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Introduction 

 As conventional optical lithography approaches its limit in resolution, it becomes 

increasingly necessary to explore alternative forms of lithography.  Among these methods, block 

copolymer directed self-assembly (DSA) has gained traction as a low-cost, high-throughput 

method to pattern sub-20 nm contacts in integrated circuits [1].  In this process, a thin film of 

70:30 PS-b-PMMA block copolymer solution is spin coated onto a silicon wafer.  The wafer is 

then baked to allow for the self-assembly of the block copolymer film into a PS sheet with a 

periodic array of PMMA cylindrical posts.  Finally, the PMMA posts are removed to leave 

behind a porous PS film.  It has been demonstrated that through the use of small topographical 

templates made of etched silicon, the position of these posts can be controlled and placed in 

locations useful for contact patterning [2].  Studies have further shown that an essential template 

in integrated circuits forms when two contact holes are positioned very close together and the 

templates for the holes merge together into a shape resembling a peanut [3].  However, defects 

are prone to arise in the self-assembly of the two-hole pair.  For this reason, we are interested in 

being able to characterize the DSA pattern of inside peanut-shaped templates to assess the 

quantity and type of defects. 

 

Goals 

 Images of these peanut-shaped templates will be gathered from a scanning electron 

microscope (SEM).  Literature has shown that there are four main types of defects that form in 

peanut-shaped templates: patterns with no holes, patterns with one holes, patterns with three 

holes, and patterns with two holes deviating from the ideal [4] (see Figure 1).  I intend to 

automate the process of counting in an SEM image how many defects there are of each type.  

This would roughly involve the following steps: 

 

1. Detecting the peanut-shaped templates in an SEM image 

2. Detecting the holes in the SEM image 

3. Determining how many holes are in each template 

4. If two holes are present in the template, 

a. Determining if the holes are sized correctly 

b. Determining if the holes are placed correctly 

 

To detect the peanut-shaped templates and holes, I will first try three-level thresholding as 

described by Tsai and Chen [5] If traditional edge detection is not adequate for these noisy SEM 

images, then I may try Hough transform to find the holes [6]. 

 

No android device will be used in this project. 

 



 
 

FIGURE 1: This image is a representative portion of an SEM image of the DSA patterns in peanut-

shaped template, in which an example of each type of defectivity is highlighted: 3+ holes (dark 

blue), 1 hole (light blue), 0 holes (yellow), and 2 non-ideal holes (red).  Scale bar: 300 nm. 
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