
Wisconsin Centers for 
Nanoscale Technology
Facilities Day Open House

Tuesday, May 21st 
8:00 am – 4:30 pm 
University of Wisconsin–Madison 
Mechanical Engineering Building 
1513 University Ave 
Madison, WI



Welcome!

We would like to thank you for your participation in the 5th annual Facilities Day Open House 
co-hosted by the Materials Research Science and Engineering Center (MRSEC) and the 
Wisconsin Centers for Nanoscale Technology (WCNT). 

This year, our event features tutorials for common microscopy, microanalysis, and 
nanofabrication techniques available in the UW–Madison shared facilities. These tutorials 
and introductions are an excellent learning opportunity for everyone, from faculty and 
graduate students to industrial users.

The WCNT serve hundreds of researchers from UW–Madison, other academic institutions, 
industry partners, and national labs. 

This event is possible because of the support from our sponsors:
• Asylum Research - Oxford Instruments
• Bruker
• Cleanroom Labware
• Direct Electron, LP
• Hitachi-HTA
• Horiba Scientific
• Leica Microsystems
• Physical Electronics
• Renishaw, Inc
• TA Instruments
• ThermoFisher Scientific
• Zeiss

In this booklet, you will find the agenda, maps, and presentation abstracts. 

We also welcome any feedback you may have to make future meetings more tailored to your 
interests and priorities. We are here to help research succeed.

Best regards,

Jerry Hunter 
Director, Wisconsin Centers for Nanoscale Technologies 
jerry.hunter@wisc.edu
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Agenda
Tuesday, May 21 

Mechanical Engineering Building

Download presentations at: 
 https://mrsec.wisc.edu/shared-facilities-overview/facilities-days-open-house-2019/ 

8:00 am Breakfast & Coffee

8:30 am Overview

Room 1106 
Jerry Hunter, UW–Madison WCNT

Microscopy Techniques 
Room 1106

Microanalysis 
Room 1153

9:00 am Session chair: Rick Noll, WCNT

Scanning Electron Microscopy & EDS  
(60 min)

John Kelley, Zeiss

User Applications (15 min)
Mia Lenling, UW–Madison
Claire Griesbach, UW–Madison

Session chair: Anna Kiyanova WCNT

Optical Spectroscopy (60 min)
Nolan Wong, Horiba Instruments

User Applications (15 min)
Katy Jinkins, UW–Madison
Haridas Kar, UW–Madison

10:15 am Break

10:30 am Session chair: Alex Kvit, WCNT

Transmission Electron Microscopy (60 min)
Paul Voyles, UW–Madison MSE

Cryoelectron Microscopy (30 min)
Elizabeth Wright, UW–Madison 
Biochemistry 

User Applications (15 min) 
Xuying Liu , UW–Madison
Joseph Kim, UW–Madison

Session chair: Jerry Hunter, WCNT

Surface Analysis (XPS and Auger) (45 min)
John Jacobs, UW–Madison WCNT

User Applications (15 min)
Mohamed Elbakhshwan, UW–Madison
Sarah Guillot, UW–Madison

Nanoindentation (30 min)
Julie Morasch, UW–Madison WCNT

User Applications (15 min)
Vrishank Jambur, UW–Madison
Sachin Muley, UW–Madison 

12:15 pm Lunch

 https://mrsec.wisc.edu/shared-facilities-overview/facilities-days-open-house-2019/ 
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Microscopy Techniques 
Room 1106

Microanalysis 
Room 1153

1:15 pm Session chair: Rick Noll, WCNT

Focused Ion Beam (45 min)
Jerry Hunter, UW–Madison WCNT

User Applications (15 min)
Chunchang Shi, UW–Madison
Ben Knipfer, UW–Madison

Session chair: Anna Kiyanova, WCNT

Rheometry and Dynamic Mechanical 
Analysis (45 min)

Greg Kamykowski, TA Instruments

User Applications (15 min)
Tori Harms, UW–Madison
Jun Li, UW–Madison 

2:15 pm Session chair: Julie Morasch, WCNT

X-ray Analysis Methods (XRD, XRR, etc.)  
(35 min)

