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Abstract: In this paper, the estimations for the optical property of touch panel Eepration film with two layers coating are
presented. The technique of neural network is used to develop aniartifielligent (Al) TP transmittance estimator which is able
to catch the complicated relationship between TP transmittance and its alllpdeflitencing factors, such as the compositions of
coating material, the thickness of coating, the rotation speed of evapgtsdiolder and so on. This Al estimator then can provide the
useful information which could help the engineer to set the relevantaqrdarameters of evaporator properly before the evaporation
process is taken. The simulation results show that such an Al system ipouitésing to be developed.
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1 Introduction the quality of TP film. Two properties are highly
correlated with the influencing factors above. The
In recent years, TP has become an indispensable part fgelationship between film?s optical properties and
many electronic products, such as the tablet computerinfluencing factors is very complicated. It is hardly be
smart phone, digital camera and ticket vendor. Accordingmodeled by a certain mathematic function. In most of
to the trend of science and technology development, TRevaporation processes, the setting of control parametfers o
will certainly be used in the smart life environment of evaporator is still based on the trial-and-error method.
human beings more and more in the future. Basically, theThus, how to find a solution for setting the proper control
film coating is an essential work in the manufacturing parameters of evaporator is the aim of this research.
process of TP and the common equipment used for In last two decades, neural network (NN) has been
coating process is vacuum evaporator. The diagram ofvidely applied into the various science and management
touch panel structure is shown in Fig. 1,2, 3,4,5,6]. areas due to its powerful learning and mapping
As mentioned above, the coating process of TP film iscapabilies ~ §,6,7,8,9,10,11,12]. The  complex
usually processed by the vacuum evaporator which igelationship between input and output pairs of the training
used in a wide range of industrial applications. However,data could be easily developed through a simple training
before the evaporation process is started, the relevarprocess. Thus, NN technique has been concluded as one
control parameters of evaporator must be set properly byf the best tools to solve the nonlinear mapping problem.
the engineer with full experience. Besides, many It has found a huge variety of uses in various applications.
variables such as the composition of coating target, the In this research, the estimation for the optical property
coating layer, the thickness of coating layer, the speed obf TP film with two layers coating is considered. The
evaporation, are all the important influencing factors thatneural network is the main tool used for obtaining the
might determine the quality of TP coating filn®,p]. relationship between TP film?s transmittance and all
Usually, the transmittance and chromatic aberrationpossible influencing factors. The TP film has two layers
(L.a.b. values) are two optical properties used for judgingcoating. One coating target is Cr and the other one
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Fig. 1. The diagram of touch panel structure.

coating target is Cr203. An intelligent coating decision
mechanism based on neural network technique is
expected to be developed finally.
Fig. 22 The diagram of a four-layered feed-forward neural
network.

2 Neural Network M odel

The four-layered forward neural network is mainly taken

as the estimation model which is shown in Fig. 2. It Step 5: All weights can be updated by

consists of one input layer, two hidden layers and one

output layer. Each layer is composed of several parallel @j(n+1) =) +adX+ (@M —ajn-1))
nodes. The sigmoid function is used as the node’s (3)
activation function. The error back-propagation (BP) whereX; is the ith input signal of nodg. o is the learning
learning algorithm is adopted for network’s training. The rate and? is the momentum.

major steps of BP algorithm could be summarized as

follows [5,8,11,12. Step 6: Present another input/output pattern and go

. L back to Step 2.
Step 1: All weights (w; s) are initialized by small

random values.

