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A B S T R A C T   

For the next generation display devices, dry etching technique for indium tin oxide (ITO) used as a transparent 
electrode is required to obtain a highly anisotropic etch profile, and to decrease the dimensional loss after the 
etching. For the dry etching of ITO, the easy dry cleaning of etch byproducts attached to the chamber wall during 
the dry etching is also important. In this study, by using novel hydrocarbon gases mixed with Ar, such as ethane 
(C2H6) and propane (C3H8), the dry etch characteristics and the etch residue cleaning process have been 
investigated using an inductively coupled plasma etcher, and the results were compared with the conventionally 
investigated methane (CH4)-based gases, such as CH4 and CH4/H2 mixed with Ar. The result showed that the 
hydrogen in CH4/H2 both decreased the ITO etch rate, and decreased the etch selectivity over photoresist (PR). 
By using hydrogen-less hydrocarbon gas having the alkane structure, such as CxH2x+2 (x = 2, 3), both the ITO 
etch rate and the etch selectivity were increased with the increase of carbon in the alkane structure; therefore, 
the highest etch rate was observed for C3H8. In addition, with the increase of x in the carbon of CxH2x+2, less 
dimensional loss, more anisotropic etch profile, and lower surface roughness could be observed. During the 
etching, etch residues containing C, In, Sn, O, and H were accumulated on the chamber wall due to the low 
volatility of the etch byproducts; however, the etch residues formed by all three hydrocarbon gases could be 
successfully dry cleaned using H2/Ar plasmas through the formation of InCxHy(x < y), COx, and SnHx.   

1. Introduction 

Indium tin oxide (ITO) is a material that is widely used in displays 
and optoelectronic devices because it is transparent and conducts elec-
tricity well [1–3]. To make ITO devices, etching, deposition, etc. are 
used. In particular, etching is one of the important processes, as it 
greatly affects the properties of ITO [4,5]. Currently, wet etching is used 
to pattern the ITO. The wet etching has a fast etch rate, low cost, and is 
easy to implement, but the etch profile is isotropic, and the dimensional 
loss is high [6–9]. Therefore, the wet etching method cannot be appli-
cable to the ITO conductor lines with very narrow widths required for 
the next generation display devices. 

Dry etching can provide an improved etch profile with less dimen-
sional loss than wet etching [10–12]. To dry etch ITO, various gases, 
such as CH4/H2, BCl3/Cl2, CH4/Cl2, and HBr mixed with Ar, have been 

investigated [13]. However, for halogen-based gases, that is, BCl3/Cl2, 
CH4/Cl2, and HBr mixed with Ar, although the ITO etched with 
halogen-based gases showed a clean etched sidewall surface, a high 
degree of contamination was observed on the chamber wall, while the 
etch selectivity over photoresist was not sufficiently high, due to the low 
volatility of indium halides, such as InClx and InBrx [14,15]. Therefore, 
the etching was also performed with hydrogen-based gases, such as CH4 
and CH4/H2 mixed with Ar, to improve the ITO etch characteristics by 
forming possibly volatile etch products, such as In(CH3)2, etc. [16–18]. 
However, these gas chemistries showed lower etch rates and the etch 
profile was not sufficiently anisotropic for the application to next gen-
eration display devices; in addition, no information on the etch residue 
formed on the chamber wall and its cleaning method was offered [19]. 

In this study, to improve the ITO etch characteristics, the effects of 
novel hydrocarbon gases having the alkane structure (CxH2x+2), such as 
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C2H6 and C3H8, on the properties of etching were investigated; in 
addition, CH4 using an inductively coupled plasma (ICP) etcher and 
their etch mechanisms were investigated. Further, the etch byproducts 
attached to the chamber wall during the etching using hydrocarbon 
gases were analyzed, and the method of in situ dry cleaning of those etch 
residues using the same ICP etcher were also investigated [20–22]. 

