
Oxford/HKL EBSD on FEI Quanta 
Operation Instructions 

For additional assistance, please contact the facility manager. 

Please contact in emergency:   
SEM manager: Mr. Ben Myers, 1-3439 (O), 312-218-2427 (mobile) 

b-myers3@northwestern.edu 
SEM microscopist: Mr. Eric Miller, 7-0789 (O), 209-872-1851 (mobile) 
                                                           eric-miller@northwestern.edu 

NUANCE director: Prof. Vinayak P Dravid, 7-1363 (O), 847-486-1705 (h) 
v-dravid@northwestern.edu 

Please refer to the Quanta operation instructions for general operation and alignment of the SEM.  

EBSD Background 

EBSD stands for Electron BackScatter Diffraction – we are looking at diffraction of backscattered electrons by 
the crystal planes in the sample. For this technique, you can think of the primary electrons scattering randomly 
in the surface of the sample. Some of the primary electrons have enough energy to exit the surface of the sample 
and these are named backscattered electrons (BSE). Given a crystalline sample, these BSE can diffract in the 
crystal and when intercepted by a phosphor screen will generate a diffraction pattern. Since the trajectories of 
the BSE before diffraction are effectively random, the diffracted electrons lie on the surface of a very broad 
cone. Each diffraction plane appears on the phosphor screen as a pair of nearly parallel lines. The width of the 
line is related to the lattice spacing and the position is related to the orientation of the crystal. An example EBSP 
(Electron BackScatter Diffraction Pattern) for hexagonal Ba(SiO4)2 is shown below. 

To achieve good EBSD results, the most critical factor is sample preparation. This technique is extremely 
surface sensitive (<50nm penetration) and requires a very good surface finish free of residue and damage. For 
some materials, this is achieved relatively easily by mechanical polishing, while other materials may require 
electropolishing, ion beam polishing, etc. Generally, plasma cleaning the surface of the sample is a good idea. If 



you need a conductive coating, amorphous carbon is a good choice due to the low backscatter yield; however, 
the variable pressure mode on the Quanta can be used to good effect on poor conductors as well.   
 
The geometry of the EBSD system is illustrated below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sample loading and setup for EBSD 
1. In order to use EBSD, the sample must be mounted at a 70° angle to the electron beam.  To accomplish 

this in the Quanta, we need to use a pre-tilted sample holder.  To mount the pre-tilted holder, remove the 
top platform of the sample stage with a hex wrench, then remove the lower pedestal.  The single stub 
holder (dark color) can then be screwed directly to the base of the stage (mount a washer underneath for 
stability).  The pre-tilted holder (brass) can then be mounted to the single stub holder and secured with 
the set screw. 

2. Prepare the sample as necessary and mount on a SEM stub and load onto the pre-tilted holder in either 
the high angle 70° position (plan view) or 20° position (cross-section view) and secure with the set 
screws. 

3. Before closing the door, make sure the stage is in the lowest Z position.  Close the door very slowly and 
watch in the chamber camera to make sure your sample will clear the objective lens. 

4. Follow the Quanta SEM instructions to set up and align the microscope.  A general guide to conditions 
for EBSD is below: 
a) Accelerating voltage – The EBSD system is generally calibrated for 20kV, however you can work at 

a large range of voltages.  In general, higher voltage is useful for surfaces that have more damage or 
contamination.  Lower voltage will improve the spatial resolution, but will be much more sensitive 
to surface finish. 

b) Spot size/Objective aperture – Larger spot sizes and larger apertures (smaller aperture number) will 
increase the beam current.  Higher beam current will allow you to map more quickly.  In general, the 
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loss of resolution will not be significant until you get to quite large values.  Try Spot Size 3 and 
Aperture 5 to start. 

c) Working Distance – The EBSD system can accept a range of working distances from 8-16mm.  Be 
careful when setting your working distance so you don’t crash the sample into the lens!  It is best to 
mount the sample so the area of interest is highest (ie closest to the lens). 

5. When you have found your area of interest and set the working distance (8-16mm), you can insert the 
camera.  Make sure all the cables at the back of the camera are free to move, then press the “Stop” 
button followed by holdin the “In” button down until the camera starts to move.   

6. The camera will stop automatically at 197.0mm. Manually step the camera in to 208.3mm by pressing 
“Stop” and tapping the “In” button. Monitor the image of your sample on the SEM to make sure you 
don’t crash the camera into your sample (if the sample jerks suddenly, that is a good indication!). Never 
touch the phosphor coating on the camera. 

 
EBSD Data Acquisition 
7. Open the Flamenco software on the Support PC and load the EPICX profile (where ‘X’ is the highest 

number in the menu). 
8. You can capture an image in the Imaging module – set the tilt correction and dynamic focus on the SEM 

first to compensate for tilt-induced distortion. 
9. Go to the Setup module and set up the camera acquisition conditions: 
 a) Go to the Live EBPS tab and uncheck “In-software Image Enhancement” (ie, background 

subtraction).  Now you should have the raw EBSD signal showing up – It should be more intense in the 
center of the screen, fading to the edges and you may see some Kikuchi bands.  If you see unusual 
contrast, make sure the chamber camera is off. 

 b) Set the binning to the desired value (binning more pixels reduces the resolution of the EBSP, but 
increases the capture rate) 

 c) Lower the magnification so you are scanning many grains and set the timing per frame to achieve a 
good dynamic range in the EBSP (ie, no saturation). 

 d) Click the “Acquire new background” button. 
10. Set up your indexing conditions: 
 a) Load the crystal structure information under “View match units.” 
 b) Load the calibration file with the closest working distance. 
 c) Click the position beam button and move the cross-hair around until you find a clear EBSP. 
 d) Capture the EBSP, detect bands and index the pattern. 
 e) If the indexing looks correct, use the “Calibrate/refine” dialog to tweak the geometric parameters. 
 f) Continue to capture, index and refine until you consistently get a MAD less than 1. 

g) To optimize the indexing, you will likely need to adjust the band detection parameters and possible 
the EBSP geometry (ie, the green circle that determines where to look for bands). 

11. Once you have set up indexing, you are ready to start a mapping job. 
 a) Go to the Automatic module 
 b) Select New Mapping 

c) Set the number of points in X/Y and the spacing of the points – the total number of points and the 
timing per frame will largely determine the total time to acquire the map. 
d) Position the map on the image you acquired – you may need to go back to the imaging module and 
capture a new image if there is any drift. 
e) Click to add the job to the list and then run the map.  You can watch the indexing, etc. in real time, 
however the map will run faster if you minimize Flamenco. 


