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Improving the time to quality results with the 
Velocity Ultra EBSD detector and OIM Analysis 
9 software
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Electron backscatter diffraction 
(EBSD) data is used to develop 
new alloys and manufacturing 
techniques, determine failure 
modes in critical materials, and 
advance research in crystalline 
microstructures. Quality data is 
vital to making correct inferences 
and optimal decisions in all 
these scenarios. Quality data is 
sometimes defined as ensuring the 
correct orientations are measured 
from the EBSD patterns. In other 
cases, quality data is determined 
by the microstructure being 
sufficiently sampled to represent 
the material of interest correctly. 
With EBSD, a sufficient number 
of grains should be measured to 
represent the crystallographic 
texture of a material, and 
an adequate number of 
measurements per individual 
grain should be measured to 
characterize the grain size, 
shape, and grain misorientation 
profile. Collecting and analyzing 

this data efficiently makes EBSD 
a more practical and effective 
microanalysis technique for 
engineers and researchers.

To collect data quickly, the EDAX 
Velocity™ Ultra is the ideal EBSD 
detector. The Velocity Ultra is the 
world’s fastest EBSD detector, 
capable of collection speeds of 
up to 6,700 indexed points per 
second. EDAX’s Confidence Index 
algorithm gives users real-time 
feedback on indexing quality to 
ensure quality at these speeds. 
At these collection speeds, EBSD 
indexing success rates of greater 
than 99% indexing success can be 
achieved. 

The Gibeon meteorite is an iron 
meteorite with a fine octahedrite 
structure. The Gibeon meteorite 
has a two-phase microstructure, 
with a body-centered cubic ferritic 
phase and a face-centered cubic 
austenitic phase.

We understand 
       how you see the world.
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The microstructure is shown in Figure 1, where a 
grayscale EDAX PRIAS™ image is combined with 
a colored inverse pole figure (IPF) map. The PRIAS 
image is generated using the center region of interest 
(ROI) channel defined on the phosphor screen of 
the Velocity Ultra detector. The IPF orientation map 
colors each pixel according to the crystallographic 
orientation aligned with the surface's normal direction, 
with the colored stereographic triangle to define 
the coloring scheme. To demonstrate the speed 
and performance of the Velocity Ultra detector, a 
section of the Gibeon meteorite was selected for EBSD 
analysis. This particular region was chosen for analysis 
due to the fine features well suited for electron 
microscopy study.

The EBSD data was collected from a single field of 
view from a 1608 µm x 1256 µm area using a sampling 
step size of 500 nm. By using a hexagonal sampling 
grid for a higher density of measurement points per 
area results, this step size produces approximately 9.3 
million data points. This sample area was selected to 
capture the fine-grained region of the microstructure, 
while the step size was chosen to resolve the smaller 
austenitic grains. With live analysis of the two phases, 
this data was collected at 6,400 indexed points per 
second and a final indexing success rate of 99%, as 
defined by measurements with a Confidence Index 
greater than 0.1. The data was collected in less than 
25 minutes at this acquisition rate. This speed is key, 
as this high-quality data can be collected within a 
typical time window used in microanalysis.

Of course, collecting this data is one-half of the 
story. Analyzing the data is the other. Driven by the 
acquisition speeds enabled by the Velocity Ultra, 
significant improvements have been engineered into 

Time to (seconds) OIM Analysis 8.6 OIM Analysis 9

Open data 46 26

IPF map 13 2

Confidence Index 
Standardization

114 9

Unique grain color 
map

92 21

Total time 265 58

the EDAX OIM Analysis™ software to reduce 
analysis time and improve time to results metrics. 
In this example, the new OIM Analysis 9 software is 
compared with the previous OIM Analysis 8.6 software 
for tasks required to analyze the Gibeon meteorite 
microstructure. The results in Table 1 show an over 4.5x 
improvement in time required to analyze and create 
IPF and Unique Grain Color maps, with the latter 
shown in Figure 2. 

