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Electron tomography approach is rapidly gaining prominence for solving 3-D 

morphology and structure of physical and biological materials [1]. The spatial resolution 

of electron tomography achieved in image-based 3D reconstructions is about 1 nm [2]. 

However, one of the well recognized challenges that prevents further improvement of 

resolution and spatial correlation is the “missing wedge” problem; conventional copper 

grids preclude TEM image recording at very high tilt angles. This missing wedge 

problem can be solved by using cylindrical specimens without any supporting grid, such 

that the thickness along the electron incident direction remains unchanged (or height-

adjusted) upon rotation about the cylindrical axis [3]. Here, we report 3-D electron 

tomography of Ge nanowires by an innovative specimen mounting approach and 

collecting images with a full-space tilting holder.   

Fig.1 shows a TEM image and diffraction pattern of a Ge nanowire, synthesized by 

chemical vapor deposition in a Au-catalyzed vapor-liquid-solid growth process. The 

usual approach for attaching single nanowires to the tip of full-space holder with a 

micromanipulator coupled to electron beam based welding system in the FIB is often 

difficult due to severe damage and contamination. We have developed an alternative 

sample preparation method to mount nanowires for tomographic analysis. The Ge 

nanowire synthesis was carried out on silicon micro-posts 50 µm in length and 5 µm in 

diameter. Fig. 2(a) shows an SEM image of one such micro-post. The micro-post was 

then transferred, as a whole, to the tip of the full-space tilting holder. The end of the 

micro-post, which supports many nanowires, was then welded to the end of the 

micromanipulator (Fig. 2b), for subsequent S/TEM. Three of the tilted STEM images are 

shown in Fig.3. The reconstructed 3D structure of the Ge nanowire is shown in Fig.3 (d). 

The satisfactory quality of specimen preparation protocol is evidenced by the visibility of 

clear {112} facets in the reconstructed volume, and resolution of secondary particles on 

the nanowire surface. The remainder artifacts in the reconstruction are attributed 

primarily to electron induced contamination and evaporation during data collection 

during the image acquisition process. Only three {112} planes can be distinguished in Fig. 

3(e) due to the accumulation of contamination (amorphous carbon) during imaging. The 

presentation will highlight the integration  of innovative specimen preparation with full-

tilt tomography that will be invaluable to advancing the 3-D analysis of nanostructures. [4] 
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Fig.2 (a) A micropost 

where Ge nanowires 

were fabricated and 

then transferred. (b) A 

SEM image of a Si 

micropost with Ge 

nanowires welded to the 

tip of the Hummingbird 

holder. STEM 

tomography was carried 

out on the nanowire 

indicated by the black 

arrow.    
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Fig.1 (a) A low 

magnification TEM 

image of a faceted 

Ge nanowire; (b) Its 

corresponding 

diffraction pattern, 

which shows the 

nanowire is resting 

on a {112} facet and 

the nanowire growth 

direction is along 

the <111> direction. 

(c) HREM image of 

the Ge nanowire, 

where {111} and 

{110} lattice planes 

are labeled.     
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