Don Savage, UW–Madison, WCNT

User Applications (10 min)
Nayomi Plaza-Rodriquez, Forest Products 
Laboratory 

Session chair: Quinn Leonard, WCNT

Basics of Nanoscale Fabrication (45 min)
Hal Gilles, UW–Madison WCNT

3:00 pm Break

3:15 pm Session chair: Julie Morasch, WCNT

Scanned Probe Microscopy (45 min)
John Thornton, Bruker

User Applications (15 min)
Sean Foradori, UW–Madison
Chengrong Cao, UW–Madison 

Session chair: Quinn Leonard, WCNT

User Applications (60 min)
Matthew Dwyer, UW–Madison
Nathan Holman, UW–Madison
Felix Jaeckel, UW–Madison

4:15 pm Wrap Up

Room 1106 
Jerry Hunter, UW–Madison WCNT

4:30 pm Adjourn



3

Presentation Abstracts
Opening Presentation

Jerry Hunter, WCNT Director, UW–Madison

This presentation will introduce the Wisconsin Centers for Nanoscale Technology and then quickly cover 
the range of techniques available and discuss learning objectives for the day. A broad outline of how the 
various techniques fit together to provide a comprehensive characterization and fabrication solution will 
also be discussed.

Scanning Electron Microscopy & EDS

John Kelley, Zeiss

At the Open House tutorials, we will explore the Field-Emission Scanning Electron Microscope (FESEM) 
imaging and analysis capabilities. FESEMs are used when application analysis requires single-nanometer 
resolution for surface examination.

The discussion will start with a basic FESEM overview, reviewing the major physical scanning microscope 
components, such as the electron column, specimen chamber, workstation and detectors (including 
x-ray spectroscopy). This overview includes diagrams of the major vacuum components in the electron 
beam column and the specimen chamber. Next, the various detectors, chamber cameras, sample stage 
specifications and sample mounting techniques will be discussed. Additionally, applications for both 
material science (metals, composites and polymers) and life science (animal and plant) will be examined. 
In summary, we will detail FESEM imaging and analysis techniques on the above applications.

Observing Deformation Behavior of Silver Micro-Cubes with an In Situ SEM PicoIndenter

Claire Griesbach, UW–Madison

While nanoindentation methods are used for probing the material properties of thin or small-sized 
samples, it is often difficult to discern which microstructural changes are influencing the material response 
captured by the force-displacement curve. In situ SEM nanoindentation devices, such as the Hysitron PI 
85xR PicoIndenter we have in house, provide the added benefit of visually observing the test location for 
indentation and the sample’s deformation during the test. Not only is this device capable of performing 
nanoindentation tests, but the tip can also be replaced with a flat punch to perform micro-compression 
tests. I have performed displacement-controlled micro-compression tests on single-crystal silver cubes 
ranging in size from ~100 nm to 2µm. A dramatic deformation of the sample that is evident in the recorded 
force-displacement curve can concurrently be seen in the in situ SEM images. Numerous slip steps are 
apparent on the post-yield sample, suggesting slips simultaneously occurred on multiple close-packed 
planes of the face-centered-cubic silver to accommodate the large spontaneous deformation. Tests on 
samples of various sizes additionally reveal a size effect on the yield strength, where samples become 
stronger as the sample size is reduced. 
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Raman Spectroscopy for Characterization of Aligned Carbon Nanotube Film

Katy Jinkins, UW–Madison

In carbon nanotube samples, Raman spectroscopy is a powerful technique for characterizing both the 
amount and alignment of the carbon nanotubes. The Raman G-band peak of the carbon nanotubes is 
directly proportional to the amount of carbon nanotubes in your sample. In this way, Raman spectroscopy 
allows for the non-destructive measurement of the amount of carbon nanotubes in a film. Additionally, 
because of the anisotropic structure and bond stretching of the carbon nanotubes, the G-band is also 
sensitive to polarization. Therefore, using a polarized Raman spectrometer, the angle the nanotubes are 
aligned with respect to the polarization can be determined—this enables the facile characterization of 
alignment within carbon nanotube films which is directly related to carbon nanotube field-effect transistor 
performance.  

Transmission Electron Microscopy

Paul Voyles, Professor, Materials Science and Engineering and Director, Wisconsin MRSEC, UW–Madison

What if we could know everything there was to know about the structure of a piece of material? Complete 
knowledge would constitute something like a list of all the 3D positions of all atoms, with the element 
of each atom specified, and measurement of all the electronic states at high resolution in real and 
momentum space. Modern electron microscopy cannot provide quite all of that information, but it can get 
surprisingly close. This talk will review the basics of TEM and STEM, including imaging, diffraction, and 
spectroscopy, then provide examples of cutting-edge applications measure atomic structure, defects, and 
electronic states in a variety of materials and in various sample environments.

