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Abstract Summary: This paper presents the optimization of stress in thermally evaporated MgF2 and inductive coupled plasma chemical vapour (ICPCVD) SiOx thin films. Substrate temperature and deposition rate are used as the optimization parameters of MgF2 thin layers. The deposition pressure is used for optimizing stress in ICPCVD SiOx thin layers. Mechanical properties are characterized by stress measurements and optical properties are characterized by spectral reflectometry.


Introduction: Silicon oxide (SiOx) is a low refractive index material with excellent structural and optical properties for the fabrication of optical microelectromechanical systems [1-2]. SiOx thin film fabrication methods include thermal oxidation and chemical vapor deposition (CVD). In the present work, SiOx layers were deposited using a SENTECH SI500D Inductively coupled plasma - CVD (ICPCVD) reactor. 

Magnesium Fluoride (MgF2) thin films are used in myriad of optical applications due to its extremely low refractive index and extinction coefficient over a wide range of wavelengths, and its’ resistance to thermal and mechanical shock. Standard MgF2 deposition methods include thermal evaporation and electron beam physical vapor deposition [3-4]. MgF2 layers have been deposited in this work using a thermal evaporation system. Since the optical properties of both materials have been well studied in the past, this work focuses mostly on optimizing the stress in thin films to make them suitable for optical MEMS applications. However, some optical data is also presented. The stress in deposited films was optimized in-situ. The deposition pressure was vriedvaried to control stress in SiOx thin films, and the substrate temperature and deposition rate were varied to control stress in for MgF2 thin films. 


RESULTS AND DISCUSSION

Influence of Deposition Pressure on SiOx thin layers: The deposition pressures for SiOx layers was varied from 2 to10 Pa in steps of 2 Pa. Other process parameters are shown in Table 1. Figure 1(a) and 1(b) shows that with increasing deposition pressure, the stress in deposited layers becomes less compressive, and the deposition rate decreases.


Table 1: Other Deposition parameters under variable deposition pressure


	ICP power
	Temperature
	SiH4 flow rate
	He flow rate
	N2O flow rate
	Ar flow rate

	450 W
	130 oC
	6.5 sccm
	123 sccm
	70 sccm
	126 sccm




Influence of substrate temperature and deposition rate on stress of MgF2 thin layers: The influence of substrate temperature on stress of MgF2 layers have been studied for temperatures of 50, 75, 100, 150 and 200 °C. The stress of MgF2 thin layers increases with increasing substrate temperature (see Fig. 2(a)). It was observed that MgF2 thin films deposited at 50 °C had high porosity which negatively influenced their adhesion to the underlying material. This adhesion was found to improve with increasing the deposition temperature. As shown in Figure 2(b) the variation in deposition rate does not significantly influence stress in MgF2 thin layers. 


Spectral reflectometry investigation:  The refractive index and extinction coefficient of deposited films were extracted through the measured reflectance of the thin films in the wavelength range of 400 to 1000 nm. The measured results indicate that optical properties of SiOx and MgF2 thin layers are in good agreement with the values reported in literature[1,3].

Conclusion: The stress of SiOx and MgF2 thin films were optimized in-situ. It was demonstrated that stress in these layers can be optimized to fabricate fims with appropriate stress and optical properties for optical MEMS applications. Higher substrate temperatures yields dense MgF2 with good adhesion to the surfaces underneath. The optical properties of thin films were in close match to the values reported in literature.
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Figure 1. Influence of deposition pressure on a) layer stress and b) deposition rate of SiOx layers
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Figure 2. Influence of deposition parameters on stress of MgF2 thin films
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