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As the TFT-LCD market requires a large-area high-resolution display, the implementation of metal 

wiring with low resistivity (ρ) is becoming more important issue. The reason for this is that as the size of 

the panel becomes larger and the TFT becomes more highly integrated, the length of the gate and data 

lines increases while the line width decreases, therefore the overall wire resistance increases and RC 

delay intensified. In addition, the row selection time is further shortened, resulting in a sharp decrease in 

the capacitor charge rate combined with a variety of drive errors including crosstalk, shading, flickers, 

and gray scale errors [1]. For this reason, aluminum, which has a relatively high specific resistance (ρ = 

2.65 μΩ·cm), was used until the early 2000s [2], but it has recently been replaced by copper (ρ = 1.68 

μΩ·cm) [3] for the large-area high-resolution display [3, 4].  

 

On the other hand, the resistivity of the Cu thin film deposited by reactive magnetron sputtering is 

depending on the characteristics of the microstructure, such as grain boundaries, surface roughness, and 

impurities [5-7]. As the grain size decreases, the resistivity increases and when the value is smaller than 

the mean free path of the electrons at room temperature, the resistance increases drastically.  Therefore, 

in order to realize a large-area, high-resolution display panel with excellent performance, it is necessary 

to accurately diagnose and evaluate the microstructure of the Cu thin film. Based on this, the Cu wiring 

fabrication process should be optimized taking into account the other important factors such as wet etch 

rate, taper angle and step coverage.  

 

In the academic research, generally, the study of the microstructure characteristics of the metal film 

using the DC electrode have been carried out. However, it is important to secure uniformity of Cu 

wiring characteristics regardless of the electrode type for the purpose of diversification in industrial 

application. 

 

In this study, we report the comparison results of the microstructure of the Cu thin film formed by two 

types of sputter electrode AC and DC. First of all, two types of Cu thin film on glass substrate were 

prepared by using AC and DC reactive magnetron sputtering. Next, the sheet resistances of the thin film 

were measured by 4-point probe (Fig. 1) and the thicknesses of the thin film were measured by 

transmission electron microscopy (TEM). After that, the grain size and the preferential orientation of the 

Cu thin film were obtained by scanning electron microscopy (SEM) and plan viewed electron back 

scatter diffraction (EBSD) (Fig. 2). To remove the surface carbon contamination, Ar plasma cleaning 

was performed before the measurements. Lastly, the microstructure evolutions of the Cu thin film 

depending on the electrode type were analysed with TEM and EBSD in transmission kikuchi diffraction 

(TKD) mode. 

 

As a result, the thickness of the DC sputtered Cu thin film was thicker than that of the AC sputtered Cu 

thin film. In other words, the growth rate of the DC sputtered thin film was higher than that of the AC 



sputtered thin film. And then, it was confirmed that the average sheet resistance of the DC sputtered Cu 

thin film is smaller than that of the AC sputtered Cu thin film. Since the average grain sizes of both thin 

films were larger than 150 nm, the scattering effect of the grain boundary could be ignored; therefore, 

the sheet resistance of the thin film was highly affected by the thickness of the thin film. 
 

In addition, the grain size of the DC sputtered Cu thin film is smaller than that of the AC sputtered Cu 

thin film due to decrease of adatom diffusion with low sputter power. As a result of comparing the 

preferred orientation of the out of plane direction, it was found that the (001) plane ratio of (111) was 

increased in the DC sputtered Cu thin film. Both types of thin films were found to have a small grain at 

the early stage and to have a columnar structure facing the thin film surface. Therefore, it is confirmed 

that the quality of Cu thin film of similar level can be secured through grain size control which is related 

to the sputter power. 
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Figure 1. top SEM images of Cu thin film on glass (a-c) AC type SPT (d-f) DC type SPT (g) sheet 

resistance measurements results. 

 

 
Figure 2. EBSD results of Cu thin film on glass (a-c) AC type SPT (d-f) DC type SPT 
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