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  3D Topological Insulators are a recently discovered class of materials [BiSb, Bi2Se3, Bi2Te3 etc.] 
which, owing to strong spin-orbit coupling, possess surface states (with a Dirac-cone line band 
dispersion) that conduct without scattering off impurities, independent of bulk states which possess a 
band gap [1],[2]. Doping, in these materials, has been used to either reduce the bulk band gap [3] or 
study the effects of magnetic order [4]. One such system is Copper (Cu) doped Bi2Se3 [5] where Cu 
doping in specific positions (intercalation sites) induces superconductivity at 5 – 10 K. Since, high 
energy-resolution electron energy loss spectroscopy (HR-EELS) [6] gives information on the 
chemical bonding and the nature of the charge distribution for each element (active site) in various 
specific environments through the near-edge fine structure, we wish to use this technique to 
understand the local electronic structure around the Copper dopant.  
  In this preliminary study, we used a Jeol 2010F TEM with a Gatan Enfina energy loss spectrometer 
to study the ELNES of Cu in the Bi2Se3 system at a resolution of 1.1eV (subsequent work will use a 
new monochromated Nion STEM). We use the FEFF8.4 code [7] to simulate ELNES of Cu doped in 
specific sites. We also used a Hitachi S-4700-I FESEM with EDX to study the distribution of 
Copper in the bulk as-grown samples. 
 
  Bi2Se3 is a [V-VI] type material that falls into the tetradymite family under the (R-3m) space group 
with a = 4.138 A⁰ and c = 28.64 A⁰. With [Se-Bi-Se-Bi-Se] forming one quintuple layer group, each 
group is bonded to the next through weak Van der Waals forces. We use a novel shear-exfoliation 
technique (mechanically shearing the TEM grid directly over the bulk crystal) to make plan-view 
TEM samples of undoped/Cu-Bi2Se3 on Au-mesh Grids with Carbon support. During this process, 
we note that out of approximately 25 TEM samples of Cu-Bi2Se3, only from 4 could we obtain a 
Copper signal on the TEM-EDS. Further, we could clearly observe the surface of the bulk crystal 
getting discolored over time from silver to orange (possibly due to oxidation). On the samples which 
show the presence of Cu, EELS spectra were obtained and as in Fig(1a and 1b) we observed two 
different types of near-edge structure. For comparison, we have performed ELNES calculations 
[Fig(1c)] using the FEFF8.4 code for two different positions of Copper – intercalation (i) and 
substitutional (subBi). The experimental Cu-ELNES, though, seemed to match neither. Instead, they 
match very well with ELNES spectra of Cu(0) as in elemental copper and Cu(+1) as in Cu2O [8]. 
This led us to two important hypotheses: (i) It is possible that Copper is not distributed 
homogeneously throughout the system during the growth (ii) Surface discoloration could possibly 
occur due to oxidation of Cu (evident from inset in [Fig.(1b)]). To further strengthen our hypothesis 
(i), we performed SEM-EDS on the bulk crystals in different regions before and after exfoliation 
using adhesive tape, as shown in Fig.(2). Here again, we noticed that there is considerable variation 
in the concentration of Cu in different regions and that in some regions it may not be present at all. 
  These results, thus, suggest inhomogeneous doping during the growth stage resulting in 
predominantly neutral Cu if present. In future we hope to extend this work, using the 



monochromated Nion-STEM, to understand the effect of growth conditions and oxidation on the 
local electronic structure of Cu in Cu-Bi2Se3.   
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Fig(1): Cu-L2,3 edge experimental data obtained from (a) Sample 8D (b) Sample 10 A, Inset: 
indicates presence of Oxygen detected. (c) FEFF 8.4 based ELNES calculations of Cu-L3 for two 
cases: BLUE – Cu substituting Bi and RED: Cu intercalates in the Van der Waals gap.    
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Fig(2): FESEM imaging of bulk Cu-Bi2Se3 at 15 keV and EDS analysis at mentioned spots (A): 
image of area before exfoliation with EDS probe size 200nm. (B): image of area after exfoliation 
with EDS probe size 2µm (except for spot 8, which covers the entire region displayed in the figure). 
(C): Tabulated weight percentages and atom percentages of Copper observed in the respective spots.   

No. Wt% At% 
1 0.00 0.00 
2 2.61 5.51 
3 0.95 2.02 
4 0.70 1.50 
5 0.00 0.00 
6 0.00 0.00 
7 0.00 0.00 
8 1.79 3.64 
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