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High reliability capacitors require a dielectric layer with both high electrical resistivity and high static 
dielectric constant. The most commonly used material platform for low cost, base metal electrode 
capacitors (BME) consists of nickel electrodes and barium titanate-based dielectric layers. Barium 
titanate (BaTiO3) is ferroelectric material with dielectric constant that depends on factors including grain 
size and density of ferroelectric domain walls. Failure in BME’s typically occurs by slow degradation in 
electrical resistance followed by a rapid thermal event leading to a short. The initial degradation depends 
on the structure and composition of the BaTiO3-based dielectric and in particular oxygen vacancies that 
result from sintering in reducing environments. Oxygen vacancies in the BaTiO3 act as n-type dopants 
and reduce resistivity [1]. Considerable efforts have been made to counteract the effect of oxygen 
vacancies and restore the high resistivity by the addition of trace elements that replace the Ti

+4
 ions and 

act as p-type dopants. However, these elements can affect ferroelectric ordering. Furthermore, the 
distribution of trace elements is typically concentrated near the grain boundaries resulting in grains with 
non-uniform characteristics. Thus to create reliable capacitors the relationship between the local crystal 
structure, ferroelectric domain structure, electrical resistivity, and chemical composition is important to 
understand. 
 
A single layer of nickel – BaTiO3 capacitor is prepared by focused ion beam lift-out and FIB deposited 
Pt to make electrical contacts to commercially available TEM grids with electrical leads (designed 
previously by our group [2]) enabling external electrical biasing and in-situ stressing and measurements 
of leakage current in the TEM. This allows us to create unique specimens with BaTiO3 dielectric layers 
harvested from commercial BME capacitors to study electrical degradation while simultaneously 
characterizing structure, composition, and ferroelectric ordering [3]. An image of a nickel – BaTiO3 

sample with Pt connections to an external voltage supply is shown in Figure 1(a), and a higher 
magnification image of a set of grains with one showing the characteristic domain wall stripe pattern 
(with grain marked by a black arrow) is shown in Figure 1(b). 
 
From in-situ electrical measurements of the as-prepared sample, we estimate that resistivity of the 
specimen is 4-5 orders of magnitude lower than expected for doped BaTiO3 [4]. This suggests that 
current leakage is due to surface contamination and therefore pointing to the need for an improved 
surface passivation approach to study the capacitor in the TEM. 
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(a)       (b)   

Figure 1.  (a) A scanning transmission image of a single, electron transparent layer of nickel-

BaTiO3 capacitor wired with Pt contacts for in-situ TEM analysis.  (b) higher magnification 

image of the part of the same sample showing the BaTiO3 grain structure and ferroelectric 

domains in the grain marked with the black arrow.  
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