THIN OPTICAL FILMS FRACTURE:
BEHAVIOR WITH INCREASING TEMPERATURE
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Abstract

Thin films and multilayered structures are increasingly employed in all sectors of modern
industry. For example on an optical spectacle lens, multilayered are coated for various
functions such as scratch resistance, anti-reflection, etc [1].

Coatings are needed on polymer ophthalmic lenses to enhance both the mechanical durability
of the relatively soft plastic surface and the optical performance of the lens. High value
ophthalmic spectacle lenses are coated with a multilayer system consisting of a primer
coating, abrasion resistant hard coating and a multilayer AR coating stack [2]. The next figure
shows the constitution of a coated spectacle lens:
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Figure 1 — A coated plastic lens is a complex system [3].

The optimization of coating performance continues to be a considerable technical challenge
for the manufacturer of coated ophthalmic spectacle lenses.

This work presents a thin film testing temperature behavior performed inside a SEM system
(FEI Quanta 400FEG / SEM), equipped with a heating system under high vacuum conditions.
This study aims to simulate the use of ophthalmic lenses by the client, particularly in
situations of sun exposure and heat set.

The SEM software allowed to obtain several movies “in situ” where it is possible to observe
the evolution and behavior of the different thin films with increasing temperature.



The study involved dip-coating of ophthalmic lenses into a sol of controlled chemical
composition (primer and hard coats) and electron beam deposition of Zirconia and Quartz
interchangeably (AR coat). Allyl diglycol carbonate (CR-39™) was used as substrate because
this is the most widely used thermosetting plastic material in ophthalmic companies [2,4,5].

Fractures in thin films propagate from small flaws in these. If this films were completely
perfect and uniforms (almost impossible) they don’t peel or fracture. This way, and that the
tests were controlled, there have been deliberate laser failures in order to observe the fractures
associated.

The results show that the effect of temperature begins to become evident from the 40 ° C
(temperature perfectly fair in sunlight). These fractures are associated with the primer coat
thermal expansion. This layer is relatively soft and elastic and is designed to buffer stress
forces between the hard coat and substrate [2]. The hard coat cannot follow the expansion of
the primer coat and eventually fracture.

Since temperatures above 70 °© C major fractures are observed in the primer coat. The next
figure shows the thin optical film microcracks evolution with the increasing temperature:

Figure 2 — Thin optical films evolution behavior with temperature.

Future works are being done using different substrate materials and thin film interface
adhesion conditions.
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