotechnology and
advanced manufacturing (e.g. life and environmental sciences, paper and textiles, biomedical, agriculture,
etc.), non-Research | institutions, Primarily Undergraduate Institutions (PUIs), under-represented groups, K-

12 schools, and community colleges.

Selection

National Nanotechnology o y -

Coordinated Infrastructure

Supported Facilities

Micro Nano
Technology Center

See Tools and Capabilities

Huson Imaging

See Tools and Capabilities

e KYMULTISCHLE
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APPLY NOW!

www.kymultiscale.net/seed

LT

Conn Center for
Renewable Energy

See Tools and Capabilities

Additive
Manufacturing
Institute of Science
and Technology

See Tools and Capabilities

25


http://www.kymultiscale.net/seed

We Offer Other
Opportunities to Engage

-
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KY Multiscale — Extensive Web and Social Media Presence

KY Multiscale Website

-
-

KYMULTISCALE
HOME = ABOUT = CORE FACILITIES = EQUIPMENT DATABASE

Find out more...

* About us

You Think It, We Make It! e Collaborators

* Core Facilities

e Equipment Database

* User Testimonials

* Site Educational & Outreach Activities
* IMPACT-NG REU Program
 KY NANO + AM Symposium
e Seed Program

* Social Media

...and more

You Think It. We Make It

——

ﬂwww.kymultiscale.net ]
<= KYMULTISCALE .
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We are eager to spread the
news...send us information
about your research
accomplishments and
upcoming events and we
will share with our mailing
list (over 8,000 industry and
academia).

National Nanotechnology *

N, Coordinated Infrastructure
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KY Multiscale — REU Summer Program for Undergraduate Training

New NSF REU Program Directly Aligned with our Site’s
Nano + Additive Manufacturmg Theme

Research Experience for Undergraduates Includes:

* Hands on micro/nano/additive training program

* Personalized Independent research project

* Programs to improve oral/written communication skills
* Opportunities to learn about graduate school

e Seminars about entrepreneurship

* Lunch meetings with technical academic & industry, and government
leaders

e Tours of industry manufacturing facilitites

e Ethics training
* Social activities

* NNCI Convocation attendance and hosting

N National Nmnotechnology'
I, Coordinated Infrostructure

-

¥ - Y MULTISCAL & y

Thiz NSF NNCI Multi-Scale Manufacturing & Nano Integration Mode




KY Multiscale — Program for Teachers

NanoEducate: Middle School Teachers Training Program

 Summer program with materials
and stipends

* Three schools serving primarily
underrepresented students
already confirmed for recruitment

* Hands on summer professional

WE West End School
S Louisville, KY

Dwight Bransford,

Ronda Coshy,

deyelc;pmen/t \é\/orkshgp about : Principle ‘ Principle
MmICro/nano/advance ‘ s
manufacturing technologies GRACE JAMES N
. 5 5 ACADEMY OF EXCELLENCE Carol Nord NNAT]V]TYACADEMY
e Duration: 1 weeks £ Diracto. \ AT SAINT BONIFACE
* Number of teachers: 8
N National Nanotechnology * Py 1§ KY MULTISCALE
I CDDdeﬂGTEd |r‘lfﬁ]51lUC1'Ul"E - Thiz NSF NNCI Multi-Scale Manufacturing & Nano Integration Mode 30




KY Multiscale — New Regional Network

New Ohio Valley Regional Nano Network

OBJECTIVES

* Leverage the recent announcement that
Intel plans to build a 520B Semiconductor
Manufacturing Facility in Ohio!!!

e Build network of researchers from facilities
throughout the Ohio Valley

* Exchange information on operations and
capabilities, host processing seminars

e Accelerate access to KY Multiscale core
facilities

ﬂ Would you like to be involved in this new initiative? |]

* Facility collaborative research

N National Nanotechnology /48 B
IN, Coordinated Infrastructure

-
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KY Multiscale —= Annual Conference

Annual Nano+AM Symposium
August 9-10, 2022 in Louisville, KY

2022 NNCI

Nano + Additive
Manufacturing

SUMMIT

Approximately 200-300 participants attend our annual symposium which brings
together the converging fields of nanotechnology and additive manufacturing

[{www.nanoamsummit.com ]
e
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KY Multiscale — Some Contacts

Contacts

Prof. Todd Hastings
Co-Pl/Co-Director KY Multiscale
CENSE Director

University of Kentucky
Todd.Hastings@uky.edu

Prof. Kevin Walsh
Pl/Director KY Multiscale
Assoc Dean of Research
University of Louisville
Walsh@Louisville.edu

Ana Sanchez Galiano

KY Multi-Scale Coordinator/
E&O Lead

University of Louisville
Ana.Sanchez@Louisville.edu

Jillian Cramer

UK Coordinator/E&O Lead
University of Kentucky
jillian.cramer@uky.edu

N National Nanotechnology /7@
IN, Coordinated Infrastructure
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Handoff to Prof. Todd Hastings (UK)
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END

N National Nanotechnology 488K
Coordinated Infrastructure
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