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Termination and Splicing
Program Information
Lesson: 
· Termination and Splicing
Training: 
· Fiber Optics
Time frame: 
· 60-75 minutes
Instruction Section
Learning Objectives:
· Identify the fundamental types of fiber optic terminations, including connector and splices. 
· Explore best practices for cleaning and maintaining fiber optic connectors. 
· Discuss the impact of mismatched fibers on signal transmission.
· Gain practical knowledge of connector and splice loss measurement techniques. 
· Apply learned concepts through interactive discussions and scenarios to effectively troubleshoot and optimize fiber optic installations.
Assessment Tools/Methods:
· Participants should be assessed based on participation in group discussions and activities. 
Learner Prior Knowledge:
· Prior to class, participants will need to read: 
· Reference Guide: Fiber Optic Termination and Splicing (https://www.thefoa.org/tech/ref/basic/term.html)           
· Reference Guide: Tutorial: Termination  (https://www.thefoa.org/tech/ref/termination/Term/Term.htm)  
· Reference Guide: Tutorial: Splicing  (https://www.thefoa.org/tech/ref/termination/Term/Term.htm)  

· Prior to class, the participants will need to watch:
· FOA Lecture 5: Splices and Connectors  
· FOA Lecture 6: Fiber Optic Splices   
· FOA Lecture 7: Fiber Optic Connectors  


