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In order to detect the end-point of metal etching process, it has been observed the temporal variation of 
copper emission intensity in coaxial magnetron plasmas by OES (Optical Emission Spectroscopy). The 
dependencies of Cu emission intensity on applied magnetic flux density, discharge current density and 
discharge voltage have been investigated. 

 
 
1. Introduction 

In the wafer slicing process of solar cell 
development, silicon wafers are carved out from a 
silicon ingot by saw wires. Saw wire is ultrafine 
metallic line with about φ0.12 ～ 0.16 mm in 
diameter, that is covered with brass (Cu: 65 %, Zn: 
35 %) plating. This plating on wire is necessary in 
wire drawing process. However, copper which is 
basis of brass plating is diffused in the silicon wafer 
as contamination. As a result of the change of 
electric conductivity in wafers, it is caused 
decreasing of power generation efficiency of solar 
cell. Therefore before using saw wires in slicing 
process, it is necessary to remove the brass plating. 

In the previous study [1], we could remove 
successfully the brass plating from wire surface by 
coaxial magnetron plasmas. According to the results 
of EDS analysis of wire surface after plasma 
treatment (Discharge voltage: -730 V, Discharge 
current density: 3.0 mA/cm2) during 30 sec, Zn was 
removed after 10 sec and Cu after 30 sec. (Fe: 
38.5 % → 97.7 %， Cu: 39.3 % → 2.43 %， Zn: 
22.2 % → 0.03 %) However the end-point of etching 
process could not be detected on a real-time basis. 
So in this study, we aimed to detect the end-point of 
etching process from temporal variation of Cu 
emission intensity by OES. 
 
2. End-Point Detection 

Since Zn with low vapor pressure is vaporized by 
heat, we focused attention on Cu emission 
(especially 324.7 nm). If brass plating on wire 
surface is removed, Cu emission should not be 
detected. Thus we think of this point as the end-point 
of etching process. 
 

3. Experimental 
Cross sectional electrode structure is shown in 

Fig. 1. It is called triangle electrode structure. To 
generate coaxial magnetron plasmas, a brass rod 
applied negative voltage was placed at the center 
position of triangle. The gap length between 
electrodes and a brass rod was set 29 mm. 

Spectroscope (AvaSpec-2048 produced by 
Avantes) was used for spectral analysis, it bring in 
fiber-optic cable with collimating lens (Confocal 
length: 8.7 mm) as shown in Fig. 2. The length 
between target and lens was fixed to 10 mm. 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Cross sectional view of electrode structure 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Experimental setup 
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4. Results and Discussion 
Figure 3 shows the optical emission spectra for 

both DC discharge and magnetron discharge. The 
experimental conditions for DC discharge are 
followings: Discharge voltage: -670 V, Discharge 
current density: 0.65 mA/cm2 and Ar gas pressure: 
20 Pa. On the other hand, the experimental 
conditions for magnetron discharge are followings: 
Discharge voltage: -550 V, Discharge current 
density: 5.0 mA/cm2 and Ar gas pressure: 1 Pa. In 
Fig. 3, it is clearly shown the stronger emission of 
Cu (324.7 nm) in magnetron discharge than that in 
DC discharge. From the results of OES, it was found 
that the coaxial magnetron plasmas can effectively 
sputter Cu atoms even for the low discharge voltage 
condition.  

Figure 4 shows the Cu emission spectrum as a 
parameter of discharge current density. Cu emission 
(324.7 nm) increased in proportion to the discharge 
current density. Figure 5 shows that Cu emission is 
proportional to the discharge current density and 
isn’t changing with the applied magnetic flux 
density and the discharge voltage. Coaxial 
magnetron plasmas are generated under the 
following experimental formula [2]. 
 

𝐽𝑑 = 𝐴(𝑎𝑃2 + 𝑏𝐵2)(𝑉𝑑 − 𝑉0)3 2⁄  
 

This formula represents to generate the constant 
discharge current density when three parameters 
(Gas pressure: 𝑃2 , Magnetic flux density:  𝐵2 , 
Discharge voltage: 𝑉𝑑3 2⁄ ) are changed. Thus 𝐵 and 
𝑉𝑑  are of little relevance to emission intensity, they 
only have relevance to discharge current density. 
 
5. Conclusion 

Coaxial magnetron plasmas are used for etching 
process, when we analyze spectrum of sputtered 
atoms, we found that emission intensity changes 
come out with discharge current density. However 
emission intensity wasn’t changing with magnetic 
flux density and discharge voltage. 

For the future, we will analyze emission of saw 
wire as etching target, find out the temporal 
variation of Cu emission intensity. 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Cu (324.7 nm) emissions from magnetron 
discharge and DC discharge 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Emission spectra as a parameter of discharge 
current density 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Cu emission intensity and discharge voltage vs 
discharge current density 
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