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Abstract 

Problem: The manufacturing of printed circuit board (PCB) has been popularly developed, which demands quality and 
being effective in increasing customers’ satisfaction, decreasing costs, reducing defects and profitable warranty. 
However, practical experiences in the process of using statistic quality method – to be particularly significant in the 
manufacturing of PCB have shown over 60% of all circuit failures relating to the printing process which is the most 
critical step in PCB manufacturing.  

Approach: The aims of this research are to apply the Six-Sigma DMAIC to reduce the defects and improve the quality 
of PCB. At the beginning steps, process capability analysis (PCA) is employed to inspect and analyze the current 
printing operations. Afterwards, Taguchi method is applied to design experiments, analyze the significant factors and 
determine the optimum settings. 

Results: Taguchi is the core statistical tools for Six Sigma improvement and attaining a higher Six Sigma level, so by 
applying the optimal settings, the printing process can also be improved.  

Keywords: quality, Six-Sigma improvement, DMAIC, Taguchi method 

1. Introduction 

Industries are continuously facing extreme competition and the challenge of meeting increasing demands for higher 
quality products at economic costs (Nguyen & Tran, 2015). The success of an organization is directly related to how 
effective its implementation of continuous improvement is. Six-Sigma is an all-round and flexible system which can be 
used to obtain, maintain, and expand the success of a corporation. Its quality standard refers to a probability limitation 
of 3.4 errors out of a million operations during the manufacturing process (Harry & Schroeder, 2000; Nguyen et al., 
2015). For many manufacturing system, the Six-Sigma approach is an important continuous improvement 
methodology, which integrates with a business strategy based on execution of management by objectives, and effective 
project management with Define, Measure, Analyze, Improve, and Control (DMAIC) technique which is critical to 
attain excellent business performance. 

A Six Sigma is a structured and disciplined process, focused on delivering perfect product or service to the customer on 
a consistent basis. Six sigma programs have performance metrics and measurements based on cost, quality, and 
schedules. This method implementation uses a systematic procedure including the five-step DMAIC (Define, Measure, 
Analyze, Improve, and Control) methodology. The performing at six Sigma level means producing only 3.4 defects out 
of every million opportunities for a business process. There has been a significant increase and development of six 
sigma technology and methodology in organizations. Especially in the last decade, as a change and improvement 
strategy, Six Sigma has received considerable attention in global companies in generating maximum business benefit 
and competitive advantage. DMAIC is a closed-loop process that eliminates unproductive steps, focuses on new 
measurements, and applies technology for continuous improvement. 
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evaluate their priority. Problems of higher urgency and importance shall be improved first. Lastly, the performance 
standard has to be defined to prioritize the improvements and evaluate various influences of the errors. The goal of the 
performance system is to convert customers’ needs into process requirements, and the outputs of the process have to 
fall within specification limits accepted by customers. 

3.1.2 Measure 

The most important thing in the measurement stage is to verify the measurement system, because only when the system 
is accurate and reliable the root causes of a problem can then be clearly identified. Implementing a measurement 
system analysis includes two major items: correctness of the data and accuracy of the measurement system. A 
measurement system has to be assessed for its resolution, preciseness, bias, repeatability, and reproducibility. The 
assessment is carried out in the following steps: 

3.1.2.1 Collection of Data 

Randomly select the parts and the operators. Measurement of the selected parts is conducted repeatedly by the 
operators in a random order. 

3.1.2.2 Analysis of Variance 

Analyze if the part being measured, where measurement operators and the interaction have any significant influence on 
measurement results. If the P value of the interaction is greater than 0.05, the interaction is not significant and can be 
ignored. 

3.1.2.3 Gauge Repeatability and Reproducibility (R&R) Analysis 

Measure the variance of the systems, the gauge R&R including data analysis. 

Data analysis: The measurement system evaluation standard is shown in Table 3. If %Study Var is smaller than 10%, it 
is considered as a good measurement system. It would be an acceptable measurement system if the value ranges 
between 10% and 30%. It is not considered as a good measurement system if the value is greater than 30%. 

