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Chapter 1 

Introduction 
 

This chapter provides an overview of this research that is 

composed of the current state of Thailand’s Electronics industry. 

Following by a brief background of the studied company used as a 

reference for case study. In addition, the problem statement, research 

objective, research scope, expected outcomes, expected benefits and 

research methodology will be shown in this chapter.  

 

1.1 The Current State of Electronics Industry in Thailand and Global 
markets 
 

Nowadays, it is inevitably accepted that product of electronics 

assembly has been a part of almost every technological stuff in which 

people are using. For example, smart phones have a Printed Circuit 

Board Assembly (PCBA) which is used to control and operate following 

any program order. Moreover, computers also need to have main board in 

order to perform and evaluate data owing to each user. Besides, medical 

devices in nowadays have been applying the latest technology using for 

treating the patient to recover and retreat such as Insulin pump, which is 

used to balance insulin level in diabetes patient by using a PCBA to 

automatically control and measure the level of insulin. Therefore, it can be 

stated that PCBA is used as a key component in various manufacturing 

industries i.e. household devices, gadget, automotive electronic, electric 

appliances and etc. As a consequence of this various demand for 

electronics products, it can be stated that electronics industries are 

important to everyone’s life in order to support people to have better lives.    

 Recently, there is a report regarding to electrical and electronic 

manufacturing market in 2017, which stated that electronics industry is 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 2 

expanding throughout the global market and it is expected to reach three 

trillion dollars by 2020. Moreover, the report also states the first five trends 

for the upcoming five-year forecast period in the electronics industry. The 

first is related to Original Equipment Manufacturer (OEM) which is 

mentioned in the above. There is an increase in OEM and also Electronic 

Manufacturing Service (EMS) which are partners of OEM. EMS 

companies are design services for assemblies and finish goods (FGs) to 

serve the requirement of OEM and more importantly for customer. The 

second is virtual reality in electronic manufacturing. This trend is created 

for the electronics companies that would like to see some simulation prior 

to decide for making orders. The third is about robotics and automation, 

which are mostly used in automotive industry. It is mostly used for 

productivity to reach high target in a short period of time with the highest 

accuracy. Next, demand for smart TVs. This is a combination between 

televisions and computers which use complicated PCBAs to control every 

function such as for integration of internet. In addition, there is a rise trend 

of using smart TVs and it is estimated to reach 134 million by 2020. 

Lastly, Internet of Things (loT) technology driving smart household 

appliances. This is related to electronics household devices such as smart 

TVs, refrigerators, air conditioners, microwave, ovens, washing machines, 

and etc. By using loT technology, it will make clients lives more 

comfortable and convenient. (Sindhu, 2017)           

Most electronics industry in Thailand is considered to be Original 

Equipment Manufacturer (OEM) which produces parts or finish goods 

(FGs) to supply Value-Added Reseller (VAR). VAR is usually a customer 

that defines need and specifications of the products to OEM. Therefore, 

there are many competitors of electronics industries that try to compete 

over others in terms of profit, quality, and also production quantity.  

Additionally, Thailand’s smart electronics industry has been 

continuously evolved over the past five decades and Thailand was ranked 

in the 14th largest electrical and electronics (E&E) exporter in the world in 

2016. The E&E export revenue was reach USD 55 billion in 2016 as 
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indicated in Figure 1. Furthermore, Thailand’s export value of E&E was 

accounted for 15% of Thailand’s total export value.  

 

Figure 1: Electrical and Electronics (E&E) export values in 2016 

Source: Thailand Board of Investment (2017) 

 

In Thailand, there are many types of electronics industries. For 

instance, (i) hard disk drives which have the highest market shares of 

electronics devices in Thailand, (ii) Integrated circuits (ICs) manufacturing 

comes in the second place, (iii) Electrical appliances such as air 

conditioners, cameras and parts, refrigerators, circuit breakers, washing 

machine, (iv) medical devices which will be focused in this research. 

Medical devices are gradually growing on the world markets, partly due to 

rapidly growing of population and mostly become in elderly aged; thus, 

medical devices play an important role for life essentials for people. As 

stated by Krungsri research (2018), there is an increase trend of the 

global sales of medical devices in 2010 – 2016 as seen in Figure 2. The 

total values of the global market between imports and exports of medical 

devices in 2016 were THB 71.13 trillion with an average growth rate at 

3.8%.  
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Figure 2: Global Sales of Medical Devices 
Source: Medical Device Intelligence Unit (MeDIU) 

 

Referring to Krungsri research (2018), the ASEAN top 5 markets 

for medical devices in 2016 is illustrated in Figure 3 and it can be stated 

that Thailand has the highest amount of market shares of medical devices 

sector, with export and import value split in the ratio of 73:27, following by 

Singapore, Malaysia, Indonesia, and Philippines.  

 

Figure 3: ASEAN Top 5 Markets for Medical Devices (2016) 
Source: MeDIU 
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Thailand’s forecast an average growth of 9.5% increase in year on 

year (YoY) by sales and exports of medical devices (Figure 4). It will also 

depend on the government’s policies, demand and supply growth.  

 

Figure 4: Thai Sales and Exports of Medical Devices 
Source: Business Monitor International (BMI) 

As continuously increase in the demand of electronics product, a 

consequence of the rapid consumption of electronics is the massive 

amount of electronics waste of both final devices and in-process 

manufacturing. Nowadays, electronics waste is estimated to be 64,400 

tonnes per year, but in the first five months of 2018, the amount of 

electronics waste has already reached 52,200 tonnes (Bangkok Post, 

2018).   

 In order to reduce electronics waste of work-in-process 

manufacturing, process improvement is necessary applied to control 

waste that might be occurred during the production process. This will also 

decrease operating cost by reducing non-value added which mainly is 

defect. Therefore, this research will focus on the reduction of defects in 

Printed Circuit Board Assembly (PCBA) process so as to enhance 

company productivity.     



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 6 

1.2 Company Background 
 

According to electronics industries in Thailand, there are many 

manufacturing companies based mostly on the central part of Thailand 

such as Ayutthaya and Pathumtani provinces. Generally, as the demand 

of the electronics assembly increases, resulting in a massive production 

and finally effect to a high number of defect rate. For the chosen 

company, which mainly manufacture medical devices of PCBA in which 

mainly deliver to abroad such as the United State of America and Japan. 

As the production quantity continuously rises together with the demand; 

thus, the case study PCBA need to be immediately improved in order to 

serve the essential demand with a full percentage of good product. As a 

consequence, this PCBA will be selected to be the case study of 

improvement.    

The case study company is located in Ayutthaya, Thailand and was 

established in 2002. There are several types of PCBA applications by the 

case study company, which shown in Table 1. 

Table 1: Case Study Company’s Product 

Type of PCBA applications Characteristic 

Medical devices Appliance used specifically for diagnosis, 

prevention, monitoring, treatment, or 

alleviation of disease purposes and 

intended to be used for human beings 

Telecommunications Transmission of signals, messages, 

sounds, images or any information by using 

wire, radio or other devices and it will 

transfer information from one place to 

another place  

Aerospace device Device used for aerospace field  
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1.3 Problem Statement 
 

As mentioned earlier, a case study company is encountered with 

high defect rate during production processes. Thus, the historical data of 

the PCBA has been collected through one year from November 1st, 2016 

to October 31st, 2017.  

The historical data gathered included the number of outputs, 

number of defects, and defect rate. It can be calculated the percentage of 

defect rate by applying the following equation; 

Defect rate = 
                     

                 
    (1.1) 

Percentage defect rate = (1.1) x 100%  (1.2) 

 

It can be seen in Figure 5 of defective quantity for one year of the 

PCBA which the study company is facing. It indicates that defective rate 

was quite high and approximately an average of 10%. The lowest 

defective rate was at 5% whereas the maximum defective rate was at 

17% of total productions over one year. 

 

 

Figure 5: Defective quantity for 1 year of PCBA 
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Focusing on each station of SMT and TLA processes, found that the 

highest defective rate was Non-wetting defect in which consume 38.3% of 

total defective quantity over one year operation as illustrated in Figure 6, 

Pareto chart of defect code. Non-wetting is described as the inability of 

melted solder to form a metallic bond with the base metal. Thus, 

component terminal joints/ leads are not able to attach with the base metal 

or PCB pads during reflow soldering process. Follow by defect codes of 

electrically defective component, PCB exposed copper, component 

damage and etc. 

 

Figure 6: Pareto chart of defect of PCBA 
 In addition, considering at the total production quantity as 

indicated in Figure 7 below. It can be seen that good production of PCBA 

is 90.1%, while non-wetting defect was estimated at 3.8% of total 

production. Follow by electrically defective component (1.8%), PCB 

exposed copper (0.7%), and component damage (0.7%), respectively.   

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 9 

 

Figure 7: Pie chart of percentage of total production quantity 
Additionally, when consider at each defect cost as shown in Table 

2 below. It can be stated that non-wetting has the highest number of 

defect cost at 9,262,985 baht per year which consider being the highest 

amount of defect found from focused PCBA. This cost is calculated from 

70% rework of non-wetting and 30% scrapped of non-wetting.  

Table 2: Total defect cost of PCBA for one year 
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Figure 8: Pareto chart of total defect cost 
When consider on a Pareto chart of total defect cost in Figure 8, it 

indicates that the highest amount of defect cost was non-wetting which 

estimated to be 41.6% of total defect cost. However, the second defective 

quantity and cost is electrically defective component which is related to 

component failure and it results in quality of the component from supplier. 

Therefore, in the manufacturing of PCBA cannot control quality of 

component, but it will have further improvement from supplier. The third 

and the forth defective quantity and cost are PCB exposed copper and 

component damage which are mainly related to handling method during 

manufacturing processes and it is estimated to be 14.8% of total defective 

quantity. Due to two defects are related to handling, it will be re-designed 

handling tray for further quality improvement. Moreover, considering to 

percentage of defect cost, non-wetting has much higher than other defects 

and there would be used different methods to solve the problem. 
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Therefore, other defects will not be considered in this thesis. Thereby, this 

research will mainly focus on defect code of non-wetting.   

Furthermore, in order to know which location that mostly occurs 

this kind of defect, the in-depth analysis was performed through historical 

data of one year. As a consequence, location L7 has the highest number 

of defective items due to non-wetting (75%) as illustrated in Table 3. In 

addition, total defect cost of non-wetting at L7 location will be calculated 

from 75% of L7 non-wetting times with total cost of non-wetting 

(9,262,985 baht per year) which has a result of 6,947,238 baht per year. 

As a consequence, this research will mainly focus on non-wetting defect 

at L7 location of PCBA. 

Table 3: Total defective quantity due to Non-wetting 
Month Non-wetting L7 J1 J5 J2 B1 U8 Others 

Nov. 2016 1248 1215 0 0 3 9 0 21 

Dec. 2016 1259 1189 0 0 1 19 10 40 

Jan. 2017 661 584 3 0 0 19 20 35 

Feb. 2017 371 301 0 0 0 10 33 27 

Mar. 2017 270 200 0 0 6 7 16 41 

Apr. 2017 235 180 0 0 1 8 2 44 

May. 2017 173 96 1 0 0 17 16 43 

Jun. 2017 502 298 26 0 1 14 38 125 

Jul. 2017 1594 267 767 244 223 29 4 60 

Aug. 2017 686 585 20 1 0 10 3 67 

Sep. 2017 771 680 5 0 0 5 0 81 

Oct. 2017 1141 1092 0 0 0 3 0 46 

Total Defect Qty. 8911 6687 822 245 235 150 142 630 

Percentage of Defect 75% 9% 3% 3% 2% 2% 7% 

 

From the previously analysed data, it illustrates that non-wetting 

defect occurred at location L7 must be improved immediately so as to 

decrease defect cost since it results in the highest defect rate and also 

loss the large number of production value.  
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In a short summary, currently a PCBA has 75% of defective rate on 

L7 component due to non-wetting defect which impacts on lower 

productivity and decreased profit. This historical data was collected from 

November 1st, 2016 to October 31st, 2017 which is one year period. Total 

cost of rework and scrapped L7 component due to non-wetting was 

estimated to be 6,947,238 baht per year of total defective cost and 

rework. Therefore, an appropriate method needs to be applied in order to 

solve this problem.  

