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Strategies for high quality 
standard spectra
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Standards

• Standard spectra are spectra collected from 
materials of known composition under well 
controlled measurement conditions.

• Standard spectra provide the x-ray intensity data 
against which spectra from unknown materials will 
be compared.

• You will want a standard for each element in the 
unknown*.

• One spectrum can potentially serve as a standard 
for more than one element.

* With the exception of elements which may be deduced from stoichiometry or 
another assumption.
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The quality of standard 
spectra is critical!

A poor quality standard will cause 
damage every time it is used.  It will 

damage the results for that element and 
all the other measured elements.
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Strategy

• Collect multiple (4 or more) replica standard 
spectra and compare them one to another to 
determine if any are outliers.
• Look for changes in intensity in all the peaks associated 

with the element.
• Changes may suggest topographic effects
• Changes may suggest inhomogeneity

• Look for additional peaks
• Additional peaks may suggest contamination
• Additional peaks may suggest inhomogeneity

• Look for changes in the Bremsstralung / continuum 
background.

Any variation suggests a problem.  
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Strategy

• Discard outlier spectra
• Insist that at least 3 of the 4 spectra are 

indistinguishable except for routine variation due to 
count statistics.

• Sum together the consistent spectra to form a 
single high quality spectrum.
• Improves count statistics by summing the dose.

• Averages out any subtle differences.
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Scale all the spectra to 
the same dose.

Overlay the spectra 
and identify all the 

peaks.

Clearly these spectra have 
inconsistencies which would 
make them sub-optimal for 

use as standards.
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These four spectra are virtually 
indistinguishable at this level of scaling.  
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Even zooming in on the counts axis, 
they remain virtually indistinguishable.

These are good standards for 
either Si or N.

Subtle differences in the 
C coating and O 
contamination.
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Highlight the spectra you have 
selected to be suitable for use 
as a standard and select the 

“Make standard” menu item.
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Specify the material 
from which the spectra 

were collected.The beam energy is 
extracted from the 

spectra.

The probe dose is the 
sum of the doses 

from the individual 
spectra. If a spectrum 
is missing either the 

live time or the probe 
current you will be 
asked to provide it.

The detector 
associated with all 
the spectra.  All the 

spectra must be 
collected on the 
same detector.

The “Save” button 
saves the resulting 

spectrum directly to an 
EMSA file.

Selecting “Ok” adds the new 
standard to the Spectrum 

List.

The “Make standard” dialog 
automatically makes many sanity 

checks to ensure that the spectra are 
compatible and all the necessary 

information is provided.
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The new standard.

Contains all the data 
(composition, live time, 

probe current, etc.) 
necessary to be used as 

a standard.
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Dirty Trick? 1

Sometimes a spectrum 
will almost be a perfect 
standard except for the 

presence of an ill-
placed peak.  Use the 
Trim tool to eliminate 
the offending peak.
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The offending peak has 
been eliminated in the blue 

spectrum.

Dirty Trick? 1 (cont)
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Dirty Trick? 2

Use the calibration alien to 
fit all the elements in the 

spectrum.

Add small amounts of C 
and O to the composition 
to force the algorithm to 

fit these elements.



Nicholas W. M. Ritchie, NIST

Deselect “Add to 
database”

Select “Output 
elemental fits.”

Dirty Trick? 2 (cont)



Nicholas W. M. Ritchie, NIST

Use spectrum math to eliminating the 
offending elements.

> ls()
List the spectra

Dirty Trick? 2 (cont)



Nicholas W. M. Ritchie, NIST

Fix the “Live time” to equal that 
of the original spectrum.  

Spectrum math mucks it up in a 
way that makes sense in other 
circumstances but not this one.

Dirty Trick? 2 (cont)
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Dirty Trick? 2A

Alternatively, use the elemental fit 
spectra directly as standards for the 

elements they represent.  Remember 
their intensities are those of Si3N4 not 

pure Si or pure N.

Fitting low energy lines to within a 
fraction of a percent is challenging so 

your mileage may differ depending 
upon circumstances.




