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Abstract- In semiconductor industry, although the major function of an IC lies in its electronic properties, the marking 
content plays a key role in its identification because it is one of the major defect modes of returned material (RMA). A bad 
marking condition may spread to more than one spot and more than one type of defect mode may occur on a single unit. In 
this thesis, by applying a demerit control chart for a weighting system to the monitoring of demerit statistics, the process 
abnormalities may become detectable and controllable. 

However, in many cases, the recognition of the defects is achieved by the visual inspection of practitioners, which is highly 
reliant on the experience of human inspectors. Hence, human subjectivity is unavoidable due large part to limitations of 
human sensitivity, visual perception, inconsistent detection, and visual fatigues. In this situation, not only does randomness 
provide one aspect of uncertainty for defects data but also the occurrence of fuzziness contributes another uncertainty that 
should be taken into account when dealing with collected defect data. Therefore, in this paper a fuzzy-weighting defect 
assignment that represents a degree of seriousness of defects is allotted in accordance. A demerit-fuzzy rating mechanism 
and monitoring chart is proposed by first incorporating a fuzzy linguistic weight in response to the severe degree of defects. 
Then the resolution identity property in construction of fuzzy control limits is employed. Moreover, a new fuzzy-number 

ranking method in differentiation of the underlying process condition developing is developed. Finally, the proposed fuzzy-
demerit chart methodology is illustrated by an application of TFT-LCD manufacturing processes for monitoring their Mura-
inspection defects conditions. 
It is well-known that conventional process control can only categorize the process as “in control” or “out of control”. This 
kind of two binary classifications is sometimes too restrictive to provide the proper decision for decision-makers, especially, 
when each sample demerit, upper and lower control limits are all fuzzy numbers in the demerit-fuzzy monitoring chart. To 
determine if the process needed to be adjusted or not, a methodology for ranking/comparing these fuzzy numbers is required. 
In this paper, the proposed new fuzzy ranking method provides ability for the monitoring chart classifying process conditions 

linguistically like “rather in control” or “rather out of control”. This kind of intermediate classifications hopefully can 
supplement the shortcomings of binary classifications when randomness and fuzziness coexist in our modern business 
environment. 
 

Index Terms- Online Manufacturing Process; Randomness and Fuzziness; Fuzzy Set Theory; Discriminatory Classification; 
Resolution Identity; Monitoring Mechanism. 

 

I. INTRODUCTION 

 
Because modern products now possess fashion 

functions, controlling a manufacturing process has 

become more and more complicated. There may be 

more than one defect mode for the same feature of a 

process step. Moreover, the severity of the defect 

mode also makes a difference. In this situation, it is 

usually found that these kinds of defect modes cannot 

be specifically defined with a numerical value. For 

example, a smirch on an IC surface, a defect mode of 

the IC-marking condition, is a typical example of a 

qualitative feature and it is not possible to obtain a 

numerical measurement for it. Therefore, the attribute 
control chart was developed to handle this kind of 

topic. A c-control chart can be used to monitor a 

single type of defect or to monitor the sum of 

different types of defects in inspected products [6]. 

However, in complex products, more than one type of 

defect may be found. These types of defects do not 

always have equivalent levels of severity. In this 

situation, defects of different types may be 

categorized according to the degree of effect they 
have on the product’s performance quality [6-8], i.e., 

one finds these different types of defects not always 

being of equal degree of seriousness. Some defects 

could be minor, while some could be very severe or 

intermediate. In this situation, defects of different 

types may be categorized linguistically according to 

the grade of cause they have impacted on the 

product's performance quality. The severity of IC-

marking defects is a qualitative feature that is out of 

the range of a versatile variable control chart. In this 

study, we adopted a weighting system mechanism to 

transform the severity of defects into numerical 
numbers and applied it to a demerit control chart. 

Jones et al. [7] proposed a classification scheme for 

defects of various types as “class A defects-very 

serious”, “class B defects-serious”, “class C defects-

moderately serious”, and “class D defects-not 

serious.” Once each defect is classified, a crisp 

weight depending on its severity is given to each 
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class [9]. A demerit statistic is a weighted sum of the 

number of defects of each classification. Clearly, the 
demerit chart approach is superior than the c-chart 

scheme, because it places the varying weights on 

distinct types of defects, enabling more serious 

defects to dominate the problems existing in the 

manufacturing or service processes. Thus, in Chapter 

II, demerit control system is employed to monitor IC-

making defects. 

