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Scatterometry-based CD, also known as Optical CD (OCD) significantly matches CD-SEM in accuracy and 

precision, in addition to offering superior full-profile reconstruction.  OCD, however, is computationally intensive.  

For solver-based OCD, a Maxwell’s equation solver, typically employing a Rigorous Coupled Wave Analysis 

(RCWA), is used to compute pupil maps with diffracted zero or first orders for gratings with different parameters. 

This computation has to be repeated many times per measurement, within an optimization algorithm in order to find 

the grating parameters that minimize the cost function between the sample pupil map and the simulated pupil map. 

An example of this is ASML’s YieldStar S-200C in-line metrology tool. Library-based OCD is faster when 

measuring, but requires a massive pre-computed library of different profiles, needing hours or days of computation 

time to construct.  

In this paper, our objective is to construct an extremely fast screening tool that determines whether a sample should 

or should not proceed to subsequent manufacturing steps. To this end we examine the diffracted pupil map in order 

to determine whether a sample is in or out of its specification limits. This allows us to allocate traditional metrology 

resources only on samples that show unusual behavior. Our screening tool is computationally efficient since it uses 

supervised classification techniques on the patterns observed in the pupil map. While training is required, it can be 

accomplished by a number of RCWA computations that is orders of magnitude smaller than what is needed in 

typical library-based OCD. No RCWA computation is needed during actual inspection, and classification is very 

quickly accomplished using closed-form expressions.  

The proposed system is constructed by using each pixel of the pupil map as a feature, resulting in a high-

dimensional binary classification problem. Support Vector Machines (SVM) are trained and applied to classify each 

incoming sample as in-spec or out-of-spec. We have analyzed both simulated and FEM data for 2 different types of 

periodic grating profiles. For simulated data, we generate pupil maps for mid-CD in-spec, and out-of-spec samples; 

for FEM data, we use the optical signatures from rectangular silicon-BARC-photoresist stacks exposed with a focus-

exposure matrix. The grating dimensions were nominally around 45(90) and 150 (600), where CD (pitch) in nm. For 

both cases we use the 10% process window and analyze misclassification rates as well as false and missed alarm 

rates. 

Results show that our prototype screening system is approximately 100 times faster than solver-based OCD while its 

misclassification errors are on the order of 5% or less for simulated cases and 2-11% for FEM gratings. 

 

 

 

 

 

 



 

Figure 1. Example of a polyhedron classifier. The colored samples represent distinct  modes of failure corresponding 

to parameter specifications. The black points are in-spec samples. 

 

Figure 2. Classification accuracies for test set using simulated data for SVM’s with different kernel functions.  Non-

linear kernel SVM’s and the polyhedral SVM have the highest accuracies.  

 


