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Abstract
For the cost reduction in the fabrication of display 

panels, a reverse moving system was equipped to a 
compacted in-line wet etch/cleaning system. For the effect 

of the alternating movement of substrate on the wet etch 
process, ITO layers were etched in various moving modes 

of substrates and the results were compared and analyzed. 

1. Introduction

As glass substrates of display get larger and larger, 

the equipments involved in the process also get larger 

and larger. Consequently the initial expenses of the 

equipment installation impact on the production cost. 

One of the most frequently used equipments is a wet-

etching and cleaning system used in the etching and 

cleaning process, which is the process repeated most. 

Recently as the inline-based system is used in the 

process of almost all substrates moving during the 

process and in this case, the size of the system greatly 

increases as much as the moving distance. This will be 

ultimately linked to an increase of production cost, 

which drive up the prices of semiconductor chip or 

display panel. After all, it is required to minimize the 

space occupied by the system and to reduce the 

maintenance costs so as to cut the cost. In order to 

achieve these objectives, the patterning process by the 

dry-etching and cleaning system that can save some 

space and maintenance costs is in progress, but it is 

too early to replace the existing system in the actual 

production line [1-2]. Due to these reasons, the inline 

wet etch/cleaning system still uses the wet 

etching/cleaning method. In order to improve the 

productivity and to maximize the profits, an 

etching/cleaning system that occupies relatively small 

space with faster, safer and more convenient functions 

is highly required. 

Although the inline etching/cleaning system with 

all the processes fully automated is widely used in the 

actual production lines of semiconductor and display 

due to its fast work speed and convenience, it requires 

a lot of expenses in maintaining the system cleanly 

due to its large size. Due to the system characteristics 

of using chemicals, the costs in maintaining the 

environment clean and preventing accidents are 

increasing and also, its control is getting complicated. 

In order to solve these problems, the system that 

allows a free-moving operation by inserting a manual 

operation mode to some functions – such as reducing 

the space occupied by the system, cutting the 

processing time, and  decreasing the costs in keeping 

the system clean - is the "Semi-Auto” 

etching/cleaning system that has adopted a semi-auto 

method in this experiment. This study has focused on 

the space efficiency by cutting the system size from 

the semi-auto etching/cleaning system that can use the 

2nd generation type (370mm×470mm) of substrate and 

has checked the etch and cleaning effect. In order to 

conduct this test, we have added a reverse moving 

control function to the substrate moving mode of 

etching/cleaning system and have performed a pattern 

comparison test by using an ITO glass to check the 

processing effect due to the reverse moving mode. We 

have conducted this experiment to check whether 

there is a big problem in the characteristics of wet 

etching when the substrate moves back and forth in 

the reverse moving mode. 

2. Experimental  

Since all the processes of existing inline wet 

etching/cleaning system is automated and the 

substrate is transferred to the conveyor system, the 

system development has been focused on improving 

the automation functions. However, this system 

basically requires a larger size of equipment, thereby 

increasing the costs of installation and repair 
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/maintenance. Even after installing the equipment, a 

considerable amount of expenses is needed in the 

repair/maintenance process such as the air pressure 

and flux to run the equipment, de-ionized water (DI) 

quantity and hydraulic pressure, and air-cleaning and 

disposal of etchant waste from the fumes generated 

when using etchant in the etching process. This study 

has performed an experiment by installing an inline 

etching/cleaning system that has added a reverse 

moving mode function for using the minimum amount 

of spaces and repair/maintenance costs while not 

affecting on the etching and cleaning functions. 

Fig 1. Schematic Diagram of Supply System of D.I 

Water, Etchant, and Air in the established In-

Line Wet Etching/Cleaning System.