 

However, the identification of attribute data 

sometimes highly relies on the experience and 

knowledge of inspectors; for example, in 

manufacturing sectors imperfections found in the 
electro-paint coating, color blemishes detected in a 

toner cartridge, and ashes discovered on an injection 

molded part; and in service businesses faults 

recognized from CTQ determinants of service quality 

like responsiveness, access, and competence [10]. 

Indeed, in modern business environment managers 

have faced many situations to incorporate the expert's 

estimates into the collected data and make a decision 

[11]. Generally speaking, the data obtained across the 

human's experience and knowledge with some degree 

of subjectivity are categorized as fuzzy data [12-14].  
Evidently, in the area of quality control, there are 

many situations that fuzzy data are inevitably 

collected from the CTQ characteristics. Over the past 

two decades, researches have been focused on 

employing the fuzzy set theory to broaden the 

validation of traditional monitoring schemes. For the 

case of monitoring linguistic data, Raz and Wang [4] 

presented probabilistic and membership approaches 

in the construction of control charts, where the 

linguistic terms are presented in the sense of the 

probability density function to obtain their 

representative values. Other than the Raz and Wang's 
approach, Kanagawa et al. [12] used the Zadeh's 

probability function [15] to formulate the probability 

measure of the appearance of a linguistic data. Cheng 

[16] developed its approach by using possibility 

theory proposed by Zadeh [17]. When variable data 

are recorded with to some extent imprecise 

assessment, Shu and Wu [18] proposed fuzzy- x and 

R control charts by using a fuzzy dominance 

approach. For the problem of monitoring fuzzy 

attribute data, Gülbay and Kahraman [19] introduced 

a fuzzy-c control chart based on a direct fuzzy 
approach. Furthermore, a fuzzy-p control chart 

incorporating a fuzzy ranking method according to an 

acceptability function was proposed by Shu and Wu 

[20]. 

Jones et al. [7] pointed out the relative magnitude of 

the weights for defects could have a substantial 

impact on the performance of the demerit-chart 

approach. Ordinarily, because of a crisp-weighting 

defect assignment, the demerit chart assumes that 

defects are of equal seriousness when classified into 

the same defect class. However, this assignment is 

too subjective and results in the demerit chart 

somewhat limited in widespread applications. 

Because in many cases the severity of each defect is 
judged from practitioners' visual inspection or 

perceived feeling on the CTQ characteristics of 

products or services, when each defect is classified 

into one of several mutually exclusive classes, a 

fuzzy-weight defect assignment that represents a 

grade of severity of defects within the same category 

could be implemented accordingly. Therefore, in this 

paper, we propose a demerit-fuzzy rating mechanism 

and monitoring chart by first incorporating a fuzzy 

linguistic weight in response to the severe degree of 

defects and then employing a fuzzy ranking method 

in differentiation of the underlying process condition. 
The demerit-fuzzy control chart is used to monitor the 

quality of transistor-liquid crystal display (TFT-LCD) 

manufacturing processes. 

 

II. DEMERIT-FUZZY CONTROL CHART 

 

A. Basic Principles of the Control Chart 

A control chart comprises one central line (CL), 

which refers to the average product quality under 

manufacturing control, and two horizontal lines, 

which are respectively the upper control limit (UCL) 
and the lower control limit (LCL).  

No matter how good the design and manufacturing 

processes are, there will still be a certain level of 

quality variation exists. The causes related to this 

quality variation can be grouped into chance causes 

and assignable causes. 

1. Chance causes: They go along with processing. 

Therefore, chance causes are not avoidable in 

processing, e.g., temperature, light, and 

moisture. If a process is only under chance 

causes, this process is said to be “under 

statistical process control.” 
2. Assignable causes: They are causes that move 

the process out of the control limits. 

Assignable variation does not come about by 

chance but results from process abnormality. 

This process abnormality needs to be fixed in 

time, in order to bring the process back to 

normal, e.g., a manual error by an operator or 

the wrong setup for machine parameters. If a 

process experiences assignable variation, this 

process is said to be “out of statistical process 

control.” 

