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Abstract. Indium tin oxide (ITO) films have been a subject of extensive studies in fabrication 

of micro-electronic devices for opto-electronic applications ranging from anti-reflection 

coatings to transparent contacts in photovoltaic devices. In this paper, a new and effective way 

of reactive ion etching of a conducting indium-tin oxide (ITO) film with Carbon tetrachloride 

(CCl4) has been investigated.  CCl4 plasma containing an addition of gases mixture of 

dissociated argon and oxygen were used. Oxygen is added to increase the etchant percentage 

whereas argon was used for stabilization of plasma. The etching characteristics obtained with 

these gaseous mixtures were explained based on plasma etch chemistry and etching regime of 

ITO films. An etch rate as high as ~20 nm/min can be achieved with a controlled process 

parameter such as power density, total flow rate, composition of reactive gases gas and 

pressure. Our Investigation represents some of the extensive work in this area. 

1. Introduction

Thin films with high electrical conductivity and optical transparency have been the subject of 

extensive studies by material scientists and engineers for many applications, such as transparent 

electrodes in liquid crystal displays or electroluminescent displays, [1] Photovoltaic devices [2]. The 

most employed thin films are Flat Panel Displays (FPDs) are made from transparent conducting oxide 

(TCO) materials [3-4]. Among various materials, Indium tin oxide (ITO, 90% wt.% In2O3/10Wt. % 

SnO2) is one of the most widely investigated and useful transparent conducting oxide, because of its 

relatively low resistivity and high visible transmittance as compared with other (TCO) materials such 

as SnO2 or ZnO [5-10].   It has been known that ITO has both excellent and optical properties [11, 12]. 

The theoretical understanding of ITO has been limited because of the complex crystal structure of ITO 

thin film. Indium Tin Oxide is essentially formed by subsititutional doping of In2O3 with Sn which 

replaces the In
3+

 atoms from the cubic bixbyte structure  with a unit cell containing 40 atoms and two 

non-equivalent cation sites [13] .For the applications mentioned above, their etching characteristics 

and  the availability of patterning for the films become an important factor and are directly linked with 

the productivity. The growths of anisotropic dry etch process for ITO films are an important task to be 

resolved. Conventionally, wet chemical etching process is used. However, this process requires 

multiple process steps, large expensive equipment’s and geometry patterning [14].  To overcome these 

problems, dry etching processes have been developed using fluorine–based and hydrogen based 

chemistries [15-16]. The main concern with the etching of ITO film using fluorine and hydrogen-

based gases (such as CF4 in plasma methods) has the disadvantage of inducing contamination due to 

polymerization. Whereas the etching of ITO films by plasma, containing Cl2 and BCl3 lead to fast etch 

rate, films with smooth surface without polymerization [17-19]. The etch selectivity of ITO over 

photoresist films is also an important factor in many applications [20]. 
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In this work, dry etching characteristics and surface structure of ITO films using CCl4/Ar/O2 in 

inductively coupled plasmas (ICP) were studied. At the same time, plasma-etching phenomenon were 

investigated. 

2. Experimental

Research on structures to the substrate was made by ion-reactive etching in an inductively coupled 

plasma installation (RIE-ICP) “Caroline PE-15”. Figure1 shows schematic of the ICP etching system. 

Ion energy to the substrate, may influence the physical (ion) etching component controls the RF bias 

generator with a frequency of 13.56 MHz, is fed through to the chuck power matching device.  To 

generate plasma using RF generator matching network was used to convert the loaded impedance in 

the plasma chamber. The chamber is evacuated with a turbo molecular pump of 800 L / s capacity.  

We investigated the effect of bias power on the rate of etching of ITO glass. Etching was carried out in 

an environment CCl 4/O2 /Ar under the following conditions: power of coil 500 W, current of 

electromagnet 2A, flow rate CCl 4 7 sccm, flow rate O2 3 sccm and flow rate Ar 20 sccm . Power of 

bias took different modes values from 180 to 250 W. The time of etching for all was only 3 min. 

