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Abstract: Surface mounting technology (SMT) is the main manufacturing process used in the electronics assembly industry. 
It is critical to improve the first-time-yield of printed circuit boards (PCBs) in an SMT assembly to save the manufacturing 
costs. The stencil printing process (SPP) is one of the main contributors to the SMT soldering defects. This research is motivated 
by enhancing the SPP from early detection and prediction of unnatural patterns in the deposited solder paste volume. A novel 
multi-stage predictive abnormality detection framework is proposed for the SPP. At the first stage, a support vector regression 
(SVR) based exponential weighted moving average (EWMA) control chart is developed to effectively monitor highly 
autocorrelated SPP system and identify the existing patterns. At the second stage, a support vector machine (SVM) predictive 
modeling is used to predict the occurrence of abnormal patterns before they arise based on several statistical features extracted 
from the control chart patterns (CCPs) using a moving window recognition approach. Once abnormal conditions are recognized, 
appropriate corrective actions can be taken to the SPP. The experimental results confirm the effectiveness of the proposed 
model architecture in early detection and prediction of the abnormal CCPs to prevent solder paste printing defects and reduce 
high reworking costs for large scale production. 
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1. Introduction 
 
Surface mounting technology (SMT) is a principal technique used in the assembly industry of sophisticated 

electronics, in which surface mounted components (SMCs) are directly attached to the printed circuit board (PCB) pads. The 
assembled PCBs go through three subsequent operations including solder paste printing (SPP) process, pick and place (P&P) 
step, and solder reflow stage.  Consequently, the output quality of the first stage significantly affects that of subsequent stages. 
Therefore, any solder paste printing defect can lead to poor quality in the downstream SMT stages. According to the literature, 
about 50-70% of the SMT soldering defects are caused by the SPP process (Ma, 2018). Furthermore, defect correction costs 
usually increase five to tenfold with each preceding step in the SMT assembly line (Amir, 1994).  Accordingly, earlier abnormal 
patterns detection in the SPP process can enhance the first-pass yield of PCBs and consequently, reduce the rework costs. 

The SPP is extremely sensitive to the volume of solder paste allocated on the top of each component pad, it acts as a 
vital response in the SPP. Many studies have utilized the convectional Shewhart control chart, which is one of the most widely 
statistical process control (SPC) tools adopted in the SMT industry, to recognize abnormal patterns presence within the 
deposited solder paste volumes by continuously monitoring both outputs mean and variation about the mean. The sample 
statistics are plotted on a control chart, then if any point exceeded a predefined limit, this indicates that the process is not 
functioning properly due to the presence of an assignable cause. Therefore, quality experts can search for potential causes and 
take appropriate corrective actions to return the SPP process into normal conditions. Once detected abnormal patterns are 
corrected, this can reduce the high reworking cost. 

However, utilizing the traditional Shewhart control charts to detect abnormal patterns within the SPP is not very useful 
to minimize the number of defective parts, since they signal after the product has already failed, then appropriate corrective 
action can be made. Furthermore, since the solder paste printing quality is significantly influenced by various process factors 
simultaneously, the outcomes of using these control charts could be biased. Using the traditional Shewhart control charts 
requires a fundamental assumption, that the process data should not be autocorrelated, which is a predominant problem in SMT 
data (Gauri, 2009). Instead, the focus of this research is on predicting the abnormal patterns before leading to the production 
of defective boards. Once an abnormal pattern is predicted, a quality expert can take proper preventive action before a defective 
part is produced. Therefore, this preventive policy can significantly eliminate solder printing defects, and consequently, 
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