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The advent of larger EDS diodes, or even multiple diodes designs, has im-
proved the raw collection angle from 0.1sr for the old 10mm2 detectors to near 
1sr using one 100mm2 or 4x30mm2 diodes. Some of them have no longer a pro-
tective window and raise the collection efficiency beyond one order of magni-
tude and even more for light elements detection like nitrogen.  

In parallel new Silicon Drift Diodes (SDD) withstand input count rates in ex-
cess of 100'000 counts/s instead of the former few thousands of Silicon-Lithium 
drifted diodes (Si-Li). This bright improvement - immediately beneficial to bulk 
sample analysis in the SEM - would be lost in high spatial resolution TEM where 
low beam current and thin sample combine to give only a weak X-ray emission 
if in parallel suppliers didn't develop brighter field emission guns and electron 
probe forming optics with correction of spherical aberration (Cs). 

Nowadays, probes less than 0.2nm in diameter and carrying current in excess 
of 1nA are available that brings single atom column microanalysis in the line of 
sight. The actual limitation becomes the sample resistance to irradiation damage 
under electron flux that may reach a few 106A/cm2. One should also be aware 
that Cs-corrected probes become strongly converging that reduces the depth of 
focus and thus requires samples as thin as some 20nm for atom resolution EDS 
mapping. EDS software still requires some development for accurate quantitative 
analysis with the new set-up of EDS diodes. 

Measurement of the composition and observation of atom distribution of ' 
and '' nanoprecipitates in a Ni-base superalloy are used here to highlight the 
power and limits of nowadays EDS microanalysis. Data were gathered on a Titan 
"cubed" 60-300 (FEI) fitted with a DCOR Cs corrector (CEOS) and ChemiSTEM 
(FEI) [1], a 4 windowless 30mm2 diodes Super-X EDS spectrometer and a high 
brightness Schottky field emission electron gun (X-FEG). 

TEM dark field and HAADF/STEM give ambiguous images of the ' and '' 
distribution. Only EDS maps bring clear phase distribution using Al and Nb as 
selective elements (Fig. 1a). Nanoprecipitates buried in the matrix prevents to get 
single phase EDS spectra. However, the high quality of elemental maps and the 
presence of Cr only in the matrix allow deconvolving the individual contribution 
of each overlapping phase and getting their actual composition [2]. 



High-resolution STEM EDS maps of alloys showing distinct atom columns 
appear significantly more delicate to obtain than for perovskites or semiconduc-
tors. On the hand the preparation of foils only a few tens of nanometres thick and 
reasonably flat is trickier in multiphase metal alloys. On the other hand, those 
seem more prone to electron beam damaging.  

 
a) Phase distribution: red (Al, '), blue (Nb, '') and dark ( ); 

b) HAADF/STEM; c) EDS atom resolution maps with ball model (left). 
 
The EDS elemental map ( ) unambiguously differentiates the 3 phases. 

Some ' and '' join on a (001) '/ '' plane to form so-called "co-precipitates". 
HAADF/STEM ( ) of a [001] '/ '' interface reveals defects at the atom 
scale along the interface and in the ' phase. EDS maps ( ) show the posi-
tion of each atom columns across the '/ '' interface. Noise reduction was per-
formed by summing equivalent columns in the direction parallel to the interface 
(200kV, 220pA, 16mrad, 330s). The interface is a pure Ni plane. Unexpectedly 
Nb is also present in ' in significant amount. The Al/Ti and Nb columns occupy 
the closest position across the interface. The probe progressively broadens be-
yond atom resolution along its path through this rather thick foil and prevents 
getting quantitative composition of single columns. 

Nowadays, EDS supersedes - with exception of the ultra-light elements (Li, 
Be, B) - the Electron Energy Loss Spectroscopy (EELS) for element mapping 
down to the nanometre scale (easier to set-up, no "delayed" or "unfavourable" 
element edges like Al in this example). At the atom resolution level, EELS keeps 
its advantage of a better signal collection but suffers from the need very thin 
samples and spatial resolution loss due to interaction delocalization for low ener-
gy edges. The main limits of EDS are nowadays the resistance of the sample to 
electron irradiation and the need for better quantification software.  

