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Abstract 
Advances in X-ray microanalysis and backscatter electron 
diffraction instrumentation and software allow analysts  
to investigate crystalline materials at ever faster speeds. 
Using electron microscope chambers with ideal port 
geometries, where all detectors point at the same area of 
the tilted sample, it is possible to collect EBSD, EDS and 
WDS data simultaneously with no loss in acquisition  
performance. The increase in lab efficiency is remarkable.    

Introduction
The managers of materials characterization laboratories 
desire to process more samples and therefore serve more 
customers. Analysts would like to collect every piece of 
information about their sample in as little time as possible 
to increase their efficiency in the lab. Some instrumentation 
parameters are under the control of the operators, but 
many are defined by the capabilities of the instruments. 
Analysts desire that the equipment has the fastest 
acquisitions possible at the highest quality of data to 
satisfy the needs of the analyses and their customers.

Collecting EDS data simultaneously with EBSD helps with 
the interpretation of the sample structural characterization. 
The more information that is collected from the sample, 
the higher the confidence that the analyst has in the 
interpretation and characterization. Although collection 
of EDS elemental maps is useful in this regard, the 
collection of full spectral imaging data sets is a more 
modern method that provides much more useful interpretive 
chemical characterization routines. These include but are 
not limited to elemental gross count maps, quantitative 
elemental maps, and phase maps usually derived from 
multivariate statistical analyses (MSA).

The speed that data can be collected from a sample 
depends upon many hardware and software design and 
operational settings. For EBSD, these include, but are not 
limited to, SEM beam current and voltage, sample 
backscatter coefficient, optic efficiencies, camera sensitivity, 

camera exposure and gain settings. The operator has 
control of the SEM operating conditions and the EBSD 
software provides control of the camera operating 
conditions. The EBSD mapping software must also adjust 
the beam location and dwell time in a synchronous 
manner to the camera operation. For complete sample 
characterization, the analysts will employ multiple 
detection schemes simultaneously. The additional 
detectors are typically EDS, but WDS detectors can also 
be employed. Typically the EBSD dwell times are much 
slower than contemporary EDS mapping dwell times. The 
synchronization of these acquisitions affects the quality of 
the simultaneous data streams. At slow acquisition speeds 
or long dwell times, the timing of these acquisitions can 
be quite good. At higher speeds, care must be taken in the 
hardware design to make sure that the quality of the data 
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remains high under tight timing constraints. If the 
synchronization of the acquisitions is not maintained,  
then there will be a time offset of one data set with respect 
to the other which will manifest itself in a spatial offset in 
one of the data maps. This spatial offset is expected to 
increase with acquisition rate and produce incorrect 
spatial distributions.

System Design
Synchronizing the data for each pixel location can be 
determined using either software or hardware triggering. 
When using software triggering, the delay from command 
initiation until each hardware response or reaction must 
be accurately characterized. It is preferred that these 
delays be as short as possible and as consistent as possible 
to each detector. The software systems that provide the 
needed repeatability are real-time operating systems. 
Typically the systems with the most temporal uncertainty 
are consumer operating systems. The additional requirement 
of coordinating two or more detectors with the initiation 
signal further complicates matters by having multiple 
independent delays. The best method to have multiple 
detectors initialize simultaneous acquisitions is through 
hardware triggering from a real-time operating system to 
all detection sub-systems.

Samples
The simultaneous collection of EBSD and EDS signals  
is very useful for the complete and accurate structural 
characterization of samples. The conclusions reached  
with the elemental analyses can be used to refine the 
interpretation of the crystallographic analyses for more 
confident reporting. The ability to perform these analyses 
at the full speed of the acquisition hardware can be 
beneficial in increasing the efficiency of the lab and 
meeting the requests of the customers. 

Carbides in Nickel-Based Superalloy

Carbides are known to have beneficial effects on the high 
temperature performance of most metallic alloy systems, 
especially nickel-based systems. The primary benefit is to 
high temperature creep resistance where the stable 
carbides pin grain boundaries even at elevated temperatures 
above 1000 °C. Characterization of the carbide type is 
crucial in tailoring structure to properties. Characterizing 
carbide orientations may prove beneficial to further 
benefit properties. NbC particles are under investigation 
in creep-resistant nickel-based superalloys. At the current 
time, the size and distribution of the carbides is such  
that many analyses must be performed to collect meaningful 
statistics. Acquisition speed is therefore of prime  
consideration in the design of characterization experiments.

