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Abstract: Statistical Process Control (SPC) is widely applied to monitor and improveyhigtegrated and automated manufacturing
processes. Adopting proper SPC charts and corresponding detaetddranisms is crucial for a TFT-LCD manufacturing process. This
study conducts an empirical study of highly complex TFT-LCD manufaajuprocesses to identify the most suitable SPC method.
The TFT-LCD manufacturing process is generally divided into three mpanedures, namely Array Engineering to create the TFT
array, Cell Engineering to join the TFT array, liquid crystal and color filtgrether, and Module Engineering to integrate PCB and
semiconductor chips into final products. The crucial step in Cell Engimgeés injecting the liquid crystal into the layer between the
TFT array and color filter substrates and the thickness of the layer is thecor@rol target. Applying traditional Shewhart and EWMA
control charts to real TFT-LCD manufacturing data reveals a signiffedse alarm rate, and these false alarms can adversely impact
manufacturing efficiency. Based on time series analysis, this studpgesm residual control chart using an AR(1) model to avoid
false alarms that could obstruct TFT-LCD manufacturing flow. Thelte®f the proposed approach provide a useful guideline for
improving the TFT-LCD manufacturing.
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1 Introduction capacity. To ensure high-speed WDM network
transmission capacity, there must be a good switching

With the increasing complexity of high-tech Fechn?lo?yl/c. Ir: adtdltlon, a gﬁ_oc:] I’OUtInéZ] tt)echgglogdy \I;ISI:‘/I
manufacturing processes, process control efficiency aan?or ?(n a(i/\c/)[r)lv(lj ensijrl((a '% -sptee frct)r? han fib
accuracy can determine enterprise competitivenessge works B. can take advantage of the huge hiber

Owing to the capital-intensive and highly automated gndmdth, so_ that transmission  capacity thap the
nature of the TFT-LCD industry, it is crucial to adopt single-wavelength transmission increased several times o

proper process control mechanisms in order to improvd"°€: Using WDM technology, originally used only a

the process quality. As a consequence, statistical processéngle wavelength of .Iight as the carrier chgnnel iqto
control (SPC) techniques are widely used in TFT-LCD several channels of different wavelengths of light while

manufacturing industry in order to detect and eliminatetransm'tt!ng_ N the_ fiber, which fiber optic
the process disturbances. communications capacity doubled.

The Shewhart type of control charts, the best known

In the optical network, the optical signal is converted spC trol charts. divides th iation into t
to the electrical signal, an electrical signal is convetted controf charts, divides the process vanation Into two
types: chance causes resulting from inevitable

an optical signal at the entry point and then remains in the”’"~ A iai d ianabl i
optical domain throughout the network until it is received environment variation and assignable causes resuiling
]rom some human or machine errdi.[Once the process

at the far end and converted back to an electrical signa .
[5]. WDM optical networks offer huge transmission Is detected as out-of-control by using the Shewhart chart,

* Corresponding author e-maditat1003@fju.edu.tw

@© 2013 NSP
Natural Sciences Publishing Cor.


http://dx.doi.org/10.12785/amis/070426

1460 NS 2 Y. E. Shao, Y. Lin: Applying Residual Control Charts...

process investigation is implemented to identify andautocorrelation significantly reduced control effectiess
remove the corresponding assignable cause. Although thand increased false alarm rat&9][

Shewhart chart can effectively detect abrupt process . ) o
variations, the magnitude of small variations resulting Recently, a growing number of investigations have
from certain types of assignable causes are infrequentl@dopted series analysis, and various empirical studies
detected with the proper promptness. Therefore, differenf'@ve been  proposed. It was developed the

types of control charts are proposed to deal with the smalP"RIMA-EGARCH model to improve short term
variations. forecasting of electricity price2f)]. The ARIMA model

was applied to semiconductor manufacturing by adjusting
The cumulative sum (CUSUM) control method was the process ingredients. The ARIMA analysis was used to
introduced with the accumulation of the historic output assess business activity performance.
information to detect when the system is out-of-control ) ) )
[2]. To combine the efficiency of the Shewhart chart, _1his study focuses on highly complex and automatic
many studies proposed the combined methodology which FT-LCD manufacturing processes. Applying traditional

utilized both the Shewhart and CUSUM charts to obtainShewhart and EWMA control charts to real TFT-LCD
better results3, 4, 5. manufacturing data may result in high false alarm rates,