Aluminium masks was used with approximately 40 nm thickness deposited by magnetron sputtering 

method on market TCO glass with surface roughness of rms = 1 nm. The choice of aluminum masks 

determines their relative chemical inertness with respect to the chlorine-containing plasma. Carbon 

tetrachloride was poured into the flask and connected to a channel flow rate of gases. When the 

channel is turned on by the action of the vacuum chamber is a partial evaporation of CCl4 and the 

formation of the gas stream of vapors and etching was done with these CCl4 vapors. After etching 

mask residues are removed by chemical means and then etching rate was determined using a 

profilometer (KLA-Tencor P16+ model). The 3-D images was taken with Interferometer (ZYGO 7600 

model), Field emission scanning electron microscopy (ZEISS SUPRA 25) was used to take surface 

images. 

Figure 1. Schematic of ICP etching system [21] 
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3. Results and discussion

      3.1 Etching characteristics of ITO films 

Figure 2 shows the etch rate of ITO thin films with CCl4 /Ar/O2 gas mixing ratio at bias power of 

250W. The etch rate were found to be 5nm/min, 12nm/min and ~20nm/min respectively with different 

bias power applied.  

   We may consider that the maximum etch rate is related to the effects of surface chemistry and that 

can be explained by chemical processes. This etching behavior shows that the inert gas (Ar) results in 

ion assisted chemical etching and consequently the etch rate is increased. The argon species are  

ionized in the plasma and accelerate towards the surface of the ITO owing to the DC bias, which 

could provide energy for the reaction to take place between the etchant and ITO films.  The etch 

reaction in plasma with argon take via sputter deposition mechanism due to energetic ion 

bombardment [22]. The decreased etch rate obtained at low power is due to the lowering of physical 

bombardment effect and rate of chemical reaction. Oxygen was added to plasma to increase 

the etchant percentage by converting unsaturates to etchants.  There was lesser reaction between the 

In and oxygen atoms due to the chemical reactions of In and Sn atoms. It is assume that the plasma 

containing argon or inert gas broke the chlorine bonding with In2O3 in the tetrahedral interstices 

of the face-centered-cubic In
3+ 

lattice. Therefore, the inert gas transported the reaction products such 

as InClx [23,24]. 

Figure 2.  Etch rate of ITO films at bias power of 250W 

3.2 Interferometer result 

Figure 3 shows the 3-D images obtained from Interferometer. The surface of ITO film is change with 

etching. It is observed that the average roughness increases after etching unsignificantly. Root mean 

square remains the same.  The smoothest surface of ITO film obtained using CCl4/Ar/O2 plasma with 

high etch rate at bias power of 250W was obtained.  
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Figure 3. 3-D images of ITO films a) Before etching b) after etching. 

3.3 Field emission scanning electron microscopy (FESEM) studies 

Figure 4 shows the  FESEM images of ITO film at bis power of 250W. The surface of ITO film is 

change with etching as observed from the images (Figuge 4(a) &(b)). The etching height is also 

mentioned. This clearly shows the etching of ITO films in gaseous mixture of CCl4/Ar/O2. 

Figure 4.  FESEM images of a) before etching and b) after etching 

4. Conclusion

ICP etching of ITO has been studied in CCl4/Ar/O2 plasma. We vary bias power to increase the etch 

rate in the present investigation.  The maximum etch rate of ITO films was ~20 nm/min. When CCl4 

was added to argon, the reaction between ITO and CCl4 may enhanced by sufficient ion bombardment 

resulting increase in ITO etch rate.  The etching of the ITO thin films in gaseous mixture CCl4/ O2 

containing inert gas (argon) result in high etch rate and films with smooth surface without any 

polymerization. Further, more Investigation are needed in detail. 

(a) (b)
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