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Abstract 

Manufacturing in TFT-LCD panel seeks a way for yield improvement. However, due to the complex manufacturing process of 
color filter, the manufacturer usually employs the design of experiments as well as engineering experience for process monitoring 
and quality control. This study aims to develop a three-stage framework to identify the variables significantly affecting yield in 
color filter manufacturing. An empirical study of was conducted to validate the proposed framework. That result shows that the 
proposed framework greatly enhances the effectiveness and efficiency on identifying the key factors for yield improvement in 
color filter manufacturing and saves the labor resource for trouble-shooting. 
 
© 2017 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the scientific committee of the 27th International Conference on Flexible Automation and 
Intelligent Manufacturing. 

Keywords: Data Mining, Variable Selection, Yield Improvement, TFT-LCD Manufacturing, Trouble Shooting 

1. Introduction 

The industry of thin film transistor liquid crystal display (TFT-LCD) manufacturing is capital-intensive and 
characterized by short product life cycles, rapid technology migration, and complex production networks. The 
demand growth and fluctuation force firms to enhance the utilization of their resource and maintain their core 
competence simultaneously by monitoring their output quality in time. As a result, most TFT-LCD manufacturers 
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continuously expand capacity, adopt new methodology as well as technology, and emphasize on reducing the cost of 
production [1]. In particular, some processes (e.g. array module), which grow thin films on a glass substrate, is 
similar to semiconductor manufacturing processes. In fact, the development in semiconductor manufacturing shows 
a great effect on the development of the global TFT-LCD industry in the past three decades due to the Moore’s Law 
[2], i.e., the number of transistors on a chip should double every two years. 

The color filter is a key component in the TFT-LCD manufacturing and it shows 14% value in the cost structure 
of a 32-inch LCD TV. The basic process of the color filter is composed by the following processes, black matrix, 
red layer, green layer, blue layer and the last step photo spacer [3]. 

Due to the color filter as a key component, this study aims to propose a data mining framework embedded with 
variable selection and prediction model for yield improvement. Motivated by the quality issue of finding a better 
solution to define the key factors related to the thickness of photo spacer, which is the last additive of the color filter 
production line. Since the photo spacer grows too much or too less will lead to the defect of the color filter directly. 

This paper employs several machine learning methodologies including both linear and nonlinear models. We use 
the stepwise regression for the linear model while the decision tree and the random forest are for nonlinear models. 
(Note that random forest takes time for bootstrapping procedure and thus decision tree is used to validate the speed 
and robustness of random forest.) In the past, in order to identify the key factors on the process, a manufacturer must 
conduct the experimental design to find the relationship between the production recipe variables and the quality 
metrology variable (here, the thickness of photo spacer). However, it is time-consuming and also labor intensive, 
especially when it comes to the property of high dimensionality of the dataset. This raises the issue of the curse of 
dimensionality when we conduct our empirical study. To address such issue, we propose the iterative framework to 
remove the unimportant and redundant factors while still maintain the robustness of the prediction model. We 
compare the current practice in the company with our proposed framework to demonstrate the quality control and 
the practical application. 

The remaining of the paper is organized as follows. In Section 2, we introduce the data mining methodologies 
used in this study. In Section 3, the iterative research framework is developed and it includes data collection and 
preprocessing, variable selection, prediction, and validation. In Section 4, an empirical study of the leading TFT-
LCD manufacturer in Taiwan is conducted and shows the performance comparison between “As-Is” and “To-Be”. 
In Section 5 Concludes. 

2. Methodology 

Our proposed research framework uses several data mining models. For variable selection, stepwise regression, 
decision tree, and random forest are applied while partial least squares and backpropagation neural network are used 
for the prediction model. These methodologies are described as follows. 

2.1. Stepwise regression - forward stepwise 

Instead of searching all the possible subsets of variables, which becomes infeasible for  (the dimension or size 
of factors) being larger than forty, stepwise regression starts from either head (forward stepwise) or tail (backward 
stepwise), and then sequentially adds/removes into/from the model the predictor that most improves/deterioration 
the fit [4]. 

First, the forward-stepwise selection is a greedy algorithm, which produces a nested sequence of models. It might 
seem sub-optimal compared to the best-subset selection (like enumeration procedure) intuitively [5]. However, there 
are two reasons why it might be preferred. From the computational perspective, when it comes to the large size of 
dimension, we cannot compute the best subset sequence, since it will be time-consuming and unrealistic. However, 
we can always compute the forward stepwise sequence, even when , where  is the observations. From the 
statistical view, a price is paid in variance for selecting the best subset of each size; forward stepwise is a more 
constrained search, and will have lower variance than best subset method, but it may lead to more bias [5]. 

Second, the backward-stepwise selection begins with the full model and deletes the predictor that has the least 
impact on the fitting model at a time. The candidate with the smallest Z-score will be dropped [5]. Nevertheless, 
comparing to the forward stepwise which can always be used the backward-stepwise can only be applied when  
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