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TEM specimen preparation is a crucial step to obtain scientific meaningful information by using 
advanced transmission electron microscopy (TEM) with atomic scale imaging and analysis 
capabilities and various in-situ experimental functions. Focus ion beam (FIB) technique has been 
widely used in TEM specimen preparation nowadays. It has various advantages as compared with 
traditional methods, but it may cause ion-beam induced damage and Ga implantation. To reduce the 
damage, low voltage ion beam is normally used for final thinning and cleaning. Low voltage ion 
beam will become much broader, which makes beam control difficult. With the development of 
NanoMill, TEM users can have more choices to prepare TEM specimens effectively and efficiently. 
 
 NanoMill is capable of focusing an Ar+ ion beam down to 1 μm and scanning a small local area on 
a FIB-prepared TEM specimen to thin the specimen further or get rid of Ga implantation and ion 
beam damaged layers. Here we would like to demonstrate a quick TEM preparation method by using 
a combination of FIB and NanoMill.   
 
First, the TEM lamella is quickly prepared by using a FIB at high voltage. The test sample is a 
multilayer oxide superlattice (ML) grown on the (100) SrTiO3 (STO) substrate (Fig.a-d). The ML is 
protected by two Pt layers, one is 100nm thick Pt layer (e-Pt) deposited by an electron beam and the 
other is 2μm thick Pt layer (i-Pt) deposited by an ion beam. The cross-section TEM specimen was 
cut along the STO [010] direction using a FIB instrument at 30kV and thinned at 15kV till the i-Pt 
layer is reduced to about 200 nm in thickness (Fig. a). The advantage of high voltage thinning is that 
the thickness of the i-Pt layer is homogeneous and so is the ML thickness. The disadvantage is that 
the damaged layer is thick and specimen quality is not suitable for atomic scale imaging in a TEM. 
As shown in Fig. b, it is ready to identify the ML, but the lattice image of ML is of poor quality.  
 
Second, the TEM specimen is further thinned in a NanoMill operated at 700eV for 20 minutes and 
cleaned at 300eV for 5 minutes for each side.  After the NanoMill thinning and cleaning, the i-Pt 
thickness is reduced to about 150 nm (Fig. c). The lattice image of ML is greatly improved, where 
the lattice fringes can be clearly seen (Fig. d). There is no damage to the top layer of the ML. The 
TEM specimen can be further improved. We did 2nd round thinning and cleaning using the same 
NanoMill operation condition and obtained excellent results. Further optimization of FIB and 
NanoMill operation conditions is in progress.   
 
In conclusion, a combination of high voltage FIB and low voltage NanoMill can produce good 
specimens to meet the needs of advanced TEM. 
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Fig. a-b, Cross-sectional TEM images of a multilayer oxide superlattice (ML) grown on the (100) 

SrTiO3 (STO) substrate. The sample was prepared by a SEM/FIB system operated at 30kV for 
cutting and 15kV for thinning. Fig. c-d, TEM images of the FIB sample further thinned and cleaned 
by a low voltage Ar+ ion beam.  