B. The Construction of the Demerit Control Chart 

 



International Journal of Management and Applied Science, ISSN: 2394-7926                          Volume-5, Issue-9, Sep.-2019 

http://iraj.in 

 Online Monitoring Mechanisms for Manufacturing Processes with Randomness and Fuzziness Information 

 

22 

 
 

 
Table 1 Data of defects occurring in a manufacturing 

Process 

 
 

The total number of category k defects in sample i is 

denoted by: 

 

 

 
 

III. DEMERIT –FUZZY CONTROL CHART 
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IV. PRACTICAL APPLICATION 
 

We now propose fuzzy-demerit chart methodologies 

for monitoring Mura-inspection defects conditions in 

TFT-LCD manufacturing processes. 

The liquid crystal displays (LCDs) possess of the 

most mature technology and best consuming 

competitiveness in the at panel display (FPD) 

industries. Of all LCDs, the thin film transistor-liquid 

crystal display (TFT-LCD) keeps some real 

advantages. It is thinner, smaller and lighter than 
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other displays and has low power consumption, low-

radiation, high-contrast and high-dpi at the same 
time. So far, defects or nonconformities inspection on 

CTQ characteristics still plays a critical role in 

control of the display quality and in yield 

improvement of TFT-LCD manufacturing processes 

[28]. 

 

One type of defects includes a variety of blemishes 

and surface imperfections is so called Mura, which 

sometimes occurs during the LCD manufacturing. 

They appear as low contrast and non-uniform 

brightness regions, typically larger than single pixels, 

which caused by a variety of physical factors such as 
non-uniformity distributed liquid crystal material and 

foreign particles within the liquid crystal [29]. The 

acceptance level of Mura highly depends on the 

luminance contrast between the Mura region and its 

background [21].  

 

The recognition of these defects used by most 

manufacturers is achieved by the visual inspection of 

engineers, The fuzzy weight for each classification is 

listed in Table 2. 
 

Table 2. Severity class of Mura defects and their 

corresponding fuzzy weights 

 
 

 

Figure 2. Demerit-fuzzy monitoring chart for the TFT-LCD 

manufacturing process 

 

V. CONCLUSION 

 

A demerit statistic is a weighted sum of the number 

of defects of each categorization. Because of a crisp-

weighting defect assignment, the traditional demerit 

chart assumes that defects are of equal seriousness 

when classified into the same defect class.  
Although the major function of an IC lies in its 

electronic properties, the marking content plays a key 

role in its identification. By defining defect categories 

and assigning each of them a proper weight, the 

demerit control system provides a solution to the 

above-mentioned difficulty. In our study, we 

incorporated the demerit control system method into 

the IC testing flow control used in the semiconductor 

industry. By applying a demerit control chart for a 

weighting system to the monitoring of demerit 

statistics, the process abnormalities may become 

detectable and controllable. 
 

However, the recognition of many defects is achieved 

by the visual inspection of practitioners, which is 

highly reliant on the experience of human inspectors. 

Hence, human subjectivity is unavoidable due large 

part to limitations of human sensitivity, visual 

perception, inconsistent detection, and visual fatigues. 

Therefore, in this paper a fuzzy-weighting defect 

assignment that represents a degree of seriousness of 

defects is allotted in accordance. A demerit-fuzzy 

rating mechanism and monitoring chart is proposed 
by first incorporating a fuzzy linguistic weight in 

response to the severe degree of defects. Then the 

resolution identity property in construction of fuzzy 

control limits is employed. Moreover, a new fuzzy-

number ranking method in differentiation of the 

underlying process condition developing is 

developed. Finally, the proposed fuzzy-demerit chart 

methodology is illustrated by an application of TFT-

LCD manufacturing processes for monitoring their 

Mura-inspection defects conditions. 

 

When each sample demerit, upper and lower control 
limits are all fuzzy numbers in the demerit-fuzzy 

monitoring chart. The proposed new fuzzy ranking 

method in this paper provides ability for the 

monitoring chart classifying process conditions 

linguistically like “rather in control” or “rather out of 

control”. If the process is classified as “rather in 

control” and the setup cost is small (or tolerable for 

the decision-makers), we still suggest to adjust the 

process for making the products more reliable. 

Similarly, if the process is classified as “rather out of 

control” and the setup cost is large, we may not need 
to adjust the process unless the products are really not 

satisfiable for the customers. This kind of 

intermediate classifications hopefully can supplement 

the shortcomings of binary classifications when 

randomness and fuzziness coexist in our modern 

business environment. 
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