Subtomogram Averaging: Examination of a Native Environment 

Joseph Kim, UW–Madison

Many biological molecules at the macromolecular resolution, such as membrane complexes, cellular 
organelles, and viruses, can only be structurally relevant if they exist in their native environment. Cryo-
electron tomography (cryo-ET) offers the possibility of analyzing these molecules within their environment 
by reconstructing a 3D volume of the sample from a series of 2D projection images. Structures within 
these volumes (or tomograms) that are of interest can then be selected, extracted, aligned, and averaged 
to resolve structural features, in a process known as subtomogram averaging. This technique has recently 
been applied to examine structures that are involved in the assembly and organization of measles virus 
from infected human cells, where we demonstrate that a paracrystalline array that is attached to the 
cellular membrane may be responsible for coordinating surface glycoproteins and the ribonucleoprotein 
complex to facilitate virus assembly. 

Focused Ion Beam a Nanoscale Fabrication System

Jerry Hunter, WCNT Director, UW–Madison

The Focused Ion beam/Scanning Electron microscopy technique has been widely adopted by the materials 
science and biological communities because it offers both high resolution imaging and the ability to 
deposit and remove material from nanometer sized areas.  This presentation will introduce the FIB-SEM 
technique and cover some of the most popular applications that use the technique.
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X-Ray Analysis Methods

Don Savage, WCNT, UW–Madison

The tutorial will cover the basics of x-ray diffraction (XRD) and x-ray scattering. For XRD from polycrystalline 
materials, I will focus on phase identification, texture, and grain size determination highlighting the use of 
the Bruker d8 discover x-ray diffractometer. I will also discuss methods to determine thin-film stress, by 
measuring strain anisotropy. For single crystals, I will discuss high-resolution XRD to determine epitaxial 
film thickness and strain using the Panalytical Empyrean x-ray diffractometer. For x-ray scattering in 
reflection (XRR), film density, thickness, and interface roughness can be determined even for amorphous 
or polycrystalline layers. When used in transmission, the technique is called small-angle x-ray scattering 
(SAX), where the size and ordering of domains in the 10’s of nanometer scale can be analyzed. As the 
talk proceeds I will focus on the best technique needed to approach a specific materials characterization 
problem as well as its strengths and limitations.

Moisture-Induced Changes in the Cellulose Crystalline Structure of Wood Cell Walls

Nayomi Plaza-Rodriguez, Forest Products Lab

Moisture content in hygroscopic materials such as wood and other forest products can affect their 
properties, structure and ultimately, performance. Moisture-induced swelling stresses can lead to 
structural changes across several length scales, including even the deformation of the cellulose crystals. 
However, the mechanisms behind this swelling are not fully understood. Here, we will show the potential 
of x-ray diffraction with humidity control as a tool to quantify changes in the cellulose crystalline structure 
within wood cell walls. The effect of cell wall thickness and the number of neighboring cells will be 
investigated. It is expected that our findings will allow us to better understand the mechanisms behind 
moisture-induced swelling in unmodified wood, and eventually chemically modified wood. 

Scanned Probe Microscopy

John Thornton, Bruker

The field of Atomic Force Microscopy (AFM) encompasses a variety of techniques that provide the ability 
to visualize and measure surfaces at high resolution in three dimensions in air and fluid environments. A 
common application of AFM is the study of surface morphology and dimensional measurements of heights, 
widths, and roughness, down to sub-nanometer resolution in some cases. However, AFMs are also frequently 
used to measure mechanical properties, such as modulus and adhesion, as well as electrical properties, 
such as current or work function of materials. The combination of these abilities produces a wide range of 
measurements and properties that can be studied with a single AFM. Furthermore, the ability of the AFM to 
make measurements in a fluid environment at the nanoscale makes it unique,and is often used for biological 
and electrochemical studies. This presentation will concentration on providing an overview of the AFM 
techniques and applications, with an emphasis on the capabilities of the AFM instruments at UW–Madison.

