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Introducing the Velocity™ EBSD Camera

EDAX is excited to have recently introduced the
Velocity™ camera to our Electron Backscatter
Diffraction (EBSD) product line. This new camera,
utilizing a CMOS imaging sensor, provides high-speed
EBSD mapping with the best indexing performance
available. This allows users to characterize their
crystallographic microstructures faster than previously
possible, while maintaining the data quality necessary
for the most challenging materials.

The Velocity™ camera provides fast EBSD mapping
speeds with live indexing rates greater than 3,000
indexed patterns per second. These speeds can be
obtained while providing indexing success rates of 99%
or greater. The technology of CMOS sensors has
evolved to the point where the noise level of the
Velocity™ camera is now lower than CCD-based
detectors. Another advantage of a CMOS sensor is that
higher pixel resolution EBSD patterns can be obtained
at the highest mapping speeds. With traditional CCD
sensors, a 30 pixel x 30 pixel EBSD pattern is collected
at the highest speed. This pixel resolution is not
sufficient for reliable EBSD indexing for all materials

and requires the adjustment of the diffraction band
detection parameters within the acquisition software to
get the best results. The CMOS sensor used with the
Velocity™ camera provides a 120 pixel x 120 pixel
image at >3,000 points per second scan speeds. This
higher resolution image ensures easier setup of band
detection, as well as improved orientation precision and
indexing performance on a wider range of materials and
microstructures.

Figure 1. Combined greyscale IQ and colored IPF
orientation map collected from a nickel-based
superalloy sample.
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Figure 1 shows a combined greyscale Image Quality (IQ) and colored
Inverse Pole Figure (IPF) orientation map collected from a nickel-based
superalloy sample. The patterns were collected and indexed at a rate of
>3,000 patterns per second. Nickel alloys are generally considered to
be easier EBSD samples, as the preparation is straightforward, they have
a high backscattered signal, and the surface condition does not degrade
significantly with time. Because of this, this material (Inconel 600) is
used as the EDAX standard reference material for EBSD. The
microstructural features within the image provide insight into the
performance of the Velocity™ camera. At high collection speeds, the
twin boundaries and deformation are easily characterized, with indexing
success rates >99%.

Figure 2. An IQ and IPF map from a deformed
ferritic steel sample collected at >3,000 indexed
points per second with >99% indexing success.

Deformed materials have traditionally presented challenges for faster
EBSD mapping as the pattern quality decreases with increasing
deformation levels. With the CMOS sensor providing higher pixel
resolution EBSD patterns and lower noise images, the Velocity™
camera can reliably map deformed microstructures even at collection
speeds exceeding 3,000 patterns per second. Figure 2 shows an EBSD
IPF map from a deformed ferritic steel sample collected at >3,000
indexed patterns per second with >99% indexing success. The
deformation can be observed through the subgrain structure visible in
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Figure 3. Misorientation profile corresponding to a vector that has
been drawn within one of the grains of the sample in Figure 2.

the IQ contrast and the shifts in local color gradients visible in the IPF
color range. To better quantify the deformation, a vector has been drawn
within one of the grains, and the corresponding misorientation profile
is shown in Figure 3. This chart demonstrates both the point-to-point
misorientation (red line) along that line and the point-to-origin
misorientation (blue line) that shows the accumulation of lattice rotation
along the line. The average point-to-point misorientation is ≈ 0.3° while
the point-to-origin distribution shows an orientation gradient
approaching 20° across the selected grain. The characterization was
achieved at the high collection speed without any additional processing
or special analysis modes.

Both these examples are single phase, cubic materials. A more
challenging microstructure is an additively manufactured Ti-6Al-4V
alloy with a microstructure consisting of primarily a hexagonal closed
packed (HCP) Alpha phase with a small amount of body centered cubic
(BCC) Beta phase (Figure 4). This map was collected at an indexing
rate of >2,000 points per second with a 95% indexing success rate. The
EBSD pixel resolution was sufficient for indexing both crystal structures
and reliably differentiating these phases. This is important as the Beta
phase orientation reveals the prior-Beta grain shape and orientation
relationships with the Alpha phase.

Figure 4. Map of an additively manufactured
Ti-6Al-4V alloy collected at an indexing rate of
>2,000 pps with 95% indexing success rate.