Acknowledgements: Part of the study was performed at the IC-EM/AGH-UST Kra-
kow (Prof. A. Czyrska-Filemonowicz) within ESTEEM2 project and financial support 
from the European Union under FP7 contract for Integrated Infrastructure Initiative, refer-
ence 312483 ESTEEM2. 
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Transmission electron microscopy  
of Bi1/2Na1/2TiO3–0.06BaZrxTi1-xO3 piezoceramics 
M. Zakhozheva1, L. A. Schmitt1, J. Glaum2, M. Acosta3, Wook Jo3, H.-J. Kleebe1 
1 Institute of Applied Geosciences, Technische Universität Darmstadt,  
Schnittspahnstraße 9, 64287 Darmstadt 
2 School of Materials Science and Engineering, The University of South Wales,  
New South Wales 2052, Australia 
3 Institute of Materials Science, Technische Universität Darmstadt,  
Petersenstraße 23, 64287 Darmstadt 

Lead-containing ferroelectrics with perovskite structure, such as Pb(Zr, Ti)O3 
(PZT) are widely used in electronic devices such as actuator, sensor, and 
transducer applications because of their excellent dielectric, piezoelectric and 
mechanical properties. Due to the toxicity of the heavy metal lead, much effort 
was put into the search of lead-free piezoelectric ceramics that can eventually 
replace PZT-based materials. Numerous investigations show that Bi1/2Na1/2TiO3 
(BNT)–based systems have good functional properties and can be potential 
materials of choice [1, 2]. 

For this study, piezoceramics of the binary system Bi1/2Na1/2TiO3–
0.06BaZrxTi1-xO3 with x = 0.02 and 0.10 were chosen (abbreviated as BNT-
BT+2Zr, BNT-BT+10Zr, respectively). These systems have been synthesized by 
a conventional solid state sintering method. The samples were investigated by 
transmission electron microscopy (TEM) and energy-dispersive X-ray 
spectroscopy (EDX). EDX analyses showed inhomogeneous distribution of Zr 
and Ti. At triple points and grain boundaries, the content of Zr is higher as 
compared to the grain interior. Electron diffraction revealed superlattice 
reflections of type 1/2{ooo} and 1/2{ooe}, where o and e denote odd and even 
Miller indexes, respectively. By the appearance of this two different type of 
superlattice reflections the coexistence of rhombohedral R3c and tetragonal 
P4bm phases is suggested for all investigated specimens. TEM studies revealed 
that the BNT-BT+2Zr specimens show homogeneous contrast and no domain-
like structure was observed (Fig. 1). Electron diffraction revealed strong 
tetragonal superlattice reflections of type ½(ooe) and weak rhombohedral 
superlattice reflections of type ½(ooo) (Fig. 1). Thereby, homogeneous contrast 
is correlated with a tetragonal P4bm phase. 

 



 
    )                ) 

Fig. 1. TEM images of BNT-BT+2Zr along the [-11-2]c zone axis. (a) bright field (BF) 
image shows a grain with homogeneous contrast. (b) corresponding SAED pattern along 
the [-11-2]c zone axis. The strong tetragonal ½ (ooe) and the weak rhombohedral ½ (ooo) 
superlattice reflections are marked with arrows. 

 
The BNT-BT+10Zr system show homogeneous contrast, “core-shell” 

structure and domain-like contrast at the grain boundaries as well as inside the 
grains (Fig. 2).  

 

 
    )                ) 

Fig. 2. TEM images of the BNT-BT+10Zr. (a) the BF image shows “core-shell” structure. 
Lamellar domain-like contrast is visible in region A. Homogeneous contrast is visible in 
region B. (b) the BF image with a domain-like structure inside the grain. Domain-like 
contrast is observed in region A. Fine nanostructured contrast is depicted in region B. 
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