 

Table 3. Measurement system evaluation standard 

Acceptable  %Study Var≦10% 
Attention 10%＜%Study Var≦30% 
Reject 30%＜%Study Var 

 

3.1.3 Analyze 

At this stage, it is necessary to determine the sources of variation, find the reasons why there are errors, and then 
categorize the reasons that exist in different types. This means to find out what inputs influence the outputs and to 
identify the critical input factors that influence the results. To achieve this, the Cause and Effect Diagram is used in the 
current study.  

3.1.4 Improve 

In this phase, DOE was used as a core statistical tool for the sigma level improvement. The DOE steps are defined as 
finding out the response or output, identifying factors for the study, determining factor levels and range of factor setting. 
Taguchi method was used to select appropriate experimental design, run the experiment, collect and analyze the data, 
find out the results and draw conclusion. 

3.1.5 Control 

This stage is to implement a process control system, establish standard documentation, and continue to record and 
observe the process, so the key factors can be identified that over time the determined optimal setting does not get lost. 

3.2 Design Process of Taguchi Method 

The Taguchi method involves reducing the variation in a process through robust design of experiments. The overall 
objective of the method is to produce high quality product at low cost for the manufacturer. Taguchi developed a 
method for designing experiments to investigate how different parameters affect the mean and variance of a process 
performance characteristic that defines how well the process is functioning. The experimental design proposed by 
Taguchi involves using orthogonal arrays to organize the parameters affecting the process and the levels at which they 
should be changed. Instead of having to test all possible combinations like the factorial design, the Taguchi method 
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tests pairs of combinations. This allows most the collection of the necessary data to determine which factors affect 
product quality with a minimum amount of experimentation, thus saving time and resources. Taguchi method is best 
used when there are an intermediate number of variables, few interactions between variables, and when only a few 
variables contribute significantly. The following are some basic steps of Taguchi method. 

Step 1: Identify quality characteristics 

The beginning of experiment, this method needs to define the process objectives or target values for a performance 
measure of the process; for example, forming load, temperature or quality, and so on. The goal of a process may also be 
a minimum or maximum; for example, the goal may be to minimize forming load. The deviation in the performance 
characteristic from the target value is used to define the loss function for the process. 

Step 2: Determine the design parameters affecting the process 

Parameters are variables within the process that affect the performance measure such as temperatures, pressures, and so 
on, that can be easily controlled. The number of levels that the parameters should be varied must be specified. For 
example, a temperature might be varied in between low and high values.  

Step 3: Determine orthogonal arrays 

Orthogonal array is chosen based on the number of parameters and the levels of variation for each parameter. For 
example, for four control factors and each factor has two levels, so there are sixteen combinations in Taguchi 
experiment and the full orthogonal array L16(24) is used for this case. 

Step 4: Conducting the experiments and record results 

After the factors are set up completely then the experiments will be conducted. After the experiments run finished, we 
can measure the parameters and experiment data. 

Step 5: Data analysis 

Complete data analysis to determine the effect of the different parameters on the performance measure.  

Signal-to-noise: To determine the effect each variable has on the output, the signal-to-noise ratio, or the S/N number, 
needs to be calculated for each experiment conducted. Depending on output quality characteristic, S/N ratio has three 
common kinds of S/N as below: 

* Smaller the better: 
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Where, S/N: Signal to noise ratio, n: Number of experiments 
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Where, S/N: Signal to noise ratio, n: Number of experiments 

yi: Experimental values 

* Nominal the best 
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Where, S/N: Signal to noise ratio, n: Number of experiments 

yi: Experimental values, m: Target value of result 

From signal to noise analyzing, the results can be estimated to find out the best product quality or process through 
making tabular below: 
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Identify the factors 

Identify the conditions

Identify control and noise factors

Identify orthogonal array

Define the data analysis procedure 

Run experiments 

Analyze the data

Predict the product or process quality

Validation experiment 

Table 4. An Example for Taguchi Orthogonal Array L8 

Experiment Factor 1 Factor 2 Factor 3 Factor 4 S/N 

1 1 1 1 1 SN1 
2 1 1 1 2 SN2 

3 1 2 2 1 SN3 

4 1 2 2 2 SN4 

5 2 1 2 1 SN5 

6 2 1 2 2 SN6 

7 2 2 1 1 SN7 

8 2 2 1 2 SN8 

 

In order to understand more clearly about this method, this research applied Taguchi experiment and the experiment 
would be conducted in the later chapter. 

