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In-situ heating transmission electron microscopy (TEM) experiments in the environmental cell have 
been tried by many researchers [1]. However, heating of the specimen of 3mm in diameter causes 
severe drift during observation, which degrades the special resolution of the microscope. The heating  
holder using a wire heating filament has been developed by Kamino and Saka [2]. Although, the 
shape of the specimen was limited to powders, an atomic resolution at very high temperature has 
been obtained. The modified Kamino-Saka holder with the gas injection nozzle [3] allows the 
environmental heating experiment of the powder specimen in a gas environment at high 
temperatures. There is the strong demand of the cross-sectional observation of the specimen which 
preserves the microstructure of the material. We have employed the focused ion beam (FIB)-micro 
sampling technique [4] to prepare the specimen suitable for the in-situ environmental heating 
experiment using Kamino-Saka holder. The sublimation process of Cu and the surface partial 
melting of Al have been observed. 

The FIB fabricated thin plate-like specimen was picked up by a micro-sampling needle. The heating 
filament was fixed onto the U-shaped Cu plate using spot welding, which we named the filament 
cassette. The filament cassette which can be fixed to the electrodes of the modified Kamino-Saka 
holder has been fixed to the FIB dedicated TEM specimen holder (Enomoto A&V FIB Holder) first. 
Then the specimen holder was tilted 90 degree and the filament cassette was placed vertically 
keeping the filament upward in the FIB. Then the micro-sampled specimen was fixed onto the 
heating wire of the filament cassette using ion beam assisted W deposition. The specimen holder was 
moved to the CVD coating apparatus (Enomoto A&V HC-1030) and then whole the surface of the 
specimen was coated by the plasma-polymerized film of CH4 and C2H2. After the coating, the 
specimen holder was moved back to FIB, and then a part of the film along the edge of the specimen 
was removed, which corresponded to the original surface of the specimen, to expose to the vacuum 
and/or environment. The prepared filament cassette with the specimen was fix onto the electrodes of 
the Kamino-Saka holder using screws and then the U-shape stem of the filament cassette was cut to 
separate the stem into two electrodes for both side of the electrodes of the holder. TEM observation 
has been performed in a JEOL JEM-1000K RS at an accelerating voltage of 1MV. 

The surface of standard electrode quality Cu (99.96%) was observed. Fig. 1(a) shows the as-
prepared specimen. The surface of the specimen on both side and the edge was coated by the 
plasma-polymerized film with the thickness of about 500nm except the central FIB removed part. 
The natural surface oxide layer sustained up to 980ºC. At 980ºC, as shown in Fig. 1(b) after the part 
of the oxide layer was broken, the rapid sublimation of Cu initiated the growth of the cavity between 
the plasma-polymerized film and Cu. As the result of cavity expansion, whole the thin membrane of 
Cu has been sublimated as shown in Fig. 1(c).. 

The wedge shape pure Al specimen completely coated by the plasma-polymerized film was 
observed at around melting temperature. Figure 2 shows partial melting from the edge of the 
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specimen. The broken lines in the figures indicate the interface between the Al and the surface 
coated plasma-polymerized film. The position of solid-liquid interfaces were indicated by the gray 
and white triangles for both side of the figures. It was found that the position of sold-liquid interface 
could be controlled reproducibly as a function of heating current as shown in Fig. 2(a), (b) and (c). 
The position of solid-liquid interface of wedge shape specimen can be estimated using 
thermodynamics [5]. If the piece of the FIB fabricated wedge shaped material is fixed to the 
observing area of the TEM specimen, the direct measurement of the local area temperature on the 
TEM specimen could be possible. 

The cross-sectional view of the sublimation process of Cu and the surface partial melting of Al have 
been observed. This method can be applicable any kind of material. Partial melting of wedge shaped 
Al suggested the possibility of local area temperature measurement of the TEM specimen. 
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FIG. 1.  The cross-sectional view of the surface of Cu specimen (a) before heating, (b) during 
cavity formation at 980ºC and (c) after heating . 

FIG. 2.  Partial melting of the wedge shaped Al. The position of the solid-liquid interface can be 
controlled by changing the heating current to (a) 195mA, (b) 196mA and (c) 197mA, reproducibly.
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