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20-in. liquid crystal display (LCD) TVs were successfully 
fabricated with Ga-doped ZnO (GZO) transparent electrodes on the 
RGB color filter and conventional indium tin oxide transparent 
electrodes on the thin film transistor pixel array. The high optical 
transmittance of the GZO film is beneficial for the color 
representation characteristics of LCD TVs. A technique for the 
formation of GZO fine patterns was also developed using wet-
chemical etching and the pH values of chemicals used for the 
photolithography and etching processes was optimized. Line/space 
patterns widths of 2 µm/2 µm were accomplished using the 
optimized patterning technique. 
 
 

Introduction 
 
The scarcity (1) and toxicity (2) of indium, a major constituent element of indium tin 
oxide (ITO), has recently become a concern. Therefore, Ga-doped ZnO (GZO) and Al-
doped ZnO (AZO) have attracted attention as alternatives to ITO electrodes used for 
liquid crystal display (LCD) panels. 
In this work, a technology for the application of GZO films as transparent electrodes in 
LCD panels was developed. GZO film was selected, because it has advantages, such as 
the ease of film formation and low resistivity, which is 0.5–0.8 times lower than that of 
AZO films formed using a conventional magnetron sputtering system (3). The liquid 
crystal layers in LCD TVs are sandwiched by transparent electrodes on both sides. As a 
first step in the development, GZO films (without patterning) were applied only as 
transparent electrodes formed on the red-green-blue (RGB) color filters (CFs) on one side 
of the substrates in 20-in. LCD TVs. Transparent electrodes on the thin film transistor 
(TFT) pixel arrays fabricated on the other side of the substrate in the LCD panels were 
formed using conventional ITO films. This stacked LCD panel structure was used due to 
the difficulty in patterning amphoteric ZnO transparent films using wet-chemical etching 
techniques. Concurrently, a technology was developed for the patterning of GZO films 
into fine lines for the development of GZO transparent electrodes as substitutes for the 
both-side ITO electrodes in LCD panels. 
 
 

Experimental 
 

Formation of GZO Film 
 
GZO films were prepared using conventional magnetron sputtering (MS) and reactive 

plasma deposition (RPD), which is an ion-plating method (4). The Ga2O3 concentrations 
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in the GZO deposition sources (sputtering targets or tablets) were selected to be 3.0–6.0 
wt%, in order to form films with low resistivity and highly optical transmittance. The 
specifications for the formation of the films by magnetron sputtering systems with dc 
power (noted as dc MS) and radio frequency power combined with dc power (noted as 
rf+dc MS)  are presented in Table I. The RPD system has a special feature that enables 
film formation with a higher deposition rate than that available with the magnetron 
sputtering system. 
 

TABLE I. Conditions for the Formation of GZO Films by dc MS, rf + dc MS and RPD. 
 Magnetron Sputtering (MS) Reactive Plasma 

Deposition (RPD) 
[Ion Plating] 

dc Power rf + dc Power 

Ga2O3 in Source (wt%) 3.0 – 6.0 
Power (kW) 0.1–2.0 rf: 0.1-1.5  

dc: 0.1-1.5  
rf/dc =0.5-2.0  

Discharge Current: 
140-150 (A)  

Operation Pressure (Pa)  0.1–0.8 0.1–0.8 0.4–0.6 
Operation Temperature (°C) 25-350 25-350 25-250 

Operation Pressure (Pa)  0.1–0.8  0.1–0.8 0.4–0.6 
 
 
Patterning of GZO Film 
 

Fine-patterns of GZO films were formed by the process flow shown in Fig. 1. Patterns 
of a positive-type photoresist (novolac-type photoresist) with 1.2 µm thickness were 
formed using tetramethylammonium hydroxide (TMAH) as a developer after lighting 
through a photomask using an exposure system (contact photomask-aligner, Model: M-
2L, Mikasa Co., Tokyo, Japan) with a mercury lamp. The GZO films were patterned by a 
wet-chemical-etching technique that employed organic-acidic etchants (carboxylic acid 
series) produced specifically for ZnO films by Mitsubishi Gas Chemical Co., Inc. (MGC 
Inc., Tokyo, Japan) The amine mixture (ELM-R10-F22) used as the photoresist-stripper 
was also supplied by MGC Inc. In Fig. 1, the just-etched time (tjust) represents the time 
that the GZO film is etched from the glass substrate around the photoresist patterned by 
the acidic etchant. A large number of residues were observed on the glass substrate at tjust, 
which could be removed by immersion in the etchant for over-times of 10–200% of tjust. 
The critical dimension (CD) loss indicated in the figure represents the distance from the 
edge of the GZO pattern receded from the edge of the photoresist pattern during etching 
of the film for over-time plus tjust; this is sometimes referred to as the side-etched–length. 

 
 

Results and Discussion 
 

Fabrication of LCD TVs 
 

The procedure for fabrication of 20-in. LCD TVs was almost the same as that reported 
previously (5) for similar 3-in. LCD panel structures, except for the process steps related 
to the spacers placed in the liquid crystal layer. A rib-type spacer was placed between the 
transparent electrodes in the 20-in. LCD TVs, whereas a bead-type spacer was used in the 
3-in. LCD panels. The display performance of the 20-in. LCD TV with GZO electrodes 
on the RGB-CFs was equivalent to that of commercially available LCD TVs with ITO 
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electrodes, as shown in Fig. 2. These TVs (the GZO electrode TVs and the commercially 
available TVs) employed a LED backlight and reproduced 77% of the NTSC (National 
Television System Committee) color gamut (6).  