In a grain color map, measured orientations are 
grouped as grains as defined using a grain tolerance 
angle, with a 5° tolerance used here, and then 
the determined grains are randomly colored to 
show grain size and shape. This grain determination 
algorithm is also used in the Confidence Index 
Standardization routine. These results show that OIM 
Analysis 9 has significant speed improvements for file 
opening, map rendering, and grain determination. 
In addition, it is now easier to move and scale large 
maps without waiting for the maps to be re-rendered, 
removing some of the friction involved in manual data 
analysis.

Figure 1. A grayscale PRIAS image combined with a colored IPF 
map showing the microstructure of the Gibeon meteorite sample.

Table 1. OIM Analysis 9 has a > 4.5x speed improvement compared 
to OIM Analysis 8.6.

Figure 2. A Unique Grain Color map of the Gibeon meteorite 
sample.
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The phase map and the grain size distribution 
comparing the grain sizes for the ferritic and austenitic 
phases are shown in Figures 3 and 4, respectively. 
The average grain size in equivalent diameter for the 
austenitic phase is 3.2 µm, while the average grain 
size for the ferritic phase is 11.2 µm. Note that over 
10,000 grains were measured, with 249 grains at the 
edge of the scan area excluded from these grain 
size calculations. The overall shape of the grain size 
distributions shows that the 500 nm step size selected 
was sufficient to resolve the grain structure with 
enough fidelity for grain size measurements.

This example shows how combining the Velocity Ultra 
EBSD detector, APEX EBSD pattern acquisition and 
indexing, and OIM Analysis 9 processing allows users 
to quickly collect and reliably analyze EBSD data 
with improved time-to-results. This functionality lets 
users utilize their time and resources more efficiently, 
enabling their EBSD results to advance their research 
and materials development requirements further.

Figure 3. A phase map of the Gibeon meteorite sample.

Figure 4. The grain size distribution comparing the grain sizes for the ferritic and austenitic phases of the Gibeon meteorite sample.
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Instruments used
EDAX Velocity™ Super EBSD Camera, OIM Analysis™, and 
OIM Matrix™

Background
Titanium alloys have massive potential in both the 
biomedical and aviation industries. Their good physical 
and chemical properties are mainly attributed to their 
microstructure and crystallographic texture. Electron 
backscatter diffraction (EBSD) is a powerful tool for 
characterizing these features. However, when it comes 
to nanocrystalline grains or severe plastic deformations, 
the traditional Hough indexing method is not as viable 
due to the poor EBSD patterns resulting from these 
difficult microstructures. While Hough indexing is weak, we 
developed a new indexing algorithm to solve this problem.

Materials and methods
An α-Ti alloy that underwent high-temperature deformation 
was analyzed. EBSD data acquisition was collected with 
the Velocity Super EBSD detector at 20 kV and ~10 nA, with 
a step size of ~30 nm. Figures 1a and d show the original 
IQ+IPF results indexed via Hough indexing. As nearly half 
of the region, especially the ultrafine grains, is not indexed 
correctly, these results illustrate a low overall indexing 

success rate (32% for CIS >0.1). When NPAR™ is employed, 
EBSD patterns were averaged using the average nearest 
neighbor method to exhibit better EBSD signal-to-noise. 
After NPAR reindexing, better results (66% for CIS >0.1) were 
demonstrated in Figures 1b and e. However, when using 
NPAR, spatial resolution in some areas is compromised.

The optimal indexing results were achieved via dictionary 
indexing (Figures 1c and f). OIM Matrix generates theoretical 
patterns based on scanning electron microscope and 
EBSD detector’s geometrical parameters. Experimental 
patterns were compared to the theoretical dictionary 
and then indexed with the best fit. This method resolved 
the deformation trend, and deformation-induced ultrafine 
grains were nicely deciphered (Figure 1f). Finally, the overall 
hit rate was nearly 100%, producing results that Hough 
indexing or NPAR cannot match.