The sample of non-wetting defect of L7 location on PCBA 

manufacturing line is shown in Figure 9 and 10. Non-wetting in this 

research is described as the inability of melted solder to form a metallic 

bond with the base metal during reflow soldering process. This defect is 

not accepted per IPC-A-610, which is worldwide standard of electronics 

specification.  

 

Figure 9: The sample of Non-wetting defect on L7 location (1) 
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Figure 10: The sample of Non-wetting defect on L7 location (2) 
 

Figure 11 displays the sample of good wetting on L7 component 

after going out from reflow soldering machine, in which solder is wetted 

completely to components’ legs and PCB pad for both legs of the 

component.  

 

Figure 11: The sample of good wetting on L7 location 

 

1.4 Research Objective 
 

The objective of this research is to reduce non-wetting defective 

rate on PCBA. 
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1.5 Research Scope 
 

1. This research focuses only on non-wetting defective reduction 

on L7 component of focused PCBA which has the highest 

defective rate of total defective found.  

2. This research studies only SMT process which is related to non-

wetting defect. The remaining manufacturing processes will not 

be studied due to they are not related to this type of defect. 

3. Using MINITAB 18 programme to support statistical analysis. 

 

1.6 Expected Outcomes 
 

1. The equation between the defective rate due to non-wetting 

defect and significant terms of factors that impact on L7 non-

wetting defective.  

2. Optimal setting of significant factors which helps reduce the 

defective rate due to non-wetting defect. 

 

1.7 Expected Benefits 
 

1. A reduction of defect rate due to non-wetting of PCBA. 

2. A decreased touch up rate of solder over a defect of non-wetting 

on PCBA.  

3. An increase in yield of PCBA for the overall processes. 

4. The method of solving this problem can be applied to decrease 

defective rate of non-wetting on other electronics products.  

 

1.8 Research Methodology 
 

The research methodology will follow the DMAIC processes of Six 

Sigma methodology in order to achieve the best results for this research. 

There are five major phases in the research execution as the following;  
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A) Define phase  
1. Study current process of electronics assembly including studying 

occurrence problem 

The existing electronics assembly processes of PCBA will be 

studied in order to deeply understand related processes and it will be 

used as primary information to use for further analysis. Then, the 

defects that occurred along the production process will be analysed 

to find potential causes of the defects by gathering historical data of 

non-wetting defective rate for one year. 

2. Gather historical data of defects for one year 

This step is to study historical data of defects in electronics 

assembly of PCBA for one year which indicates in section 1, 

introduction. The objective is to identify the defect which occurred 

the most during the manufacturing.  

3. Define scope of problem, objectives, expected outcomes, expected 

benefits and planned activities of the research.   

4. Study theory and related literature review such as Six Sigma and 

Design of Experiment so as to apply for this case study. 

 

B) Measure phase 

1. Perform Attribute Agreement Analysis to appraise the accuracy and the 

precision of the inspection of non-wetting defect. 

2. Brainstorm factors affecting non-wetting defect using cause and effect 

diagram. 

3. Prioritize the factors to be studied further using cause and effect matrix. 

4. Design experimental plan.  

 

C) Analyse phase 

1. Design experiment to test the significance of selected factors and find 

the optimal setting by using MINITAB Program in a section of Design of 

Experiment (DOE).    

2. Conduct experiment and collect experimental data. 
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3. Analyse the experiment results by finding the relationship equation and 

the optimal setting. 

4. Make conclusion. 

 

D) Improve phase 
1. Perform confirmation experiment using the optimal setting for one 

month. 

2. Conclude about improvement results by comparing non-wetting on L7 

defective before and after improvement.  

 

E) Control phase 

1. Update Work Instructions of related processes. 

2. Update control plan 
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Figure 12: Roadmap of research project 
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Chapter 2 

Literature Review 
 

Since the PCBA is one of the major product that can make a lot of 

money over the others in the same electronic industry; thus, in order to 

reduce any defects which occurred in the production process will be the 

most critical thing that need to be done as soon as possible. The defects 

occurred during SMT process has attracted a number of academic 

researchers in this industry to study and research key findings to be able 

to discuss. 

This literature review is separated into many sections, beginning 

with the manufacturing processes of electronics industries related to SMT 

process. Next, the causes of non-wetting defect were reviewed. 

Moreover, Six Sigma methodology has been researched and studied 

about DMAIC approach. Essential tools were reviewed, which were 

process flowchart, Pareto chart, cause and effect diagram, cause and 

effect matrix, Design of Experiment (DOE), and control chart. 

 

2.1 Reflow in Surface Mount Technology (SMT)  
 

There are many factors related to reflow soldering in which can 

generate defects on electronics product during the process. Hirox-USA 

Inc. (2009), described factors related to reflow soldering. For example, 

temperature profile which has a major effect on SMT process. 

Temperature profile needs to be controlled following solder paste type 

used and also component types. Preheating step is an initial step that 

lead temperature from room temperature of PCB, components and solder 

paste to melting point of solder; hence, it is an important step because if 
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wettability of solder is poor, it is mainly from this first step of preheat. 

Therefore, temperature profile is critical to studied and analysed the way it 

reacts to see the result of solder wetting after getting out of reflow. 

Moreover, David Bao (2011) stated that to minimize defects of electronics 

assembly is to adjust reflow profile. It is described in many factors owing 

to reflow profile steps showing as a graph. It consists of preheating zone, 

soaking zone, reflow zone, and cooling zone. Each step can generate 

different kinds of defects. Hence, in order to reduce all kinds of defects, 

reflow profile need to be studied and adjusted to optimize it.   

 

2.2 Non-wetting defect during SMT Process 
 

IPC-A-610 standard (2001) defined non-wetting as molten solder 

cannot be formed a metallic bond with the base metal during reflow 

soldering process. Thus, component terminal joints/ leads are not able to 

wettability contact with the base metal or PCB pads owing to functional 

failures later.  

During SMT process especially reflow soldering, poor wetting or 

non-wetting can be occurred as one of the major defects found. This 

insufficient wetting can result from unbalanced thermal profile. Peter B. et 

al. (2011) proved that non-wetting can be prevented when create an initial 

step to find reflow profile for the entire board. All component packages 

need to be measured the profile to ensure there will not have any defects 

such as solder balls, bridging, voids, tomb-stoning, and also non-wetting.  

However, Peter B. et al. (2011) also stated that when non-wetting 

defect occur after reflow soldering, there probably causes from too low 

solder paste reaction, too high preheat temperature, long time of preheat, 

excessive oxidation under the parts to be joined with PCB pads. In 

addition, the defect will be related to solder paste types that have been 

used for different products as well as different PCB surface finish types.  

Bittele Electronics (2008) analysed possible root cause of non-

wetting as the following; 
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- The oxidation of PCB pads or components’ leads/ joints, which 

prevent the contact between solder and metal base.  

- Too low preheat temperature and flux is inactive leading to oxide 

layer on the pads or leads cannot be effectively removed.  

- Expired solder paste causes flux does not activate. 

- Small component sizes can be resulted in too fast evaporation 

of flux and it affects to wettability has not completed. 

- Contaminated solder paste or flux. 

 

2.3 Six Sigma strategy 
 

Methodology of Six Sigma aimed at distinctive improvement to 

achieve, maximize, and sustain the industry to success. In statistical 

strategy, there is a unit of measure called sigma that is used to reflect 

process capability in any industries. There are total six scales of sigma to 

measure the capability of process. In general, most industries are 

standing at three sigma which is good, but it actually is not good enough 

especially in dangerous process it requires the most powerful safety to 

ensure the process will be smoothly completed. Therefore, capability of 

process will be monitored and controlled to be the best process. This will 

use six sigma scales to control it, stated by Edward W. et al. (2018).  

Normally, six sigma process focuses on four main points which are 

customer want, centre around target, reduce variation, and reduce defect. 

There are entirely five steps of six sigma in order to reach the target. It 

consists of Define, Measure, Analyse, Improve and Control phases.  

Define phase is an overview of an issue. Measure phase is about 

to identify cause and effect of the issue, mapping process, identifying 

Measurement System Analysis (MSA) via variable or attribute data and 

also process capability. Then, Analyse phase is related to inferential 

statistics, confidence interval, hypothesis testing, sample size and also 

any statistical tools to analyse the existing data of the issue. Improve 

phase is including Design of Experiment to create an experiment to test 
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potential factors to find root cause and solve that issue. Finally, Control 

phase is used to control process that is experimented by using Statistical 

Process Control (SPC) as well as create control plan and sustain the 

gains, stated by Smetkowska M. et al. (2018).  

   

2.4 DMAIC Methodology 
 

Linderman et al. (2003) defined Six Sigma approach as “an 

organized and systematic method for strategic process improvement and 

new product and service development that relies on statistical methods 

and the scientific method to make dramatic reductions in customer 

defined defect rates.”  While Jeroen et al. (2011) stated that Six Sigma 

and DMAIC approach combined and developed in practice through some 

quality control tools. Six Sigma can be defined as a methodology of 

problem solving and emerging with DMAIC of Define, Measure, Analyse, 

Improve, and Control phases.  

 

Figure 13: DMAIC Phase 
DMAIC approach can be described in individual as the following 

Table 4. 
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Table 4: The Definition of DMAIC Phase 

DMAIC 

Methodology 

Description 

Define Selection of a problem and analysis of the benefits. 

It is about to define a problem and focus on goal in 

order to improve it and also limit the level of 

improvement.   

Measure Problem is translated into a measurable form which 

is known as Critical to Quality (CTQ) and current 

situation assessment. This phase can provide an 

overview of the system through various quality 

tools such as macro process map, process flow 

diagram, cause and effect analysis, detail process 

map, process capability, variable repeatability and 

reproducibility, attribute repeatability and 

reproducibility.   

Analyse At this phase, the result of measurable data is used 

to analyse to find cause of the variation in the 

process. It also includes hypothesis test to 

eliminate the problem. There are several methods 

applied to support this phase such as Design of 

Experiment (DOE), and Regression. It can be 

stated in a short summary that analyse phase is to 

analyse specification of affected factors and 

causes which determine the CTQ’s behaviour.  

Improve Adjustment implementation of the process in order 

that improve the CTQs performance. Improve 

phase is also help to develop performance and 

effectiveness of the process. There are several 

strategies applied for this stage which are 
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DMAIC 

Methodology 

Description 

brainstorming technique, process optimisation, 

standard operating procedure (SOP).  

Control Maintain of the improvement to sustainable the 

process management of the new standard level. 

