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A Peek at the APEX Software
EDAX NEWS

One of the most notable changes in the microanalysis
industry over the last several years is the increase in
“entry level” markets and users. This includes markets
and users, who previously would not have had access
to powerful tools like Scanning Electron Microscopes
(SEMs) and Energy Dispersive Spectroscopy (EDS)
analysis, such as primary schools and factory
production lines. The term includes industries which
no longer employ specialized microscopists, and
laboratories with high turnover or sporadic SEM/EDS
users. The SEM industry has adjusted to meet the needs
of this growing market segment by adding tabletop or
entry level (low cost or basic level) SEMs, which
accommodate these new user groups. EDAX has also
focused on these new requirements and in 2014 first
launched the Element Silicon Drift Detector (SDD)
Series, which is focused specifically on meeting the
needs of the industrial market. In August this year, it
was followed by the APEX software package for
Element, which was developed with a primary focus on
industrial needs and ensures high-end results, combined
with ease of use.

APEX represents an important milestone for EDAX. It
offers a major redesign of both workflow functionality
and user interface (UI). There are also significant new
features designed especially for the entry-level market.
While still emphasizing the quality of the data, the
software can now accommodate increases in the
efficiency of data collection and review. Altogether, the
new APEX software creates an appealing working
environment with a focus on new features for the
entry-level user, and design enhancements to maximize
the use of the operator’s time on the system.

Redesigned User Interface

The first thing
that the user
will notice about
APEX is the
Figure 1. APEX activity bar.
clean and fresh
appearance of the software UI. APEX follows many
commonly accepted Microsoft conventions, such as the
use of an activity bar at the top (Figure 1) and right
mouse clicks (Figure 2), which will decrease the amount
of training time needed to understand how to explore
and use the software.
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The ability to change user preferences is an
important feature and a user selectable color
scheme offers the ability to match the look and
feel of the desktop of a specific SEM, or simply
allows users to pick one that they like (Figures 3a
Figure 2. APEX right
& 3b). Another widely requested feature of the
mouse click menu.
new software gives users the ability to create
customized layouts for the working components, such as the size and
location of the image, spectra, and maps on the screen.

a)

To make data interpretation easier, APEX allows live-time changes both
to the peak ID list during collection, and also to features updates to the
quant results. In addition to the raw quant result numbers, a live-time
series of graphs and charts is available to facilitate the understanding of
the sample composition (Figure 5).

b)

Figure 3. APEX color and layout options.

Spectral Data Collection & Analysis
There are several aspects to spectral data collection and analysis that
are considered fundamental to the technique, and these capabilities have
been redesigned to accommodate the specific needs of certain users.
The key advantages of the award winning EXpert ID routine are
incorporated into APEX so that the software can automatically do the
work for you, however, there are still user controls for the sensitivity
and the ability to lock elements in as a user preference. There are also
options to change the appearance of the labels on the spectrum and
increase or decrease the font size (Figure 4).

Figure 4. APEX options to change the appearance of the labels onthe spectrum and
increase or decrease the font size.

Another key change is the use of an alternate background routine, in
which there is little chance that users will have to do any fine tuning on
their own to get the best results. This is especially useful for novice
users. Also helpful for these users is the latest update for quantitative
results and display. Many new analysts cannot simply see an EDS
spectrum and interpret it the way that an advanced analyst can.

Figure 5. A live-time series of graphs and charts that is available to facilitate the understanding of the sample composition.

Gains in Productivity
Analysts of all levels are familiar with the growing need to get more
data in less time, while still focusing on the quality of the results. APEX
software meets this need and allows users to review and report results,
while the system is in the process of collecting data. Simultaneous data
collection and data review is possible with the “Live Mode” and
“Review Mode” options. Likewise, off-line data processing is still
possible. In addition, right mouse clicks allow any of the data to be sent
out quickly and easily as standard Microsoft image formats, and sharing
formal reports is as easy as one click to send an email.