Alloy 2205

Alloy 2205 is a dual-phase stainless steel with a high yield 
strength and good corrosion resistance. The two phases 
are face-centered cubic and body-centered cubic, and the 
chemistries differ between the two phases. Simultaneously 
collecting a full EDS spectrum and EBSD pattern at each 
point as the beam rasters over the sample permits the 
microstructures and chemistries of the two distinct phases 
to be determined in a matter of minutes. By collecting 
spectral images during EBSD analysis, the analyst does 
not have to predefine elements for mapping and the 
analysis provides a more complete picture of the sample 
chemistry. The spectral images can be further processed  
by removing the background and performing peak 
deconvolution to produce quantitative elemental maps. 
Furthermore, the spectral images may be processed using 
COMPASS multivariate statistical analysis software to 
clearly define maps of the distinct chemical phases rather 
than just raw element distributions. Overlap of the 
chemical and orientation results aids in the material 
interpretation.

Dual-Phase Steel

Many dual-phase materials are produced to balance the 
best properties of the two phases. Controlling the size of 
the phases can be an extremely important operation to 
obtain the optimum properties. The balance of the volume 
fraction of the phases depends on a subtle balance of the 
composition of the parent material and the heat treatment 
temperature. This material has a very fine FCC particle 
structure within the BCC matrix material. Understanding 
the size, shape, composition, and relative orientation of 
the phases will help in advancing the properties of this 
material further.



Experimental 
The samples were polished down to 1 μm diamond,  
then final polished using a vibratory polish for 15 to 60 
minutes. The samples were placed in a FESEM in high 
vacuum using a 70 degree pre-tilted sample holder. The 
beam energy was 20 keV and the beam current varied for 
each sample. The Thermo Scientific NORAN System 7 
was connected to an UltraDry EDS silicon drift detector 
and a QuasOr EBSD detector. 

Camera exposure times varied for the different samples 
but were typically 1-5 ms. The EDS pixels dwell times 
were automatically set by the acquisition software with  
a value long enough to collect and transfer the EBSD 
camera information. The camera binning value was 
typically set to 8 × 8, but some acquisitions were collected 
using a binning value of 4 × 4. The EBSD and EDS 
mapping resolution was typically 256 × 198 pixels using 
beam tilt correction for the sample tilt. Multiple crystal 
structures were selected for crystallographic differentiation 
of the phases in the samples.

During the acquisition process at high speeds, the number 
of graphic display elements in the software was minimized 
to reduce the computer CPU loading. Typically Pattern 
Quality (PQ), Indexing Quality (IQ), and Euler color 
orientation maps for each phase were displayed. The 
individual diffraction patterns of each pixel were saved 
for some of the acquisitions. 

EDS spectral imaging data are presented in a number of 
different formats. Elemental gross or region-of-interest 
(ROI) count maps are the most basic. They are simply a 
count of the number of detected X-rays within an energy 
range. Elemental quantitative maps are more accurate 
representations of the elemental distributions because of 
the spectral background subtraction, peak deconvolution, 
and the matrix corrections. Complementing the diffraction 
phase analysis are the preferred EDS spectral imaging 
analysis methods MSA and phase mapping.

Results and Discussion

Carbides – Figure 1a & 1b

There was little contrast within the grains of the matrix 
material but the carbides are readily apparent in the  
electron image. Secondary electron imaging shows that 
they are prominent on the polished surface, indicative  
of their known high hardness. Backscattered electron 
imaging shows them as brightly imaging, indicating high 
atomic number relative to the nickel matrix. EDS spectra 
indicated a peak for both Nb and Mo in the particles, but 
the Mo contribution was determined to be coming from 
matrix contribution when analyzing the small particles. 
An X-ray peak was visible near 280 eV indicating the 
possibility of boron enrichment. However, use of WDS 
confirmed that this peak was only the Nb-M X-ray line 
and that carbon was truly present only in the particles.

