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Abstract 
In this paper, the etching behavior of ZnO in CF4 plasma 
mixed Ar was investigated. Previously, the etch rate in 
CF4/Ar plasma was reported that it is slower than that in 
Cl containing plasma. But, plasma included Cl atom can 
produce the by-product such as ZnCl2. In order to solve 
this film contamination, no Cl containing etching gas is 
required. We controlled the etching parameter such as 
source power, substrate bias power, and CF4/Ar gas 
ratio to acquire the fast etch rate using a ICP etcher. We 
accomplished the etching rate of 144.85 nm/min with the 
substrate bias power of 200W. As the energetic fluorine 
atoms were bonded with Zinc atoms, the fluoride zinc 
crystal (ZnF2) was observed by X-ray photoelectron 
spectroscopy (XPS). 

 
 

1. Introduction 
 

ZnO is an II–VI semiconductor oxide with a direct 
band gap of 3.3 eV. Besides the wide band gap, ZnO 
has several interesting properties, such as large 
exciton binding energy, high chemical stability, good 
piezoelectric properties [1], non-toxicity and bio-
compatibility [2], which have greatly considered since 
a few decade years ago [3]. Among the optical 
advantages, ZnO has the larger exciton binding energy 
of 60 meV than that of gallium nitride (28 meV) and 
of zinc selenide (19 meV). This makes it possible to 
observe exciton radiative recombination at room 
temperature [4]. ZnO thin films also can be applied in 
fabrication of hydrogenated amorphous silicon solar 
cells [5] because of self-textured surface without 
additional process and a stability in hydrogen plasma. 
Additionally, ZnO thin films have potential for 
practical applications, active layer of field effect 
transistor, especially in high mobility thin film 
transistor for silicon on panel [6]. ZnO also has very 
simple crystal growth technology in comparison to 
other semiconductor devices, resulting in an available 
lower cost for ZnO based devices. Most important 
applications include the transparent electrode for 

photovoltaic device like a solar cells [7] and active 
layer of switching device for flat panel displays [8], 
and a gas sensors [9]. For the microelectronic and 
photovoltaic device application, ZnO dry etching 
techniques with high etch rates, high selectivity over 
mask materials, and highly anisotropic etch profiles is 
very important. Lee et al. reported inductively coupled 
plasma (ICP) dry etching behaviors in CH4-based 
plasma that a high etch rate of ZnO could be obtained 
by increasing ICP and r.f. powers [10]. Kim et al. also 
exhibited the etch mechanism for ZnO in ICP plasma 
chemistries of BCl3-based plasma [11]. The 
optimization of dry etching processes for ZnO is very 
important to fabricate microelectronic device included 
ZnO device. However, there are very few reports 
describing the dry etching of ZnO using a CF4 mixed 
by Ar plasma sources because of their slow etch rate. 
Generally, Cl2 or BCl3 is used as etch gas to reach the 
fast etch rate. However, these leave a great problem of 
Cl contamination such as ZnCl2. It can be possible to 
make a trouble in the device operation. In this paper, 
we suggested the CF4-based plasma etching using a 
ICP system. 

 
 

2. Experimental  
 

Undoped ZnO films were grown on (100) silicon 
substrates by low temperature chemical vapor 
deposition (LPCVD) systems at the 200 °C using a 
diethyl-zinc (DEZ) and oxygen gas. The prepared 
ZnO samples were etched in a load locked ICP system 
(manufactured by SNTEK Co. Korea). We illustrated 
the schematic diagram and electric field of ICP 
etching system in the Fig. 1. The plasma is generated 
by circular coil antenna and forced toward substrate 
by substrate bias voltage. The plasma density can be 
generated by a 13.65 MHz rf power supply controlling 
the ICP coil power, while the ion energy can be 
controlled by a 13.56 MHz rf power supplier applied 
to the substrate. As shown the Fig. 1(b), plasma 
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electric field forms the disc-like shape under ICP coil. 
Etch rates were investigated as a function of CF4/Ar 
chemistry and substrate bias power. Film thickness 
was measured by spectroscopy ellipsometry (Elli-SE, 
Ellipso tech. Co.). X-ray photon spectroscopy (XPS, 
VG instrument Korea, ESCALAB 2201) was 
performed to investigate the surface chemical contents 
of ZnO before and after etching. 

 
Fig. 1 The schematic of ICP etching system (a) 
plasma generation system and (b) electric field 
distribution and ion acceleration direction. 

 
 

3. Results and discussion 
 

Fig. 2(a) shows the etch rate of ZnO as a function 
of the CF4/Ar gas mixture under the surface bias 
power (Sbp) of 40 W. It is noted that etch rate is 
slightly increased from 4.65 to 8.53 nm/min as the 
CF4/Ar gas ratio increases. However, etch rate 
decreased from 8.53 to 5.01 nm/min as the CF4/Ar gas 
ratio increases above 0.57. Fig. 2(b) shows the etch 
rate of ZnO as a function of CF4/Ar gas ratio at the 
Sbp of 200 W at the room temperature. As the Sbp 
increases from 40 W to 200 W, etch rate sharply 
increased by 17 times. As the CF4/Ar gas ratio is 
increased, the etch rate is not only slightly increased 
from 86 to 144.85 nm/min but also decreased from 
144.85 to 64.62 nm/min to more than CF4/Ar gas ratio 
of 0.57. This result shows the same tendency with that 
of Fig. 2(a). It indicates that the etch rate of ZnO is 
considerably dependent on the Sbp. However, CF4/Ar 
gas ratio has a little related with etch rate [12]. The 
highest etch rate is obtained when proceed with the 
Sbp of 200 W and CF4/Ar gas ratio of 0.57. This result 
shows that the CF4 plasma is effective in etching ZnO, 
compared to Ar or Cl2/Ar plasmas [11]. 

