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Electron Backscatter Diffraction 
(EBSD) is extensively used for 
orientation and microstructure 
characterization of crystalline 
materials ranging from metals to 
ceramics and minerals. With new 
EBSD detector developments, 
the interest in performing EBSD 
analysis on beam-sensitive 
materials is increasing. Examples 
of such materials are organic 
photovoltaics and biominerals, 
where higher intensity electron 
beams can quickly damage the 
crystal structure, thus making 
EBSD impossible. The Clarity™ 
EBSD Detector, the world’s first 
commercially available direct 
electron detector for EBSD 
applications, enables true low-
dose EBSD, opening up the 
possibility for characterization of 
these types of crystalline materials.

To push the limit of EBSD data 
collection with minimal high 
tension and electron dose, it is 
important to know how much 
signal is needed to generate an 
indexable diffraction pattern. 

Dynamic simulations of the 
diffracted signal suggest that 
patterns with only one electron 
per pixel on average can already 
produce indexable patterns 
(Figure 1).

However, a large part of an EBSD 
pattern signal is background. These 
are electrons that get scattered at 
the sample surface and reach the 
detector without contributing to 
the bands in the pattern. 

Figure 1. Simulated Si EBSD pattern with an 
average of one electron per pixel using 
only diffracted electrons.
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The ratio between electrons in the bands and the 
background determines the minimum required 
electron dose. The unprocessed EBSD patterns of Be 
and Au (Figure 2) illustrate this difference.

The bands are easy to see in the Au pattern and 
approximately 20% brighter than the background 
signal. In the Be pattern, the bands are very weak and 
barely brighter than the background intensity cone. 
This means that Be effectively needs a higher electron 
dose to obtain an indexable pattern than for Au.

Between these extreme examples, EBSD patterns of 
average atomic number materials exhibit a band 
to background ratio that is typically around 1:10. 
Considering that only one electron per pixel in the 
diffracted signal is enough to see the bands, an 
average electron dose on the EBSD detector of 10 
electrons per pixel is indexable (Figure 3).

However, this only works when you have a perfect 
crystal and no signal loss. In practice, this means that 
you can reliably index with an electron dose of 20 – 50 
electrons per pixel on most materials. 

In addition to the band-to-background ratio, the 
overall intensity of the observed EBSD patterns 
depends on the backscatter coefficient of the 
material under investigation. Light materials not only 
produce less intense EBSD patterns, but also, the 
fraction of electrons that carry diffracted information is 
lower, thus requiring a longer exposure to the electron 
beam (Figure 4). 

For experimental patterns, the required exposure time 
shows a clear increase at lower kV (Figure 5). The 
curves in the chart point to a final effect that needs 
to be considered. The exposure times are constant 
at beam energies above 20 kV, but with decreasing 
electron energies, the required exposure times 
increase. This is a combined effect of the diffracted 
intensity and the lower EBSD detector efficiency at 
decreasing kV.

Figure 2. Unprocessed Be (top) and Au (bottom) EBSD patterns with 
corresponding 3D intensity plots.

Figure 3. (left) EBSD pattern with average 10 electrons per pixel and 
(right) IPF map of 3D printed steel collected using 13 pA beam 
current.

Figure 4. Simulated 
EBSD patterns and chart 
illustrating the different 
diffracted intensities and 
required exposure time to 
reach an average of 50 
diffracted electrons per 
pixel using 100 pA beam 
current at different kV - 
assuming ideal crystal, 
surface, and detection 
efficiency.

Figure 5. Experimentally determined exposure times for different 
materials at constant beam current.
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The effects described above give a clear limit of the 
minimum electron dose required to analyze metals. 
Minerals and ceramics are typically lighter and 
therefore need a little more signal.

Biominerals and crystals containing organic 
components, such as certain photovoltaic perovskites, 
may exhibit another complicating factor. In many 
cases, organic material is present in between or 
incorporated within the crystals of interest. Such 
organic structures may disintegrate upon exposure 
to a high-intensity electron beam, and the resulting 
damage and contamination to the material then 
prevent successful EBSD phase and orientation 
analysis. Minimizing the electron dose mitigates these 
effects.