This control phase is sued some quality control 

tools to help manage the new process optimise to 

maintain the process value to be in the optimal 

process range as long as possible. (tu.ac.th, 2012)  

 

 
 
 
 

2.5 Process Flowchart 
 

The process flowchart is one of a tool to present the steps in a 

process. Flowchart of a process can be represented in a graphical which 

is top-down process steps from start to end (Tallfy, 2018). There are 

many advantages for creating process flowchart. For example, flowchart 

can provide the overall picture of the manufacturing process. It can also 

provide a crystal-clear understanding of the process. Moreover, it helps to 

conduct teamwork and communication (MoreSteam, 2013). The following 

Figure 14 is an example of a flowchart template.  
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Figure 14: Process Flowchart Template (Lucidchart, 2016) 
 

2.6 Pareto Chart 
 

There is a basic rule of the Pareto chart principle which is about 

“80% of the total problems incurred are caused by 20% of the problem 

causes”, stated by Vilfredo Pareto. Thereby, in order to eliminate the 

majority of the defects (80% of the defects), it is necessary to focus on the 

main problem which is first 20% of the overall problem. This principle rule 

of 80/20 was occurred by Vilfredo Pareto in 1906 and adopted by Dr. 

Joseph M. Juran in 1940s.  
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Figure 15: Pareto chart of Browsing Website 
Figure 15 indicates an example of the problem of browsing website 

ordering from the highest number of the problem (broken links) to the 

least number of the problem (security warning). According to 80/20 rule of 

Pareto chart, it can be seen that the first 20% of the problem which are 

broken links, spelling errors, and missing title tag have covered almost 

80% of the overall problem. If this first 20% can be reduced, it will 

decrease the majority of the problem of browsing website.  

 

2.7 Measurement System Analysis 
 

An objective of measurement system analysis is to analyse a 

source of variance in the measurement system so as to confirm the 

accuracy and precision of data before performing experiment. In general, 

Gage Repeatability and Reproducibility (GR&R) is applied to test the 

accuracy and precision of the measurement system and it can be 

separated into 2 types which are repeatability and reproducibility. 

Repeatability means there is variances around the expected value 

of the measurement system by using the same production personnel and 
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the same group of sample data for repeating measure. Thus, there is 

variance from production personnel and related environment. 

Reproducibility is related to variances from the difference between 

production personnel for measurement, which is known as Appraiser 

Variation (AV). 

 

2.7.1 Measurement system analysis for Attribute data   

 Attribute data can be measure variances of the data and 

appraiser by using Attribute Agreement Analysis (AAA). There are 

several steps in order to ensure that the appraisers are able to 

inspect and confirm the defect accurately and precisely. 

(1) Select experienced inspectors who are able to discriminate the 

quality of product between good and bad product. 

(2) Provide three different groups of product samples which are 

known good samples, known bad samples, and accepted known 

bad samples. 

(3) Select 2-4 skilled appraisers who are trained and passed the 

testing course of inspection product and can discriminate the 

difference between good and bad product.   

(4) Identify sample size of AAA as shown in the following table;  

Number of Appraisers 
Number of minimum 

samples 

Number of 

minimum 

replication 

1 24 5 

2 18 4 

   12 3 

Source: Fasser and Brettner (1992) 

(5) Randomly test each appraiser to inspect product samples and 

record result. Continue to repeat testing appraisers. 

(6) Evaluate the results of inspection referring to the following; 
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% Repeatability of inspectors = 
                         

                       
                             (1)        

% Non-biased of inspectors (%Attribute score) = 

 
                                      

                       
     (2) 

% Repeatability effectiveness of inspection (%Screen effective score) =   

    

  
                                                          

                       
    (3) 

% Non-biased effectiveness of inspection (%Attribute effective score) =  

  

                                                                        

                       
    (4) 

(7) If all evaluation criteria have 100%, it means that the appraisers 

are able to inspect and discriminate between good and bad 

product. 

 

2.8 Cause-and-Effect diagram 
 

Ishikawa diagram also known as cause-and-effect diagram, it is 

used for identify the potential root causes of the problem. There is a 

relationship between an effect and all related factors that influence the 

effect or outcome (Brassard, M. (1988). 

Figure 16 illustrates an example of a basic structure of cause-and-

effect diagram which has an effect side and causes side. Firstly, a 

problem or effect has to be identified in order to scope the problem. 

Secondly, all main causes have to be listed which normally consist of 

people, process, equipment, materials, environment, and management. 

Thirdly, each possible cause can be deeply separated to be primary and 

secondary cause.  
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Figure 16: Cause-and-Effect diagram 
There are several advantages by using cause-and-effect diagram. 

(1) Root causes determination. (2) Orderly and easy-to-read structure. (3) 

Scope areas for collecting data and etc.  

 

2.9 Cause-and-Effect matrix (C&E matrix) 
 

Jegatheeswaran T. et al. (2008) stated that cause-and-effect matrix 

is created from process measurement analysis. It is used to identify the 

key process input variables that must be affected to key process output 

variables, Michael L. et al. (2005). It consists of process factors which 

shown in column and a score of importance rating from 1-10. Process 

factors come from customer requirements. The row represents process 

inputs which has correlation to the outputs. Then, rate each input against 

each output based on the strength of their relationship. Finally, calculate 

the relationship between inputs and outputs by cross-multiply correlation 

scores with priority scores and add across for each input. The highest 
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number will be represented the highest potential of process inputs that 

affect the outputs.   

 

Figure 17: Cause-and-Effect matrix 

 

2.10 Design of Experiment (DOE) 
 

The design of experiment is one of a methodology that is well-

defined and well-structured for the experimental design. It contains the 

study between input parameters and the output (response variables) 

together with different interactions in the input variables. Most 

experimental designs are generated in a form of matrix, which columns 

indicating the independent variables regarded to the study, and rows 

illustrating samples or runs of experiment. The result of experimental 

design is known as responses, which refer to an optimisation process or 

the maximisation of yield, stated by Peigen et al. (2017). Moreover, an 

experimental design is a changes input parameters to consider the effect 

on output variables. It is aimed at testing main effects, interaction effects 

including process improvement.  

Figure 18 indicates flowchart of experimental design which consist 

of 9 steps. Beginning with (1) state objective to set target of the 
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experiment, (2) select output responses to scope the expected result, (3) 

select input factors to determine input variable, (4) select design to 

optimise the experiment, (5) develop strategy to confirm the experimental 

design, (6) run experiment, (7) fit and diagnose model to analyse the 

result, (8) interpret model to make conclusion, and (9) confirm model to 

find optimal parameters setting. 

 

Figure 18: DOE Flowchart 
Source: Process Quality Associates (2010) 

 

2.11 2k full-factorial design with centre points design 
 

One of the experimental designs is known as 2k full-factorial design 

with centre points design, in which mainly used for optimisation studies in 

general processes. 2k full-factorial design with centre points design is 

useful in defining the correlation between responses and control factors 

(Kaur et al., 2009; Kumar et al., 2014) which is consisting of a    factorial 

runs added with centre runs (  ) for measure experimental error. One of 

an advantage of 2k full-factorial design with centre points design is it is 

able to provide the opportunity for testing curvature. Moreover, it is 

suitable for the experimental design that have potential factors less than 

or equal to 4. 
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Following equation (5) has illustrated the number of runs required 

for the 2k full-factorial design with centre points design. 

               (5) 

where N is a total number of factorial experimental run  

   is factorial point with its origin at the centre 

   is number of centre points that provide replicates run at the 

centre 

2.12 Control Chart 
 

Control charts are one of useful tools of statistical process control 

that widely used in the control phase of six sigma. This tool has a key 

point in monitoring the improvement levels within processes. In general, 

control chart consists of a centre line and two control limits, which are 

lower control limit (LCL) and upper control limit (UCL).  

Base on Figure 19, Y-axis is represented measurement value and 

X-axis is represented time. There is a centre line which is process 

average (blue line). Whereas the upper control limit and the lower control 

limit are presented as dash line (red dash line). In normal operation and 

condition, each point of process variable will be in a control limit area, but 

when there is a special cause, at least one or more process variable will 

be out of control, which mean there are outside the UCL and LCL.  

Control chart is mainly used for maintain stability of the process, 

which also stated as a certain of consistency from the past and continue 

to the future. Furthermore, control chart has several advantages. For 

instance, it will help to monitor process variation over time. Discriminate 

between common cause and special cause variation.  

There are two significant types of control charts, which are attribute 

data and variable data. For attribute data, the result is presented in a form 

of pass/ fail, good/ bad, or accepts/ reject of a defect. While variable data, 

the values is measured from the continuous variable such as variable 

result of time, temperature, pressure, and quantity.   
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Figure 19: Control Chart 

Source: Andrew F. (2010) 
  

 

2.13 Past Studies 
 

- Using six sigma DMAIC to improve the quality of the production 

process: a case study by Monika S. and Beata M. (2017) 

 

In order to improve quality on product and customer satisfaction, 

six sigma DMAIC has been applied to use in organization and also to help 

reduce ineffectiveness and the number of errors. Moosa and Sajid, 2010 

described the definition of Sigma as the distance of standard deviation 

around the mean value and they defined six sigma as six times the 

distance of standard deviation. In theory, the number of defects cannot 

more than 3.4 parts per million which is a principle of six sigma. A case 

study is started with an analysis of the total manufacturing process. After 

overall review, observed that there are some bottlenecks connected with 

visible downtime in the production process. A machine called Kolbus BF 

511 was specified and found the process of connecting blocks and covers 

on the machine, which result in lower effectiveness than any other 

machines. For this case, six sigma DMAIC has been applied by first 

collecting historical data and plot an efficiency graph of machine BF 511 
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for at least one year. Then, analyse the main cause by first brainstorming 

method and analyse step by step until the most possible root cause can 

be found. This case was too long changeovers time of the machine. Next 

is improvement proposition which is reducing the changeovers time and 

set up during manufacturing time. Finally, control phase that is creating a 

control plan and also work instruction to conduct the production process in 

order to reach the target. It can be concluded that the application of 

DMAIC that is a part of quality improvement method used in six sigma can 

increase the effectiveness and reduce any non-conformance occurred on 

the processes.   

 

- Enhancing effectiveness of Shell and Tube Heat Exchanger 

through Six Sigma DMAIC phases by K. Srinivasan et al. (2014) 

 

This case study is related to effectiveness of shell and tube heat 

exchanger in furnace manufacturing process, in which six sigma DMAIC 

has been applied to help improve the overall efficiency of the furnace. In 

define phase, using Pareto chart for identify furnace performance. For 

measure phase, using Pareto chart for specify heat exchanger defects. 

Then brainstorming ideas to identify the major factors that affected shell 

and tube heat exchanger effectiveness through cause and effect diagram 

in analyse phase. Following by improve phase, in which the idea and 

result of the analysis has been concentrated and use for the current 

production process. Lastly, control phase to create a control plan to 

continuous improve the effectiveness of the heat exchanger.  

 

- Using Six Sigma Methodology to Improve the Assembly Process in 

an Automotive Company by Adrian P. et al. (2015) 

 

According to automotive manufacturing company, six sigma 

methodology has been considered to be the best selection for improving 

quality, decreasing waste in term of better products and services, faster 
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and cheaper, stated by Pyzdek and Keller, 2010. Six Sigma methodology 

has two approaches: DMAIC (D-Define, M-Measure, A-Analyze, I-

Improve, C-Control), which is applicable to an existing product or process 

to be improved, and DMADV (D-Define, M- Measure, A-Analyze, D-

Design, V-Verify) which is applicable to new products or processes, to be 

designed and / or implemented in a manner that will provide a Six Sigma 

performance. In Automotive production process, apart from six sigma 

DMAIC, there is several tools applying such as cause and effect diagram, 

to find critical factors and 5 Whys analysis. In control phase, control chart 

(LSL vs USL, LCL vs UCL, and X-bar chart) have been performed.   
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Chapter 3 

Define Phase 
 

Define phase is the first step of Six Sigma DMAIC method. This 

phase is related to identify the problem and limit boundaries of the 

research in order to go through the point which is the defects occurred on 

the manufacturing process. This phase starts with studying a current 

process of electronics assembly industries based mainly on the case 

study project. In order to have a better understanding, process flow chart 

has been illustrated including the process explanation in each step. 

