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ABSTRACT

The using of attenuated phase-shifting masks (Att.PSM) is an important technology of the
Wave-front Engineering used in optical lithography. It can expand the limits of resolving power of
optical lithography system and improves the imaging qualities of optical lithography system. More
attentions were paid on the investigation of the attenuated phase-shifting masks in recent years. In
this dissertation, the characteristics of single-layered attenuated phase-shifting masks (SAtt.PSM)
and the deposition technics of the films using in SAtt.PSMs had been studied. The works in this
dissertation make directive significance for expanding the applying range of the optical
limography systems and improving the imaging qualities in optical lithography, and also make -
applied worthiness for the fabrications of the SAtt.PSMs.

Simulaticn software of the optical lithography systems was programmed. The improvements
of image resolution and contrast by using SAtt.PSMs were studied roundly with the simulation
software. The influences of transmittance of SAtt.PSMs on the width of image lines were
discussed. The SAt.PSMs made great improvements of the contrasts of images in any size. In
order to get high image contrasts without the image structures being destroyed, the transmittance
of SAtt.PSM should be lower than 20%. The transmittance of SAtt.PSM had influence on the
width of image line. It must be a specific value to get the line width which is perfectly consistent
with that designed.

The most properties of SAtt.PSM are determined by the properties of its attenuated
phase-shifting layer. Depositing attenuated phasesshifting layer with high qualities is the key and
difficulty of fabrication of SAtt.PSM. In this dissertation, silicon nitride was demonstrated to be
suitable material to fabricate SAtt.PSMs with good qualities. An equipment of plasma-enhanced
chemical vapor deposition (PECVD) with two parallel flat electrodes was designed and
constructed. It had deposited silicon nitride films with high qualities and the optical parameters
varying continuously according to the proportion of reaction gases. The complex refractive index
and thickness of the silicon nitride films were measured by luminosity method. The SN atom
ratios of the silicon nitride films were measured by XPS. A PECVD technics system to fabricate
silicon nifride films using for SAt.PSM was constituted. The deposited silicon nitride films
satisfied the requirements of SAtt.PSM.

Key words: optical lithography, phase-shifting mask, attenuated phase-shifting mask, silicon
nitride film, PECVD, complex refractive index
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