Step 6: Confirmation experiment 

Running the experiments at the optimum condition is the final necessary step. So the process will be able to find out the 
best process or product quality. 

A Taguchi experiment processes are summarized as flow chart below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Taguchi experiment flow chart 
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Orthogonal arrays have a balancing property in which every factor setting occurs for the same number of times for 
every setting of all other factors in the experiment. Orthogonal arrays allow researchers or designers to study many 
design parameters simultaneously and can be used to estimate the effects of each factor independent of other factors. 
Therefore, the information about the design parameters can be obtained with minimum time and resources. The 
signal-to-noise ratio is simply a quality indicator by which the experimenters and designers can evaluate the effect of 
changing a particular design parameter on the performance of the process or product. 

In analyzing the simulation results, the nominal is the best characteristic of the Taguchi method is used to calculate the 
signal-to-noise (S/N) ratio that can identify the significant process parameters and optimize the PCB process. 

4. DMAIC Approach to Improve Quality of PCB 

This research is to apply the Six-Sigma with DMAIC (Define, Measure, Analyze, Improve, and Control) approach to 
reduce the defects of printed circuit boards (PCB), where the focus is on the printing process. The process, description, 
and techniques used are described in Table 5. 

 

Table 5. Description and technique in each step of DMAIC in the study case 

Process Description Technique 

Define (D) 

1. Define a problem 
2.Identify the CTQ characteristics 
3.Establish project improvement goals 
4. Begin the process 

Pareto chart 

Measure (M) 1. Verify the measurement system 
2. Determine process capability 

Gage R&R 
Histogram 

  Analyze (A) 
1. Data collection plan 
2. Identify the sources of variation 

Brainstorming 
Cause and Effect (C&E)  

Improve (I) 
1. Find some critical factors 
2. Carry out the design of experiment for the 
critical factors 

Taguchi method 
 

Control (C) 
1. Implement the process control system 
2. Establish standard documentation 

Control plan 
Standard Operating Procedure 

 

4.1 Define Phase 

The lots of product rejected by the customer in two months were checked. The results of inspection on the types of 
defects on the PCB after screening process that contributed to the customer rejection or complaints are shown in Table 
6. 

 

Table 6. Defects of PCB on two months 

Description Defects October November 
Bridging 797 845 
Open circuit 341 418 

Spur 65 78 
Mouse bite 32 41 

Pinhole 20 30 

Missing conductor 8 14 
Missing hole 5 9 

Total 1268 1435 
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Figure 10. Pareto charts for screening process defects in October 

 

 

 

 

 

 

 

 

 

 

Figure 11. Pareto charts for screening process defects in November 

 

Pareto charts revealed that Bridging and Open circuit have the largest quantity of defects. Because too less solder paste 
can cause open circuits and too more solder paste can cause bridging between solder pads in the subsequent processes. 
Thus, the solder paste height on the solder pads is identified as a critical to quality (CTQ) characteristic that needs to be 
controlled in a very precise way by the case of study. 

4.2 Measure Phase 

4.2.1 Introducing the Measurement System 

Regarding the improvement of the printing process, the Solder Paste Height Measurement System SPM-300-3D is 
used and this equipment is verified for its measurement system.  

a. The description of this equipment 
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The height of solder paste was determined to be the output response. The range of PCB with height between 0.45 and 
0.55 mm does not considered as rejected PCB. 