and these false alarms can damage manufacturing

The exponentially weighted moving average (EWMA) efficiency. Consequently, this study utilizes the time
control method was introduced by assigning collectedseries approach to model the sampling data and develop a
data different weights based on their timing sequentialeffective residual control chart. The residual controlrtha
property B]. By adjusting the weights, EWMA can trade is able to help to reduce the false alarms, and thus, the
the accuracy of the CUSUM chart against the efficiencyprocess improvement can be achieved.
of the Shewhart chart. The EWMA was used to create the
self correlated model of the output data and using the
prediction error for further process control7]][
Additionally, it was concluded that when .
0.05 < A < 0.25, the EWMA chart can be proven 2TFT-LCD ManUfaCtu”ng Process
relatively effective compared with other value®.[The
EWMA was used to predict manufacturing cost and
optimize process control performance.[Furthermore, WDM TFT-LCD related products are affecting daily
the double sampling method was proposed together withife for everyone. Notebook PCs, monitors, TVs, mobile
the EWMA control chart to monitor the process phones and numerous other consumer products use
variations [0]. TFT-LCD as the display component. Although TFT-LCD

. . is so popular and almost universal, the TFT-LCD
However, in the highly complex processes, such asmanufacturing process is so complex and

TFT-LCD manufacturing, the feature of autocorrelation capital-intensive that only a few manufacturers with

has been attracting Increasing researqh at,te_m'o”superior manufacturing efficiency and quality control can
Approaches based on time series analysis, originallyg,nive Two of the top five TFT-LCD manufacturers,

proposed by Box and Jenkins1; 12] are widely applied A \j5 ang cMO-Innolux, are located in Taiwan, and this
to handle the autocorrelated process. It was found tha&mpirical study is practié:al. '
autocorrelation of the sampling data reduces the
effectiveness of control charts for the high sampling rate The TFT-LCD manufacturing process can be divided
in the manufacturing procesdd. Consequently, they into three main procedures, namely Array Engineering to
proposed using the ARIMA model to construct geometriccreate the TFT array, Cell Engineering to join the TFT
moving average (GMA) and geometric moving range array, liquid crystal and color filter, and Module
(GMR) charts to improve quality control. Also, it was Engineering to integrate PCB and semiconductor chips
found that the time series approach should be appliednto final products. One of the most important TFT-LCD
when using automatic sampling to reduce the influence omanufacturing steps in Cell Engineering is injecting the
the autocorrelationf4,15]. It was concluded the sample Jiquid crystal into the layer between the TFT array and
data is highly autocorrelated for the cases involving acolor filter substrates in order to form a sandwich, as
shorter sampling intervallp, 17]. shown in Fig.1. Transistor switches control the TFT
arrays spread with picture elements, called pixels. The
color filter substrate provides and determines the color of
each pixel. The layer between the color filter and the TFT
array, known as the Gap, represents the injection room
and is the main focus of this study.

To monitor the highly autocorrelated process, a novel
control method to propose to adjust the control limits to
compensate for the influence of autocorrelatid] [
Moreover, it was found that the existence of
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To maintain the quality, the Gap height should be Table 1. Data obtained from the Gap process
measured and analyzed using micrometens, {0 %m) Sample  Time Gap  Sample Time Gap
as the measurement unit. A Gap that is too thick can No. No.
result in air bubbles and a gap is too thin can influence 1 1326 32574 18 1359 32766
liquid crystal behavior and damage injection Yyield. : i i :
Consequently, a control limit should be set on the Gap 2 13:28  3.2460 19 14:02 3.2820
size, and once the measurement exceeds the limit, 3 13:31 3.2586 20 14:04 3.2916
assignable causes should be identified and removed in 4 1332 32804 1 1405 32788
order to improve the process. i i : i

5 13:34 3.2822 22 14:07 3.2794
6 13:36  3.2808 23 14:09 3.2658
Commaon Electrode 7 13:38 3.2684 24 14:11 3.2506
" (o) . .
o ST Polarizes 8 1340 3.2542 25  14:13 3.2464
Co:gllrillllter 9 13:42 3.2576 26 14:15 3.2502
LI
. 10 1344 32522 27 1424 3.2528
Aliy il Layer
. 11 13146 32534 28  14:26 3.2558
4] § 12 13:48 3.2616 29
* e Polarizer
\ / % 13 1350 32550 30
- AT ibvigh el 14 1351 3.2536
15 13:53 3.2450
Fig. 1. The cross-sectional view of the TFT-LCD 16 13:55 3.2460 500 10:42 3.2518
17 13:57 3.2484