2. Experimental 

The ITO etching was carried out using an ICP etching system. The ICP 
source was composed of external inner/outer two-turn copper coils 
coated with silver and a 35 mm thick alumina window on the top side of 
the reactor (see Fig. 9 (a)). The size of the substrate was 300 mm 
diameter, and it was made of anodized aluminum. The substrate was 
located 150 mm below the dielectric window. The chamber wall was 
also made of anodized aluminum and the chamber wall was kept at 
room temperature during the etching and cleaning. The ICP source was 
powered by 13.56 MHz rf power (Seren-R3001), and the substrate was 
biased by 12.56 MHz rf power (rf power amplifier, ENI - Model 
A1000RF). The process gas was uniformly sprayed through the gas ring 
located near the chamber top edge. The process pressure was adjusted 
automatically using a main valve (VAT-model PM.7) connected to a 
turbopump and a dry pump. 

To etch ITO, 180 nm thick ITO thin film samples deposited on the 
glass substrate and masked with 3 μm width PR were used. During the 
ITO etching, the substrate temperature was fixed at 70 ◦C, and the 
process pressure was kept at 2 mTorr. Hydrocarbon gases having the 
alkane structure of (CxH2x+2), such as CH4, C2H6, and C3H8 mixed with 
Ar, were used for etching, and 2 kW of the ICP source power and − 150 V 
of bias voltage were used. 

To investigate the chamber wall dry cleaning contaminated during 
the ITO etching, 10 μm bare ITO on 300 mm diameter glass substrate 
was continuously etched, and the etch residues were observed with the 
silicon wafer attached to the chamber wall. To dry clean the etch resi-
dues on the chamber wall, O2 or H2 mixed with Ar were used at the 
pressure of (30− 90) mTorr while operating 2 kW of ICP source power 
only. 

To measure the ITO etch rate, deposited residue thickness, and res-
idue cleaning rate, a step profilometer (Tencor, Alpha step 500) was 
used. Scanning electron microscopy (FE− SEM; Hitachi, S-4700) was 
used to observe the profile after the etching of the PR masked ITO, and to 
measure the etch selectivity between the ITO and PR. The radicals of 
hydrocarbon gases dissociated by the plasma were observed through 
optical emission spectroscopy (OES; ANDOR technology, SR-ASZ-0103). 
In addition, quadrupole mass spectrometry (QMS; Hiden Analytical, 
PSM 500) was also used to observe the dissociated radicals and ionized 
species in the hydrocarbon plasmas. The composition of the etch 
byproducts on silicon wafers attached to the chamber wall was 
measured using X-ray photoelectron spectroscopy (XPS; VG Microtech 
Inc., ESCA2000). In situ deposition and cleaning of the etch residue on 
the sidewall of the chamber during ITO etching and cleaning were 
observed using a quartz crystal microbalance (QCM) installed on the 
chamber sidewall. 

3. Results and discussion 

3.1. Etching of ITO using CxH2x+2 (x = 1,2,3)/Ar 

Fig. 1 shows the ITO etch rate, PR etch rate, and ITO etch selectivity 
over PR measured as a function of H2 percentage in CH4/H2 mixed with 
Ar. A fixed ratio of CH4: Ar of (2:1) was used, while adding H2 to change 
the H2 percentage; 2000 W of ICP source power and − 150 V of bias 
voltage were applied, while maintaining the operating pressure at 2 
mTorr and the substrate temperature at 70 ◦C. Fig. 1 shows that the 
increase in H2 percentage in the CH4/H2 mixed with Ar increased the PR 
etch rate while not significantly changing the ITO etch rate up to 40% of 

H2, and decreasing the etch rate by increasing the H2 percentage further. 
So, the ITO etch selectivity was decreased from (0.6–0.1) with the in-
crease of H2 percentage from (0–70) %. In addition, the addition of H2 to 
CH4 generally increased the roughness of PR surface, possibly due to the 
micromasking of etch byproduct on the PR surface while etching the PR 
with hydrogen, as shown in Fig. S1 of the Supplementary Information 
(SI). 

