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Abstract: As the mismatch of thermal expansion coefficients among the optics, frames and the bond
layer can bring a radial stress on the optics and can affect the properties of optical systems, this paper
researches how to select the athermal bond thickness to minimize or cancel the radial stress. First, the
existing derivations for the athermal bond thickness based on Hooke's l.Law are compared, then a novel
way for constraining the bond is proposed and a simplified approximation formula for the athermal
bond thickness is derived. By modifying the axial constrain of the bond layer, a modified approxima-
tion formula is also derived. Furthermore, a series of bonded lenes with different bond aspect ratios
are built, the simulation value of athermal bond thickness of each assembly is solved by the finite ele-
ment analysis. Finally, the simulation and analytic solutions of athermal bond thickness are com-
pared, and the application scopes of the analytic equations are pointed out . According to the compari-

son and analysis, it indicates that the modified approximation formula is applicable to the bond layer
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with a aspect less than 1/10, the approximation formula is suitable for that with a aspect in 1/10~

1/3; and when respect ratio is more than 1/3, the simplified approximation formula is more appropri-

ate. In their application scopes, athermal bond thickness equations have adequate accuracy, and can

satisfy the requirement of engineering applications.
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Fig. 1 Typical athermal lens mount
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Tab.1 Thermal expansion coefficients of three

materials for calculation
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Tab. 2 Material parameters for FEA
. E _3
material /MPa v o/(g+cm ®)
Si 1.3X10° 0.278 2.33
RTV 3.5 0.49 1.1
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Tab. 3 Geometric dimension of each assembly(mm)
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1 40 6. 06 3.09
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Fig.5 Finite element model of bonded lens
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Tab.4  Analytic solution of athermal bond thickness/(mm)

Athermal bond thickness

Equation Assembly Assembly Assembly Assembly
1 2 3 4
Bayar 3. 175 3. 175 1. 588 1. 588
Modified Bayar ~ 1.026 1. 026 0.513 0.513
Van Bezooijen 1. 059 1. 059 0. 530 0.530
Modified V. B.  1.588 1.588 0. 794 0.794
A. R. approx. 1. 220 1. 092 0.548 0.579
Simplified 1.271 1271 0.635  0.635
approx.
Modified 1121 1067 0.535  0.548
approx.
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