The interest in low-dose EBSD analysis focuses on 
two main applications: 1. Minimizing the interaction 
volume in the sample to improve the lateral resolution 
and 2. Enabling orientation analysis of beam-
sensitive materials. In the examples below, a Clarity 
EBSD detector was used. In addition, off-line NPAR™ 
processing was applied to maximize the indexing 
performance in areas with a rough surface.

The map in Figure 6 shows the microstructure in the 
transition zone from calcite to the aragonite nacre 
in an Atrina Pectinata shell. Mollusk shells and the 
aragonite nacre, in particular, are highly sensitive to 
the electron beam and require low-dose conditions 
for successful analysis.

At the calcite-aragonite contact, a complex 
microstructure of calcite subgrains that appear 
correlated with aragonite grains of similar size is 
present. The aragonite grains first form along the 
edges of the calcite crystals and then coalesce into 
full polycrystalline covers of the columns. As a final 
step, the small aragonite crystals are then covered 
by equiaxed planar aragonite crystals that form the 
smooth nacre structure that coats the shell’s inside.

The first appearance of aragonite between the 
calcite pillars was visualized in detail using a 12 kV, 250 
pA electron beam (Figure 7).

Low-dose EBSD is also necessary to investigate 
different perovskite materials for their photoelectronic 
properties. Figure 8 shows the microstructure of an 
inorganic halide perovskite (CsPbI3). The SEM image 
shows sintered grain clusters on a glass substrate that 
exhibit a radial structure from a central point. EBSD 
was used to determine if these clusters maintained 
multiple orientations, which reflect the original crystal 
orientations prior to sintering or if the sintering process 
involved full recrystallization.

Figure 6. (left) EBSD Image Quality map showing the transition zone 
from columnar calcite (lower left) to planar aragonite nacre (top 
right). (right) The detailed Inverse Pole Figure map illustrates the 
grain microstructure directly at the calcite-aragonite contact.

Figure 7. (left) Image Quality (IQ) map with (right) superimposed 
IPF map of aragonite platelets in between calcite pillars.

Figure 8. (left) SEM image and (right) IPF map of CsPbI3 halide 
perovskite collected using 15 kV and 300 pA electron beam. The 
larger grains are an orthorhombic phase; in between these grains, 
a small fraction of a cubic phase was observed.  
 
Sample courtesy of Dr. Julian Steele (KU Leuven, Belgium)
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Electron Backscatter Diffraction (EBSD) data 
is often used to characterize microstructures 
before and after an experiment. For example, a 
mechanical test to explore deformation mechanisms 
or a heating experiment to gain insight into 
nucleation, recrystallization, grain growth, or phase 
transformations. Below are some tips and tricks used in 
an in-situ study on a steel sample deformed in uniaxial 
tension1. During the tensile test, EBSD scans were 
acquired after increments of 1% strain to 10%. This 
article focuses on the scans at 0% and 10% strain as an 
example of a before and after test. Figure 1 shows the 
Inverse Pole Figure (IPF) maps at 0% and 10% strain. 

Several observations can be made from a cursory 
glance at these two maps.

• There appears to be a few more mis-indexed 
points in the 10% strain map. This is expected for 
two reasons. (1) Repeated scanning of the same 
area during the in-situ experiment leads to a 
build-up of carbon contamination that produces 
lower quality patterns. In this case, it is not severe, 
as there is no significant distortion of the grain 
shapes between the two scans, which would 
be evidence of beam drift – some distortion is 
expected because of deformation. (2) The in-situ 
deformation produces some surface roughening 
which also harms pattern quality.

• The two scans are slightly shifted relative to 
each other. This is often the case during in-situ 
experiments. Some of the shift is due to physical 
deformation, particularly in the horizontal 

direction, particularly in this case, as this is the 
tensile direction.

• There are large orientation gradients within grains 
after strain. This is where we focus our attention.

There are many ways to explore orientation changes 
within grains. In this article, we explore four different 
ways.