The Velocity™ EBSD camera can be integrated with compatible EDAX
EDS detectors for efficient simultaneous EDS-EBSD collection, even
at the highest collection speeds. The superior EDS throughput of the
Octane Elect and Octane Elite silicon drift detectors results in better
simultaneous EDS data. When this data is combined with ChI-Scan™
analysis, similar crystallographic phases can be easily resolved, and
better microstructural characterization of multi-phase materials can be
achieved.
In summary, the Velocity™ EBSD camera provides high-speed EBSD
mapping capability combined with accurate EBSD pattern indexing to
accurately and reliably characterize crystallographic microstructures to
help solve materials challenges quickly and easily.

3
TIPS AND TRICKS

The Power of Partition Based Backgrounds
An earlier Tips and Tricks article, Understanding EBSD Background
Corrections (Insight Vol. 13 No. 4), discussed backgrounds in
TEAM™ and how important they were to getting good data. A lot
has changed in the years since that article, specifically the release of
OIM Analysis™ v8 and the ability to reindex inside it. While OIM
Analysis™ has all the tools needed to reindex any dataset, new tools
for backgrounds have been added that can greatly increase data
quality.

a)

Combining the new background tools with the partition-based
approach in OIM Analysis™ with different backgrounds is very
powerful, but first we need to understand the purpose of a background.
The reason for a background is to allow the Hough Transform enough
contrast to find the lines of an EBSD pattern efficiently and correctly.
A raw, as collected, EBSD pattern shows an area of higher intensity
(Figure 1a) with a gradient usually radially decreasing from the pattern
center. This becomes apparent if you look at the pattern gray scale
values as Z (Figure 1b). The Kikuchi lines themselves are overlaid on
top of this gradient as local peaks sticking out from the gradient,
making them difficult to see.

Depending on the type of background used and the sample being run,
issues can arise in pulling those Kikuchi lines from the Hough
Transform. A good example of this is looking at the differences
between a homogenous sample versus a sample with a widely differing
backscatter coefficient. In a homogenous sample, a static background
subtraction should get rid of that gradient, but in the heterogenous

a)

b)

Figure 2. The same raw pattern using (a) a static background subtraction versus (b) a
static background division can show different details. This is usually most apparent in
multiphase samples.

sample the static background can over subtract, causing areas to be
undersaturated (Figure 2a). In cases like this, a background division
can often be the better choice (Figure 2b).

b)

Why does all this matter with reindexing inside OIM Analysis™?
Users can now make a partition specific background, avoiding some
issues that can occur, specifically in multiphase samples. Let’s look
at a geological sample with spinels and akermanite. The spinels
(Figure 3a) show strong pattern intensity with a simple static
background subtraction (Figure 3b). If a dynamic background
subtraction (Figure 3c) is attempted, some of the pattern contrast is
lowered. A blurring of the pattern occurs when a dynamic background
division (Figure 3d) is applied, potentially lowering indexing
precision. For most applications, the standard background subtraction
would be the best choice.

Figure 1. (a) The raw pattern shows hints of a gradient, but it is masked by the Kikuchi pattern. (b) If
the gray scale value are plotted as Z, the radial nature of the background intensity becomes apparent.
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a)

b)

c)

d)

(Continued from Page 3)

Figure 3. Patterns for spinel show differing features and intensity when different
backgrounds are used. (a) The raw pattern is generally noisy, while (b) a standard
background subtraction causes the intensity of the Kikuchi lines to really appear.
(c) Dynamic background subtraction causes a general loss of contrast, while (d) a
dynamic background division leads to a blurring of the background and pattern for
spinel on this dataset. Data courtesy of P. Mane, University of Arizona.

Let’s compare this to akermanite from the same sample. The raw
akermanite pattern (Figure 4a), lacks contrast, while using just a pure
static background subtraction (Figure 4b) helps define the lines better.
Contrast is still not strongly seen in the pattern and in some areas lines
could be missed by the Hough. Also the lower symmetry of the
akermanite (tetragonal versus spinel’s cubic) requires more lines to get
better indexing results, while finding more lines in a low contrast pattern
could cause false lines to be detected. By using a dynamic background
subtraction (Figure 4c) or a dynamic background division (Figure 4d),
the lower order lines can pop, greatly increasing data quality for this
lower symmetry phase.

a)

b)

c)

d)

Figure 4. (a) The raw akermanite pattern shows a general lack of contrast, (b) while
that contrast is slightly enhanced using a static background subtraction. (c) If the
pattern is background corrected using a dynamic background substraction, the contrast
is lost, but lines are better defined than either static routine. (d) The best results for this
data is the dynamic background division routine, which allows clear identification of
lower order reflectors that are not apparent in the other patterns. This would allow for
much better precision and accuracy for indexing this material. Data courtesy of P.
Mane, University of Arizona.

