
 

 

 
The Past, Present and Future of Computer Controlled Scanning 

Electron Microscopy (CCSEM) 
 

Gary Casuccio, RJ Lee Group, Inc., 350 Hochberg Road, Monroeville, PA 15146 
 
Prior to Dr. Story’s presentation on use of CCSEM in the characterization of inclusions 
at U.S. Steel, Mr. Casuccio will briefly discuss the evolution of CCSEM focusing on Dr. 
Richard Lee’s activities at US Steel.  At the conclusion of Dr. Story’s presentation, Mr. 
Casuccio will then discuss present and potential future applications including the 
automated characterization of nanoparticles. 

 
 
 
 
 
 

Use of CCSEM (or ASCAT) Inclusion Analysis for Improved 
Understanding of Steel Castability and Quality 

 
Scott Story, United States Steel Corporation, Research and Technical Center, 

800 East Waterfront Drive, Munhall, PA 15120 
 

U. S. Steel’s involvement with the Automated Steel Cleanliness Analysis Tool (ASCAT) 
began in early 2000 as an industry partner in a U.S. Department of Energy (DOE), 
Industries of the Future project coordinated by RJ Lee Group.  The goal of this project 
was to develop tools and know-how based on computer controlled scanning electron 
microscopy that can be used to quickly interpret the inclusion data and solve problems 
in the steelmaking process.  Through the use of ASCAT, many improvements to 
steelmaking costs, productivity, and quality have been achieved.  Some of the most 
important findings from studies concerning automotive ultra-low carbon grades and 
seamless oil country tubular products will be discussed.  Future utilization of ASCAT 
analysis for investigating steel product concerns, which moves inclusion 
characterization to a finer scale, will also be discussed. 



 

 

The World’s Highest Resolution SEM 
 

Steve Joens, Hitachi High Technologies, Inc., 5100 Franklin Drive, 
Pleasanton, CA 94588 

 
In 1983, Hitachi developed the first in-lens Ultra High Resolution Field Emission 
Scanning Electron Microscope called the S-900 UHR FESEM.  This instrument 
combined the field proven performance of the Cold Field Emission electron source with 
column and optical technology of the Transmission Electron Microscope.  As a result, 
astounding performance was guaranteed with a point to point resolution of 0.6 nm.   
 
The Hitachi S-5500 UHR FESEM is the latest offering from Hitachi with a guaranteed 
resolution of 0.4 nm in the SE mode and 0.32 nm in the STEM mode.  Performance, 
ease of use, FIB compatibility and a large list of unique patented features continue to 
allow the S-5500 to stand apart from any other FESEM in the market.   
 
ExB Filter 
Hitachi’s patented ExB Filter technology was designed to allow the in-column SE 
detector to be in close proximity to the primary beam yet maintain axial alignment.  This 
system nearly eliminates any beam mis-alignment after changing the accelerating 
voltage yet increases the collection efficiency of the SE detectors.  Conversion plates 
are utilized to filter and mix the various components of SE and BSE signals. 
 
Duo STEM 
In recent years low voltage STEM imaging has increased in popularity especially for 
nanotechnology, biomedical, and semiconductor applications.  Hitachi’s patented Duo 
STEM feature allows the collection angle of the dark field STEM detector to be adjusted 
with an acceptance angle between 100 and 700 mrad.  Through the GUI, the operator 
can adjust and optimize the collection angle depending on the density of the material 
under observation.  Bright field and SE images can also be observed simultaneously 
without re-positioning the sample. 
 
Dual In-lens Detectors 
An optional Top detector can be added to collect, filter and separate the different 
components of high angle and low angle backscattered electron signals.   
 
Environmental Enclosure 
In order to achieve the high performance of the S-5500 in harsh laboratory conditions, 
an environmental enclosure was designed to reduce the affects of EMI, acoustic noise 
and vibration, ground vibration, and temperature fluctuations.  Vibration free images are 
possible at magnifications as high as 2M and even higher magnifications as viewed on 
the monitor. 
 