To decrease the effect of hydrogen on the ITO etching, the hydro-
carbon gases mixed with Ar having the alkane structure of CxH2x+2, such 
as C2H6 and C3H8, were used, in addition to CH4 in the ITO etching, and 
their characteristics of ITO etching were studied. Fig. 2 shows the etch 
rates of ITO and the etch selectivity over PR measured as a function of Ar 
percentage in the CxH2x+2/Ar gas mixture. No hydrogen gas was added 
to the gas mixture, and the process conditions are the same as those in 
Fig. 1. The etch rates of ITO were increased with increasing Ar per-
centage in the CxH2x+2/Ar up to 90% of Ar percentage, while the further 
increase of Ar percentage decreased the etch rate. In contrast, the in-
crease of Ar percentage in the gas mixture continuously decreased the 
etch selectivity over PR; however, the etch selectivity was generally 
higher than 1.0, except for CH4/Ar. Comparison between the different 
hydrogen carbon gases showed that the etch rate and etch selectivity 

Fig. 1. Etch rates of ITO and PR, and their etch selectivity as a function of H2 
percentage in CH4/H2 mixed with Ar. 

Fig. 2. Etch rates of ITO and PR, and their etch selectivity as a function of Ar 
percentage in CxH2x+2 (x = 1, 2, 3) mixed with Ar. 
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were higher in the order: CH4 > C2H6 > C3H8; therefore, the higher C/H 
ratio in the CxH2x+2/Ar gas mixture increased both the etch rate and the 
etch selectivity over PR at the same Ar percentage. 

The 180 nm thick ITO masked with 3 μm width PR was 30% over- 
etched with the condition of 50% Ar in the CxH2x+2/Ar gas mixtures 
of Fig. 2, and the dimensional loss of the ITO line width after the over- 
etching was observed from the top of the etched ITO line using SEM, 
with the results shown in Fig. 3. After 30% ITO over-etching, the 
dimensional loss of ITO line width was decreased from (321.5–111) nm 
(CH4 to C3H8) by using a hydrocarbon gas with a higher C/H ratio, due 
to the increased etch selectivity in the order: CH4 > C2H6 > C3H8. 

Fig. 4 shows the cross-sectional SEM images of the 3 μm width/1.5 
μm thick reference PR on 180 nm thick ITO and the ITO lines after full 
etching of the 180 nm ITO with the condition of 50% Ar in the CxH2x+2/ 
Ar gas mixtures of Fig. 2, (a) reference and before the PR removal, and 
(b) after the PR removal. As shown in Fig. 4 (a), rougher PR surface was 
observed in the order: C3H8 > C2H6 > CH4, that is, with decreasing C/H 
ratio in the CxH2x+2/Ar gas mixture, possibly due to the micromasking 
by etch byproduct on the PR surface by etch byproducts, as mentioned 
earlier. And the etch selectivity was ~0.67 for CH4, ~1.07 for C2H6, and 
~1.67 for C3H8. Fig. 4 (b) shows the etch slope width of ITO lines, that 
is, the etch profile angles after the etching. The etch slope width for CH4, 
C2H6, and C3H8 was (135, 79, and 32) nm, respectively; therefore, the 
more anisotropic ITO etch profile was observed at the higher C/H ratio 
of the CxH2x+2/Ar gas mixtures, in addition to smoother PR profile. 
Tilted SEM images of the PR-masked ITO after etching CH4, C2H6, and 
C3H8 mixed with 50% H2 are shown in Fig. S2 of the SI. 

Fig. 5 shows the AFM data measured for the 180 nm thick ITO 
deposited on glass substrate (reference), and those etched about 150 nm 
thick ITO and 30% over-etched to expose the glass substrate with 
CxH2x+2/50% Ar gas mixtures for the etch conditions in Fig. 3. 

Compared to the RMS surface roughness of the reference ITO, the RMS 
surface roughness of the ITO surfaces etched ~150 nm, and that of 
exposed glass substrate after 30% over-etching of ITO, were lower. Also, 
the RMS roughness values of the 150 nm thick etched ITO surface and 
exposed glass substrate surface by 30% over-etching were lower for the 
higher C/H ratio in the hydrocarbon gas. The etching with CxH2x+2/Ar 
gas mixtures with higher C/H ratio appears to smooth the ITO surface, 
possibly by physical sputter etching indium and tin compounds formed 
on the ITO surface during the etching. 

