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Abstract 

This research proposes an optimization approach to enhance the stencil printing process (SPP) in surface mount printed circuit 
board (PCB) assembly. Stencil printing behavior is affected by many variables including stencil design, solder paste composition, 
squeegee speed and pressure, and other environmental conditions. In this research, support vector regression (SVR) model is 
trained to capture the complex relationships among these variables, based on historical data. A mixed-integer linear programming 
(MILP) model is proposed to minimize the total absolute predicted deviation of average volume transfer from target. The optimal 
printing settings are retrieved for different sample problems with low computational cost.  
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1. Introduction 

Surface mount technology (SMT) is an essential method used to assemble different types of sophisticated 
electronic devices. Stencil printing process (SPP), pick and place (P&P), and solder reflow are the main three 
operations in surface mount assembly (SMA) as illustrated in Fig. 1. SPP involves depositing solder paste onto the 
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printed circuit board (PCB) pads by using a stencil and squeegee. In P&P operation, the surface mount components 
(SMCs) are placed on top of PCB pads. A reflow oven is used to heat the assembled PCB to produce solder joints 
with maintaining the original material characteristics.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Surface mount assembly process (Retrieved from [1]). 

Printing defects such as an inadequate deposition volume of solder paste can lead to PCB failure and substantial 
repairing and reworking costs. It is widely recognized that 60% of soldering defects in PCB assembly are associated 
with SPP [1-4]. Furthermore, 40% of production time is related to troubleshooting the problems resulted from poor 
printing application [5]. To prevent from solder joint failures, it is necessary to control the amount of solder paste 
and ensure that it is close to the target transfer. Target value indicates 100% volume transfer, which is the ratio 
between the actual volume of solder paste deposit and the volume of the corresponding aperture. Short or excessive 
depositions lead to different printing defects such as bridges, shifting, slumping, and incompleteness, which can 
significantly cause PCB failure. Thus, it becomes necessary to optimize the variables that affect the stencil printing 
behavior to 1) increase the quality of prints and first-pass yields, 2) supply the other SMA stages with conforming 
products, 3) minimize the rework and repair costs, and 4) ultimately reduce the associated manufacturing costs. 

Many researchers investigated the different influential control variables on stencil printing (e.g., product 
configuration, squeegee speed and pressure, solder paste composition, stencil design, etc.) to improve the printing 
performance [6-14]. The consistency of solder paste pattern is affected by paste particle size, the rheology and 
distribution of paste, and the change in temperature and viscosity during printing [15-17]. Snap-off distance was 
found to impact the solder paste deposition significantly in [18]. Aperture design was declared as an important factor 
to achieve a proper paste volume [19].  The importance of stencil thickness and aperture area in SPP was highlighted 
in [14]. Squeegee pressure and speed were also indicated as controllable variables that improve the SPP performance 
[15]. In this research, 13 features are selected to train the prediction model based on the literature [4, 14-17, 20-22] 
and the domain knowledge. 

In the literature, there are mainly three common data-driven methodologies that are currently applied to enhance 
the soldering quality and attain defect-free SMA line. Design of experiments (DOE) is extensively used in this 
domain to investigate the relationships between the SPP variables and solder paste deposition. Moreover, DOE 
analysis is utilized to statistically identify the variables that affect the printing outputs significantly. This approach is 
mainly followed by response surface optimization or Taguchi based methods to retrieve the optimal printing 
conditions [4, 6, 23-27]. Statistical process control (SPC) method is widely used to monitor the significant 
characteristics that impact the soldering quality. SPC system improves the printing quality by controlling the 
variability in the process and early detection of defects [28, 29]. Lastly, artificial intelligence (AI) approaches 
including neural networks, rough-set algorithm, and neuro-fuzzy are utilized to acquire knowledge on the essential 
variables that affect the performance of any SMA operation [1, 28, 30]. Generally, these AI approaches are followed 
by metaheuristic optimization to retrieve the optimal/near optimal printing conditions [1].  

In this research, a new approach is proposed to optimize the stencil printing parameters, which combines data 
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