Moreover, Pareto chart is used to scope to the significant defect to be 

solved and find the location in which the defect occurred by using the 

principle of 80/20 as well as the defect costs of rework. Lastly, the project 

charter will be developed to summarise the crucial points of the research 

project.     

3.1 Process Improvement Team Formation 
 

In order to achieve the goal to reduce non-wetting defect on 

PCBAs, brainstorming is necessary to use to help create innovative 

solutions for solving the problems. Hence, process improvement team has 

been set up. The team consists of 5 members who are highly experienced 

in electronics PCBA manufacturing process and also related defects.  

 

 Table 5: Case study companies’ improvement team 

Number Position Experience 

1 Process Engineer 10 Years’ experience 

2 Quality Engineer 7 Years’ experience 

3 Equipment Engineer 10 Years’ experience 
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4 Supervisor 8 Years’ experience 

5 Researcher (Nitcha Sangkhapanit)  

As indicated on Table 5, process improvement team of this 

research project will be the same members until the project is completed. 

This will include all operators who are working in the related 

manufacturing processes and also quality inspectors. For this research 

project, the researcher is responsible as a project leader who is setting up 

the working plan, conducting the meeting, creating experimental design, 

analysing and summarising the results, and also controlling the plan 

within the time period. 

 

3.2 Production Processes 
 

There are many operations to run in order to complete and get 

outputs known as Printed Circuit Board Assembly (PCBA) delivering to 

customers. There are two main operations. The first operation is surface 

mount technology (SMT) which consists of screen printing, solder paste 

inspection (SPI), surface mount devices (SMD), reflow soldering, visual 

inspection, auto optical inspection (AOI) and X-ray inspection stations. 

The second operation is top level assembly (TLA) which consists of the 

integration of assembly throughout final inspection including packing and 

finally shipping finish goods to customers. In addition, there are several 

processes for inspection solder in hidden areas or under components and 

also testing function of PCBA to prevent any failures before delivering to 

clients.  

However, as electronics assembly run in massive volumes, which 

can be estimated that there are a lot of defects, occurred during the 

production processes. Defects are one of the major issues for electronics 

industry; thereby, all defects need to be eliminated or reduced so as to 

increase productivity and yield of manufacturing.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Non-wetting Defective Reduction in Printed Circuit Board Assembly 

Processes  39 

NITCHA SANGKHAPANIT 

1636708 
  

In this research, an electronics product known as PCBA has been 

used as an example to be demonstrated the defective rates and the 

solutions to prevent any unconformities. The reason for selecting this 

PCBA is because there is high demand forecast and high defective 

quantity in terms of manufacturing processes which will be described 

further in this research. Six Sigma strategy will be used in order to find 

root cause and solve the problem of a specific defect. Therefore, when 

operating production processes, there is inevitably generated 

unconformity or it can be known as defects. The defects can be occurred 

at any operations. Thus, defects are able to define and analyse to see 

which stations generate the most unconformity.  

Based on PCBA that has been selected covers two main 

operations which are SMT and TLA processes. Beginning with receiving 

raw material from suppliers and start processes with solder paste screen 

printing to screen solder paste onto PCB pad. Then, PCB with solder 

paste on top pass to solder paste inspection (SPI) to measure solder 

volume with define the specification of solder volume. After that, PCB 

passes to SMD mounting machine that automatically place component 

onto PCB. Then, PCB will enter to reflow soldering machine to melt solder 

paste attached to component leads and PCB pads for each location of 

component. It controls temperature and time for reflow soldering. After 

that, PCB will be inspected by operators to inspect any defects that might 

occur during reflow soldering process. Then, PCB will be cleaned to 

eliminate solder paste or flux residues that might remain on the PCB. Flux 

is a substance mixed with solder to help solder melting completely with 

component leads. Next process is auto optical inspection (AOI) to inspect 

any unconformities such as component missing, component misaligned, 

non-wetting, etc. Then, PCB will be sent to X-ray to inspect solder under 

component to see whether it is short during the manufacturing processes. 

These processes are sub-processes of SMT process. For the second 

part, TLA process, it consists of de-panel which cuts PCB panel into 

single board of PCB. Then, single board will enter to functional test to test 
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work function of the PCB such as functional test of each component and 

overall working process. After that, boards will be sent to under fill 

process to apply adhesive onto specific component to attach those 

components onto PCB and cure boards to dry the under fill. Then, boards 

pass to final inspection 2 to inspect any defects from de-panel, under fill 

and oven cure. Next is hand soldering for specific location that are not 

place at SMT process and then boards will be assembled other parts at 

hardware assembly and finally final inspection to ensure there is no defect 

boards deliver to customers.   

Process flow of the PCBA manufacturing can be identified into two 

main operations which cover from receiving raw material to shipping to 

customer. In addition, two main operations can be separated into 20 

processes. Each process can be explained as the following; 

 

 

 

3.2.1 Receiving (Raw Material) 
 

The first step is receiving raw material from various 

vendors and visual inspect each raw material before sending to 

production line. For the case study of PCBA, there are many raw 

materials such as Printed Circuit Board (PCB), components 

used to assembly onto PCBA, solder paste, adhesive used for 

under fill, etc. All these raw materials need to be inspected batch 

lot, date of manufacture and expire date in order to follow FIFO 

method. Apart from this, components need to be buyoff for 5 

each to measure physical dimension compared to component 

drawing. If found physical dimension misalign with drawing, need 

to feedback to vendor and is not allowed to use at production 

line.    
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3.2.2 Solder paste screen printing 
 

This process is to screen solder paste onto PCB pad by 

using stencil which specify aperture match with PCB pad. In 

order to screen solder paste onto PCB pad, screen printing 

machine has been used with a stencil and press solder paste 

along a stencil by proper squeegee size. At this step, pressure 

and speed of squeegee have been applied so as to press solder 

paste onto each aperture. Setting parameters between pressure 

and speed have been set up.   

 

Figure 20: Screen Printing Machine 

 

3.2.3 Solder paste inspection (SPI) 

 

After PCB pass through solder paste screen printing, 

PCB with solder paste on top will be transferred to SPI machine. 
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In this process, solder paste %volume is inspected whether it is 

in specification of 50-180%, which is a standard used for inspect 

solder paste %volume. It is automatically detected by first 

programming its PCBA. Apart from solder paste %volume 

inspection, SPI can detect other kind of criteria such as solder 

bridging, insufficient solder, excessive solder, solder 

misalignment, and mismatch shape. If any of these criteria has 

defected, it will be alarmed and show a position of defect. If it is 

good, PCB will come out of the machine and ready to go to next 

step.  

 

Figure 21: SPI Machine 
 

3.2.4 SMD mounting 
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When PCB comes out of the SPI, it will be continuous to 

SMD mounting machine which are used for mount SMD 

components onto PCB by programming and named it. This 

machine will automatically pick up each component using 

various nozzle sizes. Each component comes with different 

package types such as tape and reel, tube, or tray. Electrical 

engineering team will set up the program to align with each 

package types and also component size. Moreover, this 

machine uses a concept of pick and place component which 

means there is a pressure when place component onto PCB. If 

the pressure does not appropriate, it will result in several kinds 

of defect such as non-wetting issue, bridging solder, component 

missing and etc. 

 

 

Figure 22: SMD Mounting Machine 
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3.2.5 Reflow soldering 
 

After PCB with component on top comes out of SMD 

mounting, it will enter to reflow soldering machine to melt solder 

paste attached to component leads and PCB pads for each 

location of component. It controls temperature and time for 

reflow soldering. At this process, PCBA will be good if setting 

parameter between temperature and time are appropriate. In 

contrast, if parameters are not appropriated, PCBA will show any 

of defects such as non-wetting solder, de-wetting solder, and 

tombstone.    

 

Figure 23: Reflow Soldering Machine 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Non-wetting Defective Reduction in Printed Circuit Board Assembly 

Processes  45 

NITCHA SANGKHAPANIT 

1636708 
  

3.2.6 Visual inspection after reflow 
 

Once reflow soldering has been completed, PCB with 

component on top needs to be inspect in order to find any 

unconformities which might occur such as bridging solder, 

missing component, misaligned component, reversed polarity, 

non-wetting, and etc. This can be inspected by using luxo lamp 

or microscope.  

  

3.2.7 Cleaning 

 

In this step, PCBA is sent to clean by Saponifier 

cleaning which is one of a chemical used in order to eliminate 

any contamination such as flux, solder paste residues, dust and 

other small impurities.  

 

 

3.2.8 Auto optical inspection (AOI) 
 

Next, PCBA is passed to AOI machine which uses for 

inspect any criteria such as bridging solder, reversed polarity, 

insufficient solder, excess solder, missing component, 

component misaligned, de-wetting, non-wetting, loss of 

metallisation, and etc. In order to automatically inspect, the 

program of PCBA has been set up first; hence, when insert 

PCBA into the machine, it will be automatically inspected 

following the set-up program. If the machine notifies for a false 

call, operators need to justify by visual inspection so as to 

ensure whether it is defect or not.   

 

3.2.9 Auto X-ray inspection (AXI) 
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To ensure any unconformities will not be missed, 

another auto-inspection machine is used which is called AXI 

machine. It is programmed to inspect solder characteristic under 

a component or known as hidden joints and also any locations 

that AOI cannot inspect. If the machine notifies for a false call, 

operators need to justify by visual inspection so as to ensure 

whether it is defect or not.  

 

3.2.10 De-panel 

 

Then, PCBA is entered De-panel machine to de-

panelise panel PCBAs into single board. In this step, de-panel 

fixture has been used to support a panel and using a router from 

de-panel machine to cut each point following the set-up 

program.  

 

3.2.11 Functional test (FCT) 

 

Next, PCBA is tested function by follow the schematic of 

the product. Test software is programmed to test almost all 

components located on the PCBA to test work function and 

confirm whether the soldering process is completed and no 

defect occurs.  

3.2.12 Under fill  
 

Under fill process is to add adhesive around the selected 

component in order to prevent any contamination hide under the 

component. At this step, specific components have been applied 

adhesive by under fill machine such as BGA component type. 

Firstly, this machine is set up program. Then, it will run 

automatically after enter PCBA onto the machine. After under fill 
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is applied, PCBA will come out and has been inspected by 

operators to see the shape of under fill. 

 

3.2.13 Oven cure 

 

After PCBA is inspected by operators, it is sent to oven 

to cure the adhesive for a specific temperature and time.  

 

3.2.14 Final inspection 2 
 

In this step, PCBA has been inspected again after oven 

cure in order to ensure there is no defects occurred during under 

fill and oven cure by using microscope before sending PCBA to 

next process. 

 

3.2.15 Hand soldering 

 

Hand soldering process uses for manual hand solder a 

specific location. For this PCBA, it uses to hand soldering Piezo 

using no-clean solder wire. 

