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CEMAS Key Services
• World class multi scale imaging facility:  

optical scale to atomic scale

• A unique, custom-designed environment  
where every instrument meets or exceeds 
manufacturer performance specifications

• Highly skilled support staff available to all users 

• The electron microscopy collaboratory: a digital 
theater providing remote access allows 
students and lecturers to seamlessly operate 
electron and ion microscopes 

• Delivering solutions to medicine, advanced 
manufacturing, environmental science, energy 
harvesting and storage, and healthcare

• Comprehensive computer facilities for data 
processing, simulation, and visualization 
of 2D and 3D datasets

• Extensive sample preparation laboratories  
for engineering, physical and biological  
sciences

cemas.osu.edu

© 2016. All rights reserved.



CEMAS |  CENTER FOR ELECTRON MICROSCOPY AND ANALYSIS 1

We are challenging the current 
characterization limitations in 
medicine, environmental science, 
energy materials and beyond.

CEMAS – Center for Electron Microscopy and Analysis –  
the materials characterization hub for business and academia.

With one of the largest concentrations of electron and ion beam 
analytical microscopy instruments in any North American 
institution, CEMAS brings together multidisciplinary expertise 
to drive synergy, amplify characterization capabilities, and 

challenge what is possible in analytical electron microscopy.

Our world-class multidisciplinary approach enables academic and business partners to “see” 
more than ever before. We are challenging the current characterization limitations in medicine, 
environmental science, energy materials and beyond.

Our full-service facility – from extensive sample preparation laboratories to image-processing 
tools and support – allows researchers to carry out their entire microscopy and analysis  
program at CEMAS. Located in a purpose built facility on The Ohio State University’s West 
Campus, every instrument in the facility meets or exceeds manufacturer performance 
specifications. A support team of technical, research, administrative and academic staff based 
at CEMAS provides comprehensive support to all users through a variety of mechanisms from 
contract research to collaborative projects.
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TRANSMISSION ELECTRON MICROSCOPY

Quantitative STEM study of the atomic scale reconstruction 
alleviating polarity conflict at KTaO3/GdScO3 interface

Characterization of the atomic structure at complex oxide interfaces is 
the key to understanding unique electronic and magnetic properties at 
the interface that can be utilized for next generation devices. A unique 
atomic reconstruction pattern at the interface was found, which 
effectively alleviates the polarity conflict between KTaO3 and GdScO3 
and allows for perfect epitaxial growth of the heterostructure. The 
reconstruction also directly affects the electronic properties at the 
interface. The result provided a new, important structure-property 
relationship at the atomic scale that cannot be obtained using any other 
characterization techniques.

Jinwoo Hwang, STEM imaging of KTaO3 /GdScO3  on the probe corrected 
Titan microscope, in collaboration with Ambrose Seo, University  
of Kentucky

CEMAS houses two aberration 
corrected scanning 
transmission electron 
microscopes (STEM) – one 

optimized for high spatial resolution 
imaging and analysis with the capability 
to provide sub-angstrom resolution, 
while the second is designed for 
investigation of soft materials and 
biomaterials with the ultimate in 
chemical analysis capabilities and high 
resolution imaging performance. CEMAS 
also has an uncorrected analytical STEM 
with EDX and EELS capabilities. The two 
conventional TEMs are well-suited for 
crystallographic and defect imaging plus 
electron diffraction analyses in both 
hard and soft materials.

CEMAS Instruments
• Thermo Scientific Themis Z
• Thermo Scientific Image Corrected Titan3 G2 

60-300 STEM
• Thermo Scientific Tecnai F20 STEM
• Thermo Scientific Tecnai G2 30 

 Reconstructed

1 nm



Lorentz TEM image of a patterned permalloy square exhibiting 
90° magnetic domain walls and a vortex near the center. 