Summary 
Dictionary indexing can solve challenging EBSD problems. 
When dealing with highly-deformed samples, the 
deformation is resolved, and many deformation-induced 
nanocrystalline grains are identified. 

EXPERIMENT BRIEF

Using dictionary indexing to achieve near 100% indexing rate on a 
highly deformed α-Ti microstructure

Figure 1. IQ+IPF images of an α-Ti sample indexed by a) Hough method; b) Hough method and further NPAR processing; c) Dot product 
and IPF overlay maps for dictionary indexing; and d-f) Zoom-in areas from a-c show the ultrafine feature resolution comparison.
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Instruments used
EDAX Neptune (EDS-WDS) System

Background
Compound semiconductors have unique material 
properties that enable their use in a wide range of 
electronic and optical device applications, from high 
frequency (microwave) and high-power electronics to 
light emitting and light-sensitive devices.  A compound 
semiconductor is composed of chemical elements 
belonging to two or more different groups in the periodic 
table, e.g., III–V; frequently, scientists and engineers utilize 
alloying of three elements to optimize electrical and optical 
properties for a specific application. However, this requires 
precise and accurate control of the fabrication conditions 
to produce high-quality materials of uniform composition, 
as even a small change in growth conditions can lead to 
significant fluctuations in the compound semiconductor’s 
composition, dramatically impacting the yield of viable 
devices.

Methods to determine material composition quantitatively 
and with high accuracy at the micro- and nano-scale are 
required by manufacturers for quality assurance purposes 
and to optimize conditions during process development. 
This presents a difficult analytical challenge as commonly 
used methods for compositional analysis—such as x-ray 
energy dispersive spectrometry (EDS) in the scanning 
electron microscope (SEM)—run into fundamental limits 
that preclude their use: due to the high spatial resolution 
requirements in compound semiconductor technologies, 
the use of intermediate-to-low accelerating voltages is 
required to confine the interaction volume within the sample 
being analyzed. However, at low accelerating voltages, 
often only the x-ray L lines are excited from elements used 
in compound semiconductors meaning that peak overlap 
is common in EDS, especially for materials that contain 
elements of similar atomic number, making quantitative 
compositional metrology uncertain with EDS alone. 

However, wavelength dispersive spectrometry (WDS) has 
superior spectral resolution compared to EDS (up to 15x 
better), enabling x-ray lines of elements used in compound 
semiconductor materials to be resolved, therefore 
permitting quantitative analysis with high confidence. 
Furthermore, WDS has a significantly higher peak-to-
background ratio than EDS, aiding in the identification and 
quantification of even trace elements.

Materials and methods
An indium-antimony-telluride semiconductor wafer was 
analyzed using simultaneous EDS-WDS using a Neptune 
system in a conventional SEM.

Results and discussion 
In an EDS measurement (teal chart in Figure 1), the Te Lα1 
peak (3.769 keV) overlapped heavily with the In Lβ2 and 
Sb Lβ1 peaks (3.724 keV and 3.844 keV, respectively) as 
were the Te Lβ1 and Sb Lβ2 peaks (4.030 and 4.111 keV 
respectively) presenting significant difficulty in performing 
compositional analysis reliably. However, in the WDS energy 
scan (red line in Figure 1), the Lα1, Lβ1 and Lβ2 of Sb and Te, 
and the Lβ2 of In were all resolved clearly, which enables 
accurate, precise, and repeatable compositional metrology 
to be performed.

Summary 
Composition metrology plays a vital role in ensuring the 
quality of compound semiconductor wafers and devices. 
With common analytical techniques such as EDS, it can 
be extremely challenging, if not impossible, to achieve the 
required accuracy and precision for reliable metrology. 
However, use of WDS resolved the overlapping peaks issue 
of EDS in an indium-antimony-telluride semiconductor 
wafer, giving more accurate results. This study highlights the 
importance of using multiple analytical techniques to fully 
understand the composition of complex semiconducting 
compounds. 