 

3.2.16 Hardware assembly 
 

Once PCBA has been hand soldering, it is stacked with 

another board to be completed for the finished PCBA.  

 

3.2.17 Final inspection 
 

This step is to visual inspecting the whole PCBA by 

using microscope to confirm the PCBA is good prior deliver to 

customer. If any defects are found, operator will inform 
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supervisor, process and quality engineers to help find root cause 

and solve the problem. 

 

3.2.18 QA final inspection of PCBA 

 

To confirm defects can be detected by randomly inspect 

some PCBAs prior to pack into shipping box. 

 

3.2.19 Packing 
 

This step is to pack finished goods of PCBAs into 

shipping box. 

  

3.2.20 Shipping 
 

Finally, PCBAs are delivered to customer. 

 

The electronics manufacturing processes of case study PCBA can 

also be concluded as process flowchart as displayed in Figure 24.   
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Figure 24: Process Flow chart of PCBA 
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Figure 24: Process Flow chart of PCBA (Cont.) 
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3.3 Current Problem 
 

3.3.1 Defect characteristic selection  
 

As mentioned in the introduction chapter, the historical 

data of one year period from November 2016 to October 

2017 indicated that the defective rate in PCBA 

manufacturing was accounted for an average of 10%. It 

can be illustrated in pie chart of total production in which 

separating between good production and defective types 

(Figure 25). 

 

Figure 25: Pie chart of percentage of total production quantity 
  Good production is accounted for 90.1%, while non-

wetting defect which is the highest defect found is 

accounted for 3.8%, following by electrically defective 

component (1.8%), PCB exposed copper (0.7%), and 

component damage (0.7%), respectively. Furthermore, 

Figure 26 shows a Pareto chart of total defect cost, which 

non-wetting has the highest number of defect cost at 

Non wetting 
3.8% Electrically 

defective 
component 

1.8% 

PCB exposed 
copper 

0.7% 

Component 
damage 

0.7% 
Good 

Production 
90.1% 

Percantage of total production quantity 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Non-wetting Defective Reduction in Printed Circuit Board Assembly 

Processes  52 

NITCHA SANGKHAPANIT 

1636708 
  

9,262,985 baht per year of total defect cost, estimated to 

be 41.6%.  

 

Figure 26: Pareto chart of total defect cost 
It can be stated that non-wetting defect has much 

higher than other defects and there will be considered in 

this research project for the solving method of this defect in 

PCBA manufacturing process.  

Apart from non-wetting defect found, there was an 

analysis of location of non-wetting on PCBA, it was found 

that the largest amount of non-wetting occurred at location 

L7 as illustrated in Table 6, which can be estimated for 

75% of total non-wetting occurred at the PCBA. Therefore, 

this research will be specifically focus on non-wetting 

defect at L7 location of PCBA.    
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Table 6: Total defective quantity due to Non-wetting 

 

3.3.2 Production line selection 

 

In the PCBA manufacturing process, there are totally 

20 SMT production lines, which manufacture various 

electronics assemblies. Since this research project will 

focus on PCBA of focused product, SMT line 11 was 

selected as it is the only production line that manufactures 

this PCBA. All machines used for manufacturing must have 

preventive maintenance (PM) every month in order to 

maintain and check machines before any failures occur. 

Thus, it can be confirmed that all SMT production lines will 

have a good condition prior to run in every batch.      
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3.4 Baseline measurement  
 

This research will be evaluated the percentage of defect rate which 

is the number of non-wetting defect divided by total number of units 

tested.  

3.5 Summary of Define phase chapter 
 

In conclusion, define phase is the beginning of this research in 

which the historical data of one year from November 2016 to October 

2017 has been gathered. It is indicated the defects occurred during the 

production of PCBA were accounted for 10% and among this number of 

defective rate, there is 3.8% which accounted for non-wetting defect that 

is the highest defect found of PCBA. When deeply look into the non-

wetting defect, 75% of this defect were occurred at a component of L7 

and its defect cost was estimated to be 6,947,238 baht per year of total 

defective cost and rework. As a consequence, the problem of non-wetting 

at L7 location must be solved immediately as the sales volume of this 

PCBA tends to increase every year. Moreover, this project will focus on 

only SMT line 11 that manufacture this PCBA. If this issue is not solved 

immediately, it will cause the company having a critical situation and 

eventually having a negative financial performance in the future.   
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Chapter 4 

Measure Phase 
 

In measure phase of Six Sigma DMAIC methodology, the aim is to 

identify causes of non-wetting defect through several quality tools. 

Beginning with Attribute Agreement Analysis (AAA) through Gage R&R. 

Then, perform cause and effect diagram, following by cause and effect 

matrix to prioritise sub-root causes of problems and also applying Pareto 

chart. The scores obtained from the cause and effect matrix will be 

summarised before experimenting through DOE.   

 

4.1 Attribute Agreement Analysis 
 

Attribute Agreement Analysis (AAA) is a useful tool used to 

evaluate the agreement between the ratings done by the standard and 

appraisers. It can also be used to determine the accuracy of the 

assessments made by operators in manufacturing. In general, AAA is 

used to classify things into two types, which are good/bad or pass/fail. It is 

used for visual assessment, go/no go testing or when results are being 

categorized. In addition, the case study of PCBA which determine the 

quality of products in terms of attribute data of good/bad or accept/reject; 

thus, the Attribute Agreement Analysis has been created to ensure that 

the results have an accuracy and precision.  

 

4.1.1 Visual inspection of PCBA after reflow soldering process 
 

PCBA will be inspected by operators under microscope 

as shown in Figure 27. This visual inspection will be 

performed before sending to wash. If any defects were 

found, the defect unit will be scanned reject and identify the 

defect cause before sending to wash. Visual inspection will 
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be performed 100% of overall PCBA through microscope 

and refer defects from IPC standard which is the 

acceptability of electronic assemblies.    

 

 

Figure 27: Visual Inspection 
 

 4.1.2 Automatic inspection machine (AOI) 
 

In order to ensure that the defect will not be sent to 

customer, there is an automatic inspection machine to help 

inspect the PCBA by first programming the software and 

fine tune to real PCBA for inspection. In the program, there 

have a lot of defects criteria that referring to IPC standard. 

Non-wetting defect is one of the defects that can be 

inspected by AOI machine.   
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4.1.3 Attribute Agreement Analysis (AAA) 
 

4.1.3.1 Select 3 operators who have duty to inspect non-

wetting defect that occurred on L7 of PCBA.  

4.1.3.2 For 3 operators based on the sample size 

suggested by Fasser and Brettner, 1992, 40 PCBA 

samples were needed 3 replicates and can be 

categorized into 3 types which are 14 good 

samples, 14 non-wetting defect samples, and 12 

accepted non-wetting defect that refer to IPC 

standard.  

4.1.3.3 Acceptance criterion standard will be inspected by 

visual inspection by referring to Table 7. 

 

Table 7: Acceptance criterion standard 

Index Acceptance 

criteria 

% Repeatability of inspectors 100% 

% Non-biased of inspectors (%Attribute 

score) 

100% 

% Repeatability effectiveness of 

inspection (%Screen effective score) 

100% 

% Non-biased effectiveness of inspection 

(%Attribute effective score) 

100% 

 

The inspection results of 3 inspectors are shown 

in Table 8 below. 
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Table 8: Inspection results by AAA method 

Sample 
No. 

Referenc
ed unit 

Inspector 1 Inspector 2 Inspector 3 Results of 
3 

operators 
are the 

same 

Results 
of 3 

operat
ors are 

correct 

1 2 3 1 2 3 1 2 3 

1 G G G G G G G G G G Y Y 

2 G G G G G G G G G G Y Y 

3 NG NG NG NG NG NG NG NG NG NG Y Y 

4 G G G G G G G G G G Y Y 

5 G G G G G G G G G G Y Y 

6 NG NG NG NG NG NG NG NG NG NG Y Y 

7 NG NG NG NG NG NG NG NG NG NG Y Y 

8 G G G G G G G G G G Y Y 

9 G G G G G G G G G G Y Y 

10 G G G G G G G G G G Y Y 

11 G G G G G G G G G G Y Y 

12 G G G G G G G G G G Y Y 

13 NG NG NG NG NG NG NG NG NG NG Y Y 

14 G G G G G G G G G G Y Y 

15 NG NG NG NG NG NG NG NG NG NG Y Y 

16 G G G G G G G G G G Y Y 

17 G G G G G G G G G G Y Y 

18 NG NG NG NG NG NG NG NG NG NG Y Y 

19 G G G G G G G G G G Y Y 

20 G G G G G G G G G G Y Y 

21 NG NG NG NG NG NG NG NG NG NG Y Y 

22 G G G G G G G G G G Y Y 

23 NG NG NG NG NG NG NG NG NG NG Y Y 

24 G G G G G G G G G G Y Y 

25 G G G G G G G G G G Y Y 

26 NG NG NG NG NG NG NG NG NG NG Y Y 

27 NG NG NG NG NG NG NG NG NG NG Y Y 

28 G G G G G G G G G G Y Y 

29 G G G G G G G G G G Y Y 

30 G G G G G G G G G G Y Y 

31 G G G G G G G G G G Y Y 

32 G G G G G G G G G G Y Y 

33 NG NG NG NG NG NG NG NG NG NG Y Y 

34 G G G G G G G G G G Y Y 
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Sample 
No. 

Referenc
ed unit 

Inspector 1 Inspector 2 Inspector 3 Results of 
3 

operators 
are the 

same 

Results 
of 3 

operat
ors are 

correct 

1 2 3 1 2 3 1 2 3 

35 NG NG NG NG NG NG NG NG NG NG Y Y 

36 NG NG NG NG NG NG NG NG NG NG Y Y 

37 G G G G G G G G G G Y Y 

38 G G G G G G G G G G Y Y 

39 G G G G G G G G G G Y Y 

40 NG NG NG NG NG NG NG NG NG NG Y Y 

 
Table 9: Analysis results of AAA method by Minitab 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Non-wetting Defective Reduction in Printed Circuit Board Assembly 

Processes  60 

NITCHA SANGKHAPANIT 

1636708 
  

 

Table 9: Analysis results of AAA method by Minitab (Cont.) 
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Table 9: Analysis results of AAA method by Minitab (Cont.) 
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Figure 28: Attribute Agreement Analysis result 
 

 

 

It can be concluded from the AAA as the following; 

1. Percentage repeatability of inspector 1, inspector 2, and inspector 

3 are 100%.  

2. Percentage of non-biased of inspector 1, inspector 2, and inspector 

3 are 100%.  

3. Percentage repeatability effectiveness of inspection is 100%. 

4. Percentage non-biased effectiveness of inspection is 100%. 

As a consequence, it can be summarised that the Attribute 

Agreement Analysis has been completed and all inspectors are 

able to inspect non-wetting defect accurately within first time. 

Thereby, next step of finding potential causes of non-wetting defect 

will be considered.  
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4.2 Cause and effect diagram  
 

In order to identify causes of non-wetting defect, cause-and-effect 

diagrams has been generated and it can be shown in Figure 29 below. It 

can be seen that there are many factors that are being investigated. The 

first is related to man who are operators working on this product. They 

might not follow work instruction and also does not properly clean 

manufacturing line, leading to contamination mixed with solder paste, flux 

and component. Moreover, if there are new operators working for the 

PCBA, they still have no experience to operate each machine, which 

finally results in defects occur.    