To understand the ITO etch mechanism with the CxH2x+2/Ar gas 
mixtures, the dissociated species in the plasma were analyzed by OES 
and QMS. Fig. 6 shows the OES data observed with the plasmas gener-
ated with CxH2x+2 (x = 1, 2, 3) mixed with 50% Ar. As shown in Fig. 6 
(a), variously dissociated peaks, such as CH [23], OH [24], C [23], and H 
[25], could be observed. Fig. 6 (b) shows that when the CH and H in-
tensities normalized by Ar intensity were measured, even though the 
normalized CH intensity was increased with the increase of C/H ratio in 
the hydrocarbon gas mixture, the normalized H intensity did not 
noticeably vary with the C/H ratio in the hydrocarbon gas mixture. 
Therefore, as shown in Fig. 6 (c), the ratio of CH/H increased in the 
order: CH4 > C2H6 > C3H8, indicating the importance of dissociated CH 
in the etching of ITO. 

More accurate dissociated species in the plasma with the CxH2x+2/Ar 
gas mixtures could be observed with QMS, and the QMS data are shown 
in Fig. 7 (a) and (c) for the radical mode, and (b) and (d) for the positive 
ion mode for CxH2x+2 (x = 1, 2, 3) mixed with 50% Ar. In the case of 
radical mode, the dissociated radicals in the plasma are ionized in the 
QMS, and their masses are detected by the analyzer; while in the case of 
positive ion mode, the positive ions in the plasma collected at the QMS 
are directly measured by the analyzer without further ionization; 
therefore, more accurate measurement of the dissociated species in the 

Fig. 3. Top SEM images of the 3 μm width reference PR-masked 180 nm thick ITO and the PR-masked ITO lines after 30% over-etching with CxH2x+2/50% Ar gas 
mixtures of Fig. 2. 
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Fig. 4. Cross-sectional SEM images of the 3000 nm width/1500 nm thick reference PR on 180n m thick ITO and the ITO lines after full etching of 180 nm ITO with 
the condition of 50% Ar in the CxH2x+2/Ar gas mixtures of Fig. 2 (a) before PR removal, and (b) after PR removal. 

Fig. 5. Schematic of the RMS surface roughess of ITO/glass observed for 180 nm thick ITO reference, and those etched about 150 nm thick ITO and 30% over-etched 
(glass substrate) with CxH2x+2/50% Ar gas mixtures for the etch conditions in Fig. 3. 

Fig. 6. (a) OES data for CxH2x+2 (x = 1, 2, 3) mixed with 50% Ar. (b) The ratios of CH/Ar and H/Ar, and (c) the ratio of CH/H for different CxH2x+2 (x = 1, 2, 3).  
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plasma can be estimated by the positive ion mode. However, as shown in 
Fig. 7 (a) and (b), no significant differences in dissociated species could 
be observed between the dissociated species in the plasma estimated by 
the radical mode and positive ion mode for CxH2x+2 (x = 1, 2, 3), indi-
cating no significant fragmentation of species in the QMS for the radical 
mode. As shown in Fig. 7 (a)–(d), higher mass species were observed for 
C2H6 compared to CH4 by showing C2Hx (x=(1− 6)), in addition to CHx 
(x=(1− 4)), and, for C3H8, also by showing C3Hx (x=(4− 8)), in addition 
to C2Hx (x=(1− 6)) and CHx (x=(1− 4)), while showing no significant 
hydrogen peak, such as H or H2, for all the CxH2x+2 (x = 1, 2, 3). 
Therefore, from the observed data from OES and QMS, it is believed that 
CxHy (y > x, y/x= (1− 3)) appears to be important in the etching of ITO 
through the following dissociation of hydrocarbon gases of Eqs. (1)–(3) 
in the plasma:  

e + CH4 → CHx + H                                                                       (1)  

e + C2H6 → C2Hx + H, e + C2H6 → 2CHx + H                                  (2)  

e + C3H8 → C3Hx + H, e + C3H8 → CHx + C2Hy + H                        (3) 