EXPERIMENT BRIEF

Improved composition metrology in compound semiconductors 
using the Neptune system

Figure 1. An EDS (teal) and WDS (red) spectra overlay of an indium-antimony-telluride semiconductor wafer.
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Austrian Society of Microscopy (ASEM) Meeting 
April 13 – 14 Vienna, Austria

RMS EBSD 2023 
April 18 – 19 Leeds, UK

European Microbeam Analysis Society (EMAS) 
May 7 – 11 Krakow, Poland

FIB SEM/IUMAS/MSC-SMC Meeting 2023 
June 11 – 16 Banff, Canada

EVENTS AND TRAINING

2023 Worldwide Events
Japanese Society of Microscopy (JSM) 2023 
June 26 – 28 Shimane, Japan

ICMAT 2023 
June 26 – 30 Singapore

SEMICON China 2023 
June 29 – July 1 Shanghai, China

Microscience Microscopy Congress (MMC) 
July 3 – 6 Manchester, UK

Visit https://www.edax.com/news-events/conferences-tradeshows for a complete list of events. 

2023 Worldwide Training
Europe

APEX EDS 
June 26 – 28   Unterschleissheim* 
September 4 – 6  Unterschleissheim# 
November 13 – 15  Unterschleissheim*

APEX EBSD 
June 28 – 30   Unterschleissheim* 
September 6 – 8  Unterschleissheim# 
November 15 – 17  Unterschleissheim*

APEX Pegasus (EDS & EBSD) 
June 26 – 30   Unterschleissheim* 
September 4 – 8  Unterschleissheim# 
November 13 – 17  Unterschleissheim*

#Presented in English 

*Presented in German

Japan

EDS Microanalysis (APEX™ EDS) 
April 14    Virtual (Advanced) 
May 19    Virtual (Standard) 
July 14    Virtual (Standard) 
October 13   Virtual (Advanced) 
November 10   Virtual (Standard)

China

EDS Microanalysis 
June 6 – 8   Shanghai (ACES) 
September 12 – 14  Shanghai (ACES) 
December 5 – 7  Shanghai (ACES)

EBSD OIM Academy 
June 13 – 15   Shanghai (ACES) 
September 19 – 21  Shanghai (ACES) 
December 12 – 14  Shanghai (ACES)

North America 

EDS Microanalysis 
October 10 – 11  Virtual 
November 7 – 8  Virtual

EBSD OIM Academy 
April 17 – 19   Virtual 
August 15 – 17   Virtual 
October 12 – 13  Virtual

Pegasus (EDS & EBSD) 
October 10 – 13  Virtual

Visit https://www.edax.com/support/training-schools for a complete 
list and additional information on our training courses. 
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EMPLOYEE SPOTLIGHT

Robert Hill
Robert joined Gatan as a Sales Specialist in May 
2018 and began working with EDAX in 2020 after 
AMETEK acquired Gatan. Located in Coventry, 
United Kingdom, he is responsible for sales of all 
EDAX and Gatan products in the eastern part of the 
UK. In February 2023, Robert was promoted to Sales 
Manager of the UK. He is interested in analytical 
science and enjoys working with customers in diverse 
application areas to help them solve their problems.

Before joining Gatan, Robert held several sales and 
sales management positions in the UK and Nordic 
region at Bruker from 2006 – 2018. During that time, he 
specialized in X-ray crystallography, X-ray diffraction, 
and X-ray fluorescence. 

In 2001, Robert earned a Master of Science in 
chemistry from the University of Nottingham. He 
received a Ph.D. in inorganic chemistry from the 
University of Nottingham in 2005. His Ph.D. involved 
the synthesis and characterization of 3D coordination 
network materials, exploring the unusual network 
topologies that are possible when using large 
lanthanide metal ions and organic bridging ligands.

Robert, his wife, and two children reside in Coventry. 
He likes playing golf competitively at a club once or 
twice weekly when the weather allows.