Best Solid Angle for EDS Analysis 
The S-5500 has the best X-ray solid angle of any SEM on the market with a 10X 
collection efficiency improvement.  Shorter EDS acquisition times and better trace 
element sensitivities make the S-5500 the best imaging and EDS analysis system in the 
world. 



 

 

The Surface Kinetics of the Initial Stages of Cu and Cu Alloy Oxidation 
 

Professor Judith C. Yang 
Department of Mechanical Engineering and Materials Science, 

University of Pittsburgh, Pittsburgh, PA 15261 
 

Surface oxidation processes play critical roles in environmental stability, high 
temperature corrosion, electrochemistry, catalytic reactions, gate oxides and thin film 
growth as well as fuel reactions. Much is known about oxygen interaction with metal 
surfaces and about the macroscopic growth of thermodynamically stable oxides.  At 
present, however, the transient stages of oxidation ⎯ from the nucleation of the metal 
oxide to the formation of the thermodynamically stable oxide ⎯ represent a scientifically 
challenging and technologically important terra incognito.   These issues can only be 
understood through detailed study of the relevant microscopic processes at the 
nanoscale. 
 
Classical theories of oxidation assume a uniform growing film, where structural changes 
are not considered because of the previous lack of any experimental procedure to 
visualize this non-uniform growth in conditions that allowed for highly controlled surfaces 
and impurities. One can now see structural changes under controlled surface conditions, 
by in situ ultra-high vacuum transmission electron microscopy (UHV-TEM), and thereby 
challenge the commonly used assumption of a uniform oxide formation. 
 
We selected Cu as a model metal system, where only two thermodynamically stable 
oxides exist: Cu2O and CuO. Our previous studies by in situ UHV-TEM demonstrated 
that the formation of epitaxial Cu2O islands during the transient oxidation of Cu(100), 
(110) and (111) films bear a striking resemblance to heteroepitaxy, where the initial 
stages of growth are dominated by oxygen surface diffusion and strain impacts the 
evolution of the oxide morphologies.  We are presently investigating the early stages of 
oxidation of Cu-Au and Cu-Ni as a function of oxygen partial pressures and 
temperatures.  The addition of a secondary non-oxidizing element, Au, revealed a self-
limiting growth due to the depletion of Cu near the oxide island that significantly slows 
down the oxide growth as well as lead to an unusual dendritic shape, limiting its ability to 
form a uniform protective oxide. The Cu-Ni alloys will show more complex behavior, 
since the two components are 100% solid-soluble down to ~300°C but Cu2O and NiO 
show limited miscibility. Nickel oxide has a more negative standard free energy of 
formation than Cu2O and is expected to form more readily. In this case, depending on 
the environmental pO2, either one or both components of the alloy will oxidize, thus 
enabling a systematic determination of the effects of compositional and phase 
development during oxidation.  Preliminary experiments in situ revealed remarkable 
differences between Cu-Ni oxidation and Cu and Cu-Au oxidation: 1) a second rapid 
nucleation of compact and dense oxide islands occurred and 2) polycrystalline oxides 
formed, where only cube-to-cube epitaxial Cu2O islands nucleated on Cu (001) and 
CuAu (001) for all temperatures and pressures studied. The surface segregation of Cu 
and Ni towards or away, respectively, from the alloy surface during oxidation could 
disrupt the surface structure and cause polycrystalline oxide formation. 



 

 

Nanocharacterization Using the HD-2300: World Class Resolution 
Provides a Great Image 

 
Kevin McIlwrath, Hitachi High Technologies, Inc., 5100 Franklin Drive, 

Pleasanton, CA 94588 
 
Nanotechnology has infiltrated many aspects of today’s current culture and market. 
Semiconductors, biological systems, pharmaceuticals and new technology for “green” 
energy have all incorporated some size or form at the nanometer level. As technology 
has scaled to the nano level, new techniques for imaging and analysis have been 
developed to characterize these new materials and devices to speed up the 
development cycle of products in addition to improving our understanding of how 
materials work and function as things are reduced to nanometer levels. 
 
