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In the manufacture of optical products, optical components such as lenses and mirrors are adjusted to
the optimum position and fixed to the housing with adhesives to form the optical system. Expansion or
shrinkage of adhesive parts causes misalignment of optical components and degrades optical
characteristics. To achieve high positioning accuracy, it is important to understand the curing process
of adhesives. In this study, analysis and experiment of displacement of optical components caused by
deformation of the adhesive during the curing process were conducted for an ultraviolet (UV) ray-curable
cationic photopolymerized epoxy adhesive.

At first, the curing extent of the adhesive was formulated based on the curing reaction model. Curing
extent can be expressed in three stages: initial reaction during UV irradiation, dark reaction, and reaction
by heating. Inaddition, changes in chemical shrinkage, thermal expansion, and viscoelasticity with respect
to curing extent were formulated. The equations for the properties of the adhesive were input into a finite
element method (FEM) simulator to analyze the position of the optical component. Experiments were also
conducted under the same conditions as in the simulation. The optical component was continuously imaged
with a coherence scanning interferometer during curing of adhesive, and its displacement was quantified
from images.

The FEM simulation and the experiment result showed the same trend. That means the modeling and simulation
method of this study is effective for optical products. This approach is expected to shorten product
development time and improve product performance and reliability. It was found that Most of the displacement
of the optical component occurred over several hours in the dark reaction stage, not during UV irradiation
from the simulation and the experiment. In addition, when the UV irradiation intensity irradiated to the
bonding area is non—uniform, the curing shrinkage causes not only displacement of the adhesive layer in
the thickness direction, but also displacement in the direction within the bonding surface.
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