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Scanning electron microscopy (SEM) has two distinct advantages over optical microscopy -far better 
spatial resolution and capability of obtaining local as well as average composition-. These advantages 
have fully been used for characterization of static objects with SEM equipped with X-ray spectrometers, 
especially with energy dispersive X-ray spectrometers (EDS). It is to be noted that in SEM-EDS systems 
parallel detection can be made of the X-rays in an energy range of interest. Unfortunately, for non-static 
objects, which change both structures and their compositions with time, these advantages have not fully 
been utilized. Recent technological advances, however, such as high performance personal computers, a 
high intensity, stable electron source like a field emission gun, and efficient X-ray detectors like a 
silicon drift detector, lay the foundation of dynamic microstructure observation and chemical analysis: 
observing microstructures together with analyzing their constituent compositions with time. Typical 
examples of such objects of interest are alloys during temperature change. A special specimen heating 
holder, Aduro 100 SEM (Protochips) [1], is	 now available. We have supplemented a new function 
“Play Back Analysis” [2, 3] to an EDS software, JED-2300 (JEOL) for this purpose. Now the dynamic 
microstructure observation and chemical analysis becomes a reality. 
 
In this presentation are reported two applications of dynamic observation of microstructures and analysis 
of their chemistry with SEM-EDS during temperature change to a solder and gypsum. For this study, an 
FE-SEM, JSM-7100F (JEOL) was used as an SEM. As to the solder, a Pb-Sn alloy with the eutectic 
composition was selected. The specimen with a size of 10µm x 10µm x 1µm, which is shown in Fig.1, 
was prepared with a multi beam FIB: JIB-4501 (JEOL). It was mounted on the Aduro Thermal E-chip 
(Protochips), with a manipulator equipped with a glass probe. The E-chip, on which the specimen was 
mounted, was set on a substage Aduro 100 SEM as shown in Fig.2. It was heated and cooled in the 
specimen chamber. Backscattered electron (BSE) intensities for images and X-ray intensities for EDS 
were recorded and stored together with the temperature history during temperature change. Figure 3 
shows a few typical examples of BSE compositional images in the upper column and of their 
corresponding elemental maps in the lower column, in one cycle of heating and cooling, by the help of 
the function: “Play Back Analysis” in JED-2300. The starting microstructure was a two phase mixture. 
Above 150°C, the microstructure became a single phase with a uniform composition. Upon cooling the 
eutectic structure formed below 150°C and the distribution of the two phases became coarser with 
decreasing temperature. The result of gypsum will also be reported in the presentation. In this case, the 
specimen was not a good conductor of electron so that the observation and analysis were performed in a 
low vacuum mode in which non-conductive specimens can be observed and analyzed without surface 
coating. 
 
Utilizing a special specimen heating holder, Aduro 100 SEM, with the help of the EDS software, 
JED-2300, supplemented with a new function “Play Back Analysis”, JSM-7100F can pursuit the change 
of microstructures with their corresponding elemental distribution during temperature change. 
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Fig. 1 A BSE compositional image of a 
solder specimen prepared with the FIB and 
mounted on the Aduro Thermal E-chip 
with a manipulator. 

Fig. 2 A specimen heating system, Aduro100 
SEM, set on the SEM stage. The white arrow 
points to the Aduro Thermal E-chip, on 
which the specimen was mounted. 

Fig. 3	 The microstructures and their corresponding elemental maps of a solder during 
temperature change. The temperature history is shown in the upper part. The BSE compositional 
images and their corresponding elemental maps are shown in the upper and the lower column, 
respectively. In the elemental maps red, green and yellow indicate Pb, Sn and Pb+Sn, respectively. 
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