
Data Driven Optimisation of Spatial Dynamic Sampling 
Using FSCA

Introduction

Metrology plays an essential role in meeting process performance targets in semiconductor manufacturing; however it is an expensive, time consuming and non-

value added activity. Consequently, monitoring of silicon wafers is performed via spatial (intra-wafer) and temporal (inter-wafer) sampling (Fig. 1). The challenge is

to devise a dynamic sampling plan that minimises the number of locations measured on each wafer while retaining the capacity to: (1) generate an accurate

reconstruction of the wafer profile, and; (2) detect previously unseen process behaviour in a finite time horizon.

Dynamic spatial sampling

We adopt a data driven approach [1, 2]:

Training phase:

• Historical wafer metrology data is collected into a data matrix 

(X) for a set of candidate measurement sites

• FSCA [3] is used to determine the most representative subset 

among this candidate set in the sense of the total variance 

explained metric

• Remaining sites are then clustered around the selected FSCA 

sites based on temporal correlation (Fig.2)

Operation phase:

• For each new wafer, one sample 

from each FSCA cluster is used to 

define the measurement plan (a 

different one for each wafer)

• Using the historical data, X, VM

models are estimated to reconstruct

unmeasured sites using the measured

sites as regressors

• Unmeasured sites are estimated using the VM models

• A 3-D wafer profile reconstruction is generated using the real 

and virtual measurements (Fig. 3)
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FSCA is a greedy algorithm [3, 4] that 

estimates the subset of variables that best 

represents the information contained in a set 

of candidate variables X using an iterative 

procedure consisting of  two steps: 

(1) the variable with maximum contribution 

to the variation observed in X is identified;

(2) the contribution of the identified variable 

is removed from X.
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Case study

Monitoring of a PVD process where 50 sites 

were recorded historically. 

• PCA shows that 5 PCs can explain 99% of the 

observed variance over the 50 sites

• FSCA shows that 7 FSCs (i.e. 7 sites out of 50)

are sufficient to achieve 99% reconstruction 

accuracy (Fig. 4) 
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Fig. 3: Wafer profile reconstruction using the actual measurements (left) and the FSCA-

based methodology (right).

Fig. 4: Explained variance as function of

the  number of FSCs (selected variables).

Fig. 1: Temporal and spatial sampling 

performed to monitor the wafer surface.
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Fig. 2: FSCA clusters.