The radicals and ions dissociated from CxH2x+2 (x = 1, 2, 3) arrive at 
the substrate, and form compounds with ITO, and the reacted com-
pounds are removed from the ITO surface by sputtering by ion 
bombardment, such as Ar+ ions. The ITO surface composition before the 
etching (reference) and during the etching using CxH2x+2 (x = 1, 2, 3) 
mixed with 50% Ar was measured using XPS, and the results are shown 
in Fig. 8, which shows that the etching using CHx decreased Sn content 
on the surface, possibly due to the preferential removal of Sn from the 
ITO by the formation of SnHx (boiling point of SnH4 is − 52 ◦C). By using 
the hydrocarbon gas with higher C/H ratio, the indium percentage was 
decreased with the increase of carbon percentage and the decrease of the 
oxygen percentage, indicating formation of a hydrocarbon polymer 

layer on the ITO surface, and the removal of In from the surface by the 
formation of indium hydrocarbon compounds, such as InCxHy (x < y, y/ 
x = (1− 3)) (boiling point of In(CH3)2− 3 is 136 ◦C) and through the 
sputtering of the compounds by ion bombardment, such as Ar+ ion, due 
to the low volatility. In the case of Sn, the surface composition was 
similar to the reference with the hydrocarbon gas with higher C/H ra-
tios; therefore, Sn appears to be more preferentially removed by the 
formation of SnHx, rather than the formation of Tin hydrocarbon com-
pounds, such as SnCxHy (x < y, y/x = (1− 3)) (the boiling point of Sn 
(CH3)3 is 58 ◦C). 

Fig. 7. QMS data of (a) and (c) radical mode, and (b) and (d) positive ion mode for CxH2x+2 (x = 1, 2, 3) mixed with 50% Ar.  

Fig. 8. Atomic percentages of ITO surface before and after the ITO etching with 
CxH2x+2 (x = 1, 2, 3) mixed with 50% Ar measured by XPS. 

J.W. Hong et al.                                                                                                                                                                                                                                 



Materials Science in Semiconductor Processing 160 (2023) 107395

6

3.2. Thickness and composition of etch residue deposited on the chamber 
wall 

The hydrocarbon compounds of In and Sn formed on the ITO surface 

can be sputter etched from the ITO surface and deposited on the 
chamber wall, due to the low volatility of the compounds. Fig. 9 shows 
(b) the deposition rate, and (c) the composition of the etch residue 
deposited (a) on the various chamber wall locations during the ITO 

Fig. 9. (a) Schematic showing the location of silicon wafers attached to the chamber wall. (b) The etch byproduct deposition rate as a function of chamber location 
during the ITO etching. (c) Composition of the residue measured by XPS. The etch residue was observed after the etching of 1 μm thick blank ITO covering the 
substrate holder with the etch conditions of CH4/50% Ar in Fig. 3. 

Fig. 10. Cleaning of etch residue on the chamber wall at locations 1 (the highest residue deposition rate position) and 6 (the lowest residue deposition rate position), 
with (a) O2/Ar (1:5) plasma, and (c) H2/Ar (1:1) plasma, measured by cleaning time. Composition of the remaining residue at location 1 measured by XPS as a 
function of cleaning time for the cleaning with (b) O2/Ar plasma, and (d) H2/Ar plasma. 
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etching, using the CH4/Ar with the etch conditions in Fig. 3. To observe 
the etch residue on the chamber wall, ITO glass substrate covering the 
300 mm diameter substrate holder was used, and the etch residue was 
measured after the etching of 1 μm thick ITO, that is, for 75 min. To 
measure the etch residue deposition rate along the various locations of 
the chamber wall, 9 silicon wafers were attached equally by covering the 
chamber top position, chamber sidewall area, and pumping area, as 
shown in Fig. 9 (a). Fig. 9 (b) shows that the highest deposition rate of 
etch residue was observed at the chamber top area, because the chamber 
top area faces the ITO surface during the etching, while the lowest 
deposition rate was observed at the chamber sidewall area, possibly due 
to the separation from the plasma area. The residue was composed of 
mostly hydrocarbon, as shown in Fig. 9 (c), and the highest indium 
content was observed in the hydrocarbon layer at the chamber top area, 
while the lowest indium content was observed at the chamber wall side, 
while both indium and tin residues were observed at the pumping area. 