The Element SDD Series with APEX offers fast and efficient results,
tailored to the industrial market. Design enhancements which focus on
easy to adopt workflow and customizable UI schemes streamline the
uptime for first time or sporadic users, while a refreshed approach to
quant makes data interpretation in live-time possible. At every step,
from start through export, increases in efficiency with an emphasis on
quality make APEX software the optimal choice for the next generation
of microanalysts.
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Atom Probe Assist™ Mode
Recently, EDAX introduced Atom Probe Assist™, which was
designed to acquire fast Transmission Electron Backscatter Diffraction
(t-EBSD) or Transmission Kikuchi Diffraction (TKD) maps
from needle-shaped atom probe specimens. Acquiring high quality,
efficient maps is important for
targeting specific grains in an
atom probe sample during the
focused ion beam (FIB) milling
process. Here, a few tips are
discussed that should improve
mapping speed and quality.
Although these tips and tricks are
specifically for the atom probe
specimen preparation process,
many of them are also generally
Figure 1. Mapping angle entry dialogue
for t-EBSD/TKD mode. The electron beam
applicable to t-EBSD on flat
is shown emerging from the top with the
scattered TKD electrons emerging on the
specimens, such as Transmission
far side of the orange atom probe
specimen as a yellow cone that is collected Electron Microscope (TEM)
by the detector on the bottom left.
lamellae.

Luckily, figuring out the t-EBSD mapping angle has been streamlined
in Atom Probe Assist™ mode in the TEAM™ software version 4.3.
The mapping angle in the software is defined as the angle between the
plane orthogonal to the electron beam and the sample axis (red arrow
in Figure 1). But be careful, this angle is often different from the
ion-beam angle or the microscope stage-tilt. For example, the atom
probe specimen axis is typically loaded in an orientation parallel to
the electron beam. To begin the
milling procedure, the stage is
tilted so the specimen is parallel
to the ion beam (52° from
vertical for an FEI microscope).
The mapping angle for this
example then becomes 38°, or
90°-52°. Entering this angle and
checking the “Transmission
Mode” box in the software Figure 2. Default Atom Probe Assist™
dialogue (Figure 1) allows the background subtraction recipe.
software to automatically do the angular corrections to properly
reference the electron exit-surface as the normal direction during map
acquisition.

Atom Probe Assist™ mode has a default recipe for background
subtraction, which includes a Dynamic Background Subtraction,
Intensity Histogram Normalization, and a Median Smoothing Filter
(Figure 2). This helps when users are collecting patterns from vacuum
regions outside of their sample, or when there is varying sample
thickness, as is the case with cone-shaped atom probe specimens.
Also, it is suggested that users adjust the contrast in the Intensity
Histogram Normalization setting, which can help bring out patterns
when they are faint. This is more often the case with t-EBSD samples
than typical polished EBSD samples used for reflection mode.

Figure 3. Typical mapping parameters for atom probe specimens.

When selecting mapping parameters, first consider what the analysis
goals are for the sample. If users simply want to verify that there is a
grain boundary within a sample, it may be more prudent to use survey
mode and not collect a full map. Atom Probe Assist™ mode comes
with a default mapping step size of 20 nm, which
most often will be sufficient to find the grains
within a sharp specimen. Step sizes smaller than 5
nm often increase mapping time substantially, and
risk contaminating the sample, so use them
sparingly! Good maps for atom probe specimens
can usually be collected in under five minutes using
an accelerating voltage of 30 kV. Using the
trapezoidal mapping mode also decreases the total
mapping time by reducing the mapping region so Figure 4. Steel with
a mapping step size
that it more closely matches the specimen geometry of 10 nm. Grains
easily seen
(Figure 3). This minimizes the time spent collecting are
throughout the atom
probe specimen.
“vacuum” patterns on either side.

Generally, limiting exposure of the electron beam to the sample can
minimize contamination. Adjusting camera parameters in a region off
the tip apex, increasing binning, using a larger step size, and using
survey mode can help keep samples free of contamination. Good luck!
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When A Smaller EDS Detector Size Is Actually Better
The performance of an Energy Dispersive Spectroscopy (EDS)
spectrometer is directly related to the intrinsic sensor noise and to the
amount of X-ray signal in the acquired spectrum. The sensor noise is
completely controlled by the design and manufacturing of the sensor
and support electronics. But the environment within a laboratory can
influence its effect on the acquired spectrum. It is generally agreed

that the amount of signal in the spectrum is completely controlled by
the user, however, a superior EDS detector design can actually
improve the X-ray detection rate compared to more traditional designs
and this can increase the performance characteristics.