1. Use the kernel average misorientation (KAM) 
values in two different ways. 
 
a. Select Multichart from the right-mouse drop- 
 down menu at the project level in the project 
 tree (Figure 2). 

 
 
 
 
 
 
 
 
The dialog box shown in Figure 3 appears.  
 Select Kernel Average Misorientation from the  
 drop-down menu. Then use the Add button to  
 add separate curves to the Multichart for both  
 the 0% and 10% strained datasets. 

TIPS & TRICKS

Before and After Deformation

Figure 1. Orientation maps (ND IPF) for 0% and 10% strained steel.

Figure 2. Multichart option in the Project menu.

Figure 3. Multichart dialog.
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 This results in the plot shown in Figure 4a.  
 Note, the major differences between  
 the two curves are near the left edge of the  
 x-axis. Thus, it makes sense to focus on the  
 distributions at smaller KAM values. Figure 4b  
 shows a chart created where the maximum  
 value in a KAM is set to 1.5° instead of the 5°  
 default. Note, in this chart, the differences  
 are still quite small and concentrated around  
 0.2°. This is right at the edge of the precision  
 limit for EBSD. This limitation can be partly  
 overcome by increasing the step  
 size between scan points in the grid. If  
 we increase the kernel size used for  
 the KAM measurements, we get something  
 more representative of what we observe by  
 eye in the orientation maps. Figure 4c shows  
 the result using a KAM of level 3.

b. The KAM distributions can be visualized using  
 KAM maps created with the same parameters  
 used in Figure 4c. These maps allow one to see  
 the general trend of increased orientation  
 dispersion within grains and see the localized  
 variances in orientation indicative of high  
 dislocation density.

2. Now we use pole figures to examine the evolution 
of the orientation variations within a couple of 
specific grains. The first step is to merge the two 
datasets into one. In this case, the 10% strain data 
is merged to the right of the 0% data. The next 
step is to create a (111) discrete pole figure for 
the merged dataset. (The size of the individual 
markers has been increased, and the horizontal 
axis re-labeled as TD (tensile direction).) The next 
step is to set the highlighting mode to grain. Set 
the highlighting gradient to a single-color blue). 
Click on the large grain at the scan area’s center 
in the right-hand map. Then switch the highlighting 
gradient to a different color (e.g., red) and click 
on the corresponding grain in the left-hand 
map. The process was repeated (with cyan and 
magenta) for the small triangular grain just above 

the large grain. The results are slightly different for 
these two grains. For the large grain, we see a 
dispersion of orientation surrounding the initial 0% 
orientation. Whereas, for the small triangular grain, 
we see more of a rigid-body rotation. However, 
this could simply be due to the section plane just 
catching the grain’s top, and the bulk of the grain 
could be above or below the sampling surface 
plane.

TIPS & TRICKS

Figure 4. KAM Multicharts for (a) default values of 1st nearest neighbor kernels and 5° maximum misorientation (b) 1st nearest neighbor 
and 1.5° maximum misorientation, and (c) 3rd nearest neighbor and 1.5° maximum misorientation.

a) b) c)

Figure 5. Orientation maps (ND IPF) for 0% and 10% strained steel.

Figure 6. Highlighting results of the merged dataset.



edax.com

6

3. Finally, we compare the two datasets pixel-by-
pixel. This requires overcoming the issues pointed 
out at the beginning, e.g., the shift between 
the two datasets and data integrity. Here, we 
address the latter first. Our goal is to repair some 
of the mis-indexed points. In this case, a dilation 
cleanup is performed but limited to allow only 
5% of the orientations to be modified. The actual 
percentage of points modified for these two 
datasets was only 0.2% for the 0% strained case 
and 0.8% for the 10% strained dataset. Performing 
this cleanup helps with the next step, aligning the 
two datasets with respect to one another. To align 
the two datasets, we use the batch processor. But 
first, we need to export the cleanup datasets as 
the batch processor acts on data saved to disk. In 
the batch processor, we only need two things, as 
shown in Figure 7; Auto align consecutive datasets 
and then save the aligned datasets to disk as .osc 
files.