3.3. Cleaning of etch residue deposited on the chamber wall using H2/Ar 
plasma 

The etch residue formed on the wall of the chamber after 1 μm thick 
ITO etching for 75 min with the etch conditions of CH4/Ar in Fig. 3 was 
cleaned by using the ICP source plasma only, without biasing the 
substate. Fig. 10 shows the remaining residue thickness and composition 
of the remaining residue measured as a function of cleaning time with 
(a) and (b) 1:5 ratio of O2/Ar, and (c) and (d) 1:1 ratio of H2/Ar. The ICP 
source power of 2000 W and 30 mTorr of operating pressure were used 
for etch residue cleaning. As shown in Fig. 10 (a), when O2/Ar plasma 
was used to clean the etch residue formed on the chamber wall, even 
though the residue was partially cleaned by the plasma initially until 30 
min cleaning, ~400 nm thick residue was remaining, both in the 
chamber top area and chamber wall area, and the further cleaning time 
did not decrease the remaining residue thickness. When the composition 
of the remaining residue was measured by XPS, as shown in Fig. 10 (b), 
nonvolatile indium oxide and tin oxide appeared to be remaining on the 
chamber wall after the removal of the hydrocarbon of residue by 
forming COx and H2. However, as shown in Fig. 10 (c), when H2/Ar was 
used for the residue cleaning, the residue on the chamber top area ap-
pears to be cleaned completely after ~ 30 min cleaning, while the res-
idue on the chamber sidewall area appears to be cleaned after ~ 65 min. 
Fig. 10 (d) shows that for the chamber top location, most of the indium 
(and also tin) was removed after 30 min cleaning with H2/Ar plasma, 
possibly in the form of InCxHy (and SnHx), in addition to the cleaning of 
hydrocarbon layer by CHx with the assistance of low-energy Ar+ ion 
bombardment. For the cleaning, the use of higher operating pressure up 
to 90 mTorr increased the cleaning rate at the top position (shown in 
Fig. S3 of the SI). For the H2/Ar gas mixture ratio from (2:1 to 1:2), the 
H2/Ar ratio of 1:1 appears to show the highest residue removal rate 
(shown in Fig. S4 of the SI). 

The thickness of etch residue deposited during the etching of 1 μm 
thick ITO with the etch conditions in Fig. 3 and the time required to 
clean the deposited residue formed on the chamber wall with the 
cleaning conditions of H2/Ar in Fig. 10 were investigated for all three 
CxH2x+2 (x = 1, 2, 3) gases, and the results are shown in Fig. 11 for (a) 
chamber top position 1, and (b) chamber sidewall position 6. To mea-
sure the deposited residue thickness and the remaining residue thick-
ness, silicon wafers were attached to the top position 1 and chamber 
sidewall position 6, and the residue thickness on the silicon wafers was 
measured during the deposition and cleaning. As shown in Fig. 11 (a) 
and (b), the use of hydrocarbon gas of CxH2x+2 (x = 1, 2, 3) with higher 
C/H ratio decreased ITO etch time due to the higher ITO etch rate, and 
lowered the deposited thickness of the residue on the chamber wall for 
the etching of the same 1 μm thick ITO. The cleaning time required to 
remove the remaining etch residue thickness appears to be similar for all 
three hydrocarbon gases, or a little longer for the hydrocarbon gas with 
higher C/H ratio. Therefore, the total time required to etch 1 μm thick 
ITO and to fully clean the chamber wall area was shorter in the order: 
CH4 (160 min) < C2H6(145 min) < C3H8 (135 min). Therefore, the total 
ITO etch processing time can be improved by using the novel hydro-
carbon gases with higher C/H ratio, such as C2H6 and C3H8, in addition 
to the improvement of the ITO etch characteristics, such as the etch 
selectivity over PR, etch profile, etc. In situ deposition and cleaning of 
etch residue at the sidewall of the chamber was also measured by using 
QCM, and the results are similar to the those in Fig. 11, as shown in 
Fig. S5 of the SI, in which the compositional changes of the residue with 
cleaning time at the top position 1 and sidewall position 6 are also 
shown for three different hydrocarbon gas of CxH2x+2 (x = 1, 2, 3), and 
no significant differences in the composition as a function of cleaning 
time could be observed. 