Fig. 3 shows the etch rates of ZnO as a function of 
Sbp in the CF4/Ar gas ratio which is 0.38 and 0.57, 
respectively. The ICP coil power was maintained at 

200 W. As the Sbp is increased, the ZnO etch rate was 
increased like a square function, reaches a maximum 
at 200 W. This etching behavior exhibits that the Sbp 
plays an important role in etching ZnO by the 
acceleration of ion such as F atoms and CFx radicals 
[12]. However, Woo et al. reported that the etch rate of 
ZnO with small addition of CF4 gas ratio can be 
attributed to at least two effects connected to both 
volume and surface chemistries. The first is effective 
removal of O from the surface of ZnO resulting ion 
sputtering yield. The second is the reson that slow 
etch rate of ZnO is related with a decrease in the 
efficiency of ion-stimulated desorption of reaction 
products because of high melting points for etch by 
products (ZnF2=872 °C) [13]. However, our result was 
different with it of Woo et al. We achieved the fast 
etch rate around 145 nm/min, which should mean that 
the chemical etching behavior is different from 
previous report. 

 

 
Fig. 2 ZnO etching rate as a function of CF4/Ar gas 
ratio (a) Sbp=40 W, (b) Sbp=200 W. 

 

 
Fig. 3 ZnO etching rate as a function of Sbp (a) 
CF4/Ar=0.38 and (b) CF4/Ar=0.57. 
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For further detailed investigations of chemical 
reaction between ZnO and F atoms or CFx radicals 
before and after plasma etching, XPS analysis was 
performed. Fig. 4(a) and (b) show XPS narrow scan 
analysis for Zn 2p and O 1s before and after etching in 
CF4/Ar plasma. In order to investigate the chemical 
states, the etched ZnO surfaces were compared with 
as-grown one. As shown in Fig. 4(a), for the as-grown 
ZnO film, the Zn 2p peak can separate into two peaks 
at binding energies of 1044.8 eV (Zn 2p1/2) and 
1021.8 eV (Zn 2p3/2), respectively [14]. After etching 
in CF4/Ar plasma, the Zn 2p peaks shifted by 1 eV 
toward higher binding energy. As reported in [14], this 
binding energy shift was caused by the changes of the 
surface Fermi level of ZnO toward conduction band 
edge and the accumulation of Zn-F bonds. The O 1s 
peak also consisted of two maximums at 530.7 eV and 
532.2 eV before ZnO etching. For O 1s peak after the 
introduction of CF4/Ar plasma, the intensity at 530.1 
eV drastically decreased with increasing the CF4/Ar 
gas ratio. After etching in CF4/Ar plasma, the intensity 
at 532.2 eV was not only increased with increasing the 
CF4/Ar gas ratio, but also moved by 0.6 eV toward 
higher binding energy. From these observations, we 
can consider that the Zn-O bonds are effectively 
broken by the CFx radicals from decreasing the peak 
of 530.7 eV with increasing of CF4/Ar gas ratio. The F 
1s peak exhibits only one maximum value of 685.8 eV. 
This peak is related the fluoride crystal, ZnF2 [15]. 
From the ref. [15], the peak of ZnF2 was 685.1±0.1 eV. 
However, our binding energy of ZnF2 had a difference 
of about 0.7 eV. This reason might be due carbon 
bonding with ZnO as shown in the Fig 4(d). For the 
as-grown one, F 1s peak was not observed. This peak 
indicates that energetic F atoms generated by CFx 
radical made Zn-F bonds with zinc atom since Sbp 
induced to force ion acceleration toward substrate. 

 

 

 

 

 
Fig. 4 (a) Zinc 2p, (b) oxygen 1s, (c) fluorine 1s, 
and (d) carbon 1s binding energy measured by 
XPS narrow scan. 

 
Fig. 4(d) shows that the intensities of the C 1s 

spectra from the different CF4/Ar gas ratio and sample 
before the etching. The peaks related in carbon 
contamination (C=C) and hydrogenated carbon (C-H) 
were observed in the around 289 eV and 295 eV 
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respectively [16]. From our observation, carbon 
contamination has no large difference as a function of 
CF4/Ar or sample before the etching. However, 
hydrogen carbon bonding was decreased with starting 
the CF4 plasma etching. This result implies the 
removal of carbon atoms from the surface by the 
formation of the by-products like a Zn compound, 
Zn(CFx)y. Finally, Zn compound is removed by Ar+ 
ion bombardment forced the Sbp. 

 
 

4. Summary 
 

In this study, we carried out experimental 
investigations of ZnO etching behavior in CF4/Ar, 
plasma. We have figured that an increase of the 
CF4/Ar gas ratio slightly leads to an increase in etch 
rate. However, Sbp is mainly predominant the etch 
rate, which reaches a maximum value of 144.85 
nm/min at the Sbp of 200 W. From the results of XPS 
analysis, the non-volatile by product such as Zn-F 
bonds was observed in CF4/Ar plasma. However, the 
Zn-F bonds play no important role of etching rate. To 
conclude, ZnO film produces the formation of the Zn 
organic compound which is removed by energetic Ar+ 
bombardment. 
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