Instructional Activities:
1. Introduce the importance of fiber optic terminations and connectors in ensuring reliable network performance. 
Activity 1: Types of Fiber Optic Connectors:
1. Discuss the evolution and importance of connector designs, by asking participants to name fiber optic connectors and explain their applications. 
a. Examples would include: 
i. Single-fiber connectors (SC, LC) 
ii. Multi-fiber connectors (MTP/MPO) 
iii. Special designs (Expanded-beam connectors)
2. Explore applications and differences between singlemode and multimode connectors by holding a group discussion with the following questions:
a. What are the advantages of using multi-fiber connectors like MTP/MPO and why would they be a good choice for data centers? 
i. Sample answers may include: Multi-fiber connectors such as MTP/MPO are advantageous in data centers due to their high port density and ease of installation. They can accommodate multiple fibers in a single connector, reducing the complexity and space required for large-scale deployments. This makes them ideal for high-density environments where saving rack space and simplifying cable management are critical.
b. Compare and contrast SC and LC connectors. When would you choose one over the other? 
i. Sample answers may include: SC connectors are larger and easier to handle, making them popular in older installations and singlemode applications. LC connectors, with their smaller form factor, are preferred for newer installations and environments requiring high port density, such as in telecommunications and data centers. Choosing between SC and LC connectors often depends on space constraints, installation requirements, and the specific needs of the network.
c. Discuss a scenario where you might use a specialized connector design, such as an expanded-beam optical connector. 
i. Sample answers may include: Expanded-beam optical connectors are designed to minimize sensitivity to dirt and contamination, making them suitable for harsh environments like military applications or outdoor installations where maintaining optical performance in challenging conditions is crucial. Their ability to withstand environmental factors and ensure reliable connections over extended periods makes them ideal for scenarios where traditional connectors may struggle to maintain performance.
3.  Ask participants if they have any further questions regarding connectors and their basic applications.
Activity 2: Connector Installation Methods
1. Remind participants that before choosing a connector type for any installation they should consider if the connector is compatible with the systems planned for use in the facility and if the termination process is familiar to the installer and if the connector is acceptable to the customer. 
2. Discuss the adhesive/polish technique, asking participants to share information they recall from resources and answer questions as topics are discussed. 
a. Review how this process involves applying an adhesive to the fiber end, inserting it into the connector ferrule, and then polishing the fiber end to ensure a smooth surface. 
b. Ask participants to list any tools or materials needed for this method.  
i. Adhesive, polishing film, polishing puck, epoxy curing oven (for heat-cured epoxy), and cleaver.
c. What are the advantages of using the adhesive/polish technique? 
i. Provides low-loss and reliable connections, especially suitable for multimode fibers.
d. What challenges might you face using this method? 
i. It requires precision and experience to achieve optimal results, particularly with singlemode fibers which need careful polishing to minimize reflectance.
3. Repeat the questioning/discussion with pre-polished/splice connectors. 
a. [bookmark: _Hlk172552145]Review how these connectors have a factory-polished ferrule and rely on a mechanical or fusion splice to connect the fiber to the connector. 
b. Ask participants to list any tools or materials needed for this method.  
i. Precision cleaver, fusion splicer (for fusion splices), mechanical splicing tool.
c. What are the advantages of using the adhesive/polish technique? 
i. Simplifies field termination, as the polishing is done in a controlled factory environment. Suitable for both singlemode and multimode fibers.
d. What challenges might you face using this method? 
i. Higher initial cost for connectors and splicing tools; mechanical splices may have higher loss compared to fusion splices.
4. Continue the discussion with fusion splicing. 
a. Review how the fiber ends are precisely aligned and fused together using an electric arc. 
b. Ask participants to list any tools or materials needed for this method.  
i. Fusion splicer, cleaver, splice protection sleeves.
c. What are the advantages of using the adhesive/polish technique? 
i. Provides the lowest loss and reflectance, ideal for singlemode fibers.
d. What challenges might you face using this method? 
i. Requires expensive equipment and trained personnel.
5. Hold a group discussion about the following connector considerations: 
a. Compatibility with systems 
i. System Requirements: Ensure the chosen connector type is compatible with the equipment and network design. For instance, SC or LC connectors are common in high-speed data networks. 
ii. Future-Proofing: Consider future upgrades or changes in network architecture. Hybrid patch cords might be necessary to accommodate different connector types on either end. 
b. Installer familiarity 
i. Training and Experience: Ensure that the installation team is familiar with the selected connector type and termination process. Lack of familiarity can lead to poor terminations and increased loss. 
ii. Training Needs: If using a new or less common connector type, provide adequate training and practice for installers. 
c. Customer acceptance 
i. Customer Preferences: Customers might have preferences or standards for specific connector types based on their network design or existing infrastructure. 
ii. Consultation: Engage with the customer to discuss the merits and potential drawbacks of different connector types. Ensure they understand the implications for performance, maintenance, and cost
6. [bookmark: _Hlk172554427]After the discussions, pass out the Connector Installation Methods Worksheet to participants. Note: A supplemental Instructor Handout is provided that can be shared with participants if they need assistance with the work.
7. Have participants work independently or in small groups to answer the questions on the worksheet. 
8. After completion, have participants discuss the answers as a whole group activity. 
9. Respond to any remaining questions for this section of the lesson.
[bookmark: _Hlk172106053]Activity 3: Connector and Splice Loss
1. Discuss how loss is measured in dB and its components: connection loss from mating connectors and splice loss from joining fibers. 
a. Ask participants to give an explanation of dB as a unit for loss measurement. 
i. Decibels (dB) are a logarithmic unit used to measure the intensity of a signal loss. It quantifies the reduction in power between the transmitted and received signals
b. Ask the participants to give examples of typical connection and splice loss values. 
i. Typical connection loss for well-polished connectors is around 0.3 dB for PC connectors and less than 0.5 dB for adhesive terminations. Fusion splices typically have a loss of around 0.1 dB. 
c. Have participants discuss the importance of minimizing loss for network performance. 
i. Minimizing loss is crucial for maintaining signal integrity and ensuring efficient data transmission over long distances. High loss can lead to degraded performance and increased error rates in fiber optic networks.
2. Review factors affecting loss by discussing the the following points. 
a. Ask participants discuss techniques and tools used to achieve precise alignment (ex: fusion splicers, alignment sleeves). 
i. Fusion splicers use advanced alignment techniques to precisely align fiber cores before fusing them. Alignment sleeves help maintain proper core alignment in mechanical splices. 
b. Discuss the importance of precise alignment with the group. 
i. Precise alignment ensures optimal light transmission between fibers, reducing loss and enhancing overall network performance. 
c. Have participants review the importance of maintaining clean connector endfaces to prevent contamination-induced losses. 
i. Clean connectors are essential to prevent dirt and debris from scattering and absorbing light, which increases loss. Using lint-free wipes and isopropyl alcohol or specialized fiber cleaners is critical. Even tiny contaminants can cause significant loss, so proper cleaning protocols are necessary to maintain low loss levels. 
d. Ask the group how NA and core diameter influence the efficiency of light transmission and thus loss levels in different types of fibers. 
i. Matching numerical aperture (NA) and core diameter between fibers ensures efficient coupling of light. Mismatched fibers can cause directional losses, where light does not efficiently transfer from one fiber to another, increasing loss. 
3. Discuss reflectance with the group, beginning with having the group define and explain significance of reflectance (optical return loss). 
a. Sample answers may include: Reflectance is the amount of light reflected back towards the source. It is measured as optical return loss (ORL). High reflectance can cause interference and signal degradation, particularly problematic in high-speed and sensitive singlemode applications. 
4. Explain that Fresnel reflections occur at the interfaces of different materials, such as at fiber ends or connectors. These reflections can create interference and degrade signal quality, especially in singlemode systems. 
5. Review techniques to minimize reflectance, such as: 
a. Angled Physical Contact (APC) polishing involves an 8-degree angle on the connector endface. This angle directs reflected light into the cladding rather than back into the core, significantly reducing reflectance. APC connectors typically achieve reflectance better than -60 dB. 
b. Minimizing reflectance is crucial in applications like CATV (Cable Television) and high-bitrate telecommunications links, where signal quality and integrity are vital for performance. High reflectance in these systems can lead to errors and degraded signal quality, making APC connectors essential for these applications
Activity 4: Discussion and Conclusion
1. Discuss the effects and applications of connecting different fiber types with a group discussion. 
2. Provide the group with the following scenario: You are tasked with upgrading a data center from multimode to single-mode fiber optics due to increasing bandwidth demands. Discuss the potential challenges and strategies for connecting existing multimode fiber infrastructure to new single-mode fiber equipment. 
3. Ask groups to discuss the potential effects of mismatched fibers on signal transmission. 
4. What strategies would they suggest to mitigate losses and ensure optimal network performance? 
5. Have groups discuss their findings to compare and evaluate different approaches. 
6. After finalizing the discussion, wrap up the lesson by reviewing key points about terminations and splicing, taking time to answer any final questions about the lesson.