From the perspective of the sensor electronics design, the noise of the
sensor is primarily determined by three factors: the leak current; output
noise from the anode capacitance; and cut-off frequencies noise driven
by anode capacitance. Typically, the anode size is very small for both
the 10 mm2 and 100 mm2 sensors, leaving only the leaking current
noise as a major differentiator between the sensors. The leakage
current is proportional to the sensor area and it usually generates
noisier performance for the larger sensor, which can be suppressed by
lower operating temperatures. However, this comes at the expense of
resolution stability, since the overcooled sensor operation becomes
more susceptible to temperature fluctuations. As a result, any abrupt
ambient temperature change might produce energy shifts in the
spectra, especially for very long acquisitions.

For an EDS acquisition, which is a Poisson type of process, the
signal-to-noise ratio (SNR)~√N, where N is a number of X-ray counts.
Fundamentally, to increase SNR one may choose to increase signal,
or number of counts N, or as an alternative, reduce the noise of the
detector electronics and improve its sensitivity. The first methodology
based on larger N, is directly related to the amount of input X-rays
determined by both the solid angle of the detector and the acquisition
time. A good example for this approach is a large Silicon Drift Detector
(SDD) sensor operating at long shaping times. A conceptually
alternative methodology, would be to employ a sensor with a) reduced
electronics noise; and b) higher efficiency in X-ray transmission, both
of which increase the SNR of the detector.

The EDAX applications team conducted an experiment where they
mounted two different EDS spectrometers on the same Scanning
Electron Microscope (SEM) column at exactly the same insertion
distance from the sample. A standard copper grid was chosen as the

sample. The first EDS system used the new Octane Elite Plus with a
30 mm2 SDD, vacuum encapsulated sensor module, and a silicon
nitride (Si3N4) window (Figure 1), while the second system was an
Octane Plus with a 60 mm2 sensor module and a traditional polymer
Super Ultra Thin Window (SUTW). If both detectors have the same
detection ability, then the expected ratio of Octane Elite counts to
Octane counts should always be 0.50 and the ratio of area normalized
counts should be 1.0.

Figure 1. Octane Elite SDD Series.

It was found that the larger sensor collected a higher intensity (counts
per second per nanoamp) of X-rays which produces higher peaks in
spectra, but the new SDD with the smaller sensor collected a higher
renormalized intensity (counts per second per nanoamp per steradian)
for X-rays than the larger SDD (Table 1). The primary origin can be
traced to the reduced thickness of the window, which permits a higher
transmission of X-rays containing energies between ~2 and 10 keV.
The experiment explains the concept of the correlation between SNR
and resolution. It clearly shows that the smaller sensor with higher
transmissivity excels in signal detection and performance. Using this
methodology, SNR can be increased with a smaller sensor having
higher transmissivity and operating at higher count rates versus a larger
sensor operating at lower count rates.

Note that this argument favors the smaller sensor only when the input
count rate (ICR) is sufficiently high, i.e. when high acceleration

voltage and/or high beam current are used for the electron beam.
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Method

Si3N4 30 mm2

SUTW 60 mm2

Si3N4 30 mm2

SUTW 60 mm2

Ratio for cps/nA/mm2

81817

70.3

54.5

1.29

Line

Integration Range
(keV)

Intensity, Counts

Intensity, Counts

Cu Kβ

8.75-9.05

8931

13428

Cu Kα

Method

Line

Intensity at (keV)

Intensity, Counts

Intensity, Counts

cps/nA/mm

cps/nA/mm

Cu Kβ

8.89

504

720

0.7

0.5

Peak Area

Cu L

Peak Height

Cu Kα

Peak Height

Cu L

Peak Height

0.69-1.01
8.04
0.93

52742

cps/nA/mm2

Peak Area
Peak Area

7.84-8.24

cps/nA/mm2

281357
3260

37239

453348
5067

50335

11.9

375.1
4.3

49.7

Table 1. Intensity and renormalized intensity with respect to sensor area and probe current for Cu K and L lines.

In the situation when low beam current and voltage are chosen, the
X-ray yield can be marginally low and use of the larger sensor
(implying large entrance solid angle) might be beneficial.