Table 1. Configuration of Supply System of the In-

Line Wet Etching/Cleaning System 

Glass Size 300 × 300 ( t : 0.5~0.8) 

Conveying Speed 0~3 m/min 

Pass Line 1,100 mm 

Dimensions of the System 6800(L) ×1500(W) ×1700(H) 

Control Method PLC Control 

Reverse Moving Method Roller driven 

Electrical Spec. 3-Phase 220 V, 60 Hz, 13 kW 

Air Insertion Pipe 20 mm×2 ea, Pressure 6 kg/cm² 

Pure Input Pipe 20 A×2 ea , 3~4 kg/cm², 32 /min

Waste Drain 50 A 

Vent. Duct 100 A×3 ea 

In order to operate one inline etching/cleaning 

system as shown in the Fig. 1, the surrounding 

systems that can smoothly supply the DI water and air 

needed in the process should be facilitated. Table 1 

shows the minimally required specifications for 

running the in-line etching/ cleaning system used in 

this experiment. The important things are that an air 

pressure of no less than 8 kg/cm²should be 

consistently supplied and the water cell for supplying 

DI water is required to generate 20 /min. In this case, 

the hydraulic pressure should be 0.4 Mpa. The storage 

capacity of DI tank that stores the DI water generated 

should be 1000 .

The system used in this experiment as shown in Fig.

2 is largely divided 8 units and the entire length of the 

system is approximately 7 m. The reaction bath area, 

as the section that is influenced from a chemical 

reaction by the reaction of actual etching solution and 

substrate, consists of the “Load” section for substrate 

insertion, the “Etch 1 and Etch 2” sections for actual 

etching, and the “Buffer” section. The quick dry and 

rinse (QDR) area is further divided into the “Shower 1,

2 and 3” sections and “Air Knife Unload” section by 

the DI (de-ionized) water for the chemical 

stabilization and cleaning of the substrate after the 

etching process. 

The Etch 1 and Etch 2 sections are the sections that 

materialize a desired pattern while running the etching 

process by spraying the etchant by using a moving 

spray. The inline etching/cleaning system being used 

generally adopts the one-stop method that completes 

etching to cleaning by moving only in one direction 

when inserting one time of substrate. On the other 

hand, the system used in this experiment supports a 

reverse moving mode function that can convey the

substrate by moving it back and forth in the respective 

Etch 1 and Etch 2 sections; hence as for an emergent 

situation, this system is designed to have the same 

etching effect as the existing inline etching/cleaning 

system that runs the etching process while passing 

through several baths by the repetitive back-and-forth 

motions of either Etch 1 bath or Etch 2 bath. After 

finishing the etching process, the buffer section plays 

the role of stabilizing the substrate, preventing over-

etching by spraying the DI water on the substrate and 

isolating the possible mixture of etchant in the etching 

section from the DI water in the DI shower section. 

Later in the DI shower section that performs a 

cleaning process, the system is designed to recycle the 

DI water used previously. The substrate that has 

completed cleaning in the DI shower section is dried 

by air-blowing with a pressure of about 0.2 Mpa in the 

Air Knife section. As for the methods of conveying 

substrate, there are the air moving system that 

conveys by using air, the conveyor belt system that 

transports by using a belt, and the roller transfer 

system that is widely used[3]. This etching/cleaning 

system has adopted the roller transfer system. The 
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maximum speed of the transfer motor is 2000 rpm and 

the fastest conveyance speed is 9 m/min. While 

considering the etching rate of etchant, this 

experiment has been performed by setting the default 

speed of substrate conveyance to 1 m/min after testing. 

Fig 2.  Schematic diagram of the established In-Line 

wet etch/cleaning system, and the movement of 

glass substrate during wet etch process 

3. Results and discussion 

For this experiment, we have made a multiple 

number of CD(critical dimension) patterns by using a 

photolithography process on the 300mm×400mm size 

of glass substrate with a thickness of 2.8 mm, on 

which the ITO is sputtered in a thickness of 1300 .

After etching the ITO with the ITO etchant consisted 

of HCl and HNO3, we have measured the etching rate 

of ITO, ADI(after development inspection) CD, 

ACI(after cleaning inspection) CD and CD skew 

values according to the respective positions of 

substrate by using the -step and optic microscope. 

The measurements were made at the 16 points on the 

substrate.