Lorentz microscopy was applied to understand how magnetic domains 
are affected by geometry. This image shows a square patterned material 
that confines magnetic domains in permalloy such that the direction  
of magnetism in each domain rotates by 90° with a vortex at the center.  
To image magnetic domains, the microscope had to be operated in 
a unique fashion using a secondary Lorentz imaging lens with the main 
objective lens off. Changes in magnetic direction show up as changes 
in contrast in the image that then invert as the microscope changes 
focus. By imaging this material in Lorentz TEM, researchers were able 
to better understand how magnetism and geometry are related for 
different sizes and shapes.

Bryan D. Esser, Lorentz microscopy of Permalloy (80% Ni – 20% Fe) using 
the aberration corrected Titan microscope
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VIRTUAL LEARNING DIGITAL THEATER AND REMOTE ACCESS
The Ohio State – FEI Electron Microscopy Collaboratory
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World-class education in 
the theory of electron 
microscopy and all 
aspects of its use and 

operation is also available at CEMAS, 
both in-house and remotely, through 
our digital theater, the Ohio State 
– FEI Electron Microscopy
Collaboratory. Students have live
access to CEMAS instruments in real
time within a state-of-the-art class-
room environment to meet every
microscopy training need.

Video wall technology provides multiple display screens and projectors, allowing 
simultaneous display of microscope controls, microscope outputs and lecture slides. 
Students and lecturers can interact with and operate electron and ion microscopes 
from within the digital theater in a live, seamless manner – as if one were sitting in 
front of the instrument. Control of the microscope can be transferred to members of 
the audience using wired and wireless connectivity.  

The microscopes can also be shared with students and researchers at geographically 
distant locations. Remote operation capabilities connect directly to the 100 Gb/s Ohio 
OARnet network, providing a unique opportunity for remote teaching and research 
to partners across the state of Ohio. CEMAS is pioneering the practical application of 
this technology for research and training of the next generation of electron microcopy 
specialists, providing an environment to facilitate world-class collaborative research, 
and maximizing productivity while minimizing economic and environmental impact. 
This remote electron microscopy collaboratory system has been installed at the 
University of Dayton, The Ohio State University’s Wooster campus and the Air Force 
Research Laboratory at Wright-Patterson Air Force Base (Dayton), with additional  
locations planned for the near future. 



“[FEI] creates new tools, [OSU] has 
the tools and has them working better 

than anywhere else in the world. 
And they have this educational 

environment that brings smart 
youngsters together with people 

who’ve lived the long pains 
of making microscopy work. 
I think the world in the next 
decade in materials science 
is ready for a fundamental 
change, and Ohio State will 
lead that change...

There’s no better place 
on the planet earth 

to do microscopy than 
right here at CEMAS.”

— DON KANIA
          CEO of FEI Company
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SCANNING ELECTRON MICROSCOPY

CEMAS has four scanning 
electron microscopes (SEM), 
providing many options for 
students, researchers, and 

industrial partners to analyze and  
investigate their materials-related issues. 
Every SEM is outfitted with EDAX  
silicon-drift x-ray detectors, capable of 
very high count rates for rapid composi-
tional analysis of specimens, enabling 
elemental mapping of specimens in 
minutes, rather than hours. 

CEMAS also has an EDAX high-speed Hikari 
electron backscatter diffraction (EBSD) camera  
that provides rapid crystallographic analysis of  
both bulk specimens and thin foils (Transmission 
Kikuchi Diffraction), collecting maps at speeds 
upwards of 100x faster than traditional EBSD 
cameras. Other capabilities include the 
environmental SEM (ESEM), where it is possible  
to image specimens at raised pressure, and  
image hydrated specimens using the Peltier  
stage. Most importantly, the staff members at 
CEMAS have the expertise necessary to help  
users obtain the best quality data possible, and  
the knowledge base to assist in its analysis.

CEMAS Instruments

Ti-5Al-2Sn-2Zr-4Cr-4Mo 
Alloy micrographs using BSE 
imaging at 5, 10 and 15kv 
respectively

A lower energy beam reduces 
penetration depth and 
interaction volume, improving 
ability to resolve fine precipitates 
in backscatter electron (BSE) 
imaging.  Note the contrast is 
also more binary; there are fewer 
shades of gray, alpha grains are 
darker, beta grains are lighter. At 
25 kV, one alpha lath can traverse 
nearly the entire grayscale. 