Once the data is aligned, reload the aligned 
data back into OIM Analysis™. Create a data 
comparison map to further explore the texture 
evolution that occurred due to the tensile 
deformation. For the 0% dataset, create a new 
map with a color-coded type of Point-by-Point 
Comparison.

We compare the two datasets by Misorientation, 
but the coloring scheme will only be according 
to the misorientation angle (disorientation) (Figure 
8). As the alignment is never perfect, it is usually 
sensible to use the Search Kernel option. For a 
given pixel in the base data set, OIM searches the 
local neighborhood (kernel) of the corresponding 
point in the comparison dataset to find the 
point with the smallest disorientation. This helps 

overcome any slight misalignments in the data. 
Figure 9 shows the resulting map. This map gives 
an idea of where the largest orientations occurred 
during the deformation. In this case, there seems 
to be some pinning of orientation associated with 
grain boundaries and triple-points, but that is just 
a quick impression; much more effort would be 
needed to confirm this. The white gaps between 
grains are simply due to changes in grain shape 
with the deformation.

 

Reference

1. Wright SI, Suzuki S, Nowell MM (2016) In Situ EBSD 
Observations of the Evolution in Crystallographic 
Orientation with Deformation. JOM 68:2730-2736

TIPS & TRICKS

Figure 7. Batch processor.

Figure 8. Point-by-point comparison dialog.

Figure 9. Point-by-point comparison in disorientation (maximum is 
15°).
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The Velocity™ Pro is the latest addition to the Velocity 
series of Electron Backscatter Diffraction (EBSD) 
detectors. It can collect EBSD data at rates up to 
2,000 indexed points per second while requiring less 
than a 10 nA beam current. This versatile detector 
can characterize the microstructure of materials with 
high indexing success rates and orientation precision 
performance at these analytical conditions. The 
Velocity Pro was used with the  APEX™ Software for 
EBSD to characterize additively manufactured (AM) 
316L stainless steel samples in this application note.

AM materials are of significant research interest 
from both manufacturing and materials properties 
perspectives [1]. In this work, two different AM 
samples were analyzed using the Velocity Pro with 
an acquisition speed of ≈ 2,000 indexed points per 
second, operating at 20 kV and ≈10 nA incident 
beam current. The AM samples were 316L stainless 
steel alloys fabricated using laser powder-bed-fusion. 
The two samples had the same general physical 
shape. Still, the build direction was varied between 
the two, with the surface analyzed with EBSD aligned 
with the AM build direction for one sample (termed 

the normal build direction. The AM build direction 
is aligned with the horizontal X-axis of the image 
(termed the transverse build direction) for the other. 
EBSD was used to identify the differences in the 
observed microstructures relative to the different build 
directions across a range of length scales.

Initially, the Montage feature of the APEX Software 
was used to characterize the entire sample surface 
to give an overview of the microstructures. Montage 
Large Area Mapping uses stage control to collect 
an array of EBSD maps at different positions across 
the sample surface and then stitches the data 
together for subsequent analysis. This functionality 
allows for large area characterization of samples 
and can be collected efficiently with the high 
collection rates available with the Velocity cameras. 
Figure 1 shows combined image quality (IQ) and 
inverse pole figure (IPF) orientation maps from both 
the normal and transverse build direction samples. 
The IPF map colors each pixel according to the 
crystallographic orientation aligned with the normal 
direction of the sample analysis surface, while the IQ 
is a greyscale shading where the brightness increases 

with increasing EBSD pattern quality. 
The differences in orientation and 
grain structure between the two 
build directions are easily visible. The 
significant green coloring in the normal 
build direction corresponds to a <110> 
crystal direction, aligning with the build 
direction. Additional analysis of the 
orientation development can be done 
using pole figures.

Pole figures depict the distribution 
of selected crystal orientations 
relative to the sample reference 
frame. Figure 2 shows (001), (110), 
and (111) pole figures for both build 
directions. The intensity of the pole 
figures is determined using a harmonic 
series expansion approach with 
the intensities displayed in multiples 
of times random. The A1 and A2 
directions aligned with the vertical 
and horizontal directions shown in the 
EBSD maps, while the center of the 
pole figures (A3 direction) corresponds 
to the sample normal direction.