Table 2. The Time required for the Movement of 

Substrate in various motion modes (sec) 

After wet-etching the ITO while moving the 

substrate back and forth in the etching section by 

inserting a substrate into the load section, we have 

measured the processing result of etching rate and CD 

skew. As for the time needed in this process, we set a 

fixed interval of time in the cleaning section of QDR 

area as in the result of Table 2 and proceeded the 

experiment only by changing the transfer mode of the 

substrate within the reaction section. While 

maintaining 0.1 Mpa for the pressure of the spray 

nozzle that sprays etchant, the ITO surface in the 

normal mode of conveying in one direction is etched 

as the substrate successively passes the Etch 1 and 

Etch 2 sections; but in the reverse moving mode that 

the substrate moves back and forth, the ITO is etched 

only in the Etch 2 section as the substrate moves back 

and forth while the etchant is not sprayed in the Etch 1 

section. The temperature of etchant and the moving 

speed of substrate are fixed to 40  and 1 m/min 

respectively.  Also when testing in the normal mode 

and back-and-forth moving mode with one time of 

reverse motion, the etching can’t be completed 

because the time of reacting with the etchant is too 

short. Therefore, we have measured the accuracy of 

the pattern in the back-and-forth mode with two times 

of reverse-motion for the complete etching of ITO. 

Fig. 3 shows the thickness etched by the operational 

mode of substrate. Since the time taken in etching 

differs by the mode, the etching rate should be 

considered separately. 
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Fig. 3. Etch thickness of ITO by moving modes of 

glass substrate

Fig. 4 (a), (b) and (c) respectively show the 

microscopic photos of the patterns after processing the 

Cr mask pattern, exposed PR(photo resist) pattern, 

and pattern after etching.  From the result of Fig. 5 

(d), we could secure uniformity of the ITO pattern 

etched when moving the substrate back and forth. For 

the 16 points on the substrate, the ADI CD obtained 

from the exposed PR pattern of Fig. 4 (b) has shown a 

standard deviation of about 0.38 and the ACI CD 

obtained from the pattern after removing PR after the 

etching process of Fig. 4 (c) has shown a standard 

deviation of 0.64. 
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(a)               (b)                (c) 

(d)

(e)

Fig. 4. Optical micrograph of (a) Cr mask pattern and 

pattern width, (b) PR pattern and ADI CD, and 

(c) Etched ITO pattern and ACI CD  (d) The 

results of (a), (b), (c) for 16 points of 300mm 

400 mm glass substrate, (e) CD skews obtained 

from (d) 

Fig. 4. (e) shows the CD skew value that is a 

difference between ADI CD and ACI CD of Fig. 4 (a). 

We have compared and adjusted the skew values of 16 

positions within the substrate after moving the 

substrate back and forth with two times of reverse 

motion. The difference between ADI CD and ACI CD 

is kept with an average value of 0.6 and the standard 

deviation was about 0.25. From the result of this 

experiment, we could judge that use of the reverse 

moving function in an inline system does not cause a 

problem by identifying the CD skew values while in 

moving a substrate back and forth with two times of 

reverse motion. Although there may be a difference 

according to the manufacturer of display and 

semiconductor, the etching error during a normal 

display process is known to be about 1. If the etching 

and cleaning process is performed in an inline system 

while applying the reverse moving function from the 

result of this experiment, it is expected that a 

manufacturer can not only reduce the system size and 

installation space without affecting seriously on the 

uniformity of etched pattern, but also cut the 

repair/maintenance costs in relation to accident 

prevention and environmental expenses. 

4. Summary

In order to improve the wet-etching process that 

forms electrodes, we have installed an inline wet-

etching/cleaning system. In order to reduce the system 

size, we have installed a system equipped with a 

reverse moving function that can control the moving 

directions of substrate and as the results, it is made 

possible to realize the inline function in a small-sized 

system as the substrate moves back and forth in the 

forward/reverse direction. In order to check the impact 

made on the process by the back-and-forth 

movements of substrate, we have performed an 

experiment of making ITO patterns. From the CD 

skew values within the substrate of 2nd generation size,

we could identify that there was no problem in the 

ITO wet-etching process from a change in the 

substrate movement after adding a reverse moving 

function.
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