Overall, the best spinel patterns come from a simple background
subtraction, but lose some contrast using a dynamic background
division. The akermanite pattern pops using the dynamic background
division, but a static background subtraction misses some of the lower
order lines. Previously in TEAM™, users would have to choose which
background to use for the entire dataset, possibly losing some data
quality with a phase. Now with partition based background, users do
not need to compromise.
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July 18-20
International Conference on Microscopy (EMSI) Bhubaneswar, India
July 4-7
Electron Microscopy and Analysis Group (EMAG) Coventry, United Kingdom
August 5-9
Microscopy & Microanalysis (M&M) 2018
Baltimore, MD
August 6-10
Denver X-ray Conference (DXC)
Westminster, CO

August 19-24
International Materials Research Congress (IMRC)
September 4-14
International Microscopy Congress (IMC19)
September 5-7
Japan Analytical and Scientific Instruments Show
September 17-21
Midwestern Association of Forensic Scientists

Cancun, Mexico

Sydney, Australia
Chiba, Japan

Indianapolis, IN

Please visit http://www.edax.com/news-events/conferences-tradeshows for a complete list of our conferences and tradeshows.

2018 Worldwide Training

To help our present and potential customers obtain the most from their equipment and to increase their expertise in EDS microanalysis, WDS
microanalysis, EBSD/OIM™, and Micro-XRF systems, we organize a number of Operator Courses at the EDAX facilities in North America,
Europe, Japan, and China.
APEX™

EUROPE

September 10-11
November 21-22

EDS Microanalysis

JAPAN

Weiterstadt#
Weiterstadt#

TEAM™ EDS

September 24-26
November 12-14

Weiterstadt*
Weiterstadt#

EBSD OIM Academy
September 26-28
November 14-16

Weiterstadt*
Weiterstadt#

September 24-28
November 12-16

Weiterstadt*
Weiterstadt#

TEAM™ Pegasus (EDS & EBSD)

EDS Microanalysis

Genesis

July 12
October 18
November 15

Osaka

TEAM™ EDS

OIM School

July 4-5
August 21-22
September 26-17
October 19-20
November 1-2

*Presented in English
#Presented in German

Tokyo
Osaka

Tokyo
Tokyo
Tokyo
Tokyo
Tokyo

Please visit http://www.edax.com/support/training-schools for a complete list and additional
information on our training courses.

NORTH AMERICA

APEX™

October 10-11

Mahwah, NJ

September 11-13
December 11-12

Mahwah, NJ
Mahwah, NJ

EDS Microanalysis

EBSD OIM Academy
October 23-25

CHINA

EDS Microanalysis
September 4-6
December 4-6

For more information visit: www.edax.com/mm2018

Shanghai
Shanghai

TEAM™ EBSD OIM Academy
September 11-13
December 11-13

Visit edax.com for the latest news and up-to-date product information.
Visit EDAX Booth #530
at M&M 2018 in Baltimore, MD
August 5-9, 2018

Draper, UT

Shanghai
Shanghai
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(left to right): Chris, Jess, and Camden McMahon.

Chris McMahon

Chris joined EDAX in February 2014. Based in the Mahwah, NJ
office, he serves as the Senior Product Development Engineer. Chris
is responsible for product development including concept, design,
prototyping, testing, assembly, and various other activities until the
product is ready to go to production.

Prior to EDAX, Chris worked as a Mechanical Engineer at DRS
Technologies, Inc. in Oakland, NJ from 2008-14. He oversaw the
mechanical design for the Boresighting, Flight Recorder, and
Missions Recorder product lines. Chris also supervised the
environmental testing of products, performed testing and integration
requirements, provided manufacturing support, and conducted
thermal, vibration, and structural analysis.

Chris earned his Bachelor of Science in Engineering from Roger
Williams University in 2008. He completed his master’s degree in
Mechanical Engineering from New Jersey Institute of Technology
in 2011.

Chris and his wife, Jess have a 17-month-old son, Camden. In his
spare time, Chris enjoys spending time with his family and friends.
He also likes completing do-it-yourself and home improvement
projects, snowboarding, and playing video games.

