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Understanding the microstructure evolution of bulk materials such as metals and alloys under 

different temperatures is critical for improving the design, processing, performance and safety of 

these materials. In recent years, it has become a trend to use MEMS based technologies for the 

development of in-situ TEM heating devices, due to the greatly improved image stability and 

dramatically reduced drift settle time. However, current MEMS heaters are mainly designed for 

applications in nano-structured materials instead of bulk samples. Unlike nano-structured 

materials such as nanoparticles and nanowires which are electron transparent and therefore can be 

observed directly inside TEM, bulk samples need to experience a series of thinning procedure (e.g. 

electropolishing, FIB milling and/or ion milling) before they become thin enough for TEM 

observations. Current MEMS membrane heaters are usually very arduous for bulk sample transfer. 

In addition, during temperature change, the heating membrane suffers from unavoidable bulging 

problem, which in turn changes the height of the sample inside the TEM. Consequently, it is very 

difficult to record successive microstructural evolution clearly, especially at atomic resolution.  

 

In this work, we develop a novel MEMS heater for bulk sample that facilitates bulk sample 

preparation and is capable of atomic scale imaging even with ramping temperature. The heater 

consists of a cantilevered hotplate with sample mounting bars for FIB. The hotplate is isolated 

with the rest part of the chip by springs as shown in Figure. 1 (a). Our design has several 

advantages: first of all, bulk sample can be easily prepared onto this heater using standard FIB lift-

out process; second, this design enables further thinning, fabricating or even nanomilling on the 

FIB transferred sample to reduce FIB damage and get high quality TEM sample; thirdly, the 

springs connecting the freestanding hotplate and the rest part of the chip can counterbalance the 

thermal expansion of the hotplate, which in turn solves the bulging problem.   

 

Using this special home-made ultra-stable in-situ heating system and the state-of-art environmental 

TEM(ETEM), hydrogen induced interface failure on aluminum was studied [1]. Hydrogenated 

aluminum nanopillars [2] fabricated from bulk pure aluminum was heated up inside an ETEM. 

The interface evolution throughout the heating process was observed from the edge-on view. We 

found that hydrogen exposure for just a few minutes can greatly sabotage the high-temperature 

integrity of the metal-oxide interface. Even for samples without obvious surface blistering, giant 

cavities can form at the metal side at elevated temperatures, while the surface oxide layer remains 

unchanged. Such giant cavities can become hidden threat for the safety of the material due to intact 

oxide layer. Moreover, a critical temperature of ~150 C was found, above which the growth of 

interfacial nano-cavities reversed to shrink, followed by the formation of a few giant cavities. 

Based on the collected data, we propose that vacancy supersaturation, activation of long-range 
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diffusion pathway along the detached interface and dissociation of hydrogen-vacancy complexes 

are the critical factors for this behavior. These results are expected to shed new light on 

understanding of hydrogen-induced interfacial failures at elevated temperature [3]. 
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Figure 1. (a)Schematic illustration of the home-made MEMS heating chip with precise 

temperature sensing and ultra-high image stability.  (b) TEM bright field image of the 

hydrogenated pillar before(left) and after(right) heating. Note the giant cavity at the top of pillar 

on the metal side. 
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