The Hitachi HD-2300A field emission dedicated scanning transmission microscope was 
developed and optimized to assist the imaging and analysis of nano-materials. The tool 
offers a range of probe sizes from 2nm for high spatially resolved diffraction analysis of 
nano-particles, grain boundaries and strain measurement in devices to sub 2Å probes 
for atomic level resolution observation. The probe size is even optimized for high current 
applications (EELS/EDX) where time to obtain necessary data is critical. The three 
imaging detectors that are standard on the system allow for high resolution secondary 
imaging (SE) of surface and sub-surface features, high angle annular dark-field imaging 
(HAADF) for Z-contrast imaging of materials and a bright-field detector (BF) for 
examining the phase component of materials. 
 
The HD-2300A operation is very similar to a scanning electron microscope (SEM), 
allowing for all levels of users to learn to utilize the tool quickly to get excellent results 
for a variety of applications. The trend for future electron beam/ion beam based tools is 
toward the development of higher level automation protocols which will speed up the 
time to obtain excellent results with a high repeatability for all types of new materials in 
the development cue. Characterization and quality control applications results will be 
presented with the emphasis on nano-particles and nano-materials. 
 
 



 

 

Nanoparticles generated by Friction Stir Welding: 
First EM/EDS results 

 
J.J. McCarthy1, F. E. Pfefferkorn1, D. Bello2, Maria Powell1, G. Haddad1, K. L. Bunker3 

 
1University of Wisconsin-Madison, Madison, WI 53706 

2University of Massachusetts-Lowell, Lowell, MA 01854 
3R J Lee Group, Inc., Monroeville, PA 15146 

 
The motivation for this work was to characterize possible exposures of students and 
researchers to engineered nanoparticles in a University laboratory setting. Friction stir 
welding (FSW), an active process in the lab, was a good case to study because little is 
known of emissions from FSW and preliminary data indicated emissions of fine 
aerosols. This paper is one of a series of papers from the larger study which conducted 
a thorough aerosol characterization with a suite of instruments in order to adequately 
characterize size distribution, morphology, and chemical composition of fine and 
ultrafine aerosols. Significant source emissions (ranging from 105 to 107 pts/cm3) of 
nanometer and submicrometer particles were observed, most of which consisted of Al, 
Mg, Zn, and Fe. In this paper we present a brief summary of characterization of FSW 
aerosols by electron microscopy (EM) and energy dispersive spectroscopy (EDS). 
Electron microscopy has become an indispensable tool in the characterization of fine 
and nanoparticle aerosols, especially their morphology, agglomeration status, specific 
surface area, and elemental composition, all of these being important parameters of 
particle toxicity. 
 
Airborne particles were collected directly onto 3 mm Cu grids with 10 nm SiO support 
films using a point-to-plane corona discharge Electrostatic Precipitator (ESP) placed 
20cm from the weld and a Thermophoretic Precipitator (TP) located in the operator’s 
breathing zone (BZ, 92 cm from weld). Instruments were placed side-by-side with a 
larger suite of real time aerosol monitoring instruments. Eight grids were collected in 
total, four each at the source and BZ. Special care was exercised to avoid grid damage, 
contamination, and mislabeling. The grids were mounted in a special holder for 
examination in a LEO 1530 FESEM at the UW, and into a standard TEM holder/stage 
for work in a Hitachi S-5500 at R J Lee Group. Prior to TEM characterization, the 
samples were coated with a thin (< 10 nm) layer of carbon to prevent particles from 
popping of the grid as the beam built up charge on the particles during EDS 
acquisitions. EDS spectra were typically collected for 300 seconds at 20 KV with a 10 
mm2 silicon drift detector at 35 degree takeoff angle. As a result of the sample mount 
and film coating, C, O, Si and Cu spectrum peaks are present as artifacts in each EDS 
spectrum and have been disregarded in the analysis.  
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In addition to a size distribution from the particles emitted at the source position, images 
and characteristic EDS from nanometer sized particles will be described. Particle counts 
several orders of magnitude above background levels were observed during welding at 
both positions. The use of a snorkel placed close to the work piece reduced collected 
emissions to background or below levels at the source and breathing zone.  
 