(left to right): Lena Zhao, Gaohui Ren, and Caiguo Ren.

Lena Zhao

Lena joined EDAX in November 2017 as the China North District
Sales Manager. Based out of Shenyang, China, her duties include
nurturing relationships with and selling products to current and future
customers in North China.

Prior to EDAX, Lena worked at Oxford Instruments from 2013-17.
She was responsible for sales, managing OEM relationships, and
some marketing activites in North China.

Lena attended Harbin Institute of Technology for both her
undergraduate and graduate studies. In 2006, she earned a bachelor’s
degree in material forming and control engineering and she received
a master’s degree in material processing in 2008.

Lena and her husband, Caiguo Ren have a five-year-old son, Gaohui
Ren. In her free time, Lena enjoys traveling.

EDAX Inc.
91 McKee Drive
Mahwah, NJ 07430
Phone (201) 529-4880
E-mail:
info.edax@ametek.com
www.edax.com
Art and Layout
Jonathan McMenamin

Contributing Writers
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Matt Nowell
Shawn Wallace

®2018 EDAX, Inc. All rights
reserved.
No part of this publication
may be reproduced, stored
in a retrieval system, or
transmitted in any form or
by any means without prior
written permission of EDAX
Inc.
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Department of Physics of Materials
Charles University, Prague, Czech Republic

The Department of Physics of Materials in the Faculty of Mathematics
and Physics at Charles University in Prague, Czech Republic focuses
on the study of light metals and alloys. The group’s user base includes
students who are working on their bachelor/diploma thesis and
experienced microscopy experts performing state-of-the-art research.
The laboratory supports the University’s entire faculty with analyzing
all kinds of materials.

The department studies Severe Plastic Deformation (SPD) materials
after Equal-Channel Angular Pressing (ECAP) or High Pressure
Torsion (HPT). The group is focused on the effect of SPD on
microstructure, mechanical properties, and thermal stability of these
materials. They are developing materials for use in the biomedical
field, including titanium alloys for load bearing implants, such as hips
and knees, and magnesium alloys for biodegradable implants to
eliminate the need for reoperation after healing.

Powder metallurgy and subsequent compactization by Spark Plasma
Sintering (SPS) is currently a major focus for the department. They
are using cryomilling to refine the inner microstructure of each powder
particle (not the size of the particle, but the size of the grains inside
the particles). SPS allows the scientists to retain the fine-grained
microstructure of the compact materials due to its lower temperature
requirement and shorter time to process. The research is focused on
phase transformations in metastable ß-titanium alloys.

The Department of Physics of Materials has two microscopes
equipped with EDAX systems to perform analysis in its laboratory.
The first one is an FEI Quanta 200FEG with an EDAX TEAM™
Trident (EDS-EBSD-WDS) Analysis System.

Figure 1. Powder particle of Ti flattened after cryomilling. Particles have a diameter
of ~100 µm and thickness of only ~5 µm.

The second microscope is a Zeiss Auriga Compact FEG+FIB equipped
with an EDAX TEAM™ Pegasus (EDS-EBSD) Analysis System.

“EDAX was our first choice, not only because of our great experiences
with the company in the past but also because of its top performing
EBSD system, software stability, and performance of EBSD data
analysis,” said Dr. Petr Harcuba. “Education is a very important part
of our laboratory. We are happy that we have two different
microscopes that operate with different controls, making it easier for
our students to learn how to use other microscopes later in their
careers. We are also happy that both microscopes are equipped with
the best analytical systems.”

The department makes use of EBSD to study the heavily deformed
microstructure of ultrafine-grained (UFG) SPD materials, including
UFG magnesium alloys. They also utilize Transmission-EBSD
(t-EBSD) to characterize the microstructure of cross-sections of milled
titanium powder particles with step sizes down to 5 nm. The results
are comparable and in some cases better than those obtained by
Automated Crystal Orientation Mapping Transmission Electron
Microscopy (ACOM-TEM). EDS analysis is used at low energies to
study very small structures, such as particles and thin films.

For more information about the Department of Physics of Materials
at Charles University, please visit:
https://material.karlov.mff.cuni.cz/en

Figure 2. t-EBSD IPF map of FIB lamella cut out from a particle crosssection. Step size of 10 nm and average grain size of 80 nm.