The second is about machine being used on PCBA which are 

screen printing machine, solder paste inspection machine, SMD mounting 

machine and reflow soldering machine. All these machines can be one of 

the root causes of the problem due to operating error or malfunction, 

reading parameters do not match with setting parameters, machines do 

not usually perform preventive maintenance and long-time used machine 

causes efficiency drop.  

The third is related to material used; contaminated component, 

solder paste or flux is contaminated and also expired solder paste. 

Besides is different qualification of raw material; for instance, using 

different batch lot or different supplier. 

The final potential factors are about method of the manufacturing. 

Unsuitable setting machine of preheat temperature and preheat time in 

reflow soldering machine. Inappropriate setting parameters of pressure 

and speed in screen printing machine also have an effect on non-wetting 

defect. Inappropriate pressure of component placement. Insufficient 

solder volume at the non-wetting point and not enough flux for wetting. 
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Figure 29: Cause-and-effect diagrams of L7 non-wetting 

 

4.3 Cause and effect matrix 
 

The most possible root causes of non-wetting defect can be 

analysed by using the principle of cause-and-effect matrix (C&E matrix) 

which stated in Table 10. It can be seen from cause-and-effect matrix that 

potential causes of non-wetting defect have been identified and analysed 

from cause-and-effect diagram. Cause-and-effect matrix was weighted 

the score by using 5 operators to weigh score of a correlation between 

each potential cause and non-wetting defect. If there is high correlation, a 

score of 9 will be weighted. If there is medium correlation, a score of 4 will 

be placed and if there is no correlation, a score of 0 will be weighted.  
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Table 10: Cause and Effect matrix of non-wetting defect 

   Process Inputs 
Opr. 

1 
Opr. 

2 
Opr
. 3 

Opr. 
4 

Opr. 
5 

Total 
Scor

e 

Man 

Operator do not clean manufacturing line properly 4 4 4 1 1 14 

Operator do not follow work instruction  4 1 4 4 4 17 

No training 4 4 4 1 4 17 

New operators 9 4 4 4 9 30 

Machine 

Efficiency of machine drop due to long time use 1 4 1 1 4 11 

Reading parameters do not match with setting 

parameters 
4 4 9 4 4 25 

Machine do not frequently preventive 
maintenance 

4 4 1 1 4 14 

Machine errors 1 4 4 1 4 14 

Material 

Solder paste or flux is contaminated 9 4 9 4 4 30 

Contaminated component 4 4 9 9 4 30 

Solder paste is expired so its flux is inactive  4 4 9 4 4 25 

Different batch lot of raw material 1 1 4 1 1 8 

Different supplier of raw material 1 1 1 4 4 11 

Method 

Pressure of squeegee in solder paste screen 

printing 
9 9 9 4 9 40 

Speed of squeegee in solder paste screen printing 9 9 9 4 9 40 

Preheat temperature in reflow soldering machine 9 9 9 9 9 45 

Preheat time in reflow soldering machine 9 9 9 9 9 45 

Pressure of component placement in SMD 
mounting machine 

4 9 4 4 9 30 

Insufficient solder volume at the point of non-
wetting 

4 4 9 9 4 30 

Not enough flux to help solder wetting 4 4 9 4 4 25 

Excessive moisture in component and/or PCB 4 4 4 1 4 17 

 

Relation Rating System 

9 = High relation 

4 = Medium relation 

1 = Low relation 

0 = No relation 
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It can be assumed that the highest score means process input has 

the highest impact on non-wetting. In contrast, the lowest score means 

process input has the lowest impact on non-wetting. It can be seen from 

Table 10 that process inputs which related to method which are pressure 

of squeegee in solder paste screen printing, speed of squeegee in solder 

paste screen printing, preheat temperature in reflow soldering machine 

and preheat time in reflow soldering machine have high impact (score 45 

and 40) on non-wetting defect. 

 

Figure 30: Graph of scores of process inputs 
Moreover, there is a gap between these four process inputs and 

other inputs as seen from the graph; thus, this research will mainly focus 

on the first four factors and find out the suitable levels of these factors, 

which are pressure of squeegee in solder paste screen printing, speed of 

squeegee in solder paste screen printing, preheat temperature in reflow 

soldering machine and preheat time in reflow soldering machine in order 

to find the factors affect non-wetting defective rate. 
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The first is temperature. For example, if preheat temperature in 

reflow soldering machine is too low, it will generate non-wetting because 

solder paste has not completely melt at the contact area between 

component terminal and PCB pads.  

The second is preheat time in reflow soldering machine. Long 

preheat time can cause an inappropriate temperature for chemical 

reaction between solder paste and flux at the point of melting, which 

initiate non-wetting defect. Furthermore, if temperature is too high, it will 

make flux evaporate. Flux is a solvent in solder paste used to help solder 

completely wetting. If flux is evaporated, there is no flux to help solder 

wetting which finally lead to non-wetting. 

The third is squeegee pressure in screen printing machine. If there 

is an inappropriate setting pressure, solder defects will occur. For 

instance, if there is low pressure, solder defect of excessive solder will be 

occurred, since solder will not be swept out from squeegee.  While high 

pressure will generate non-wetting defect due to a few solder left at the 

PCB. 

Finally, speed in screen printing machine. Slow speed will result in 

insufficient solder which is leading to non-wetting defect. This is because 

solder paste will be entirely swept out from PCB. Whereas higher speed 

will generate solder defect of excessive solder because of too much 

solder paste left on PCB. 

It can be concluded that all four process inputs have potential to be 

significant factors affecting non-wetting defective rate. Therefore, in order 

to find optimal process settings to prevent the issue of non-wetting, 

Design of Experiment (DOE) is an appropriate tool to test whether these 

factors have significant effect on non-wetting defective rate. Then, the 

optimal setting of significant factors will be determined. 
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4.4 Summary of Measure phase chapter 
 

In the measure phase, four tools were applied to use which are 

Attribute Agreement Analysis, cause and effect diagram, cause and effect 

matrix, and Pareto chart. Beginning with Attribute Agreement Analysis 

which is used to appraise the accuracy and the precision of the inspection 

of non-wetting defect by using three experienced inspectors. Secondly, 

the cause and effect diagram has been created to find potential causes of 

non-wetting defect by brainstorming between team members. Then, the 

cause and effect matrix was used to analyse the possible causes so as to 

identify the most likely causes. Finally, graph was made from C&E matrix 

in order to find the most possible causes that have significant impact to 

the manufacturing process of PCBA which can lead to non-wetting defect. 

Four potential causes are pressure, speed, temperature, and time during 

SMT processes. Therefore, the team concluded that these four factors 

need to be specially focused on and need to be improved in the next 

phase.   
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Chapter 5 

Analyse Phase 
 

In the analyse phase, the selected four factors will be tested whether 

they are statistically significantly affect the non-wetting defective rate. 

Using the aid of Design of Experiment technique. The relationship 

equation of significant terms and the non-wetting defective rate will be 

determined and used to find out the optimal setting of the significant 

factors.   

 

5.1 Design of Experiment  
 

For the purpose of finding an optimal setting of factors,    full-

factorial design with centre points are used since each factor is tested at 

least 3 levels, which enable the ability to test for curvature. 

5.1.1   Factors to be tested 

 

1. Pressure of squeegee 

Using too high squeegee pressure in screen printing 

process will result in insufficient solder paste printed on PCB, 

since it will not entirely sweep solder paste onto PCB pad. 

There will have low solder volume and solder will not enough 

and lead to non-wetting defect. In contrast, using too low 

squeegee pressure will result in high amount of solder paste 

volume left on PCB pad which finally causes excessive solder 

paste. 

 

2. Speed of squeegee 
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Apart from the pressure, squeegee speed is one of the 

causes that have high impact on product quality. If speed of 

squeegee is too low, the squeegee will sweep all solder paste 

out of PCB pad and result in low solder volume at the PCB pad 

which finally bring about insufficient solder after reflow 

soldering process. Then, non-wetting will be occurred. 

However, using high squeegee speed will cause high amount 

of solder paste left on PCB pad which generates excessive 

solder.  

 

3. Preheat time  

Long preheat time can cause flux in solder paste has 

been evaporated before wetting process is completed. Flux is 

one of a component that is combined in solder paste in order 

to help solder wetting to be completed. If flux is evaporated 

before wetting process is completed, it will cause non-wetting 

defect. In contrary, if using short preheat time, a reaction 

between solder paste and flux to component terminal will still 

not complete, which finally result in incomplete wetting or it is 

known as de-wetting defect. 

 

4. Preheat temperature 

If preheat temperature in reflow soldering machine is too 

low, it will generate non-wetting because solder paste has not 

completely melt at the contact area between component 

terminal and PCB pads. However, if preheat temperature is 

high, components will be damaged.  

 

5.1.2   Controlled factors 
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In order to remove an effect on the result of the experiment, 

variables that are not tested needed to be controlled and must be 

kept at a constant condition during the experiment. 

There are four controlled variables in the experiment which 

are: 

(1) Using the same screen SMT machines such as screen 

printing, solder paste inspection machine, SMD mounting 

machine, reflow soldering machines, microscope, and Auto 

inspection machine 

(2) Using the same operators throughout the experiment 

(3) Using the same batch lot of raw material such as solder paste 

and all components used for producing PCBA 

(4) Using the same inspection operators throughout the 

experiment 

 

5.1.3 Response 

 
   This research will use defective rate of non-wetting defect as 

the response of the experiment.  

 

5.1.4 Design selection 

 

Due to time limitation of the research, this research considered 

using a 2k full-factorial design with centre points design since it 

provides the opportunity for testing curvature. If curvature is not 

statistically significant, then it is assumed to be linear relation; thus, 2k 

full-factorial design with centre points design is sufficient for this 

experimentation. However, if curvature is statistically significant, the 

axial runs will be added and combined to Face-centred design (CCF) 

and uses the experimental results from CCF to find second order 

model and then find optimal setting. 
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2k full-factorial design with centre points design consists of 2k 

factorial runs and    centre runs (depend on k, factor). Factorial 

points are at ±1 coded unit from centre run.   

In this research, 4 factors were tested and full factorial with 

centre points requires total of 23 runs, which affordable to be run. In 

addition, 2k full-factorial with centre points gives good prediction 

overall design space. 

 

5.1.5 Factor levels selection 

 

Referring to previous section, there are four factors to be 

tested. These factors are pressure, speed, temperature, and time. 

For 2k full-factorial design with centre points design, each factor is 

required to be tested for 3 coded unit levels, which are low level (-1), 

centre point (0), and high level (+1). Next, the uncoded units for 

each factor were determined by the reason mentioned in Table 11.    

 

Table 11: Factor Level Selection 
Factor Level Unit Remark 

 Low 

(-1) 

Centre 

(0) 

High 

(+1) 

  

Pressure 8 12 16 kg Refer to the historical manufacturing data 

and team discussion, pressure of screen 

printing machine has been used at 12 kg, 

but it can be set the parameter at different 

levels from 8 to 16 kg; thus, for this design 

pressure was tested at 8, 12, and 16 kg. 

Pressure level under 8 kg can result in 

solder defects, as it provides high amount of 

solder paste volume, while higher pressure 

than 16 kg can give lower amount of solder 

paste volume and leads to high non-wetting 

defect.  
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Factor Level Unit Remark 

 Low 

(-1) 

Centre 

(0) 

High 

(+1) 

  

Speed 20 40 60 mm/

s 

Refer to the historical manufacturing data 

and team discussion, normally speed was 

set at 40 mm/s. However, it can be set at 

different levels from 20 to 60 mm/s; hence, 

for this experiment speed was tested at 20, 

40, and 60 mm/s. Speed level lower than 20 

mm/s can provide solder defects due to 

insufficient solder, which finally leads to 

non-wetting defect, while higher speed than 

60 mm/s can provide a large amount of 

solder paste on PCB pad which lead to 

excessive solder.  

