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Abstract

Vacuum technologies for the deposition of optical interference coatings on polymer substrates,
based on long-term experience in glass coating, have been under development for about 20 years.
A growing market for precision optical elements and consumer optics moulded from thermoplastic
polymers requires antireflective properties and hard coatings. Owing to the manifold chemical and
physical properties of optical polymers, special efforts are essential for each type of plastic to find
polymer-capable coating conditions. The main focus of this article is on evaluating the state of
the art in vacuum-coating processes applied to plastics today, and on discussing specific coating tech-
niques and evaluation procedures. A better understanding of the complex interactions between low-
pressure plasmas and the various polymer materials will be a key factor in making durable plastic
optics for future applications; achieving this will be a challenge to surface scientists.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Rigid plastic optical components will replace parts made from glass whenever improved
properties or lower costs can be achieved with plastic elements. The classical fields of
application are eyeglasses and complex-shaped lenses for precision optical systems. In
the near future, transparent plastics with optical-grade surfaces will be used on a large
scale for covering car instruments and as refractive and diffractive elements for optical sen-
sors. In the case of precision optical parts, transparent polymers such as poly-methyl
methacrylate (PMMA) and bisphenol-A polycarbonate (PC) have been common for more
than 50 years. Moreover, many new materials optimized for optics – among them poly-
amides, polyether sulfones, cycloolefin polymers and its copolymers – have been developed
during the last few years [1]. These thermoplastic polymers can be processed cost-effec-
tively into high-precision forms by injection moulding or hot embossing. A selection of
transparent thermoplastics and their properties is shown in Table 1.

Coatings can enlarge the area of application of polymer optics. Antireflection (AR)
properties are required for many precision optical elements and for consumer optical
products such as eyeglasses and covers for displays. Another motivation for coating plas-
tics results from the mechanical and chemical properties of organic polymers. Protective
coatings increase the resistance of the polymer to abrasion, protect the polymer from
chemical attack, or reduce gas flow through or from the polymer. In addition, coatings
can be helpful for modifying the surface energy, thereby adjusting the wettability by water
or oil [2,3].

When used as substrates for vacuum coating, organic polymers are much more compli-
cated than inorganic glasses. Their various chemical structures can lead to various reac-
tions in contact with chemicals or a plasma. Modern vacuum-coating processes are
generally associated with short-wavelength radiation sources. The most significant threats
to the long-term stability of coated plastics are caused by vacuum ultraviolet (VUV) dur-
ing the deposition process and by environmental factors, including humidity and the ultra-
violet radiation in daylight. Both types of threat can result in immediate or slow changes in
the bulk or interface properties after coating. Because of the complex differences between
polymer materials, every plastic material requires specific conditions for coating.

The focus of this article is on evaluating the state of the art in vacuum-coating processes
applied to plastics today. In practice, many coating procedures for polymers were initially
adapted from glass-coating processes by empirical variation of parameters. On the other
hand, surface scientists have studied the interactions between polymer surfaces and highly
energetic radiation for many years [4–6]. For the generation of a stable interface between a
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