Step 2: Present the input/output pattern. 3 Simulations

Step 3: Calculate the output by using the present valud Ne evaporation Process of film coating is an important

of ari work for TP manufacturing. Many control parameters and
wjs. . . )

influencing factors need to be considered before the

process is started. That is the reason why this work is

Step 4: Find the error ternd;, for all nodes. . :
DenoteD; andO); to be the desired value and the computed USually taken by the engineer who has the full experience

value of jth node in output layeH; is the computed value in this area. Unfortunately, trial-and-error is still the

of jth hidden node. The error terms for all nodes can becommon method taken by lots of manufacturing
calculated as follows. companies. Thus, if an Al decision system for the

For the output nodg¢ manufacturing control parameters setting coqld be
developed, this system certainly can help the engineer to
5 = (D; — 0;)0;(1-0) 1) accomplish the'evaporat|on work easily even the engineer
lacks the experience.
In this research, the data of decoration film provided

For the hidden nodg by an optical company are analyzed and simulated. The
example of data for study is presented in Table 1. Except

9 =Hj(1-Hj) Z Wik (2)  the TP transmittance, the possible influencing factors are

collected. They are the value of quartz crystal deposition

wherek is over all nodes in the layer above node monitor, the holder’s rotation speed, the placed position

of film, the thickness of coating target Cr and the
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thickness of coating targe€r,Oz. The research aims to Table 1: The example of simulation data.
catch the complicated relationship between TP film?s Hokers

transmittance and its all possible influencing factors by [MAEE| o |Sdbstmate| O Cr-0 | Tranem o e
neural network automaticallys[6]. It is well known that [ | “peeq | POSom [THMES gl (T
IBP a!gorlthm us'ually has the.probltlam of local minimum | .. 10 & ] 0 s
earning. Thus, in order to fairly evidence the feasibility

of neural network, Set-A, Set-B, Set-C and Set-D, four | 532 15 11 10 20 32
different data sets randomly re-organized from the

original data were simulated by neural model 631 10 & 130 13 23
respectively. For each data set, the number of data use( g31 10 5 150 13 273
for network’s training is 100 and the number of data used

for network’s test is 44. The mean absolute error (MAE) LR 15 : 1m ol 3l
and the mean absolute percentage error (MAPE) are the| g3 15 Q 100 an 33
judging criteria used for the network’s performance.

The size of m-2-2-1 neural model is used in our Pk 3 : e 2 £
studies, where m is the number of input nodes. Severall 532 20 -z 150 2 30
simulations were carried out by using different inputs in [ g3 15 7 100 a0 33
order that the best input combination could be found.

From the simulation results shown, we conclude that the | 532 10 & 150 130 42
rotation speed of holder, Cr thickness art,03 31 15 5 10 a0 31
thickness are three most important influencing factors in
the coating process. They have the higher correlations 630 20 3 100 =0 38
with the transmittance. Tables 2 to 9 list the statistics | &21 20 2 2 3 &l
performed by different sizes of neural model. These a1 15 ] ) 0 1
statistic results clearly show that if the proper influegcin
factors could be determined, the neural network technique| 823 3 11 A0 1 5B
indeed is a good and suitable tool to do the estimation| so1 20 2 S =0 &1
work for TP film’s optical property. In other words, the
accurate transmittance of decoration film is possibly to be f23 5 12 =y £ 58
estimated and controlled before the coating process is| g31 10 4 150 170 ]
started. s 10 | u | 1w | 1= 23
a2l 20 12 A ] 61
£30 20 12 100 20 a3
4 Conclusion i : : : : ;
This research presents the transmittance estimations o

TP decoration film by using neural network with BP

learning algorithm. From the results shown in Table 2,

Table 3, Table 5 and Table 8, the estimation accuracy

performed by neural network is quite good, if three Acknowledgement
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neural network is a suitable technique used for catching

the complicated relationship between the optical property

of TP coating film and the relevant parameters of coating

process. In other words, an Al decision system used for

controlling TP evaporation process is possibly developed.

Undoubtedly, such a smart decision system could make

several advantages for the optical company, like helping

the junior engineer to produce the qualified TP film,

avoiding the trial-and-error step, saving the working time

and saving the company cost.
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Table 2: The statistics performed by five-input NN model.

Table5: The statistics performed by%our-input NN model.