4.4.3 Using Taguchi Method Finds Some Critical Factors 

One of the complete factorial experiments is nk factorial designs; k is the number of factors investigated at n levels. In 
order to calculate the number of runs, e.g. if n =2, k = 5 then the number of runs is 25 = 32 runs. The number of run 
increases as the k value increases. To solve this complexity, the Taguchi method uses a special design of orthogonal 
array to study the entire process parameter space with a small number of experiments only. In this step, the study case 
will use Taguchi method to reduce some factors that are not properly significant. Using Minitab created the Orthogonal 
Array L16: 

 

Table 8. Using Minitab to create the Orthogonal Array L16  

A 
Printing 
speed 

(mm/s) 

B 
Side of 
stencil 

C Pressure 
of squeegee 

(kg) 

D Snap 
off 

(mm) 

E Solder 
paste 

volume 

F Blade 
type 

G 
Cleaning 
interval 

(s) 

H Separation 
speed 

(mm/s) 

 
 

Height 

30 left 4 -0.1 Small Front 5 1 0.434 

30 left 4 0.1 Small Back 10 5 0.463 

30 left 7 -0.1 Large front 10 5 0.513 

30 left 7 0.1 Large back 5 1 0.552 

30 right 4 -0.1 Large back 10 1 0.484 

30 right 4 0.1 Large front 5 5 0.425 

30 right 7 -0.1 Small back 5 5 0.506 

30 right 7 0.1 Small front 10 1 0.558 

60 left 4 -0.1 Large back 5 5 0.463 

60 left 4 0.1 Large front 10 1 0.568 

60 left 7 -0.1 Small back 10 1 0.565 

60 left 7 0.1 Small front 5 5 0.539 

60 right 4 -0.1 Small front 10 5 0.476 

60 right 4 0.1 Small back 5 1 0.481 

60 right 7 -0.1 Large front 5 1 0.526 

60 right 7 0.1 Large back 10 5 0.584 
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5. Conclusions and Future Works 

5.1 Limitations and Conclusions 

The objectives of this research are to resolve quality related problems in printing process of manufacturing PCBs and 
using Six Sigma DMAIC to improve quality of the products. The goals of this study are: to research and understand 
printing process in printed circuit board manufacturing (PCB), to evaluate and research quality problems in a PCBs 
company, to research and apply statistical software that is MiniTab version 15, and to solve the quality problem of 
printing process, increase quality of PCBs with the optimal factors and levels are: A1 (30mm/s); C1 (4kg); D1 
(-0.1mm); G1 (4mm/s); H2 (3s). 

The results show that Six Sigma DMAIC methodology can be used to improve the quality of a PCB product, the 
printed circuit board company was applied. The printing process and defects in circuit boards were studied. In the 
improve phase of the DMAIC approach, Taguchi method was used to design experiment and analyze the Signal to 
Noise ratio. By using the optimal settings, the sigma level of the printing process can be improved, and hence a nearly 
Six Sigma level performance can be achieved. Unquestionable, Taguchi is the core statistical tools for Six Sigma 
improvement. It is recommended that successful implementation of the DMAIC approach in the printing process 
should be translated to similar manufacturing processes in the PCB industry. 

5.2 Future Works 

Obviously, by using these optimal settings, the variation of the solder paste height can be reduced, and therefore the 
sigma level of the printing process in the study case can be improved from 3.5 to 5. The 5 Six Sigma level is acceptable 
for this study case because the defect level in parts per million (PPM) is reduced from 35822 to 365 defects. It means 
the current printing process is also improved about 90%. In this study, the Orthogonal Array L27 is used to study the 
influence of five significant factors on the solder paste height and to draw conclusions. In the future, a full factorial 
experiment will be carried out. Because by using the full factorial experiment, we can also evaluate even the 
interactions between the factors. When knowing the interactions, the sigma level of the printing process will be able to 
be more improved. It is also suggested that the company extend the designed experiments to different machine, so that 
the optimal settings can be applied to all machines. 
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