3.4. ITO etching and etch reside removal mechanisms 

From the above observations, the ITO etch mechanism by CxH2x+2 (x 
= 1, 2, 3) mixed with Ar and the residue cleaning mechanism by H2/Ar 
plasma can be estimated, as shown in Fig. 12. During ITO etching, the 
dissociated CxHy (x < y, y/z = (1− 3)) and H and the reactive ions, such 
as CxHy

+ (x < y, y/z = (1− 3)) and H+, are chemisorbed on the ITO, and 
form compounds, such as InCxHy, SnHx (SnCxHy), and CxHy. The 
chemisorbed species on ITO surfaces are loosely bound to the ITO; 
therefore, they are simulaneously sputtered off from the surface of ITO 
by Ar + ion impingement while etching using CxH2x+2 (x = 1, 2, 3) mixed 
with Ar. Even though compounds such as SnH4 and COx(x = 1, 2) can be 
removed to the pump by the high vapor pressure, the compound species, 
such as InCxHy and SnCxHy (and SnHx (x=(1− 3))) are sticky and have 
less volatility; therefore, they can be accumulated on the chamber wall, 
and form a polymer etch residue with the CxHy radicals in the plasma 
attached to the chamber wall during the etching. 

Using the H2/Ar oplasma, the etch residue composed of a 

Fig. 11. Thickness of etch residue deposited during the etching of 1 μm thick ITO with CxH2x+2 (x = 1, 2, 3)/Ar with the conditions in Fig. 3 and following cleaning 
with H2/Ar plasma in Fig. 10 for (a) chamber top position 1, and (b) chamber sidewall position 6. 
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hydrocarbon polymer layer, InCxHy, and SnCxHy (and SnHx (x=(1− 3))) 
appears to be cleaned first by forming more volatile SnH4 and CH4; and 
after that, by forming more volatile metal organic indium molecules, 
such as In(CH3)x, through the assistance of low-energy Ar+ ion 
bombardment. 

4. Conclusions 

In this study, the etch characteristics of ITO by using hydrocarbon 
gases with alkane structure of CxH2x+2 mixed with Ar, including novel 
etch gases, such as ethane (C2H6) and propane (C3H8), and the etch 
residue cleaning characteristics with H2/Ar were investigated. The use 
of CxH2x+2 with higher C/H ratio both improved the ITO etch rate and 
increased the etch selectivity over PR due to the decreased hydrogen in 
the gas mixture, which not only increases PR etching, but also damages 
the PR. Therefore, smoother and more anisotropic ITO etching could be 
obtained in the order CH4 > C2H6 > C3H8. The ITO etching by the 
CxH2x+2 mixed with Ar is due to the compound formation (ex, InCxHy, 
SnHx, and SnCxHy (and CxHy)) on the ITO surface after the removal of O 
by COx and the sputtering of these compounds by Ar + ion bombard-
ment. Among the sputtered compounds, less volatile and less sticky 
compounds, such as InCxHy and SnCxHy, in addition to CxHy from the 
plasma, are attached to the chamber wall, and form a polymer etch 
residue layer. This polymer layer formed by CxH2x+2 could be success-
fully removed with H2/Ar plasma by forming more volatile compounds, 
such as In(CH3)x, SiH4, and CH4. It is believed that the hydrocarbon with 
higher C/H ratio, such as C3H8, will be applicable to the fabrication of 
the next generation display device, due to the excellent etch charac-
teristics, such as higher etch rate, higher etch selectivity over PR, 
smoother and more anisotropic etch profiles, easy removal of etch res-
idue on the chamber wall, etc. 
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