Jonathan Osborn, backscatter 
electron imaging of Ti-5Al-2Sn-
2Zr-4Cr-4Mo using Sirion SEM
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• Thermo Scientific Quattro
• Thermo Scientific Apreo LoVac Analytical
• Thermo Scientific Apreo LoVac HR
• Thermo Scientific Quanta 200 SEM
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Ti-5Al-2Sn-2Zr-4Cr-4Mo 
bi-modal microstructure 
imaged using TKD technique

Transmission Kikuchi 
Diffraction (TKD) technique 
used to image bi-modal 
microstructure Ti-5Al-2Sn-2Zr-
4Cr-4Mo. TKD is similar to EBSD, 
but is performed on a thin-foil 
TEM specimen. The reduced 
interaction volume, compared 
to bulk-specimen EBSD, greatly 
increases spatial resolution. 

Jonathan Osborn, transmission  
Kikuchi diffraction (TKD) imaging  
of Ti-5Al-2Sn-2Zr-4Cr-4Mo using  
the ESEM
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FOCUSED ION BEAM

Examples of FIB/SEM tomography on wound 
biofilm and bulk metallic glass samples

On the left, tomography was used to reveal the  
3D structure of wound biofilm where macrophages  
(large cells) engulf bacterium. Also displayed is a  
3D rendering of the segmented subsection (pink).

On the right, the 3D rendering of segmented crystalline 
dendrites from a bulk metallic glass substrate  
shows the benefits of combining FIB techniques and 
image processing. 

BinBin Deng and John Sosa, FIB/SEM tomography data 
collected on the Helios FIB; using MIPAR, ImageJ, IMOD, 
Chimera and Avizo software programs.

Dual beam focused ion beam microscopes 
(FIBs) are a relatively new type of 
instrumentation. They consist of a high-
resolution SEM column for sample imaging 

combined with a fine-probe ion source for sample 
manipulation. These instruments are powerful 
tools for nano-machining as well as preparation of 
site-specific micron-scale samples (e.g., TEM foils) 
from within specific areas of larger samples. When 
combined with a sample lift-out system, dual beam 
FIBs allow for preparation and extraction of TEM 
samples without the need for any support films – a critical feature that 
enables users to utilize the full range of capabilities in modern high 
resolutions TEMs. This extremely versatile combination of sputtering, 
imaging, and analytical capabilities makes dual beam FIBs key 
components of any world class nano-characterization facility.

CEMAS houses two dual beam FIBs: the Helios NanoLab 600, and the Nova Nanolab 
600. Both are equipped with OmniProbe AutoProbe 200 in-situ lift out systems along
with extremely high resolution electron columns powered by Field Emission Gun (FEG)
electron sources. The Ga+ ion source on both microscopes can machine samples
at a resolution down to 5nm. Aside from TEM sample preparation capabilities, both
microscopes are equipped with the “Slice and View” scripting package for 3-D
reconstruction from serial sectioning (FIB-tomography). These kinds of cutting edge
reconstruction tools are crucial for understanding the true 3-D morphology of today’s
engineering materials.

CEMAS Instruments
• Thermo Scientific Helios NanoLab 600

DualBeam (FIB/SEM)

• Thermo Scientific Nova NanoLab 600
DualBeam (FIB/SEM)



CEMAS’s high-end instruments produce a wealth of 

complex data. Equally important to the acquisition of 

these data, are the processing and analysis tools 

required to interpret them. As such, CEMAS users 

have access to a range of post-processing tools and support.