However, in reality the size of the sensor itself is a limiting fact to

optimize the solid angle. A large sensor might not be able to be
positioned at the desired short insertion distance of a smaller sensor.
This limitation is based on the geometrical restrictions imposed from
the objective lens pole piece geometry. The solid angle is generally
linear with respect to sensor area and has a quadratic dependence on
the distance between sensor and sample. This makes a very significant
increase in solid angle for a smaller sensor at shorter working
distances. Based on this simple fact, the higher solid angle and as a
result higher SNR for low dose applications, can be efficiently
accommodated with a smaller sensor, rather than a larger one. This
situation is frequently encountered in TEMs, where the lack of space
around the pole piece permits smaller sensors to have a better solid
angle.

Ultimately, the ideal solution for low dose applications is a
combination of several smaller sensors arranged in an array, which
combines all the benefits of a smaller geometry, higher count rates,
higher transmissivity, and a maximized solid angle. In addition, the
multi-sensor approach, while requiring more electronics circuits, will
produce spectra with significantly better spectral resolution. This is a
universally better approach, since in applications where the ICR has
no limitations, the multichannel architecture of the array system offers

9.0

2

1.33

302.2
3.4

2

33.6

much higher throughput and resolution stability.

1.24
1.29
1.29
1.48
1.48
1.42

In conclusion, a comparison of the performance of SDDs with different
geometries indicates that sensor size cannot be an adequate metric for
differentiation. Instead, the collection efficiency of the sensor gives a

more accurate reference to the signal detection capability.
Conceptually, employing a smaller sensor with optimized signal
collection efficiency at higher count rates offers an attractive
alternative to reach high throughput data acquisition with improved
energy resolution.
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2016 Worldwide Events
October 3-7
Midwestern Association of Forensic Scientists
October 6-7
Appalachian Regional Microscopy Society
October 24-27
Materials Science & Technology (MS&T) 2016
November 1
NVVM

EVENTS AND TRAINING

November 6-10
Int’l Symposium for Testing & Failure Analysis
November 7-9
Knoxville, TN
Münsterkurse (WDS)
November 27-December 2
Salt Lake City, UT
Materials Research Society (MRS) Fall 2016
December 5-8
Eindhoven, The Netherlands Microscopy Society of Southern Africa

Richland, WA

Fort Worth, TX

Münster, Germany
Boston, MA

Port Elizabeth, South Africa

Please visit www.edax.com/Event/index.aspx for a complete list of our tradeshows.

2016 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.

EUROPE

EDS Microanalysis

TEAM™ EDS

November 1-3
November 14-16
November 29December1
December 6-8

Tilburg*
Weiterstadt#
Weiterstadt#

November 10-11

Tilburg*

November 16-18
November 28-30

Weiterstadt#
Tilburg*

November 14-18

Weiterstadt#

Tilburg*

Microanalysis

TEAM™ EBSD

TEAM™ Pegasus (EDS & EBSD)
TEAM™ WDS

November 22-24

Tilburg*

October 11-13

Tilburg*

XRF

*Presented in English
#Presented in German

JAPAN

EDS Microanalysis

Genesis

October 6-7
November 10-11

OIM™ School
November 8-9

Tokyo
Osaka

Entry

NORTH AMERICA

EDS Microanalysis

TEAM™ EDS

December 6-7

Mahwah, NJ

October 4-6

Mahwah, NJ

XRF

Tokyo

CHINA

EDS Microanalysis

TEAM™ EDS

December 6-8

Shanghai

November 8-10

Shanghai

TEAM™ EBSD

Please visit www.edax.com/support/training/index.aspx for a complete list and additional
information on our training courses.

Visit edax.com for the latest news and up-to-date product information.
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(left to right): Barbara and Mark Grey

Shawn Wallace

Mark joined EDAX in February 2016 as the Vice President of Global
Sales and Service. He is responsible for assuring EDAX products
are positioned as the preferred solution to meeting the needs of its
microanalysis customers around the world. He coordinates with the
marketing department to implement strategic marketing and sales
plans to meet the growth targets for the company’s products and
services.

Shawn joined EDAX in September 2015 as the Electron Backscatter
Diffraction (EBSD) Applications Engineer in the Mahwah, NJ. He
assists customers and potential customers with EBSD related
problems. Shawn helps them to understand the science behind
EBSD, where it can be applied, and how it relates to their work
through onsite training, workshops, email, demonstrations, and
webinars.

