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The atomic layer deposition (ALD) process is required in semiconductor manufacturing due to its 

advantages, such as high step coverage, atomic-level thickness control, and uniform film deposition. 

Additionally, a high temperature (>400°C) process is required for high-quality properties when the thermal 

ALD is used for the deposition of nitride films such as silicon nitride (SiNx), aluminum nitride (AlN), 

titanium nitride (TiN), and tantalum nitride (TaN), leading to active development of the plasma-enhanced 

ALD (PE-ALD) processes. 

However, depositing thin films at high temperatures can cause damage to the substrate. To solve this 

problem, a technology is needed that can maintain the quality of thin films while reducing damage to the 

substrate at low temperature. Currently, extensive research is being conducted on very high frequency (VHF) 

plasma as a method to mitigate damage to the substrate. VHF plasma shows significantly higher plasma 

density and lower substrate damage at the same plasma power as radio frequency (RF) 

We developed a PE-ALD system capable of uniformly applying VHF plasma and analyzed the 

characteristics of thin films according to plasma frequency. A multi-contact matcher system was applied to 

the VHF plasma PE-ALD system, enabling the application of plasma from RF to VHF. Additionally, a B-

matcher system was implemented in the VHF plasma PE-ALD system to maintain process reproducibility, 

as shown in Fig. 1. The silicon nitride (SiNx) was deposited using VHF PE-ALD process shown in Fig. 2 at 

low temperatures (≤200°C) and varying the plasma frequency according to the B-matcher position. 

Thickness and refractive index were measured using ellipsometry. Impurity content was measured through 

X-ray photoelectron spectroscopy (XPS) depth profiling. Thin film density and interface roughness were 

measured by X-ray reflectivity (XRR). 

 

 
Fig. 1. I-V curve according to B-matcher position. 

 

 

 
Fig. 2. The schematic of PE-ALD process 



 

 
Fig. 3. XRR data for different B-matcher position at 60MHz 
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