Temperature 175 205 235 °C Refer to the historical manufacturing data 

and team discussion, temperature is set at 

205°C, but it can be set up at different 

levels from 175 to 235°C. For this design 

temperature was set at 175, 205, and 

235°C. Temperature under 175°C will lead 

to unmelt solder paste which finally 

generate non-wetting defect, while 

temperature over 235°C will cause the 

component to burn.  

Time 45 75 105 sec Refer to the historical manufacturing data 

and team discussion, time has been set up 

at 75 sec. However, it can be set at different 

levels at 45, 75, and 105 sec. Time less 

than 45 sec. will result in unmelt solder 

paste, whereas longer time than 105 sec. 

will cause solder defect of non-wetting. 
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5.1.6 Sample size design 
 

In order to save cost in PCBA manufacturing process in the 

company, this research project has to find an appropriate sample 

size for each experimental run to control cost of raw material, 

production cost and also utilities cost. Moreover, time consumed of 

producing PCBA for each work order will be considered because this 

PCBA will share the same SMT production line with other products. 

Therefore, the calculation of sample size will be performed prior to 

the start of the experiment and it can be calculated as follows: 

Sample size for each experimental run with 2k full-factorial with 

centre points design where response is proportion can be calculated 

from equation (6) and (7) below: 

  (     ⁄      )
 
         

 (6) 

where               

                                                         

               

                                                    

                                   

                              

                               

        (√     ⁄ )         √     ⁄    

 (7) 
 

where                                      

       

                                                      

                                  

  
The calculation based on equation (6) yields the sample size 

(n) = 107 pieces per each experimental run.  
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It can be concluded that at the power of test equal to 0.9 and 

significance level at 95%, there will be used at least 107 pieces of 

PCBAs for one experimental run. For all 23 experimental runs by 

using 2k full-factorial with centre points design with four factors; 

2,461 pieces of PCBAs are needed. 

5.2 Design matrix and results 
 

The design matrix is shown in Table 12. The experimental runs 

are randomized so as to reduce the effects of uncontrollable factors. The 

response value for each run is also shown in Table 12. 

Table 12: Design Matrix for 2k full-factorial with centre points design and 

results 
StdOrder RunOrder Pressure 

(kg) 
Speed 
(mm/s) 

Temperature 
(°C) 

Time 
(sec) 

Defective 
rate 

1 5 8 20 175 45 0.0654 

2 4 16 20 175 45 0.0935 

3 3 8 60 175 45 0.1121 

4 23 16 60 175 45 0.1215 

5 18 8 20 235 45 0.0467 

6 19 16 20 235 45 0.0935 

7 17 8 60 235 45 0.0935 

8 9 16 60 235 45 0.0748 

9 20 8 20 175 105 0.1028 

10 1 16 20 175 105 0.1028 

11 15 8 60 175 105 0.1121 

12 2 16 60 175 105 0.1402 

13 14 8 20 235 105 0.0935 

14 8 16 20 235 105 0.1028 

15 10 8 60 235 105 0.0935 

16 12 16 60 235 105 0.1121 

17 13 8 40 205 75 0.0841 

18 6 16 40 205 75 0.1121 

19 22 12 20 205 75 0.1028 

20 11 12 60 205 75 0.1121 

21 21 12 40 175 75 0.1215 

22 7 12 40 235 75 0.1028 

23 16 12 40 205 45 0.1028 
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5.2.1 Model Adequacy Checking 
 

Before analyzing the experimental data, model 

assumptions need to be validated so as to guarantee that 

regression analysis fits with the data. There are three essential 

assumptions that need to be validated referring to εij ~NID (0,  ) 

principle. Those assumptions are normal distribution of residuals, 

independence of residuals, and constant variance of residuals.  

 

5.2.1.1 The normality of residuals 

 The normal probability plot of the residual was 

used for checking whether the residuals are normally 

distributed. Regarding to Figure 31, it can be seen that the 

residuals form a straight line and P-value of Anderson-

Daring normality test of 0.05 indicates that residuals are 

normally distributed which is exact to the standard of the P-

value. Hence, the residuals of this experiment are normally 

distributed. 
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Figure 31: Probability Plot of Residuals 
 

5.2.1.2 The independence of the residuals 

The assumption of the independence of the 

residuals can be tested using the plot of residuals versus 

observation order. If the plot indicates the randomly 

scattered points along the centre line with no pattern in the 

plot, it can be assumed that residuals are independent. 

Figure 32 illustrates the randomly residual points around 

the centre line with no trends. Hence, the residuals are 

independent.  
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Figure 32: The plot of Residuals versus Observation Order 

 

5.2.1.3 The constant variance of the residuals 

From the constant variance of the residuals, 

assumption was tested using the plot of residuals versus 

fitted values. The plot should display a random pattern of 

the residuals with the variance constant over all fitted 

values. Figure 33 indicates the residual points vary 

constantly over fitted values with no specific pattern. 

Hence, the residuals have constant variance.  
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Figure 33: The plot of Residuals versus Fitted Values 

  

According to Figure 31, 32 and 33, it can be 

concluded that all data meet the key assumptions of linear 

regression model, which can be assumed that the 

experimental data is valid and can be interpreted further 

using regression model.  
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5.3 Analysis of Experimental Data 
 

In order to analyse the experimental result, an analysis of 

variance (ANOVA) technique followed with the stepwise regression were 

used to determine the terms that significantly affect the defective rate. 

The result was shown in Figure 34 using MINITAB programme.    

 

Figure 34: ANOVA Table 
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Figure 34: ANOVA Table (Cont.) 

 

It can be seen from the ANOVA table in Figure 34 that only main 

effects of the four factors are significant. The quadratic terms and the 

interaction terms are not significant. The four main factors which have 
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critical influence on the defective rate are pressure, speed, temperature, 

and time.  

Next, stepwise regression has been performed to obtain a 

reduced model with only significant terms at the significant level of 0.05. 

The results are shown in Figure 35. 

 

 

 

Figure 35: Stepwise Regression Result 
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5.4 Discussion of results 
 

Figure 36 illustrates the main effect plot of each factor on non-

wetting defective rate. Regarding pressure, when pressure increases, the 

defective rate increases. Similarly to speed, when speed increases, the 

defective rate increases. However, when temperature increases, the 

defective rate decreases.  Finally, when time increases, the defective rate 

increases. 

This can be explained that using low squeegee speed together 

with low squeegee pressure can provide enough solder paste volume on 

PCB pad and when it comes out of reflow soldering machine, solder 

wetting between PCB pad and component terminal will be in a good 

condition, which means there is no non-wetting defect. Moreover, using 

high preheat temperature and taking short preheat time can provide good 

solder wetting because flux in solder paste will not be evaporated prior to 

wetting process completion. Therefore, using optimal conditions of each 

factor is able to provide good solder wetting over the entire component 

terminal of L7 location.  

 

 

Figure 36: Main Effects Plot for Defect 
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5.5 Summary of Analyse phase chapter  
 

In conclusion, this chapter begins with considering factors to be 

tested which are pressure, speed, temperature, and time. The response 

of this experiment is defective rate of non-wetting defect. Next, design 

selection has been chosen 2k full-factorial with centre points design, since 

it provides an opportunity for testing curvature and also provides good 

prediction over the entire range of design space. After that, selection of 

factor levels has been performed and each factor was tested at 3 different 

levels following the design. Then, sample size has been evaluated for 2k 

full-factorial with centre points design and the sample size for each of 23 

runs is 107 pieces. Next, design matrix for 2k full-factorial with centre 

points design was created by using MINITAB programme. The results 

from stepwise regression show that main effects of pressure, speed, 

temperature, and time are significant. There is no interaction effect 

between factors. In addition, there is no curvature effect within the tested 

range of factor levels.  

.    
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Chapter 6 

Improve Phase 
 

6.1 Optimal setting parameters 
 

Based on stepwise regression model, the optimal setting for 

pressure, speed, temperature and time of the PCBA is indicated in Table 

13. 

 

Table 13: The optimal conditions of factors 

Factor Condition Unit 

A = Pressure  8 kg 

B = Speed  20 mm/s 

C = Temperature  235 (°C) 

D = Time  45 sec 

 

It can be concluded that the lowest defective rate due to non-

wetting defect can be obtained by using a squeegee pressure at 8 kg, 

squeegee speed at 20 mm/s, preheat temperature at 235°C, and preheat 

time of 45 second. 

 

6.2 Confirmation of Improvement Results 
 

According to the plot in Figure 37, it is able to explain that before 

improvement the defective rate from non-wetting defect was extremely 

high around 65.36% on average. This historical data was collected three 

months before improvement.  However, after improvement the defective 

rate from non-wetting defect was dramatically reduced to 15.04% on 

average, which was collected from one month. The defective rate was 

reduced by 50.32% from before improvement. The defective rate after 

improvement met the goal as stated in the change of defective rate 

between before and after improvement, as the goal is defined that the 
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change will be 1.85%, but after improvement, the change of defective rate 

was 50.32% which is much higher than the target.   

 

Figure 37: P-Chart of % Non-wetting defect 
 

In order to ensure that the defective rate from non-wetting defect 

has been dramatically decreased, Two-Sample T-Test has been applied 

to compare between defective rate before improvement and after 

improvement as indicated below: 
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Figure 38: Two-Sample T-Test 

It can be seen from Figure 38 that the result of P-Value is less 

than 0.0005 which is less than   (0.05); thus, the null hypothesis has 

been rejected. Therefore, the alternative hypothesis has been accepted, 

which means that       is correct. Hence, it is able to summarise that 

the defective rate from non-wetting defect after improvement has been 

statistically significant reduced from the defective rate of before 

improvement.   

The results of improvement setting and defective rate can be 

displayed in Table 14.  
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Table 14: Results of improvement setting and defective rate 
Factors Before improvement After improvement 

Pressure (kg) 12 8 

Speed (mm/sec) 40 20 

Temperature (°C) 205 235 

Time (sec) 75 45 

Defective rate 0.6536 0.1504 

Scrapped cost (Baht per 
month) 

578,937 
 

116,096 
 

Scrapped cost (Baht per 

year) 

6,947,244 1,393,152 

 
 

6.3 Discussion of optimal setting 
 

It can be seen from Table 14 that new optimal setting after 

improvement of pressure, speed, temperature, and time are out of range 

of before improvement. The reason behind is because the parameters 

setting before improvement were determined from the results of each 

process, but did not determine from the defects occurred during the 

manufacturing PCBA. For example, the parameter setting of speed and 

pressure are determined from screen printing machine and the results of 

solder %volume from screen printing machine are specified by solder 

paste inspection machine, which is set specification of solder paste 

%volume at 50-180%. Moreover, preheat temperature and preheat time 

are set up at reflow soldering machine. The parameters setting from these 

two parameters can be considered from specification of solder paste 

used, which do not concern about the end result of any defects that 

probably occur to PCBA. Therefore, it can be concluded that the optimal 

setting from this research are valid and able to apply in the normal 

production.  

In addition, when considered other factors that have related to the 

manufacturing process and also concerned to optimal setting, it is able to 

conclude that other factors have not been impacted from the new optimal 
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setting, as other defects have not been statistically increased from before 

improvement.  

