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Construction Analysis (CA) using TEM is a well-established method for semiconductor devices to 

determine the physical structure and critical dimensions of devices. CA greatly helps in obtaining the 

design and process information on physical devices [1].  

Conventional cross-section TEM sample preparation of BEOL metal stack specimens can yield several 

problems [2]. The lamella may start to warp when the sample thickness decreases below 250 nm in Fig. 

1(a), and further thinning of the sample can destroy the top most layers of the metal stack in Fig 1(b). As 

a result, several samples need to be prepared to obtain CA of the full metal stack, thereby increasing 

sample preparation time and overall TEM analysis time. Curtaining effects in the sample due to different 

milling rates between the copper metal stack and inter-layer dielectric (ILD) can result in non-uniformity 

of the sample, hindering analysis in TEM in Fig. 1(c) [3]. 

 

With the new method, it is proposed that warpage and curtaining effects will be minimized and greatly 

improve the final quality of the lamellae with desired thickness and uniformity. Traditional in-situ lift-

out (INLO) procedure to extract the sample was employed. Prior to attaching the sample to the TEM 

grid, the sample was rotated by 90 degrees inside the chamber while attached to the manipulator. After 

the rotation, the sample was then attached to the TEM grid. Fig. 2(a) shows the sample orientation with 

respect to the grid in the proposed method. In the conventional TEM sample preparation method, side A 

of the lamella is attached to the grid. For the proposed method, side B was attached to the grid instead as 

a result of the rotation of the sample during attachment. The new milling direction was sideway from top 

down view and exposed a broader view of all the metal layers from top down as depicted by the arrow in 

Fig. 2(b). Fig. 2(c) showed an 8 metal layer lamella prepared with the proposed method.  

 

During milling, there are several milling parameters that need to be considered. First, the stage tilt angle 

is critical during the preparation. The features must be exposed evenly at the area of interest. CAD 

layout can be used as a guide to check the evenness of the milling. Second, the depth of mill is another 

parameter that needs to be adjusted. The Z height should be set such that the area of interest is fully 

covered by the milling. The area of interest is close to the top portion of the lamella. Greater Z depth is 

needed when the area of interest in located at the center portion of the lamella.  

 

The rotated milling yielded two advantages. First, the beam was milled at an angle relative to the 

sample. Curtaining was minimized in the region of interest in the new orientation. The second advantage 

to the proposed method was the final thinning procedure yielded a wider coverage as compared to the 

conventional method. As the lamella thickness reduces, the entire metal stack can still be preserved even 

if the top part of the lamella is milled away.  
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An 8 metal layer stack was prepared using the proposed method. Fig. 3(a) and (b) shows the TEM 

results from the lamella. The metal stack can be measured under TEM with reasonable uniform 

thickness across the stack as shown and no visible curtaining effect was observed at the metal stacks. 

Profile across 2um wide silicon at FEOL region showed thickness variation less than 5% in Fig. 3(c). 
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Figure 1. (a) Lamella warpage observed using traditional method of milling, (b) Top metals milled 

away due to top down ion beam exposure, (c) Curtaining from top metals down to silicon.  
 

 
Figure 2. (a) Conventional method verses new attachment method (b) Sample orientation with respect 

to the grid in the proposed method (c) TEM image of a finished sample using new proposed method. 
 

 
Figure 3.  (a) Top BEOL metal layers prepared with new attachment method (b) TEM image at FEOL 

showed no obvious curtaining (c) Thickness variation across 2 um silicon less than 5%.  