 

 
Fig. 1. Process Flow for Patterning GZO Films using Wet-chemical Etching Techniques  

 
 

 
Fig. 2. Comparison of Basic Characteristics of a 20-in. LCD TV with GZO Transparent 

Electrode on RGB Color Filter to those of a Conventional LCD TV with ITO Electrodes   
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The visible light transmittance of the LCD TV module with GZO electrodes was an 
average of 5% higher that of the conventional TV with ITO electrodes formed on the 
RGB-CF, which suggests that the optical transmittance of the GZO film is higher than 
both amorphous and crystalline ITO films, especially in the short wavelength region of 
visible light, as shown in Fig. 3 (previously reported in ref. (7)). The display performance 
of the LCD TVs with GZO electrodes was not completely degraded, even after long-term 
(1000 h) operation tests at 50 °C and 95% humidity, similar to the conventional TVs with 
ITO electrodes on the RGB CFs. It should be noted that the GZO electrodes used in the 
20-in. LCD TVs that we had previously reported (3) had a cap layer to protect from 
damage caused by processing with alkaline chemicals. In the present study, bare GZO 
electrodes without such cap layers were applied for the 20-in. LCD TVs. 

 
 

 
 

       Fig. 3. Comparison of Optical Transmittance of Transparent GZO and ITO Films  
 
 

 
Technique for the Formation of Fine-line GZO Films 
 

A technique for the formation of fine-patterned GZO films was also developed using 
wet chemical etching methods, which involved the following three steps, as previously 
reported (8): (I) development of alkaline chemicals for the formation of photoresist-
patterns, (II) development of acidic chemicals for wet-chemical etching (patterning), and 
(III) optimization of the photolithography and etching processes. 

It is important that the pH of chemicals used to develop the photoresist, etch GZO 
films and strip the photoresist-layer after etching of the GZO films are precisely 
controlled. In particular, it was confirmed that a weak-acid etchant was suitable for the 
formation of fine-patterned GZO films a few micrometers wide, as shown in Fig. 4. For a 
strong-acid etchant, the CD losses in the 100-nm-thick GZO films reached ca. 2.3 µm by 
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immersion for 50% of the over-etched time. It is therefore difficult to form fine-patterns 
with widths less than ca. 5.0 µm. In contrast, etching with a weak-acid etchant can 
suppress CD losses to 0.5 µm, even at 100% over-etched time. Thus, a weak-acid etchant 
is suitable for the formation of fine-patterned GZO films of a few micrometers in width. 

 
 

 
 

Fig. 4. CD Loss as a Function of Over-etched Time 
 
 
Other chemicals, such as the developer and stripper for the photoresist in the 

photolithography process were also optimized to form fine-patterns of GZO films, as 
previously reported (8). The optimized pH values for the chemicals were determined as 
follows: (a) TMAH developer, 12.0–13.2; (b) organic acidic etchant (carboxylic acid 
series), 5.1–6.8; and (c) photoresist stripper: 11.0–12.0. 

GZO films with line/space pattern widths of 2 µm/2 µm, close to the optical resolution 
limit of an exposure system with g-line optics (bright line in a mercury lamp), were 
formed successively without optical interference phenomena, as shown in Fig. 5. The 
abnormal dot patterns in 2 µm dense patterns of GZO films, as we previously reported (9), 
were caused by optical interference phenomenon, as shown in Fig. 6(b). In this work, 2 
µm/2 µm line/space dense patterns of GZO films without abnormal patterns caused by 
optical interference phenomenon of g-line optics were accomplished by optimizing the 
thickness of the photoresist layer and the space between the surfaces of the photomask 
and photoresist layer, as shown in Fig. 6(a). 
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Fig. 5. GZO Stripe Patterns Formed using Weak-acid Organic Etchant (pH 6.8)  
 
 
   

 
 
Fig. 6. GZO 2 µm-stripe Patterns Improved by Reducing Optical Interference 
Phenomenon  
 
  

Summary 
 

A manufacturing technology for 20-in. LCD TVs was successfully developed, 
utilizing GZO transparent electrodes on RGB color filters with a process flow that is 
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entirely compatible with current processes for commercially available LCD panels with 
ITO electrodes. 

A wet chemical etching technology suitable for GZO films was also developed to 
fabricate fine GZO patterns as transparent electrodes on the TFT pixel arrays in LCD 
panels. This technology was successfully employed to fabricate GZO line/space patterns 
with widths of 2 µm. 

 
TABLE II. Chemicals for the Formation of GZO Fine Patterns. 

Process Step for Patterning Chemicals for Patterning  Optimized pH of Chemicals 
Developing Photoresist TMAH 12.0–13.2 

Etching GZO Film Acidic Chemical Solution 
(Carboxylic Acid Series) 

5.1–6.8 

Removing Photoresist Amine Mixture  11.0–12.0 
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