Even though the new setting of speed slightly decreased from 40 

mm/sec to 20 mm/sec, it does not impact to productivity because the 

speed of squeegee in screen printing machine is not a bottle neck of the 

overall process of both before and after improvement. Therefore, the new 

setting of speed does not impact to productivity. Furthermore, the 

productivity of one month manufacturing process after improvement has 

been extremely increased when compared to before improvement due to 

the fact that non-wetting defective rate has been decreased leading to 

higher yield and productivity.       

 

6.4 Summary of Improve phase chapter 
 

In summary, the new setting parameters have been created 

based on stepwise regression model. It can be displayed that by using a 

squeegee pressure at 8 kg, squeegee speed at 20 mm/s, preheat 

temperature at 235°C, and preheat time of 45 sec, the SMT process was 

able to generate the least defective rate of non-wetting defect in the 

PCBA manufacturing line. After improvement, non-wetting defective rate 

was decreased from 0.6536 to 0.1504 correspond to the percentage 

reduction of 50.32%. Therefore, it can be summarized that when using the 

optimal setting in normal production, it will generate significantly lower 

non-wetting defective rate when compared to the production before 

improvement. 
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Chapter 7 

Control Phase 
 

In the control phase, control activities were set up to maintain 

the results after improvement. Action plan was developed through a 

brain storming session among the team members as indicated in Table 

15. 

 

Table 15: Action plan for maintaining improvement results of non-wetting 

defective rate in PCBA manufacturing line 

No. Activity 
Responsible 

person 

Apr-19 May-19 

1 2 3 4 1 2 3 4 

1 Creating new work instruction 

for PCBA manufacturing 

process 

Process engineer                 

2 Creating a control plan Process 

improvement 

team 

        

3 Creating a control chart Researcher                 

4 Training operators who are 

working in the manufacturing 

line 

Process engineer                 

 

7.1 Creating new work instruction for PCBA manufacturing process  
 

Since there is a new setting of parameters in SMT processes 

which are related to screen printing machine and reflow soldering 

machine; thus, the setting parameters of squeegee pressure, squeegee 

speed, preheat temperature and preheat time must be updated and 

recorded new values in the form. However, there is no change affected 

the SMT production line except changing these four influenced 
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parameters. Related work instructions and parameter setting can be 

shown in Appendices section.  

   

 

 

7.2 Control Plan Setup 
 

Table 16 shows a control plan for two related processes, which 

are screen printing and reflow soldering processes. Four significant 

factors have been specified and control methods have been created.  

Table 16: Control Plan 

Process Factors 
Specificat

ion 

Control 

method 

Frequen

cy 
Action Refer 

Screen 
printing 

Pressure 
(kg) 

8 

Check 
sheet 

 

Start 
productio
n order 

Inform 
supervis

or and 
process 

enginee
r 

Screen 

printing 
record 

Speed 

(mm/sec) 
20 

Reflow 

soldering 

Temperature 
(°C) 

235 
Reflow 

soldering 

record Time (sec) 45 
 

 According to Table 16, the first factor is squeegee pressure in 

screen printing machine in which specified value at 8 kg. Control method 

is using check sheet to record pressure when starting new production 

order by referring to screen printing record. This prevents pressure out of 

specification, but if it is out of specification, action will be taken 

immediately by informing supervisor and process engineer. The second 

factor is squeegee speed in screen printing machine which has a 

specification of 20 mm/sec. Check sheet is used to control and record the 

speed value when starting new production order by referring screen 

printing record. The third is temperature in reflow soldering machine which 

is set at 235°C and there is a check sheet for recording value when 

starting new production order. Finally, time in reflow soldering machine is 
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set at 45 second and it can be detected by using check sheet to record 

preheat time every start new production order.  

As seen from control plan, frequency of checking each parameter 

is when staring new production order. This is because each four factor 

has been set up when there is produced the PCBA and the actual setting 

of each four parameters will not be changed throughout the manufacturing 

process. Thus, it is enough for checking the setting for only starting 

production run.   

 

7.3 Creating the control chart 
 

The control chart is created to monitor the defective rate after 

improvement. A control limit of P-chart was calculated using one-month 

data after improvement. The set up P-chart with its control limits is shown 

in Figure 39. It can be seen that after improvement the defective rate due 

to non-wetting defect is stable around 15.04%.  
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Figure 39: P-Chart of Defective rate from Non-wetting defect 

 

7.4 Training operators who are working for the manufacturing line 
 

After new optimal setting of the four factors have been updated, 

process engineer needs to train new work instruction to supervisor and 

SMT operators to ensure that they follow the updated work instruction 

correctly. All related SMT operators who are assigned to work for this 

PCBA must be trained before producing the PCBA. In addition, inform 

operators that if they encounter with any problems during manufacturing, 

they need to inform supervisor and process engineer so as to solve the 

problem. 

7.5 Summary of Control phase chapter 
 

In the control phase, beginning with action plan for solving non-

wetting defect. It consists of creating work instruction for PCBA 

manufacturing process, training operators who are working for this PCBA, 

creating control chart, and performance evaluation. Referring to P chart, it 

is indicated that by implementing suitable parameters for significant 

factors for one month, the defective rate from non-wetting defect was 

dramatically reduced from 0.6536 to only 0.1504 and resulting in the 

scrapped cost to be decreased from 6,947,244 baht per year to only 

1,393,152 baht per year for non-wetting defect of L7 on PCBAs. In 

addition, control plan has been created to help monitor and control each 

of the factors with specific value. There are control methods and specify 

frequency of every check point. Thereby, it can be summarised that the 

results are very satisfactory by the team members and this improvement 

has been completed and success for not only the team members, but also 

for the company.  
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Chapter 8 

Conclusion and Recommendation 
  

This research follows Six Sigma DMAIC methodology in order to 

improve production process of printed circuit board assembly industry. 

Potential causes affected non-wetting defect were found by using cause-and-

effect diagram together with cause-and-effect matrix to prioritise the potential 

factors. Then, performing experimental design through 2k full-factorial with 

centre points design in order to find optimal setting parameters of each 

significant factor. After getting new optimal setting, then apply the optimal 

setting to normal production for one month and create control chart to see the 

differences between before and after improvement. The result from control 

chart shows that non-wetting defective rate has been statistically reduced 

from before improvement, as the defective rate from non-wetting defect was 

dramatically reduced from 65.36% to only 15.04% and resulting in the 

scrapped cost to be decreased from 6,947,244 baht per year to only 

1,393,152 baht per year for non-wetting defect of L7 on PCBAs. 

The Six Sigma methodology consists of 5 phases which are define 

phase, measure phase, analyse phase, improve phase, and control phase. 

The summary of each phase are concluded as the following.  

   

8.1 Define Phase 
 

 Referred to the current situation of case study company, there is a 

large number of defect rate from non-wetting defect on L7 location in PCBA 

product. This defect impacted the company due to high production volumes 

and it results in high defective parts. Therefore, it is necessary to eliminate the 

non-wetting defects so as to improve manufacturing process which focused 

only on SMT production process.  
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8.2 Measure Phase 
 

 Based on the problem determined in define phase, the measure phase 

begins with Attribute Agreement Analysis (AAA) to evaluate the accuracy and 

the precision of the inspection system. The result showed that 3 operators can 

inspect non-wetting defect accurately, precisely and they can differentiate 

between good and bad product of non-wetting defect. Then, cause and effect 

diagram was performed in order to find possible root causes through 

brainstorming session from the team members. Moreover, cause and effect 

matrix has been applied to find the most possible root causes in a depth 

analysis and it revealed that there are 4 potentials causes of non-wetting 

which are pressure of squeegee in screen printing machine, speed of 

squeegee in screen printing machine, preheat temperature in reflow soldering 

machine, and preheat time in reflow soldering machine.  

  

8.3 Analyse Phase 
 

 This phase starts with the design selection and 2k full-factorial design 

with centre points design has been applied because it is able to provide good 

prediction over the entire range of design space and provide an opportunity 

for testing curvature. The 2k full-factorial design with centre points design has 

tested for 3 different levels of each of the four factors and it requires 23 runs. 

Then, sample size of experimental design has been calculated. There are 

totally 107 pieces of PCBAs for each run. The results from stepwise 

regression show that main effects of pressure, speed, temperature, and time 

are significant. There is no interaction effect between factors. In addition, 

there is no curvature effect within the tested range of factor levels. 

 

8.4 Improve Phase 
 

In improve phase, bases on stepwise regression result, the optimal 

setting of the four factors are indicated as the following; using squeegee 
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pressure at 8 kg, squeegee speed at 20 mm/s, preheat temperature at 235ºC, 

and preheat time at 45 second. With this setting, defective rate from non-

wetting was decreased from 0.6536 to 0.1504, which equivalent to the 

percentage reduction of 50.32%.  

    

 

 

8.5 Control Phase 
 

 In this chapter, action plan was created to prepare the readiness for 

future production. Work instruction for PCBA manufacturing process has been 

updated and following by creating control plan. Then, creating control chart to 

monitor process variation. Finally, training operators who are working for the 

PCBA manufacturing line especially inspectors who is responsible for inspect 

non-wetting defect.  

The result of non-wetting defect was plotted as P-chart and it was 

shown that non-wetting defect was critically reduced from 65.36% to only 

15.04%, leading to improved scrapped cost at approximately decreased from 

6,947,244 baht per year to only 1,393,152 baht per year. 

 

8.6 The limitation of the research 
 

(1) Optimal setting parameters from this research can only be used for 

specific product which has the same PCB pads, same component 

types and same size of PCBA. 

(2) In case of other products, which this optimal setting cannot be applied, 

the Six Sigma methodology can still be used to find out the optimal 

setting for these products. 

(3) Factors to be tested come from cause and effect matrix which were 

weighted from different operators.    
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8.7 Problems in the research 
 

 The problems shown in the research as the following; 

(1) One of the difficulty of doing the experiment is about there is only one 

SMT production line that produced this PCBA, so it would impact to 

normal production while doing the experiment. The experiment took 

almost 20 days with only day time from 8.00 a.m. – 5.00 p.m. However, 

normal production was able to run in the night shift with low output.  

(2) Since the time limitation, it is necessary that operators who are working 

for this product have to understand this experiment and strictly follow 

the work instructions. If they do not follow the work instructions, there 

will have a big problem.  

(3) The limitation of time for the experiment is one of the key parameter 

that impacted to the experimental design. This is because in the SMT 

production line, there is only SMT 11 that is used to produce this PCBA 

for the mass production. Hence, in order to have the experiment, it 

needs to control time usage for each run.  

 

8.8 Recommendations and suggestions for further research 
 

(1) In order to use the result of this research to apply for other products, 

users must consider the differences between products such as types of 

product, types of solder paste used, and types of material. If it does not 

the same types, the result will not be the same.  

(2) The knowledge and skills of Six Sigma DMAIC methodology is 

necessary for the employees in order to apply this methodology to the 

organization. Corporate management should consider this step and 

announce to their employees in each level prior to apply this 

methodology. If employees understand to the principle and objectives, 

they will support and make it successful.  
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(3) The case study company should apply the Experimental Design to the 

others types of PCBA so as to find the optimal setting parameters for 

other PCBAs to help reduce defects. 

(4) The case study company should start consider an importance of raw 

material and select the best quality raw material in order to use in the 

manufacturing process of PCBA, since a better product quality will 

come from a higher raw material quality.  
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