APPLICATION NOTE

Characterizing Additively Manufactured 316L Stainless Steel with the 
Velocity Pro EBSD Camera

Figure 1. Montage Large Area IQ + IPF orientation maps of the normal (top) and 
transverse (bottom) build directions.
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For the normal build direction, the center peak in 
the (110) pole figure again corresponds with the 
alignment of the normal direction with the build 
direction. The alignment of the peaks in the (001) 
pole figure with the A1 and A2 sample directions 
correspond to crystallographic alignment with the 
deposition laser’s x and y scan direction. For the 
transverse build direction, the alignment of the (110) 
intensity with the A2 sample direction shows a 90° 
change in the build direction. 

The microstructural differences between the two build 
directions can be seen in the IQ + IPF maps in Figure 3. 
For both directions, the microstructure is complicated. 
Samples fabricated with laser powder-bed-fusion 
can exhibit non-equilibrium microstructures, and 
differences in grain morphology show that grain shape 
varies relative to the build direction. The patchwork 
appearance of the normal build direction is a result 
of the 90° rotation of the laser rastering after each 
AM deposition layer. The transverse direction map 

shows that the grain structure evolves across the 
build layers, as the material is repeatedly melted and 
rapidly solidified during the deposition process. These 
structures were also analyzed with 3D EBSD to better 
understand how these structures develop [2].

The alloys fabricated in this manner have high residual 
stresses that can be investigated with EBSD and the 
Velocity Pro. Figure 4 shows a PRIAS™ (center ROI) 
map from both build directions.  PRIAS is an innovative 
imaging approach that uses regions of interest (ROIs) 
defined within the EBSD detector image as virtual 
electron detectors. With these images, an ROI was 
selected within the center of the EBSD detector. As the 
electron beam is rastered across the sample surface, 
the intensity within this ROI is recorded and then used 
to create the PRIAS image. With the center ROI, the 
primary contrast observed is orientation (channeling) 
contrast. These images show significant intensity 
variation within the primary grains, corresponding 
to a local deformation structure. Grain boundary 
overlays can be added to these images, where 
different misorientations and special grain boundary 
types can be colored for differentiation. Other PRIAS 
ROIs are useful to show phase/atomic number and 
topographic contrasts.

The misorientations within the microstructure can 
be visualized in a variety of ways [3]. Figure 5 shows 
Local Orientation Spread (LOS) maps for both 
build directions. For each pixel in a LOS map, the 
misorientation for each pixel is calculated relative to a 
kernel of adjacent pixels, with a third nearest-neighbor 
kernel is used for these images, and the calculated 
LOS values are colored according to the scale shown.

APPLICATION NOTE

Figure 2. Pole figures for the a) normal and b) transverse build 
directions.

a) b)

Figure 3. IQ + IPF orientations maps from the normal (left) and transverse (right) build directions.
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The grain structure and internal subgrain structure can 
be visualized with this approach. Velocity detectors 
are useful to achieve misorientation precisions less 
than 0.1°. This microstructure influences the material 
structure-property relationships, so the ability to 
characterize this residual deformation is important. 
Geometrically necessary dislocations can also be 
measured with improved sensitivity, achieved using 
cross-correlation-based high-angular resolution EBSD 
analysis.

These results show how the Velocity Pro is useful 
to rapidly and accurately characterize the 
microstructures of additively manufactured materials. 
Information regarding the orientation, grain boundary 
structure, grain morphology, and local deformation 
can be measured and displayed to provide an 
understanding of how the AM processing variables 
influence the final microstructure and resultant 
material properties.

EDAX would like to thank Thomas Voisin at Lawrence 
Livermore National Laboratory for providing the AM 
samples.
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APPLICATION NOTE

Figure 4. PRIAS (center ROI) maps from the normal (left), and transverse (right) build directions.