Several unexplained observations remain to be explained and will be the subject of 
further investigation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

  

X-ray Photoelectron Spectroscopy (XPS): The Original  
Nano-Analytical Technique for Materials Surface Characterization 

 
Brian R. Strohmeier1, John D. Piasecki1, Kristin L. Bunker1, Jacqueline L. Sturgeon1, 

Richard G. White2, and Richard J. Lee1 
 

1 RJ Lee Group, Inc., 350 Hochberg Road, Monroeville, PA 15146, USA 
2 Thermo Fisher Scientific, The Birches Industrial Estate, Imberhorne Lane, East 

Grinstead, West Sussex, RH19 1UB, UK 
 
X-ray photoelectron spectroscopy (XPS), also known as electron spectroscopy for 
chemical analysis (ESCA), was discovered during the early 1950’s; however, 
commercial instruments did not become available until the 1970’s.  Despite this slow 
development, XPS has evolved over the last 30 years into the most widely used surface 
analytical technique for investigating the elemental and chemical state composition of 
the outermost 10 nanometers (or less) of solid materials.  Hence, based on its 
nanometer scale sampling depth (in the z direction) and its ability to provide chemical 
state information, XPS should be considered to be the original nano-analytical 
technique for materials surface characterization.  For example, XPS measurements can 
determine the composition and thickness of ultrathin films (≤10 nm) with an accuracy 
and precision of about ±0.2-0.4 nm.  Angle-resolved XPS (ARXPS) analysis allows non-
destructive compositional depth profiling of materials over depths from about 1 to 10 
nm.  XPS can also be combined with argon ion beam sputtering to perform destructive 
compositional depth profiling over depths ranging from a few nanometers to several 
micrometers.  These capabilities make XPS a powerful cross-tool technique for 
providing complementary surface compositional information in studies involving the 
characterization of nanomaterials by high resolution electron microscopy techniques 
such as scanning electron microscopy (SEM), transmission electron microscopy (TEM), 
scanning transmission electron microscopy (STEM), and energy dispersive X-ray 
spectroscopy (EDS). 
 
Despite its extreme surface sensitivity, a major drawback of XPS, compared to electron 
microscopy techniques like SEM, has traditionally been its limited x-y spatial resolution.  
Until recently, the typical analysis area for many commercial XPS instruments was on 
the order of several mm2 with either no or only limited sample viewing capability inside 
the instrument.  Over the past decade, more advanced “small spot” XPS instruments 
have been developed that allow XPS analysis on more of a microscopic scale.  The 
Thermo Fisher Scientific Model K-Alpha XPS is a compact, fully integrated, state-of-the-
art instrument, with many outstanding features such as: 1) a high intensity, 
monochromatic, Al Kα X-ray source with an analytical spot size that can be easily varied 
from 30-400 µm, 2) a high transmission, high spectral resolution, electron energy 
analyzer, 3) a high sensitivity multi-channel detector, 4) a versatile sample stage 
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capable of handling large or multiple samples with various sample mounting options, 5) 
in situ optical sample viewing and positioning, 6) elemental and chemical state surface 
mapping capability, 7) high quality depth profiling performance, 8) an unprecedented, 
highly automated, operation intended for non-expert and multi-user environments, and 
9) advanced data processing software.   
 
This presentation will review the basic principles and advantages of XPS and describe 
the unique advanced technical features of the K-Alpha XPS instrument.  Numerous 
nanotechnology applications of XPS will be presented including the surface 
characterization and/or depth profiling analysis of thin native oxide films on metals, 
chemically-produced passivation layers on stainless steel, functional thin organic layers 
on metals, multi-layer thin film coatings on glass, activated carbon nanoparticles, 
antimicrobial metal nanoparticles, and carbon nanotubes containing nanoparticle metal 
catalysts.  XPS results were combined in many of these studies with results obtained 
using a high resolution Hitachi S-5500 SEM/STEM instrument in order to more fully and 
accurately characterize the chemical nature of these materials. 
 




