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Article Overview

Temperature cracking in optical modules occurs when thermal stress from rapid temperature changes exceeds
the mechanical limits of materials, often exacerbated by mismatched coefficients of thermal expansion (CTE)
and adhesive curing stress.

Causes of Temperature Cracking

Temperature cracking in optical modules primarily arises from thermal stress induced by rapid heating and
cooling cycles. When different materials within the module--such as lenses, reflectors, mounts, and
PCBs--expand or contract at different rates due to their coefficients of thermal expansion (CTE), mechanical
stress accumulates. If this stress exceeds the material's strength, cracks can form, particularly in brittle
components like reflectors or glass lenses ().

Another contributing factor is adhesive curing stress. Improper adhesive composition or curing processes can
introduce residual stress in bonded components. For example, the DG-4 adhesive has been shown to generate
significant curing stress, which, when combined with thermal cycling, can lead to reflector cracking ().

Effects on Optical Module Performance
Temperature-induced cracking or stress can degrade optical module performance in several ways.

0 Reduced optical output power: High temperatures can decrease output power by up to 10%, while low
temperatures can reduce it by 15% ().

0 Decreased sensitivity: Sensor sensitivity may drop by 5-10% under extreme temperatures, affecting signal
reception.

0 Mechanical misalignment: Differential expansion can shift lens-to-sensor distances, causing defocusing or
misalignment ().

0 Accelerated aging: Repeated thermal cycling can shorten the modul€'s lifespan due to fatigue in solder
joints, adhesives, and PCB materials ().

Mitigation Strategies

To prevent temperature cracking and maintain stability, severa strategies are employed:

0 Material Selection and CTE Matching: Use materials with low and compatible CTES to minimize
differential expansion. For example, liquid crystal polymer (LCP) lens barrels can better match the expansion
of lenses and sensors ().

0 Optimized Adhesives. Select adhesives with low curing stress and appropriate thermal properties to reduce
residual stress on optical components ().
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o Therma Management: Incorporate heat sinks, airflow channels, or thermal pads to control temperature
fluctuations and dissipate heat efficiently ().

0 Encapsulation and Moisture Control: Vacuum or nitrogen-filled encapsulation reduces moisture-induced
dimensional changes, which can exacerbate thermal stress ().

0 Testing and Qualification: Conduct high and low temperature cycling tests to identify potential cracking
points and validate module reliability before deployment ().

Conclusion
Temperature cracking in optical modules is a critical reliability concern caused by thermal stress, material
mismatches, and adhesive-induced stress. Effective mitigation requires careful material selection, thermal

management, adhesive optimization, and rigorous testing. By addressing these factors, optical modules can
maintain performance and longevity even under harsh temperature conditions.

Optical modules usually have different temperature grades, which are suitable for commercial, extended and

A bstract Photovoltaic module performance in the field is strongly dependent on the optical properties of its
component

Different crack scenarios have been simulated in PV module to analyze the effect of crack type, number of
cracked

This paper studies a comparison of the crack initiation and growth in the PV module interconnection due to
the high-temperature

Cracks appeared on the reflector after the high and low temperature impact test of an optical module. The
causes of reflector

Static fatigue behavior is the main failure mode of optical fibers applied in sensors. In this paper, a
computational

Article Open access Published: 03 February 2022 Power loss and hotspot analysis for photovoltaic modules
affected

The impact of these cracks on temperature distribution has been estimated using an electro-thermal model,
whichis

Due to silicon cell cracking, Photovoltaic (PV) module reliability issues are gaining great attention due to the
increasing
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When purchasing an optical module transceiver, in addition to the working temperature, the working
environment, data rate,

Once considered isolated incidents, spontaneous glass breakages in solar modules are becoming more
frequent,

Since optical fibers have been employed as a transmission medium, high data rates over long fiber spans
require efficient and high

A comprehensive guide on Optical Module Failure diagnosis and prevention to maintain network stability
through

Driven by the demands for higher efficiency, miniaturization, and thermal performance, the power density of
wide-bandgap power

CEA recommendations for mitigating glass breakage Solar modules are getting bigger, thinner, and more
powerful.

Abstract. This review paper aims to evaluate the impact of defects on the reliability and degradation of
photovoltaic
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