 Resources:
· Whiteboard, markers or display to record discussion points  
· Connector Installation Methods Worksheet 
· Connector Installation Methods Instructor Handout 
Reflection Section
Reflect on today's exploration of fiber optic terminations: How do the insights into connector types, cleaning procedures, and managing mismatched fibers enhance your approach to ensuring reliable network performance? How might you apply these learnings in real-world scenarios to optimize fiber optic installations and troubleshooting processes effectively?





This lesson is supplemental to the Fiber Optics lesson within FOA's Fiber U curriculum and not part of the FOA required curriculum to obtain the Certified Premises Cabling Technician certification. If interested in becoming an approved school and/or obtaining a certification, please contact FOA at thefoa.org/contact-foa.html.
 
Note: AI, specifically ChatGPT 3.5, was used to generate scenarios for this contextualized lesson plan. 




[bookmark: _Hlk172118134]Connector Installation Methods Worksheet
Use information from the group discussions, prior knowledge, or online to answer the following questions. 
1. Singlemode Fiber Terminations:
· Describe the advantages of using factory-made pigtails:
[bookmark: _Hlk172554617]___________________________________________________________
___________________________________________________________
· What are the key considerations when polishing connectors in the field?
___________________________________________________________
___________________________________________________________
2. Multimode Fiber Terminations:
· What techniques are often used for field terminations?
___________________________________________________________
___________________________________________________________
· Why might pre-polished/splice connectors be chosen for field terminations?
___________________________________________________________
___________________________________________________________
3. Pros and Cons of Different Methods:
· Adhesive/Polish:
· Advantages: ___________________________________________
· Disadvantages: _________________________________________
· Pre-Polished/Splice:
· Advantages: ___________________________________________
· Disadvantages: _________________________________________
· Fusion Splicing:
· Advantages: ___________________________________________
· Disadvantages: _________________________________________
4. Real-World Scenarios:
· Describe a scenario where you would choose adhesive/polish over fusion splicing:
[bookmark: _Hlk172554711]___________________________________________________________
___________________________________________________________
___________________________________________________________
· In what situations would pre-polished/splice connectors be the most beneficial?
___________________________________________________________
___________________________________________________________
___________________________________________________________
· Explain why fusion splicing might be preferred for high-performance installations:
___________________________________________________________
___________________________________________________________
___________________________________________________________
___________________________________________________________



Connector Installation Methods Instructor Handout
Provide the following information to participants or share facts as needed for guidance during worksheet completion.
Installation Procedures for Singlemode and Multimode Connectors
1. Singlemode Fiber Terminations:
· Factory-Made Pigtails:
· Commonly terminated by fusion splicing factory-made pigtails.
· Ensures high-quality terminations with low loss and reflectance.
· Polishing Techniques:
· If connectors are terminated in the field, polishing requires extreme care to achieve the necessary precision.
· Typically done in a clean, controlled environment.
2. Multimode Fiber Terminations:
· Field Terminations:
· Often terminated in the field using adhesive/polish techniques.
· Experienced installers can achieve performance comparable to factory terminations.
· Pre-Polished/Splice Connectors:
· Used for quick, consistent field terminations.
· May have slightly higher loss compared to factory-polished connectors.

Key Discussion Points for the Lesson
1. Pros and Cons of Different Methods:
· Adhesive/Polish:
· Advantages: Cost-effective, suitable for various applications.
· Disadvantages: Requires skill and precision, may be time-consuming.
· Pre-Polished/Splice:
· Advantages: Quick and consistent, less skill-intensive.
· Disadvantages: Slightly higher loss, may be more expensive.
· Fusion Splicing:
· Advantages: High performance, low loss, and reflectance.
· Disadvantages: Requires specialized equipment and training, higher cost.
2. Real-World Scenario Examples:
· Adhesive/Polish:
· Preferred for budget-sensitive multimode networks.
· Pre-Polished/Splice:
· Ideal for quick, consistent terminations in the field.
· Fusion Splicing:
· Best for high-performance singlemode installations.
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