Using this information, the EBSD + EDS acquisitions 
proceeded. Both grain and phase boundaries became 
evident in the Pattern Quality (PQ) and Indexing Quality 
(IQ) maps. The IQ values were very low at the borders of 
the carbide particles because of the noted topology which 
caused some shading effects. The matrix material had 
significantly larger grains that the particles and contained 
a fair number of twins. The particles were readily indexed 
as NbC whose location matched very well with the Nb-L 
elemental distribution. The orientations of the particles was 
random did not seem to be related to the orientation of 
the matrix grains.
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Large energy range EDS spectrum with WDS spectrum Small energy range EDS spectrum with WDS spectrum

Figure 1a: EDS and WDS results for the carbides sample



EBSD PQ map EBSD IQ map

EBSD Euler orientation map for Ni EBSD Euler orientation map for NbC

Nb gross X-ray counts elemental map

Figure 1b: EBSD results for the carbides sample
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A2205– Figure 2

There is almost no contrast in the electron image of the 
polished samples for either secondary or backscattered 
electron imaging. Grain and phase contrast was readily 
apparent in both the PQ and IQ maps. The orientation 
phase maps indicated a nearly random orientation of the 
grains and the FCC phase contained a high percentage of 

twin boundaries. The same Fe-Cr-Ni elements are present 
in both phases, so the contrast in the elemental maps was 
quite low. However, quantitative maps of the elements 
raised the contrast enough to show a coordination of the 
Ni-enrichment and Cr-depletion in the FCC phase, as 
expected.

EBSD PQ map

EBSD IQ map

EBSD Euler orientation map for BCC Fe

EBSD Euler orientation map for FCC Fe

Ni-K wt% EDS X-ray map

Figure 2: EBSD and EDS results for A2205 dual-phase steel
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Dual-Phase Steel – Figure 3

There is only a hint of contrast in the electron image of 
the polished samples for either secondary or backscattered 
electron imaging. Grain and phase contrast was readily 
apparent in both the PQ and IQ maps. The orientation 
phase maps indicated a highly aligned BCC matrix phase 
and a nearly random orientation of the grains in the FCC 
phase which contained a limited percentage of twin 

boundaries. The same Fe-Cr-Ni elements are present in 
both phases, so the contrast in the elemental maps was 
quite low, confirmed by the phase spectra of the phases. 
MSA was used to isolate the pixels of each chemical phase 
within the analysis region. The chemical and orientation 
phase maps matched very well.

EBSD PQ map

EBSD PQ map

EBSD Euler orientation map of BCC Fe

EBSD Euler orientation map of FCC Fe

EDS spectra of the phases: Red-line is Cr-enriched, Yellow-shaded is  
Ni-enriched

MSA phase maps: Red is Cr-enriched, Yellow is Ni-enriched

Figure 3:  EBSD and EDS results from dual-phase steel
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Conclusion
Analysts would like to collect as much information as  
possible from a sample to have a high confidence in the 
interpretation that they present to their customers. 
Collecting a variety of complementary information  
simultaneously is a highly desired trait in an analysis  
system. The ability to collect that information at the  
highest speed possible increases the efficiency of the  
laboratory. EDS, WDS and EBSD contain complementary 
crystallographic and compositional information needed  
to correctly identify unique phases in materials.

AN52296_E 03/12M

Africa  +27 11 822 4120
Australia  +61 3 9757 4300
Austria  +43 1 333 50 34 0
Belgium  +32 53 73 42 41
Canada  +1 800 530 8447
China  +86 10 8419 3588

Denmark  +45 70 23 62 60
Europe-Other  +43 1 333 50 34 0
Finland/Norway/Sweden   
 +46 8 556 468 00
France  +33 1 60 92 48 00
Germany  +49 6103 408 1014

India  +91 22 6742 9434
Italy  +39 02 950 591
Japan  +81 45 453 9100
Latin America  +1 561 688 8700
Middle East  +43 1 333 50 34 0
Netherlands  +31 76 579 55 55

New Zealand  +64 9 980 6700
Russia/CIS  +43 1 333 50 34 0
Spain  +34 914 845 965
Switzerland  +41 61 716 77 00
UK  +44 1442 233555
USA  +1 800 532 4752

thermoscientific.com
©2012 Thermo Fisher Scientific Inc. All rights reserved. ISO is a trademark of the International Standards Organization.   
All other trademarks are the property of Thermo Fisher Scientific Inc. and its subsidiaries. Specifications, terms and pricing are  
subject to change. Not all products are available in all countries. Please consult your local sales representative for details.

Thermo Electron Scientific 
Instruments LLC, Madison, WI 
USA is ISO Certified.