3 Simulation Results: X-MR and EWMA

Control Charts product quality of the Cell Engineering procedure, the
manufacturing process during these 100 observations was
found to be stable and normal. That is, all four

Table 1 lists the actual sampling data for the Gap ; .
. . . out-of-control signals can be attributed to false alarms.
measurement process. The sampling interval is two

minutes and all the data are automatically measured using Fig. 3 plots the EWMA control chart based on the
automatic instruments. To avoid high time dependencyparameterA = 0.2. Although the EWMA control chart
because of the high sampling frequency, only the first of¢oyld deal with the accumulating fine variation, numerous
each of the five samples is analyzed below. false alarms are also found. For the highly complex and
automatic TFT-LCD manufacturing process, false alarms
of the process control are costly, and can seriously
obstruct the manufacturing flow.

For the X-MR Shewhart control charts, the control
limits for the X chart can be derived as follows:

UCLy = X+ 3MR
dz
Clx =X, - (1) 4 Simulation Results: Time Series Methods
LCLx :XfBM—R7
dy

For the time series methods, this study separates the
whereMR denotes the average of the moving samples andampling data into two groups. The first group comprises
dy is set to be 1128. 80 samples which are used for time series model build-up,

) . . _and the second group comprises 20 samples used to verify
Fig. 2 shows that four disturbances can be identifiedhe constructed model.

based on X-MR control chars during the manufacturing
of these 100 observations. However, after investigating Four possible models, namely AR(p), MA(Q),
the liquid crystal injection process and checking the finalARMA(p,q) and ARIMA(p,d,q), are applied for model
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325 ] Table3 lists the simulation results. This study finds that
e the Type 3 model with AR(1) is the most suitable model
for the sample data shown in (4.1).

32
UCL=5.27257
i . Ve =0+ @Y 1+ % 12— @13+, (5)
Em' S wherey; denotes the output of time & represents the

3.0 mean value of the outpuiy is a constant and; denotes

white noise resulting from the manufacturing process.

3255

LCL=525333

ss0d Also, Using the Type 3 AR(1) model, a residual
S e R control chart can be obtained, as shown in FigThe

residual values for the last 20 samples are reported in

Table 4. By observing Fig.4, we noticed no signal has

occurred. It implies that the fault which occurred in an X

chart is, in fact, a false alarm. Consequentially, the

process personnel can ignore this alarm signal.

Fig. 2: The false alarms in the X chart

370

3268
Table 2: Analysis of model fitting for types 1 to 4

3265 W T TCL=3.20616

é s Type AIC SBC STD Error

3264
¥ Wt e _ |5 1 -621 -614 0.00488
e 2 -601 -591 0.00526
san| Y Loz 3 482 477 0.00688
3258 4 -472 -459 0.00684

1 11 2 31 4 51 & 7 & dl
Sample

Fig. 3: The false alarms in the EWMA chart

Table 3: Comparison of the prediction capabilities for type-3 and
type-4 models

fitting and four types of data, namely Type 1 (d=0, D=0), Criteria Type-3 Type-4
Type 2 (d=1, D=O), Type 3 (d=0,_D_=1) anq Type 4 (d=1, (d=0, D=1) (d=1, D=1)
D=1) are used as input data for fitting. Using SAS 9.2 for MAD 0.002392 0.007057
simulations, Type 3 and Type 4 are further analyzed
because of their lower AIC and SBC indices as shown in MSE 0.000011 0.000096
Table2. MAPE 7.334% 21.620%
The prediction capability of the models is compared
using three criteria. The three criteria include mean
absolute difference (MAD), mean square error (MSE) and
mean absolute percentage error (MAPE), and they are
shown in the following equations. 5 Conclusion
1 n
MAD:*ZI&I, (2) : . : :
n& Effective and efficient process control is crucial to
1N ) success in the highly competitive TFT-LCD
MSE= 5 ZL(G\) ) () manufacturing industry. This study analyzes real
t:n TFT-LCD manufacturing data and finds that the time
12 e series approach can significantly reduce the false alarm
MAPE==Y — x10 4 oS .
tZ Yt x 100 “) rate. Through model fitting, the AR(1) model is adopted
and the residual control chart can provide better results
whereg stands for the residual at tinte than the traditional Shewhart and EWMA charts. The
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Fig. 4: The residual chart for the last 20 samples
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