Joshua Lay
Joshua joined Gatan as a Sales Specialist in 2019. He 
began working with EDAX in 2020 following AMETEK’s 
purchase of Gatan. Located in Oxford, United 
Kingdom, his territory includes the western UK and 
Ireland. Joshua works with academic and industrial 
customers in his region and tries to match EDAX and 
Gatan solutions with their particular research projects. 
He tries to keep his customers up-to-date on the latest 
technological developments while trying to learn 
about their new endeavors.

Before Gatan, Joshua worked at Mantis Deposition 
Ltd. from 2013 – 2019. He started as a service and 
installation engineer working on ultra-high vacuum 
physical vapor deposition systems before transferring 
to a technical sales role.

Joshua received a Bachelor of Engineering in 
materials science and engineering from Swansea 
University in 2008. He returned to Swansea to earn a 
master’s degree in materials for power generation in 
2009. He spent most of that time performing electron 
backscatter diffraction (EBSD) on grain-oriented silicon 
steel under the supervision of Val Randle. Joshua 
collected his Ph.D. from the University of Bristol in 2013. 
He specialized in ultra-high vacuum scanning probe 
microscopy on CVD-grown diamond films.

Joshua and his wife, Rebecca, have two children, 
Louis and Kit. He spends the majority of his spare time 
with his children. Joshua likes taking them swimming 
and to various activity classes. He is a big fan of 
basketball, particularly Russell Westbrook and the 
Oklahoma City Thunder of the NBA. Joshua is an avid 
collector and painter of Games Workshop models. He 
has also played field hockey regularly since 2005 and 
still umpires occasionally.
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Gatan logo, and all other trademarks are property 
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logo, and all other trademarks are property of EDAX, 
LLC unless otherwise specified.
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PLEASANTON, CA (March 28, 2023) – Gatan, Inc., a business of AMETEK Inc. as well as a global leader focused 
on enhancing and extending the operation and productivity of electron microscopes, has merged with EDAX, 
LLC, a leader in x-ray microanalysis and electron diffraction instrumentation. The combined organization will 
retain the Gatan name, offering the ultimate suite of tools for transmission electron (TEM) and scanning electron 
(SEM) microscopes.

With broad product and organization overlap between Gatan and EDAX, transitioning to Gatan as the 
prominent tradename for all products will allow the organization to capitalize on its synergies fully. EDAX, also a 
business of AMETEK Inc., will still provide customers high-quality, reliable products and responsive customer care 
and support they expect. Joining Gatan will provide EDAX with more resources and allow it to leverage Gatan's 
strong analytical capabilities and high-level technical expertise.

“This merger will allow Gatan to continue to push the boundaries of science on both the TEM and SEM,” 
said Narayan Vishwanathan, Vice President and Business Unit Manager of AMETEK Electron Microscopy 
Technologies. “Gatan and EDAX have already demonstrated synergies in their product portfolios, including 
the Cipher System, the first and only system that quantitatively reveals the distribution of lithium in the SEM, 
and the EDAX EDS Powered by Gatan, the most intuitive and easy-to-use analytical tool for STEM (scanning) 
applications. We look forward to further integrating our teams, knowledge, and skills and are excited about 
what the future holds.”

About Gatan

Gatan is the world's leading manufacturer of instrumentation and software used to enhance and extend the 
operation and performance of electron microscopes. Gatan's products, which are fully compatible with all 
brands of electron microscopes, cover the entire range of the analytical process from specimen preparation 
and manipulation to imaging and analysis. Its customer base spans the complete spectrum of end-users of 
analytical instrumentation typically found in industrial, governmental, and academic laboratories.

The applications addressed by these scientists and researchers include new materials research, 
semiconductors, electronics, geosciences, biological science, and biotechnology. The Gatan brand name is 
recognized and respected throughout the worldwide scientific community and has been synonymous with 
high-quality products and the industry's leading technology. Gatan is a business of AMETEK, Inc., a leading 
global provider of industrial technology solutions serving a diverse set of attractive niche markets with annual 
sales over $6.0 billion.

COMPANY NEWS

EDAX and Gatan merge to offer the ultimate suite of microscopy 
tools