Figure 5. Third nearest-neighbor LOS maps from the normal (left) and transverse (right) build directions.
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Microscience Microscopy Congress (MMC) 
July 5 – 8   Virtual

Microscopy & Microanalysis (M&M) 
August 1 – 5   Virtual

Int’l Materials Research Congress (IMRC) 
August 15 – 20  Cancun, Mexico

Microscopy Conference (MC) 
August 22 – 26  Virtual

EVENTS AND TRAINING

2021 Worldwide Events
Ceramics Expo 
August 31 – September 1 Cleveland, OH

SEMICON Taiwan 
September 8 – 10 Taipei, Taiwan

Metallographie-Tagung 
September 29 – October 1 Virtual

The Nanotechnology Show 
October 13 – 14 Edison, NJ

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

2021 Worldwide Training

Europe

EDS Microanalysis (APEX™ EDS) 
September 13 – 14  Weiterstadt* 
October 4 – 5  Weiterstadt# 
November 22 – 24  Weiterstadt*

EBSD OIM Academy 
September 15 – 17  Weiterstadt* 
October 6 – 8  Weiterstadt#

Pegasus (EDS & EBSD) 
September 13 – 17  Weiterstadt* 
October 4 – 8  Weiterstadt#

*Presented in German 
#Presented in English

Japan

EDS Microanalysis (APEX™ EDS) 
July 9     Virtual (Advanced) 
October 15    Virtual (Beginner) 
November 19  Virtual (Advanced)

China 

EDS Microanalysis 
September 7 – 9  Shanghai (ACES) 
December 6 – 10  Shanghai (ACES)

EBSD OIM Academy 
September 14 – 16  Beijing City 
November 16– 18  Shenzhen City

North America 

EDS Microanalysis 
October 18 – 19  Mahwah, NJ

EBSD OIM Academy 
October 20 – 22  Mahwah, NJ

Pegasus (EDS & EBSD) 
October 18 – 22  Mahwah, NJ

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

Grégoire Mercier
Grégoire joined EDAX and Gatan as a Sales Engineer 
in April 2021. Based near Paris, France, he handles 
the sales of Scanning Electron Microscope (SEM) 
systems for both EDAX and Gatan in France and the 
French speaking parts of Belgium and Switzerland. The 
products Grégoire sells include all Energy Dispersive 
Spectroscopy (EDS), Electron Backscatter Diffraction 
(EBSD), and Wavelength Dispersive Spectrometry 
(WDS) systems for EDAX and all sample preparation 
system and SEM accessories for Gatan.

Over the past 22 years, Grégoire has worked in sales 
for several different distributors and companies. His 
career in electron microscopy began in 2005 at 
Elexience, a dealer for Hitachi and Thermo Fisher 
Scientific in France. From 2009-2021, Grégoire served 
as a Product Sales Specialist for Leica Microsystems. 
He oversaw sales and demos for the EM Cryo and 
room temperature sample prep systems, including 
ultramicrotomes, ion polishing, and high-pressure 
freezers.

Grégoire earned a bachelor’s degree in Sales from 
University Paris VII in 1999. He later went on complete 
his master’s degree in Biochemistry. Prior, Grégoire 
received a Licentiate degree in sales, distribution, and 
marketing operations from Ecole Super Technique 
Biologie Appliqu in 1996. He collected a Brevet de 
technician supérieur (BTS) degree in Biochemistry from 
Lycée Jean-Baptiste Poquelin in 1993.

Grégoire and his wife, Chirine have a daughter, Alix 
(18) and a son, Oscar (12). In his spare time, Grégoire 
enjoys photography and renovating his house on the 
weekends.

Rain Wang
Rain joined EDAX as a Service Administrator in March 
2019. Working out of the Shanghai, China office, she 
provides customer support for all EDAX customers 
in China. Rain’s duties include answering customer 
calls, preparing contracts, and processing orders. 
She enjoys working with her colleagues in China as 
they all work towards the same goal of improving the 
company.