MIPAR is a comprehensive software suite that offers interactive and intuitive 
applications for the processing, analysis, visualization, and quantification of  
2-D microscopic images and 3-D microscopy datasets. In development since 2007
within the Center for Accelerated Maturation of Materials (CAMM) and now located
within CEMAS, this software suite has grown rapidly due in large part to the
extensive testing and application carried out by many CAMM and CEMAS
researchers. It uniquely offers comprehensive environments for both 2-D and 3-D
dataset processing/analysis where specific environments are designed for different
tasks. MIPAR is a powerful program that is easy to use, which has been its most
recognized feature and has allowed users to extract meaningful information from
their 2-D and 3-D data in a fraction of the time necessary with other software
solutions. Beyond this intuitive user experience. MIPAR’s advanced image
segmentation algorithms offer unparalleled solutions to complex image analysis
problems. For example, tools such as pattern mapping have allowed researchers to
visualize and quantify features from 2-D and 3-D images previously thought to only
be possible after days or weeks of tedious manual analysis.

While quantification is typically the ultimate goal of 2-D or 3-D data analysis, 
visualization is invaluable for communicating results to collaborators and community 
members. In the area of 3-D visualization, CEMAS has relied on FEI’s flagship Avizo 
software for the final rendering and animation of 3-D reconstructions. Avizo’s 
powerful tools are in a league of their own, and the combination of MIPAR’s 
processing with Avizo’s visualization has proven to be a state-of-the-art toolset. 

CEMAS Instruments
• FIB/SEM serial sectioning
• X-ray Microtomography (XMT)

IMAGE-PROCESSING
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Scanning electron microscope image using backscatter-
electron (BSE) of α-precipitates in Ti-5553

Researchers were investigating the mechanism of alpha –  
Ti hcp phase formation and the influence, or lack thereof, of 
other metastable phases. This work required a quantitative 
description of fine microstructural features and the FEI Sirion 
high-resolution SEM acquired this backscatter-electron (BSE) 
micrograph of a-precipitates in Ti-5553. MIPAR was used to 
describe quantitatively and visualize alpha precipitate number 
density within and across microstructures resulting from 
different processing conditions. This work will lead to 
advanced predictive capabilities of alpha phase formation in 
titanium alloys.

Yufeng Zheng and John Sosa, BSE imaging of Ti-5553 (Ti-Al5 -
Mo5 -V5 -Cr3 ) using the Sirion microscope
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“The wide array of materials
characterization at the CEMAS facility 
has provided pH Matter with the  
ability to rapidly develop its commercial 
line of activated carbon additives for 
the Fuel Cell and Lithium Ion Battery 
markets. It’s the close collaboration with 
CEMAS scientists that allows us to 
bring the state-of-the-art in materials 
development to our clients.”

— MICHAEL BEACHY
Senior Engineer 
pH Matter

STEM-HAADF reconstruction of an AlMo0.5NbTa0.5TiZr tapered needle 
with segmented cuboidal and platelet precipitates (a) superimposed with 
Super-X XEDS tomographic reconstructions of Zr, (b) and Ta, (c) elemental 
maps to show partitioning of elements in 3D

The purpose of this STEM-HAADF and XEDS tomography study was to determine 
the morphology and distribution of phases in a novel class of alloys, high entropy 
alloys. The high count rates of the Super-X detector on the image corrected 
Titan 60-300 made it possible to acquire a higher number of rotation increments 
without damaging the sample from incident electron beam exposure. The STEM-
HAADF segmented reconstruction revealed the microstructure to consist of a 
periodic arrangement of cuboidal and plate-like precipitates aligned orthogonally 
in a continuous matrix, while the XEDS reconstruction showed a novel 
perspective of 3D elemental segregation that was inherently difficult to observe 
through traditional 2D characterization.

Jacob Jensen, John Sosa and Hamish Fraser, STEM-HAADF and super-X XEDS 
tomography of high entropy alloy (HEA) using the image corrected Titan microscope.



CEMAS is a core research facility at 
The Ohio State University established 
through funding from

• College of Engineering

• Office of Research

• Office of Academic Affairs

• Department of Materials Science
and Engineering

• Institute for Materials Research

• Ohio Development Services Agency

• Ohio Third Frontier Program

cemas.osu.edu     (614) 643-3110   
1305 Kinnear Road, Suite 100, Columbus, Ohio 43212

Center for Electron Microscopy and 
Analysis–CEMAS

@CEMAS_OSU