Inputs: quartz crystal value, holder’s rotation
speed, substrate position of panel, Cr thickness,
Oy thickness
AR LADE (%)
Data
Training | Test | Training | Test
Set-A | 05740 | 07273 | 16544 | 20347
set-Bo| 006234 | 07452 | 17478 | 21748
Set-Co | 06205 | 065944 | 17551 | 19895
Set-Iv | 06449 | 07216 | 1.9061 | 1.8085
Ave. 0.6157 | 0.722 1.7658 | 2.0019

Table 3: The statistics performed by*Zfour-input NN model.

Inputs: quartz crystal walue, holder’ s rotation
speed, Cr thickness, CraO; thickness
MAE KMAPE (%4)
Data
Training | Test Training | Test
Set-A | 06956 | 06276 | 20186 | 1.7338
Zet-B | 06566 | 06751 1.8635 | 1.8857
Zet-C | 06523 | 07024 | 18317 | 2.0148
Set-I | 06525 | 07942 [ 18388 | 20391
Ave. | 06643 | 06998 | 19137 | 19208

Table 6: The statistics performed by*ithree-input NN model.

Table 4: The statistics performed by2four-input NN model.

- 3 == Inputs: quartz crystal value, Cr thickness, CraO;
Inputs: holder’s rotation speed, substrate position Birlirass
of panel, Cr thickness, CraOs thickness S
MAE MAPE (%) Data o MY
Diata — = Traind Test | Train Test
Training | Test | Training | Test ratnig et ratning Es
et A | 05541 | 06902 | 15843 | 19603 Set-A | 09573 | 0.8401 | 3.0257 | 25033
set-B | Delds | 077326 | 16674 | 21034 Set-B 08137 | 08529 | 285805 | 27356
set-C | Oelse | 06574 | 17220 | 1.8575 Zet-C 0.88%1 | 10101 | 27804 | 3.1371
Set-D | 06355 | 07086 | 18777 | 17541 Set-Dr | 0.9251 | 08995 | 30015 | 25032
Ave. | 06033 | 06972 | 1.7129 | 18961 Aveg. 09238 | 09106 | 29245 | 2.7248

Table 7: The statistics performed by'2three-input NN model.

Inputs: quartz crystal value, substrate position of Inputs: substrate position of panel, Cr thickness,
panel, Cr thickness, CryOs thickness CraOs thickness
MAE MAPE (1) MAE MAPE (%)
Data = — Data
Training | Test | Training| Test Training | Test | Training| Test
Set-4 0LE531 | 08422 | 27020 | 2.5272 Set-& | 18423 | 19126 | 55174 | 53602
Set-B 08550 | 08466 | 26882 | 2.9071 Set-B 128157 | 17833 | 24165 | 51642
Set-C 08251 | 02677 | 25853 | 29699 set-C 17517 | 20462 | 51488 | 63702
Set-Dr 08973 | 08943 | 28836 | 2.5034 Set-D | 18862 | 17725 | 56685 | 48626
Ave. 08576 | 09127 | 2.7160 | 2.7269 Avg. 18240 | 1.8787 | 54373 | 54393
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Table 8: The statistics performed by®three-input NN model.

Inputs: holder’s rotation speed, Cr thickness, CryOy
thickness
MAE MAPE (%)
Data = ==
Training | Test | Training Test
Set-A | 06503 | 06157 | 1.8728 | 17115
Set-B 06531 | 06823 | 1.8671 158128
Set-C 06518 | 07146 | 1.8300 | 2.0546
cet-I | 06474 | 07456 [ 1.9299 | 1.8282
Ave. 06512 | 0689 | 18750 | 1.8946

Table 9: The statistics performed by two-input NN model.

Tnputs: Cr thickness and Cry O thickness
MAE MAFE (%6)
Data
Tramming | Test | Tramning Test
Set-& 18721 | 18723 | 53732 | 52641
Set-B 1.8676 | 1L.783% | 55442 | 51305
Set-C 17718 | 20448 | 521864 | 63065
Set-I 1.8%46 | 17336 | 5701% | 47600
Avg, 18518 | 1.8597 | 55094 | 5.3653
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