Prior to EDAX, Rain worked at Teddy S.p.A. in Rimini, 
Italy from 2014-18. As the Supervisor of Quality 
Inspection, she implemented the company’s quality 
standards by conducting product inspections. Rain 
worked with her team to keep accurate inspection 
records and develop plans to improve quality control.

In 2008, Rain received a bachelor’s degree in Business 
English from Qingdao Harbour Vocational and 
Technical College in Shandong, China.

Rain and her husband, Jacky Jiang have a son, Jone 
Jiang (8). In her spare time, Rain enjoys relaxing with 
her family and taking photographs. 

Visit EDAX at the  
Microscopy & Microanalysis 
(M&M) 2021 Virtual Meeting

August 1-5, 2021

• Book a demo
• Talk to the EDAX team
• Attend our Exhibitor Spotlight or Vendor Tutorial
• Check out our poster and platform sessions

For all the latest information about EDAX at  
M&M 2021, visit edax.com/mm2021.
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AMOLF is one of the premier national research 
laboratories in The Netherlands. The lab focuses on 
functional, complex matter physics, such as light at 
the nanoscale, living matter, designer matter, and 
nanoscale solar cells. Gaining insights into these 
materials’ physics and design principles opens up 
a world of opportunities to create new, functional 
materials and find solutions to societal challenges. 
AMOLF employs over 200 people, mostly consisting 
of Ph.D. students, postdocs, senior scientists, and 
technical support staff.

The primary material challenges AMOLF faces involve 
understanding the chemical, optical, electrical, 
thermal, mechanical, and crystallographic properties 
of materials at length scales spanning the atomic 
to the macroscopic level and timescales ranging 
from femtoseconds to years. The current need is to 
measure these properties in real-time and find out how 
external stimuli influence them.

One challenge that AMOLF is working on is finding 
materials that lead to better solar cells and LEDs. The 
goal is to identify new uses for these materials, such 
as the creation of one-way streets for light, sound, 
or heat, self-organizing biologically or industrially 
relevant structures, or means of processing and storing 
information in a new and more efficient manner.

To help solve this problem, AMOLF is using an EDAX 
Clarity™ Electron Backscatter Diffraction (EBSD) 
Analysis System. Clarity is the world’s first commercial 
direct detection system to produce high-fidelity 
EBSD patterns in the scanning electron microscope. 
The Clarity provided AMOLF with a significant 
improvement in sensitivity compared to its previous, 
conventional EBSD system that included a camera 
with a phosphor screen.

“This was revolutionary for electron beam-sensitive 
materials, like metal halide perovskites, enabling 
crystallographic mapping for the first time,” said Dr. 
Erik Garnett, Group Leader – Nanoscale Solar Cells. 
“We developed our own EBSD system in collaboration 
with Amsterdam Scientific Instruments, using their 
direct electron detector, but both the hardware and 
software integration was very far from ideal. EDAX’s 
expertise in component integration and efficient 
workflows transforms the EBSD system from something 
only one experienced Ph.D. student at the institute 
could operate properly into a tool that anyone can 

learn to use in a few training sessions. For this reason, 
we were very excited when EDAX agreed to install 
their first system at AMOLF for a co-development pilot, 
while we acquire funding to purchase it in a formal 
collaboration.”

The improvement in sensitivity with the Clarity EBSD 
Analysis System has allowed AMOLF to use EBSD for 
some of its most beam-sensitive materials. This was 
nearly impossible to implement with most metal 
halide perovskites using other EBSD systems. The 
laboratory can now study the effect of grain size, 
orientation, strain, and grain boundary angle on the 
optoelectronic properties of halide perovskites and, 
ultimately, their solar cell and LED performance.

“I recommend the Clarity for anything that degrades 
rapidly under the electron beam, where you need 
very low dwell time and beam current, or anything 
that requires low voltage,” stated Dr. Garnett. 
“We can collect patterns down to around 5 kV 
accelerating voltage, and 100 ms dwell time at 100 
pA beam current, or even lower in some cases.”

For more information about AMOLF, please visit 
https://amolf.nl/.
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Figure 1. A scientist using the Clarity EBSD Analysis System at AMOLF. 
Credit: Ivar Pel.


