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    Titania based nanostructures are nowadays extensively used in many fields, like photocatalysis, 
gas sensors and photovoltaics. Immobilized titania nanostructures are considered to be the most 
suitable choice for different applications due to the potential toxicity of titania at nano scale. Thin TiO2 

layers are in most cases fixed to a specific substrate with different techniques: dip-coating, spin-
coating, wash-coating, etc. One among possible coating techniques is an electrochemical oxidation of 
titanium foil which produces perfectly self-aligned TiO2 nanotube assemblies with a stable 
substrate/TiO2 contact. Titania nanotube-arrays were produced by anodization process using 
commercially available titanium foil. The titania nanotubes were synthesized according to the 
procedure reported by Shankar et al. [1].  
    Special attention was designated to preparation of these specimens, particularly the 
nanotubes/metal interface for transmission electron microscope (TEM). A comparison between 
conventional ion milling (PIPS), ion slicing (Ion Slicer) and focused ion beam (FIB) is presented.  
    Conventional ion-milled specimens were prepared longitudinally by mechanical polishing on a 
diamond-lapping film (DLF) in cross-section geometry down to a thickness of ~5 µm, Figure 1a. An 
automatic Allied MultiPrep System was used for tripod polishing of TEM specimens. Afterwards, the 
specimens were Ar-ion thinned at an accelerating voltage 4 keV and then the voltage was reduced, 
down to 0.8 keV, using an incidence angle of 8

o
 to perforation in a Gatan, PIPS. 

    Preparation of thin foils by means of argon ion-slicing using Ion Slicer is a method that enables a 
quick preparation of high quality specimens for TEM. The TEM samples prepared by this method were 
first cut to rectangular slice into 2.8 mm in length and 0.8 mm in width and glued together face to face, 
followed by polishing in cross-section geometry down to a thickness of 115 µm. After the sample was 
processed by the above two steps, it was mounted onto the Ion Slicer holder, partially masked with a 
shield belt. Additionally, the samples were milled with the Ar-ion beam at the accelerating voltage of 6 
keV and 2.5

o
 tilt angle, and finally polished at the accelerating voltage of 2 keV and tilt angle 0.8

 o
 to 

perforation in a JEOL EM-09100IS Ion Slicer [2]. Sample before and after argon ion-slicing is shown in 
Figure 2a, 2b. 
    For TEM sample preparation using FIB (FEI Helios Nanolab650) TEM sections of the TiO2 
nanotube-array were prepared with the in-situ, lift-out technique [3]. To avoid “curtain effect” inside the 
metal titanium part of the interface the cross-section was prepared from the top of the substrate 
(metal) which was previously thinned down to 2 µm using tripod polishing. Pt protective strap was 
deposited on the area of interest. The specimen was milled using 30 KeV Ga

 
ions to form a lamella, 

Figure 3a, 3b. Using the in-situ micromanipulator (Omniprobe), the TEM lamella was lifted-out and 
positioned on a Cu lift-out grid with wide post, Figure 3c. The metal titanium / titania nanotube array 
interface clearly shows the specific morphology and size of lamellae. The interface itself is dense 
without any pores or cracks, Figure 3d. Afterwards, selected parts of the TEM lamella were thinned 
with 30 keV Ga ions to a thickness of around 50–70 nm and subsequently polished with 5 keV and 2 
keV Ga ions to remove the amorphised layer. In this way the prepared specimens were thin enough 
for TEM observation. 
    All three methods were found to be efficient for preparation of the TEM cross-sections of 
metal/oxide interface. Ion-milling method with a modified procedure requires an experienced operator 
for preparation of top quality samples. However, a very small thinned area may create a problem for 
observation. Samples prepared by ion-slicer method were not so transparent but nevertheless 
exhibited relatively large useful areas. Preparation with FIB could be automated and could be done 
quite fast (within few hours); still an experienced operator with lot of practice is required. 
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Figure 1. (a) Optical micrograph of ion-thinned specimens of TiO2 nanotube array. (b, c) TEM micrograph of TiO2 

nanotube array interface 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 2. The Ion Slicer technique for preparation of a cross-section TiO2 nanotubes material: (a) images before 

start milling and (b) images after milling. (c) TEM micrograph of TiO2 nanotube array interface 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. The FIB in-situ lift-out technique for preparation of a cross-section TiO2 nanotubes material: (a) 

sectioning of a thin lamella using focused Ga ions at 30 keV. (b) lamella with cut-offs just before the lift-out (c) the 
TEM lamella, fixed at wide post of Lift-out grid and prepared to the final thinning (d) details of metal titanium/TiO2 
nanotubes interface 

 