Mark Grey

Before making the move to EDAX, Mark was the General Manager
for SPECTRO North America. He has been in the AMETEK family
since the SPECTRO acquisition in 2004. Mark started his career in
scientific equipment in 1988, joining Thermo Electron as a Southeast
Field Service Engineer. Through his 15 years with Thermo, he held
positions of increasing responsibility, culminating with Sales
Director.

Mark earned his bachelor’s degree in Chemical Engineering from
North Carolina State University in Raleigh, NC.

He has been living in the Hudson Valley of New York for the past
eight years. Mark and his wife, Barbara, run Pine Bush House Bed
and Breakfast. Located at the gateway to the Catskills, the property
offers travelers access to the best attractions of the Valley. Wineries,
hiking, biking, hang gliding, antiquing, apple picking and horseback
riding are just a few of the activities that keep guests coming back.
Barbara runs the Inn, while Mark is limited to serving coffee and
conversation. They have one daughter, Elizabeth, who lives with her
husband in Myrtle Beach, SC.

Shawn Wallace

Prior to EDAX, Shawn was the Scientific Assistant for the meteorite
collection in the Department of Earth and Planetary Science at the
American Museum of Natural History in New York for 3.5 years. He
studied the formation and evolution of the solar system and planetary
differentiation.

In 2009, Shawn earned a Bachelor of Science degree in Geology
from Bowling Green State University in Ohio. He received a Master
of Science degree in Geology from the University of South Carolina
in 2012.

Shawn is currently engaged. In his spare time, he enjoys playing
computer games, hiking, rockhounding and mineral collecting.
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Materials Science & Engineering
Washington State University, Pullman, WA

Materials researchers and students from the Voiland College of
Engineering and Architecture and the College of Arts and Science
comprise the Materials Science & Engineering department at
Washington State University. The department includes about 100
undergraduate students and 65 PhD candidates. All of the
undergraduates are required to use the EDAX Energy Dispersive
Spectroscopy (EDS) and Electron Backscatter Diffraction (EBSD)
systems in their lab classes and many of them use the systems in their
Senior Capstone course as well. In addition, researchers from other
departments at the University use the microscopy facilities for a wide
variety of research topics.

Professor Dr. David Field’s research group focuses on the study of
microstructure-property relationships in crystalline solids and
nanomaterials. Their most common problem is to characterize and
model microstructural evolution in metals and alloys during
thermomechanical processing.

A challenge currently facing Dr. Field’s team is figuring out how to
effectively image and characterize the texture and composition
gradients in multi-layered materials. EDS and EBSD analyses have
proven to be difficult on multi-layered Ti/Tn materials with layer
thicknesses between 1-20 nm. This particular project involves
modeling the behavior of multi-layers for use in the oil and gas
industry. The microstructure of these layers controls the materials’
strength, wear resistance, and corrosion resistance properties. The
researchers are trying to determine the uniformity of the coatings, as
well as the crystallographic texture, in the individual layers in order
to correlate them with the measured mechanical and electrochemical
properties.

The EDAX TEAM™ EBSD Analysis System with a Hikari camera is
vital to this project. It enables the researchers to map out grain
structures and measure textures. The group operates at the fastest data
collection speed possible to ensure that drift from the Scanning
Electron Microscope (SEM) does not interfere with the results. Smaller
grain size and non-conductive layers tend to cause problems working
at slower speeds. They are also utilizing transmission-EBSD (t-EBSD)

Figure 1. Dr. David Field and an undergraduate student working at the SEM.

Figure 2. Orientation (left) and grain boundary (right) maps for a multi-layered
Cu-Ta material after eight passes of processing using accumulated roll bonding.
Elongated grain structures are present in the Ta layers, while an equiaxed and
recrystallized grain structure is observed in the Cu. (Images courtesy of PhD
candidate Tarang Mungole).

to improve resolution for some of the materials.

“We chose EDAX because of its ease of use, service history, and
familiarity with the systems,” said Dr. Field. “We believe our role is
to help you push the limits of science by easy and fast access to data
necessary to help you uncover new materials insights.”
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