
Publisher’s version  /   Version de l'éditeur: 

Vous avez des questions? Nous pouvons vous aider. Pour communiquer directement avec un auteur, consultez la 

première page de la revue dans laquelle son article a été publié afin de trouver ses coordonnées. Si vous n’arrivez 
pas à les repérer, communiquez avec nous à PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca.

Questions? Contact the NRC Publications Archive team at 

PublicationsArchive-ArchivesPublications@nrc-cnrc.gc.ca. If you wish to email the authors directly, please see the 
first page of the publication for their contact information. 

https://publications-cnrc.canada.ca/fra/droits

L’accès à ce site Web et l’utilisation de son contenu sont assujettis aux conditions présentées dans le site

LISEZ CES CONDITIONS ATTENTIVEMENT AVANT D’UTILISER CE SITE WEB.

Microscopy and Microanalysis, 28, S1, pp. 2032-2034, 2022-08-01

READ THESE TERMS AND CONDITIONS CAREFULLY BEFORE USING THIS WEBSITE. 

https://nrc-publications.canada.ca/eng/copyright

NRC Publications Archive Record / Notice des Archives des publications du CNRC :
https://nrc-publications.canada.ca/eng/view/object/?id=56806a5e-37ff-47ef-98e2-3e2d6843c4a6

https://publications-cnrc.canada.ca/fra/voir/objet/?id=56806a5e-37ff-47ef-98e2-3e2d6843c4a6

NRC Publications Archive
Archives des publications du CNRC

This publication could be one of several versions: author’s original, accepted manuscript or the publisher’s version. / 
La version de cette publication peut être l’une des suivantes : la version prépublication de l’auteur, la version 
acceptée du manuscrit ou la version de l’éditeur.

For the publisher’s version, please access the DOI link below./ Pour consulter la version de l’éditeur, utilisez le lien 
DOI ci-dessous.

https://doi.org/10.1017/S1431927622007887

Access and use of this website and the material on it  are subject to the Terms and Conditions set forth at

In-situ calibration for angle-resolved valence EELS
Malac, M.; Hayashida, M.; Müller, H.; Taniguchi, Y.; Egerton, R. F.

https://doi.org/10.1017/S1431927622007887
https://nrc-publications.canada.ca/eng/view/object/?id=56806a5e-37ff-47ef-98e2-3e2d6843c4a6
https://publications-cnrc.canada.ca/fra/voir/objet/?id=56806a5e-37ff-47ef-98e2-3e2d6843c4a6
https://nrc-publications.canada.ca/eng/copyright
https://publications-cnrc.canada.ca/fra/droits


In-situ Calibration for Angle-Resolved Valence EELS.
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Momentum-resolved electron energy loss spectroscopy (qEELS) in the optical and x-ray 
region, 1 to 10 eV, yields dispersion relations (w-q) of the observed excitations. The w-q relations
assists identification of spectral features qEELS spectra [1,2]. Accurate calibration of energy 
dispersion in eV/pixel can be routinely obtained by several methods. However, reliable 
calibration of the momentum (q) dispersion at a camera length L = 10 to 100 m, that is used for 
valence qEELS, can be challenging. We report a method for in-situ calibration of q dispersion 
using the surface plasmon polariton (SPP) in a known material.

Fig. 1 shows an example of qEELS obtained from a ≈200 nm thick silicon sample [3]. A 
Hitachi HF-3300 TEM with a cold field emission gun and CEFID spectrometer [4] was utilized 
We collected 1,000 spectra over ~210 s interval at 300 kV. The spectra were aligned and summed
using a MatlabTM script that was also for automated detection of spectral features and for fitting 
the SPP dispersion curve [5]:
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Here wP is the plasmon frequency related to its energy E = ħwP where Planck constant ħ =
6.58x10-16 eVs, and c is the speed of light.  In a material where SPP follows Eq. 1, only the 
knowledge energy calibration (horizontal axis in Fig. 1) is needed to obtain q-calibration in nm-1/
pixel. In Si plasmon energy is ≈16.7eV, and wP = EP/ħ = 2.54x1016 Hz that can be used to verify 
spectrometer energy dispersion calibration, see Fig. 1. An example fitted SPP using Eq. 1 is in 
Fig. 2. The light line, i.e. the wavevector k of light propagating in free space wL= ck, can be 
visually extracted from Fig. 1, to verify the q-calibration obtained from fit of Eq. 1. In the 
example given here, the q-calibration obtained from SPP fit (Eq.1) and from visually estimated 
light line (Fig. 1) agree within ≈6% one from another.

Fig. 2 indicates that the SPP can be detected over an energy range from ≈5 to 10eV. 
Below 5 eV, the presence Cerenkov radiation (CR) makes automated detection of SPP difficult 
while above 10 eV the SPP intensity, which decreases as q-3, is too low to detect reliably. The 
surface plasmon at ≈16.7eV/√2 sets the upper limit where bound SPP can exist [5]. Regardless 
the limited energy range, typical q-dispersion values in qEELS yield a few tens of measured SPP 
locations, sufficient to perform a fit. The light line is on the inside of the SPP and CR, see Fig 1, 
marking the region where the SPP can not exist [2]. Although automatic detection of light line is 
difficult, it has the advantage of  linear dependence on w and at any given energy, only 
fundamental constants (ħ and c) are needed to extract corresponding q value and perform q-
calibration. The SPP is affected by the presence of surface contamination but the light line that 
corresponds to propagation of light in vacuum is not affected by contamination when taken as the
boundary with the smallest slope of w–q  relation.

The sample used for the q-calibration should be sufficiently thick to prevent coupling of 
the SPP on its surfaces that splits the SPP into symmetric and asymmetric modes. Care needs to 



be taken to ensure the film is perpendicular to the incident electron beam. A lack of symmetry 
between the +q and –q branches of the SPP would indicate that the sample surfaces are not 
perpendicular to the electron beam. A Si calibration sample with dimensions ≈200 nm (thickness)
and few mm2, fabricated by a focused ion beam instrument, can be easily placed on the same 
TEM grid as a studied sample, thus providing convenient calibration standard.
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Figure captions:
Fig. 1. An example of qEELS spectra from a Si slab acquired using Hitachi HF-3300 TEM 
operated at 300 kV with CEFID spectrometer. Horizontal axis is energy loss, vertical direction is 
momentum transfer. The marked spectral features are zero-loss peak (ZLP), Čerenkov radiation 
(CR), surface plasmon-polariton (SPP) fitted using Eq. 1, bulk plasmon at wP  ≈16.7 eV. The 
light line w =cq is marked by a solid white line. The full height of the spectrum corresponds to 
1.16 nm-1 (–0.58 to +0.58) nm-1 corresponding to a maximum scattering angle ±1.1 mrad. The 
yellow rectangle marks the approximate area of automated search for SPP location.

Fig. 2 Extracted location of the SPP (blue +), SPP fit (solid red line) and calculated light line  
wL= ck (dashed green line). The SPP was extracted by finding the maximum of the SPP spectral 
feature within the yellow rectangle in Fig. 1. 