Carbon Nanotube Imaging by Atomic Force Microscopy

Sean Foradori, UW–Madison

Carbon Nanotubes (CNT) have extraordinary electronic and mechanical properties that make them 
promising materials for electronics applications.  Highly demanding electronic applications require CNTs to 
be long and arranged in well-ordered arrays of individualized CNTs. We use Atomic Force Microscopy (AFM) 
to characterize the length of CNT and to determine the arrangement of CNTs within electronic devices. The 
three-dimensional nature of AFM imaging allows us to discriminate between individual CNTs (1-2 nm tall) 
and bundles (~> 2 nm tall) so we can identify individuals and bundles. We use this information to ensure 
our length measurements represent individual CNTs. The height and spacing of the bundles and individual 
CNTs is used to characterize the arrays present within individual electronic devices. Most other imaging 
techniques only provide two-dimensional information in which individual and bundles of CNTs look similar 
or identical, making AFM an important tool for CNT characterization. 
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Corrosion of Steel Alloys in High Temperature Steam Environments

Mohamed Elbakhshwan, UW–Madison

Iron-chromium-nickel alloys are being explored as alternative cladding materials to improve safety margins 
under severe accident conditions. This work focuses on investigating the oxidation behavior of the FeCrNi 
alloy “Alloy 33” after exposure to steam at 800 and 1000ºC for different periods of time. Results show that 
a compact and continuous oxide scale was formed consisting of two layers, chromium oxide and spinel 
phase (FeCr2O4) oxides, wherein the concentration of the FeCr2O4 phase decreased from the surface to 
the bulk-oxide interface.

Nanoindentation

Julie Morasch, WCNT, UW–Madison

Measuring the mechanical properties of materials at the nanoscale allows determination of local 
mechanical properties as well as mechanical properties of small samples and thin films. The nanoindenter 
provides a lateral resolution of 10’s -100’s of nm, a displacement in the nm to mm scale and a forces 
in the mN to mN range. This tutorial will describe the basics of nanoindentation and the capabilities of 
the Bruker Triboindenter 950 located in the WCNT. Several applications will be highlighted, including 
measurements on wood samples, collagen, and measurements with the Hysitron SEM picoindenter.

Rheometry and Dynamic Mechanical Analysis 

Greg Kamykowski, TA Instruments

Rheology is the study of the flow and deformation of matter. It deals with the relationship between 
forces (stresses) and deformations (strains). As such, it is used to characterize nearly all materials that 
we encounter in our daily life. This ranges from flow properties of fluids to deformation properties of 
solids. In this talk, rheology fundamentals, test geometries, and test methodology will be discussed. 
Test methodologies will include both unidirectional and the often-used dynamic oscillatory testing. 
Unidirectional testing includes flow tests as well transient tests that can reveal the viscoelastic behavior of 
given materials. Dynamic testing is used more frequently to reveal the viscoelasticity of test materials and 
is the most common approach for testing materials like adhesives, cosmetics, food, polymers, and other 
materials. Examples of how rheological testing can give an indication of molecular architecture and can be 
used to solve industrial issues will be discussed. 

Monolithic Microwave Integrated Circuits Fabricated in the Nanoscale Fabrication Center

Matthew Dwyer, Cleanroom Labware

I have developed a process for fabricating monolithic microwave integrated circuits (MMICs) entirely within 
the Nanoscale Fabrication Center. My work involves the design and fabrication of nonlinear transmission 
lines, MMICs used for generating sub-picosecond transients with low-terahertz spectra using compact 
and economical microwave sources. I will provide an overview of my research and discuss the different 
processes and tricks I’ve developed along the way.
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Design and Fabrication of Gate Defined Semiconductor Quantum Dots for Quantum Computation

Nathan Holman, UW–Madison

Quantum computation is theoretically known to provide substantial speed up over modern classical 
algorithms for a variety of computational problems ranging from optimization to simulations of quantum 
chemical phenomena. One promising approach to making a quantum computer uses trapped electron 
charge and spin states to form the basis of the quantum bits that make up the quantum processor. Our 
approach uses a 2-dimensional electron gas (2DEG) trapped in a thin layer of silicon sandwiched by silicon-
germanium alloy. Confinement of the electrons into linear arrays of quantum dots is achieved through 
fabrication of < 100 nm scale aluminum gate electrodes. To fabricate these devices, we employ a wide 
range of techniques including (but not limited to) electron beam lithography, reactive ion etching, atomic 
layer deposition, chemical cleaning and oxidation of silicon, and hydrogen passivation of interface defects. 

Wrap Up

Jerry Hunter, WCNT Director, UW–Madison

This presentation will summarize the learning for the day and discuss rules for determining which 
technique is the most appropriate for your characterization and fabrication needs.
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FDOH Parking Directions
Interactive map with real-time availability:

http://map.wisc.edu

Recommended parking is in Lot 17 located at the end of 
Engineering Drive. 
Rates: $2 per hour. $15 per day.

http://map.wisc.edu


Thank you to our Sponsors
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